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at ordinary temperatures. 
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Figure 2 is a fragmentary perspective view of another 
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Zone refining, or zone purification as it is sometimes 
called, is a process commonly associated with the puri 
fication of metals or alloys. This process exploits the: 
phenomenon occurring upon freezing of a liquid contain-- 
ing impurities, whereby the differences in solubilities of 
the impurity and in the diffusion rates in the liquid phase 
versus the solid phase cause the impurities to tend to con 
centrate in the liquid phase as solidification proceeds. . As 
a result, the solidified phase has a reduced impurity 
content. 
The process of zone refining is not limited to use in the 

purification of metals or alloys, but is equally useful for 
the purification of substances that are in a liquid state 

f With this in mind it is a gen 
eral object of the present invention to provide improved 
apparatus for zone refining which operates in a manner 
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form of improved zone refining apparatus, parts being 
broken away; and . . . . . . . 

Figure 3 is a wiring diagram of the electrical circuit of 
the apparatus shown in Figure 2. - - 

Referring more particularly to Figure 1 of the drawing, 
the numeral 5 indicates an elongated open-topped recep 
tacle of rectangular configuration made of plastic or some 
other poor thermal conductor adapted to contain a ma-. 
terial to be refined by the improved apparatus. Disposed 
within the receptacle 5 and spaced out of contact with 
the side and bottom walls thereof by supporting means 
to be described hereinafter, is thermoelectric heat pump : 
means 6 comprising a thermoelement 7 which may take. 
the form of a rectangular block of semi-metallic material 
having planar opposite end surfaces. Bonded, as by 
soldering, to one end surface of the thermoelement 7 is . 
thermojunction means which may take the form of a 
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thermojunction member or plate 8 of good thermal and 
electrical conductivity, and bonded, as by soldering, to 
the opposite end surface of the thermoelement 7 is thermo 
junction means which may take the form of a thermo 
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to take advantage of the particular adaptability of thermo 
electric, i.e., Peltier, heat pumps in carrying out the zone 
refining operation. . . - 

Another object of the invention is to provide an im 
proved zone refining apparatus of the class described 
which is highly efficient in operation by virtue of the fact 
that in said apparatus there is no substantial loss of the 
heat of fusion of the material refined. 
A more specific object of the invention is to provide 

an improved zone refining apparatus of the aforemen 
tioned character having embodied therein thermoelectric 
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heat pump means having heat emitting and heat absorb 
ing thermojunction means in good heat transfer relation 
with the material to be refined, the heat emitted at the 
heat emitting thermojunction means being operable to 
effect liquefication of a zone of the material to be refined, 
and the heat absorbed at the heat absorbing thermojunc 
tion means being operable to cool the material adjacent 
thereto for solidification thereof, such that both the heat 
ing and the cooling effect of the thermoelectric heat pump 
means is utilized to advantage for maximum efficiency. 
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Another object of the invention is to provide an im- . 
proved Zone refining apparatus which is adaptable for the 
zone refining of materials the liquid phase of which has 
relatively high electrical conductivity as well as for ma 
terials the liquid phase of which has relatively low elec 
trical conductivity. - - 

A further object of the invention is to provide an im 
proved zone refining apparatus wherein the rate of progres 
ision of the thermoelectric heat pump means thereof along 
the body of material to be refined is automatically con 
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trolled by the rate at which the heat emitted at the heat 
emitting thermojunction means thereof effects liquefica 
tion of said material. - - - - - 

. Other and further objects and advantages of the inven 
tion will become apparent as the description proceeds, 65 
reference being had to the drawing accompanying and 
forming a part of this specification wherein: 

Figure 1 is a fragmentary perspective view of one form 
of improved zone refining apparatus, parts being broken 70 

junction member or plate 9 of good thermal and electrical 
conductivity. Above the thermoelement 7, the thermo 
junction members or plates 8 and 9 are angled inwardly 
and thence upwardly to provide flanges 10 and 11 by. 
means of which the plates 8 and 9 are respectively affixed. 
to a supporting member 12 of low thermal and electrical 
conductivity. Means, for example, the conductors 13 and 
14 shown schematically, is provided for connecting the 
thermojunction members 8 and 9 in circuit with the ter. 
minals of a source 5 of direct current. 
Means is provided for effecting endwise movement of 

the thermoelectric heat pump 6 longitudinally of the 
receptacle 5, as well as for supporting said heat pump 
means within the receptacle. The illustrated form of said 
means comprises an elongated screw 16 spaced above 
the receptacle 5, in longitudinal alignment therewith, and 
parallel with the bottom wall thereof. The screw 16 is 
journaled in suitable bearings 17 and 18 permitting rota 
tion of said shaft and lifting thereof from said bearings 
while preventing Substantial axial movement of said shaft. 
A block 19 is formed with an internally threaded bore 
20 and is threaded on the screw 16. The block 19 and 
the Supporting member 12 are formed with cooperating . 
means for removably connecting the member 12 to said 
block for dependence therefrom. In the illustrated em: 
bodiment, the connecting means takes the form of an 
upper end portion of T-shaped cross-section formed on 
the member 12, said portion being removably disposed 
within a complemental T-shaped groove 21 formed on. 
the underside of the block 19 as shown. 
The screw 16 is provided with suitable means tending 

to cause rotation thereof, and thereby longitudinal move. 
ment of the block 9 and heat pump means 6, along the 
screw 16 and receptacle 5. In the embodiment illus 
trated in Figure 1 the aforementioned means comprises 
a drum 22 fixed on the screw 16 and adapted to have a . 
suitable flexible cord 23 or rope wound thereon. and 
anchored thereto at one end. The other end of the cord 
23 has a weight 24 suspended therefrom and tending to 
cause rotation of the drum 22 and screw 16 in a clock 
wise direction as viewed from the left-hand end of the 
ScreW. . . . 

It is desirable that the heat pump thermoelement 7 be 
of a material which exhibits a high Peltier coefficient, 
low thermal conductivity and low electrical resistivity. 
More specifically, the thermoelement 7 may be made 
of one of the materials described in our copending ap 
plication, Serial Number 512,436, filed June 1, 1955, and 
assigned to the assignee of the present application. Such 
materials are alloys comprising lead and at least one 
member of the group tellurium, selenium and sulphur and 
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include semi-metallic alloys or compositions which may 
be characterized as binary metallic compounds of 
slightly imperfect composition, i.e., containing beneficial 
impurities constituting departures from perfect stoichi 
ometry by reason of an excess of one of the metals over 
the other and/or containing added beneficial impurity 
substances. The thermoelement 7 may also be made of 
an alloy or composition comprising a mixture of the 
aforementioned binary metallic compounds which may be 
termed a ternary metallic alloy or composition. Cer 
tain of these alloys or compositions exhibit negative and 
certain exhibit positive electrical characteristics, and for 
the thermoelement 7, it is immaterial whether the Spe 
cific material selected is P type or N type, as long as the 
current flow therethrough is in the proper direction to 
accomplish the desired function. 
The current flow through a thermoelement which ex 

hibits positive electrical characteristics causes heat to be 
pumped in the direction of current flow therethrough, 
whereas current flow through a thermoelement which 
exhibits negative electrical characteristics causes heat 
to be pumped in the direction opposite to the direction 
of current flow therethrough. Thus, in the embodiment 
illustrated in Figure 1, if the thermoelement 7 is of the 
P type, it is necessary for proper operation of the ap 
paratus, that the current flow from the thermojunction 
member 9 through the thermoelement 7 toward the 
thermojunction member 8, so that heat will be pumped 
from the thermojunction member 9 to the thermojunc 
tion member 8. On the other hand, when the thermo 
element 7 is of the N type, it is necessary for proper 
operation of the apparatus that the current flow through 
the thermoelement from the thermojunction member 8 
toward the thermojunction member 9, so that heat is 
pumped through the thermoelement 7 from the thermo 
junction member 9 to the thermojunction member 8. 
The operation of the form of the invention illus 

trated in Figure 1 will now be described. The screw 6 
and drum 22 are rotated by any suitable means in a 
counterclockwise direction as viewed from the left-hand 
end of the screw to thereby move the block 19 and the 
heat pump means 6 to the right-hand end of the recep 
tacle 5, as viewed in Figure 1, and also to wind the cord 
23 on the drum. 22. The material to be purified is pre 
pared in solid form, i.e., liquids must be frozen, and the 
frozen block or ingot of material is placed in the recep 
tacle 5 to the left of the heat pump means 6. The ap 
paratus is operated in an ambient temperature which is 
preferably substantially below the freezing point of the 
materials to be refined, any suitable equipment, not 
shown, being used to provide the desired ambient tem 
perature. 

Direct current from the source i5 is caused to flow 
through the heat pump 6 in the direction to cause heat 
to be absorbed at the thermojunction between the mem 
ber 9 and the thermoelement 7 and to be pumped to the 
thermojunction between the member 8 and said thermo 
element for liberation at the member 8. In addition to 
the heat thus pumped, heat produced by dissipation of 
electrical energy within the heat pump means 6 is also 
liberated at the member 8. This, of course, provides 
heating at the member 8, causing a zone of the solid mate 
rial adjacent the member 8 to be liquefied. 
The weight 24 provides a continual bias which, acting 

through the drum 22, screw 16 and block 19, continually 
biases heat pump means 6 toward the left, as viewed in 
Figure 1, so that as the solid material adjacent the thermo 
junction member 8 liquefies, the heat pump 6 is ad 
vanced toward the left, and the liquefied portion of the 
material is displaced around the sides and bottom of said 
heat pump, into engagement with the heat absorbing 
thermojunction member 9. The absorption of heat at 
the thermojunction member 9, together with the cooling 
effect of the reduced ambient temperature, provides for 
progressive solidification of the displaced liquid phase 
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as the heat pump moves along the length of the receptacle 
5. Because of the difference in solubilities of the in 
purity and in diffusion rates in the liquid versus the 
solid phase, the molten zone tends to concentrate the 
impurities of the material, leaving the refrozen material 
behind the heat pump 6 with a reduced impurity con 
tent. 

Since there is normally a continuously molten Zone 
surrounding the heat pump 6 throughout its course of 
travel from the right-hand end to the left-hand end of 
the receptacle 5, said molten zone has a high concen 
tration of impurity therein by the time the heat pump 
means 6 reaches the left-hand end of the receptacle. At 
this point, the heat pump 6 can be removed from the 
receptacle 5 by lifting the screw 16 from the bearings 
17 and 18, or by lowering the receptacle, the impurity 
laden liquid phase remaining at the left-hand end of the 
receptacle 5, from which it can be removed in any de 
sired and suitable manner. The solid phase of the mate 
rial remaining in the receptacle 5 has a substantially re 
duced impurity content. 
The heat pump 6 preferably operates with an absorp 

tion junction temperature substantially equal to the melt 
ing temperature of the solid phase containing the im 
purity. This temperature may be higher than the freez 
ing point of the liquid phase, due to the usual point 
suppression observed with many solvent-solute systems, 
e.g. salt in water. 
Due to the fact that the major portion of the heat 

emitted at thermojunction member 8 is heat which is 
absorbed at the thermojunction member 9, there is no 
Substantial loss of the heat of transformation of the 
material refined, and highly efficient operation is pro 
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vided, in contradistinction to the relatively low efficiency 
of an apparatus which employs conventional electrical 
resistance or induction type heating means for effecting 
liquefication and zone refining. 
The improved apparatus can be used to refine any ma 

terial having a melting point within the operating range 
of the thermoelectric heat pump means 6. The upper 
limit on the temperature at which the improved appara 
tus can operate is that which would tend to cause melt 
ing of the thermoelement 7 or disintegration of the bond 
between said thermoelement and thermojunction mem 
bers 8 and 9. 

Figure 2 illustrates a form of the invention which is 
particularly well adapted for the zone refining of ma 
terial which in its liquid phase has relatively high elec 
trical conductivity. The apparatus shown in Figure 2 
utilizes two receptacles Sa and 5b which may be similar 
to the receptacle 5 of Figure 1 and which are prefer 
ably made of material having low electrical conductivity 
and high thermal conductivity, for example, glass or cer 
tain plastics. The receptacles. 5a and 5b are preferably 
disposed in longitudinally offset spaced parallel relation 
ship, and have parallel planar oppositely disposed exter 
nal side wall surfaces 25a and 25b respectively. Inter 
posed between the receptacles 5a and 5b, with opposite 
end surfaces in sliding and good thermal contact with 
the Surfaces 25a and 25b of said receptacles is heat pump 
means in the form of a plurality of thermoelectric pumps, 
four of which, numbered 26, 27, 28 and 29, are illustrated. 
Referring to Figure 3, the heat pumps 26, 27, 28 and 29 
each comprise a P type thermoelement 30 and an N type 
thermoelement 31, each of which may be made of a 
semi-metallic material of the character referred to here 
in before in describing the thermoelement 7 of Figure 1. 
The thermoelements of the heat pumps 26 and 28 are 
bonded, as by soldering, to and electrically joined by 
thermojunction members 32 and the thermoelements of 
the heat pumps 27 and 29 are similarly bonded to and 
electrically joined by thermojunction members 33. Bond 
ed to the opposite ends of the thermoelements 30 and 31 
of the heat pumps 26 and 28 are thermojunction mem 
bers 35 and 36. Bonded to the opposite ends of the 
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thermoelements 30 and 31 of heat pumps 27 and 29 are 
sthermojunction members 37 and 38. 

... Means is provided for supporting and actuating the 
heat pumps 26 to 29, said means in the embodiment ill 
lustrated in Figure 2 taking the form of a rack member 
41 suitably mounted for reciprocating movement in bear 
ings, only one of which, the bearing 42, is shown. The 
rack member 41 is disposed intermediate the receptacles 
5a and 5b, below, and substantially parallel therewith. 
Each of the heat pumps is supported on the rack mem 
ber 41 in a similar manner, the mounting of heat pump 
27 being the only one shown and described in detail. 
As shown in Figure 2, a supporting member 43 of mar 
terial having low electrical and thermal conductivity may 
be generally I-shaped in cross-section and has its lower 
end suitably fixed to the rack member 41, for example, 

- The thermojunction member joining the 
thermoelements of the heat pump, i.e., the member 32 
of the heat pump 26, takes the form of a plate the lower 
edge of which is inturned and overlaps one side of the 
(upper end of the supporting member 43 in fixed rela 
:tion thereto. The thermojunction members at the oppo 
'site ends of the thermoelements from the joining thermo 
junction member, i.e., the members 35 and 36 of the 
heat pump 26, take the form of a Z-bar in end view, 
so that the lower end thereof is inturned and overlaps 
the other side of the upper end of the member 43, said 
members 35 and 36 each terminating in a lower end 
portion overlying the web portion of the member 43 and 
fixed thereto. The thermojunction members 35 and 36 
of heat pumps 26, and 28, and the corresponding thermo 
junction members 37 and 38 of heat pumps 27 and 29 
provide terminal means for effecting electrical connec 
tions with said heat pumps. The mounting for the heat 
pumps 26 to 29 is such that the outer surfaces of the 
thermojunction members 32, 37 and 38 slidingly en 
gage the receptacle surface 25a in good thermal contact, 
whereas the outer surfaces of the thermojunction mem 

... bers 33, 35 and 36 slidingly engage the receptacle sur 
* face 25b in good thermal contact. Conductors 44 and 
45 connect the thermojunction member 35 of heat pump 
26 and 38 of heat pump 29 respectively with a source 
46 of direct current. The heat pumps 26 to 29 are con 
nected in series circuit by conductors 46, 47 and 34, which 
respectively connect thermojunction member. 36 of heat 
pump 26 to thermojunction member 37 of heat pump 27; 
thermojunction member 38 of heat pump 27 to thermo 
junction member 35 of heat pump 28; and thermojunc 
tion member 36 of heat pump 28 to thermojunction mem 
ber 37 of heat pump 29. A manually operated switch 
48 may be interposed in conductor 45 for control of the 
energization of the heat pumps 26 to 29. 

. . . Means is provided for effecting actuation of the rack 
41, and of the heat pumps 26 to 29 supported thereon. 
The actuating means illustrated in Figure 2 takes the form 
of a motor 49 having a speed reducing unit embodied 
therein and having a power take-off shaft 50 which ro 
tates very slowly. The drive shaft 50 is connected by Way 
of a one-way clutch 51 to a shaft 52 on which a pinion 
53 is keyed, said pinion meshing with the teeth of the 
rack 41 as shown. The motor 49 may be connected with 
a suitable source of electrical energy, for example the al 
sternating current source 54, by means of conductors 55 
and:56. As shown, a switch 59 may be interposed in the 
conductor 55 for control of the energization of the mo 
for 49. . . . . . is - - 

. The operation of the apparatus shown in Figure 2 will 
now be described. The material to be purified is pre 
pared in solid form and placed within the receptacles 
5a and 5b preferably as solid bodies or ingots 57 and 58. 
If desired, the material may be placed within the recep 
stacles 5a and 5b in liquid form and frozen therein. 
As with the form of the invention shown in Figure 1, 
the operation of the apparatus shown in Figure 2-is car 
fied out in an ambient temperature below the freezing 
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point of the material to be purified, and any suitable 
equipment (not shown) may be utilized for providing. 
the necessary ambient temperature. To place theim 
proved apparatus into operation, the rack 41 and heat, 
pumps 26 to 29 are moved toward the right, for example, 
manually, to extremity of their travel in that direc: 
tion, to thereby bring the heat pump 29 adjacent the 
right-hand end of the receptacle 5a, and the heat pump: 
28 adjacent the right-hand end of the receptacle 5b. This 
movement of the rack 41 and the heat pumps can be ac 
complished rapidly, since the one-way clutch 51 permits 
free rotation of the pinion 53 in the direction opposite 
the driving direction of the motor 49. The switch 48 is 
then closed to cause direct current from the source 46 
to flow serially through the heat pumps 29, 28, 27 and 
26 in the direction indicated by the solid arrows in Fig 
ure 3. More specifically, the current flows through the 
heat pump 29 from thermojunction member 38 to 
thermojunction member 37, through.heat pump 28 from 
thermojunction member 36 to thermojunction member 
35, through heat pump 27 from thermojunction-member . 
38 to thermojunction member 37, and through heat pump. 
26 from thermojunction member 36 to thermojunction 
member 35. 
By virtue of the fact that in a thermoelectric heat 

pump, heat is pumped through a negative thermoelement 
in the direction opposite to the direction of current flow 
therethrough, and is pumped through a positive thermo 
element in the same direction as the current flow there 
through, the heat pumps 26 to 29 respectively provide 
pumping of heat in the direction of the broken arrows 
associated with each of said heat pumps in Fig. 3. 
Thus, the heat pumps 26 to 28 absorb heat from the ma-. 
terial 57 in the receptacle Sa at the thermojunction mem: 
bers 32 by means of thermal conduction through the 
receptacle wall having surface 25a in contact with said 
thermojunction members. This heat, plus heat resulting 
from the dissipation of electrical energy within the heat 
pump 27 is emitted from the heat pumps 26 and 28 at 
the thermojunction members 35 and 36 and is conducted 
through the receptacle wall having surface 25b in con 
tact with said thermojunction members to the material 58. 
The heat pumps 27 and 29 operate to absorb heat from 
the material 58 at thermojunction members 33 and 3i 
by conduction through the contacting. Wall portions of 
the receptacle 5b and emits said heat, plus heat resulting 
from the dissipation of electrical energy within said heat 
pumps, at thermojunction members 37 and 38 for con 
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sduction through the contacting Wall portions of the re 
ceptacle 5a to the material 57. . . . . . . . - 
The pumping of heat by the energized heat pumps 26 

to 29 in the directions indicated causes liquefaction of a 
zone of the material 58 adjacent thermojunction mem 
bers 35 and 36 of each of the heat pumps 26 and 
28, and also causes liquefaction of a Zone of the mater 
rial 57 adjacent thermojunction members:37 and 38 of 
each of the heat pumps 27 and 29. Once the liquefied 
zones have grown to extend transversely across the re. 
spective bodies of material 57 and 58, the -motor switch 
59 is closed to cause the rotation of the shaft 50, clutch 
51, shaft 52 and pinion 53 at a very slow rate in the 
direction indicated by the arrow. This causes the rack 
41 and the heat pumps 26 to 29 mounted thereon to 
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move slowly toward the left, as viewed in Figure 2, 
and as the heat pumps so move, the boundaries of the 
liquefied zones migrate correspondingly, with the heat. 
emitting thermojunction members 35,36, 37 and 38 
thereadjacent. As the heat pumps so move, however, it 
will be noted that the heat absorbing thermojunction 
members 32 and 33 of the heat pumps cool, and with 
the cooling effect of the reduced ambient temperature. 
effect solidification of the liquefied portions of the mate 
rials 57 and 58 thereadjacent. The net result is a migra 
tion of the liquefied zones toward the left, along with 
the heat pumps, . . . . . . . . 
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Operation of the motor 49 is continued until the heat 
pumps 26 and 27 respectively arrive at the left-hand ends 
of the receptacles 5b and 5a, respectively, in the posi 
tions shown in Figure 2. It will be noted that when the 
heat pumps 26 to 29 are in the positions shown in Fig 
ure 2, there is a liquid zone in the material 57 adjacent 
the heat pump 27, as well as adjacent the heat pump 29. 
It will also be noted that there is a liquid zone in the 
material 58 adjacent the heat pump 26, as well as adja 
cent the heat pump 28. Alternated with the liquefied 
Zones aforementioned, are zones of solidified material. 
More specifically, as in Figure 2, the solidified zones in 
the material 57 are adjacent the heat pump 28 and adja 
cent the right-hand end of receptacle 5a, whereas in the 
material 58 the solidified zones are adjacent the heat 
pumps 27 and 29. As aforementioned, solidification of 
the materials 57 and 58 is effected by absorption of heat 
at the heat absorbing thermojunction members 32 and 
33, as well as by the cooling effect of the reduced ambient 
temperature. 
Upon arrival of the heat pumps 26 to 29 at their posi 

tions shown in Figure 2, the switches 59 and 48 are 
opened, and the rack 41 and said heat pumps are reset to 
their right-hand limit position aforementioned in prep 
aration for a new cycle. On resetting, the heat pumps 
26 and 27 may assume the positions occupied by the heat 
pumps 28 and 29 respectively shown in Figure 2, so that 
the heat emitting thermojunction members of the heat 
pumps 26 and 27, upon being reset, are each disposed 
adjacent a liquefied zone within the receptacles 5a and Sb. 
Upon closure of the switch 48, and subsequent clo 

sure of the motor switch 59, the cycle may be repeated 
to cause progressive migration of liquefied zones of the 
materials 57 and 58 toward the left-hand end of the re 
ceptacles Sa and 5b. Any desired number of cycles may 
be carried out, and at the end of the final cycle, the 
liquefied zones at the left-hand ends of the receptacles 
5a and 5b, which now have a high concentration of 
impurity therein, may be removed from the receptacles 
5a and 5b in any desired manner, leaving the remainder 
of the material 57 and 58 with reduced impurity content. 

Having thus described two specific embodiments of 
the improved zone refining apparatus, it is to be under 
stood that the illustrated forms were selected to facilitate 
the disclosure of the invention, rather than to limit the 
number of forms which it may assume. Various modifi 
cations, adaptations and alterations may be applied to 
the specific form shown to meet the requirements of prac 
tice, without in any manner departing from the spirit 
or scope of the present invention, and all of such modifi 
cations, adaptations and alterations are contemplated as 
may come within the scope of the appended claims. 
What is claimed as the invention is: 
1. Apparatus for zone refining of a body of solid ma 

terial comprising, thermoelectric heat pump means hav 
ing heat emitting thermojunction means in good heat 
transfer relation with said body to afford liquefication of 
a zone of said material adjacent said thermojunction 
means, and means for causing gradual relative move 
ment of said thermojunction means and said body in a 
direction to effect gradual progression of said liquefied 
zone through said body. 

2. Apparatus for zone refining of a body of solid ma 
terial comprising, thermoelectric heat pump means hav 
ing heat emitting first thermojunction means in good heat 
transfer relation with said body and having heat absorb 
ing second thermojunction means in good heat transfer 
relation with said body at a point spaced from said first 
thermojunction means, means mounting said body and 
heat pump means for relative movement in the direction 
of the spacing between said first and second thermojunc 
tion means, said heat pump means being operable when 
energized to absorb heat from said body at said second 
thermojunction means and to emit heat at said first ther 
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8 
mojunction means to effect liquefication of a zone of said 
material adjacent said first thermojunction means. 

3. Apparatus for zone refining of a body of solid ma 
terial comprising, thermoelectric heat pump means hav 
ing heat emitting thermojunction means in good heat 
transfer relation with said body and having heat absorb 
ing thermojunction means in good heat transfer relation 
with said body at a point spaced from said heat emitting 
therinojunction means, and means for causing gradual 
relative movement of said heat pump means and said body 
along a line substantially parallel with the spacing between 
said thermojunction means and in a direction to effect 
gradual progression of said heat emitting thermojunction 
means along said body ahead of said heat absorbing 
thernojunction means. 

4. In apparatus for Zone refining of a body of solid 
material without substantial loss of the latent heat of 
fusion of said material, a thermoelectric heat pump hav 
ing a heat emitting first thermojunction in good heat trans 
fer relation with said body and having a heat absorbing 
second thermojunction in good heat transfer relation with 
said body at a point spaced from said first thermojunc 
tion, and means mounting said body and heat pump 
means for relative movement in the direction of the spac 
ing between said first and second thermojunction, said 
heat pump being operable when energized to absorb heat 
from said body at said second thermojunction and to 
pump said heat to said first thermojunction for emis 
Sion thereat to effect liquefication of a zone of said ma 
terial adjacent said first thermojunction. 

5. Apparatus for Zone refining of a body of solid ma 
terial without substantial loss of the latent heat of fusion 
of Said material comprising, a thermoelectric heat pump 
having a heat emitting first thermojunction in good heat 
transfer relation with said body and having a heat ab 
Sorbing second thermojunction in good heat transfer re 
lation with said body at a point spaced from said first 
thermojunction, said heat pump being operable when 
energized to absorb heat from said body at said second 
thermojunction and to pump said heat to said first thermo 
junction for emission thereat to effect liquefication of a 
Zone of said material adjacent said first thermojunction, 
and means for causing gradual relative movement of said 
heat pump and said body in the direction of the spacing 
between said first and second thermojunction to effect 
gradual progression of said heat emitting thermojunction 
along said body ahead of said heat absorbing thermo 
junction. 

6. In apparatus for Zone refining of a body of solid 
material without substantial loss of the latent heat of 
fusion of said material, a receptacle for said material, a 
thermoelectric heat pump mounted for endwise movement 
within said receptacle comprising a thermoelement hav 
ing means at one end forming a heat emitting first thermo 
junction in good thermal contact with said material and 
having means at the opposite end forming a heat absorb 
ing Second thermojunction in good thermal contact with 
Said material, said heat pump being operable when ener 
gized to absorb heat from said body at said second ther 
mojunction and to pump said heat to said first thermo 
junction for emission thereat to effect liquefication of a 
Zone of said material at said first thermojunction. 

7. Appartus for Zone refining of a body of solid ma 
terial comprising, a receptacle for said material, a thermo 
electric heat pump within said receptacle comprising a 
thermoelement having means at one end forming a heat 
emitting first thermojunction in good thermal contact 
with said material and having means at the opposite end 
forming a heat absorbing second thermojunction in good 
thermal contact with said material, said heat pump being 
operable when energized to absorb heat from said body 
at said second thermojunction and to pump said heat 
to said first thermojunction for emission thereat to effect 
liquefication of a Zone of said material at said first thermo 
junction, and means for effecting gradual movement of 
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said heat pump within said receptacle endwise of said 
thermoelement and in the direction of said one end of the 

8. In apparatus for zone refining of a pair of elongated 
bodies of solid material without substantial loss of the 
latent heat of fusion of said material, first thermoelectric 
heat pump means mounted for relative movement longi 
tudinally of said bodies and having heat emitting thermo 
junction means in good heat transfer relation with one 
of said bodies and having heat absorbing thermojunc 
tion means in good heat transfer relation with the other 

... of said bodies, said first heat pump means being oper 
able when energized to absorb heat from said other body 
and to pump said heat to said one body for liquefication 
of a first zone of said one body adjacent said heat emit 
ting thermojunction means, and second thermoelectric 
heat pump means mounted for relative movement with 
said first heat pump means longitudinally of said bodies 
and having heat emitting thermojunction means in good 

... heat transfer relation with said other body and having 
heat absorbing thermojunction means in good heat trans 
fer relation with said one body, said second heat pump 
means being operable when energized to absorb heat from 
said one body and to pump said heat to said other body 
for liquefication of a second zone of said other body ad 
jacent said last-mentioned heat emitting thermojunction 

. . . . means. - 9. In apparatus for Zone refining of a pair of bodies of 
solid material without substantial loss of the latent heat 
of fusion of said material, receptacle means for said 
bodies comprising oppositely disposed spaced parallel first 
and second wall portions of good thermal conductivity 
respectively, in good thermal contact with one and the 
other of said bodies, a first thermoelectric heat pump 
mounted for relative movement longitudinally of said 
bodies and parallel with said walls and having heat 
emitting thermojunction means in good thermal contact 
with said first wall portion and having heat absorbing 
thermojunction means in good thermal contact with said 
second wall portion, said first heat pump being operable 
when energized to absorb heat from said other body 

3: ... through said second wall portion and to pump said heat 
to said one body through said first wall portion for liq 
uefication of a first zone of said one body adjacent said 
heating emitting thermojunction means, and a second 
thermoelectric heat pump mounted for relative movement 
with said first heat pump longitudinally of said bodies and 
parallel with said walls and having heat emitting thermo 
junction means in good thermal contact with said second 
wall portion and having heat absorbing thermojunction 
means in good thermal contact with said first wallportion, 
said second heat pump being operable when energized to 
absorb heat from said one body through said first wall 
portion and to pump said heat to said other body through 
said second wall portion for liquefication of a second Zone 
of said other body adjacent said last-mentioned heat 
emitting thermojunction means. . . 

10. Apparatus for Zone refining of a pair of elongated 
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10. 
bodies of solid material comprising, first thermoelectric 
heat pump means having heat emitting thermojunction. 
means in good heat transfer relation with one of said 
bodies and having heat absorbing thermojunction means: 
in good heat transfer relation with the other of said 
bodies, said first heat pump means being operable when 
energized to absorb heat from said other body and to 
pump said heat to said one body for liquefication of a 
first Zone of said one body adjacent said heat emitting 
thermojunction means, second thermoelectric heat pump 
means having heat emitting thermojunction means in good 
heat transfer relation with said other body and having 
heat absorbing thermojunction means in good heat trans 
fer relation with said one body, said second heat pump 
means being operable when energized to absorb heat 
from said one body and to pump said heat to said other 
body for liquefication of a second zone of said other body 
adjacent said last-mentioned heat emitting thermojunction 
means, and means for effecting gradual movement of both 
of said heat pump means longitudinally of said bodies to 
effect corresponding movement of said first and second 
liquefied zones. s ... . . . 

11. Apparatus for zone refining of a pair of bodies of 
solid material comprising, receptacle means for said bodies 
comprising oppositely disposed spaced parallel first and 
second wall portions of good thermal conductivity respec 
tively in good thermal contact with one and the other of 
said bodies, a first thermoelectric heat pump having heat 
emitting thermojunction means in good sliding and ther 
mal contact with said first wall portion and having heat 
absorbing thermojunction means in good sliding and ther 
mal contact with said second wall portion, said first heat. 
pump being operable when energized to absorb heat from 
said other body through said second wall portion and to 
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pump said heat to said one body through said first wall 
portion for liquefication of a first zone of said one body 
adjacent said heat emitting thermojunction means, a sec 
:ond thermoelectric heat pump having heat emitting ther 
mojunction means in good sliding and thermal contact. 
with said second wall portion and having heat absorbing 
thermojunction means in good sliding and thermal con- . . . . 
tact with said first wall portion, said second heat pump : 
being operable when energized to absorb heat from said 
one body through said first wall portion and to pump said : . 
heat to said other body through said second wall portion 
for liquefication of a second zone of said other body ad 
jacent said last-mentioned heat emitting thermojunction 
means, and means for effecting gradual movement of said 
heat pumps to cause sliding engagement of said thermo 
junction means along said wall portions and corresponding 
movement of said first and second liquefied zones. 
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