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[57] ABSTRACT 

A method of preparing single crystals. The method of 
preparation involves preparing precursor materials of a 
particular composition, heating the precursor material to 
achieve a peritectic mixture of peritectic liquid and crystals, 
cooling the peritectic mixture to quench directly the mixture 
on a porous, wettable inert substrate to wick off the peritectic 
liquid, leaving single crystals on the porous substrate. Alter
natively, the peritectic mixture can be cooled to a solid mass 
and reheated on a porous, inert substrate to melt the matrix 
of peritectic fluid while leaving the crystals unmelted, allow
ing the wicking away of the peritectic liquid. 

18 Claims, 2 Drawing Sheets 

-------, ------------, 
COOL PERITECTIC PHASES IN 
CRUCIBLE AND REMOVE SOLID 

' POSITION SOLID MASS ON 
POROUS. INERT SUBSTRATE 

' WICK OFF PERITECTIC LIQUID 
LEAVING HTSC CRYSTALS 

I 
I 

I 

I 

I 

~ TRANSFER PERfiECTIC PHASES ~ 
1 

DIRECTLY ONTO POROUS, 
1 

L- - _ INERT SIBSTRATE _ - - J 

~ WICK OFF PERITECTIC LIQUID ~ 
L _ LEAVING HTSC CRYSTALS _ -' 



U.S. Patent Aug. 27, 1996 Sheet 1 of 2 5,549,748 

WEIGH PRECURSOR MATERIALS 
IN PROPER RA TIO 

' GRIND PRECURSOR MATERIALS 
IN ISOPROPANOL 

' DRY POWDER ON HOT PLATE ~ 

' PRESS POWDER INTO PELLET • 
' PRECALCINE PELLETS • ' HEAT PELLETS IN INERT CRUCIBLE 

FORMING EQUILIBRIUM PERITECTIC 
PHASES AND GROWING CRYSTALS 

OR 
►-------,w 

COOL PERITECTIC PHASES IN 
CRUCIBLE AND REMOVE SOLID 

' POSITION SOLID MASS ON 
POROUS. INERT SUBSTRATE 

' WICK OFF PERITECTIC LIQUID 
LEAVING HTSC CRYSTALS 

-----------, 
~ TRANSFER PERfiECTIC PHASES ~ 
1 

DIRECTLY ONTO POROUS, 
1 

L - - - INERT_ SIBSTRATE - - - J 

~ WICK OFF-PERITECTIC-LIQUID ~ 
L _ LEAVING HTSC CRYSTALS _ .J 



U.S. Patent Aug. 27, 1996 Sheet 2 of 2 

BaO 

20 Nd2Cu0 4 40 60 

MOL% 

80 

5,549,748 

100 
CuO 



5,549,748 
1 

METHOD FOR HARVESTING SINGLE 
CRYSTALS FROM A PERITECTIC MELT 

2 
equilibrium mixture described hereinafter. Ideally the pre
cursor material is such that one achieves optimum growth 
conditions for the desired seed crystals. It is also preferable 

This invention was made with Government support 
under Contract No. W-31-109-ENG-38 awarded by the 5 

Department of Energy, and the U.S. Government has certain 
rights in this invention. 

to minimize the amount of liquid used to suspend the 
crystals for growth, but not such a small amount as to cause 
the crystals to form together, which would defeat the objec-
tive of obtaining isolated single crystals. The end morphol
ogy of crystals can also be modified in a conventional 
manner by changing the composition. As is known in the 

The present invention is concerned generally with a 
method of producing single crystals. More particularly, the 
invention is concerned with a method of harvesting single 
crystals from a peritectic flux melt by wicking away, or 
desorbtion, of the melt and collecting the solid single 
crystals on an inert substrate. 

A multitude of crystal growing methods exist but typi
cally involve slow, low volume techniques. Frequently there 
is need for producing large numbers of seed crystals to be 
used in growing much larger single crystals. Moreover, it 
would be helpful to produce such crystals in large numbers 
rapidly with simple equipment. 

It is therefore an object of the invention to provide an 
improved method of manufacture of seed crystals. 

It is another object of the invention to provide a novel 
method of collecting single crystals by forming a liquid/ 
solid mixture and removing the liquid, leaving solid seed 
crystals behind. 

It is a further object of the invention to provide an 
improved method of collecting single crystals from a liquid 
by absorbtion of the unwanted liquid by an inert, porous 
substrate. 

It is also an object of the invention to provide a novel 
method of producing single crystals by heating a solid mass 
to a temperature sufficient to form a flux melt removable by 
absorbtion. 

It is an additional object of the invention to provide an 
improved method of collecting single crystals by forming a 
mixture of single crystals and equilibrium liquid phase over 
an inert, porous substrate which absorbs the equilibrium 
liquid phase. 

It is yet another object of the invention to provide a novel 
method of collecting seed crystals by removal of a liquid 
phase surrounding the crystals by capillary desorbtion. 

Other objects and advantages will become apparent from 
the detailed description and drawings described hereinbe
low. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 sets forth a flow diagram illustrating a preferred 
method of the invention; and 

FIG. 2 is a pseudo ternary phase diagram of Nd2O3 , BaO 
and CuO showing two exemplary compositions of the 
invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

10 
crystal growing art, the kinetics of growth vary within such 
a periteetic phase region; and as explained for Example II, 
one can, for example in an HTSC system, adjust the crystal 
growth conditions to change from a flat-shaped crystal to 
cubic-shaped crystal morphology, depending primarily on 
the compositional location in the peritectic phase region. 

15 Such parameters as composition, temperature and quenching 
conditions can thus be readily adjusted by one of skill in the 
art to obtain the desired particular crystal morphology, as 
well as the number and size of seed crystals obtained. 

Referring again to FIG. 1 the selected precursor material 
20 amounts are ground up in preparation for compounding. A 

typical method uses ball mill grinding of the materials in 
isopropanol (or other such inert liquid) for 4-12 hours. The 
resulting ground powder materials are dried, such as by a 
conventional furnace or hot plate; and then the powder 

25 materials are pressed into pellets. These pressed pellets are 
precalcined in the conventional manner in preparation for 
heating to the desired position of the phase diagram in the 
peritectic phase region. 

30 
A substrate must also be prepared for the purpose of 

receiving the peritectic liquid plus crystal mixture. This 
substrate has the properties of being inert to the peritectic 
liquid to be wicked away, and also has a melting point above 
the melting temperature of the peritectic liquid phase. Such 

35 
substrates are prepared to be wettable by the liquid and also 
to exhibit porosity, thereby enabling the absorbtion, or 
wicking away by the substrate, of the peritectic liquid from 
the mixture containing the seed crystals. For example, 
substrates can be prepared of a porous pellet, with melting 

40 
point higher than the desired single crystals (See FIG. 2). For 
example, such solid materials as Y2BaCuOx (211 YBaCu 
Oxide) can be used for the 123 Nd (or Sm) BaCu oxide 
systems. For the Y 2BaCuOx system, the pellets are sintered 
at about 30% below the melting point for 8-48 hours. 

45 In the next step the precalcined pellets of the precursor 
material are placed in an inert crucible, such as Al2O3 , a 
noble metal or other material nonreactive with the peritectic 
mixture. This crucible and precursor material are heated to 
a temperature for a time adequate to insure formation 

50 substantially of the equilibrium phases in the peritectic 
phase diagram. The heating protocol (and gas atmosphere 
conditions) can follow a wide variety of conventional ther
modynamic paths but should result in achieving the pre
scribed equilibrium phase state needed in order to wick 

55 away, or desorbed, the peritectic liquid flux, leaving behind 
the seed crystals. 

A method of the invention is described generally by 
reference to the flow diagram of FIG. 1. The method of the 
invention can generally be used in any phase system which 
exhibits a peritectic phase diagram. One example of use of 60 

the method of the invention is a high temperature supercon
ductor (HTSC). Given such a system, one proceeds by 
procuring the starting chemicals, elemental or compounded, 
and weighing out the appropriate amounts to achieve the 
desired composition. Alternatively, the precursor material 65 

can be an already compounded material adequate to achieve 
the desired result upon heating to attain the peritectic 

Upon achieving the desired equilibrium phase mixture, 
the seed crystals are allowed to grow to achieve the par
ticular size and number by controlling the crystal growth 
conditions in a well-known, conventional manner. The con
tents of the crucible then can be processed in one of two 
preferred ways: (1) directly depositing the seed crystal/ 
peritectic liquid mixture onto the above described porous 
substrate or (2) quenching the peritectic liquid/seed crystal 
mixture to form a solid mass, depositing the solid mass onto 
the porous substrate, and heating the mass sufficiently to 
melt only the solid matrix originally formed from the 
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peritectic liquid, and wicking off, or desorbing that liquid. 
After removing the unwanted peritectic liquid (flux), one 
can physically remove the remaining seed crystals left 
sitting on the porous substrate. 

The following nonlimiting Examples illustrate various 5 

illustrations of the method of the invention. 

4 
quenching said peritectic mixture on said substrate; 
desorbing said peritectic liquid using said substrate, leav

ing said single crystals behind on said substrate; and 
removing said single crystals from said substrate. 
2. The method as defined in claim 1 wherein said precur

sor material comprises a mixture of compounds. 

EXAMPLE I 

A method of harvesting Nd1+.J3a2_xCu3OY crystals 
includes the following steps: (1) reagant grade Nd2O3 , CuO 
and Ba CO3 are weighed in the composition ratio of 1: 10:4 
(mole percent), (2) these starting precursor materials are ball 
milled in a polyethylene bottle with a zirconia milling media 

3. The method as defined in claim 1 wherein said single 
crystals have a composition selected from the group con
sisting of 123 NdBaCu oxide, 123 SmBaCu oxide and 123 

10 YBaCu oxide. 
4. The method as defined in claim 1 wherein said step of 

heating comprises the steps of heating to a peritectic phase 
region, forming said crystals and growing said crystals. 

in ethanol or isopropanol for 4-12 hours to achieve a 
homogeneous mixture of starting materials, (3) the pow
dered starting materials are dried on a hot plate under a N2 

atmosphere to avoid reactions of the starting powder with 
ambient atmosphere, (4) the dried powders arc pressed into 

S. The method as defined in claim 4 wherein said step of 

15 growing said crystals comprises slowly cooling said peri
tectic mixture. 

6. The method as defined in claim 1 wherein said step of 
heating includes placing said precursor material in an inert 
crucible. 

a pellet to reduce contact of the pellet with the alumina 
crucible to be used to melt the precursor materials; typical 
pellet diameters are 20 mm diameter, have a mass of 20 g 
and are pelletized using a pressure of 5,000-10,000 Pa, (5) 
the pellets are presintered at 940° C. for a least 24 hours, (6) 
are then heated to about 1050° C.-1100° C. and held for 25 
about 48 hours, (7) the heated mixture is cooled slowly 
(about 1 ° to 10° C. an hour) to about 1000° C. to promote 
crystal growth in the peritectic liquid (flux), (8) the crucible 
containing the specimen is quenched onto a copper block to 
form solid mass, stopping crystal growth, (9) place solid 30 
mass present in the crucible onto a porous Y 2BaCuOx 
substrate, (10) heat the solid mass to about 1050° C., hold 
for 2-8 hours allowing peritectic liquid (flux) to be 
absorbed, or wicked away, into the porous structure by 
gravitation and capillary forces, (11 ) the remaining crystals 35 
are cooled to room temperature and (12) the seed crystals are 
removed from the porous substrate. 

20 
7. The method as defined in claim 1 wherein said precur-

sor material is heated in an inert crucible which is selected 
from the group consisting of alumina, a noble metal and 
zirconia. 

EXAMPLE II 

8. The method as defined in claim 1 further including the 
step of using adjusted compositions for said precursor 
material for forming different morphologies for said crystals 
including a flat shaped crystal and a cubic shaped crystal. 

9. The method as defined in claim 1 further including the 
step of adjusting crystal growing conditions for forming 
different morphologies for said crystals including a flat 
shaped crystal and a cubic shaped crystal. 

10. A method of preparing single crystals, comprising the 
steps of: 

preparing a precursor material having a selected compo
sition; 

heating said precursor material in a crucible and achieving 
a peritcctic equilibrium mixture of phases including a 
peritectic liquid and crystals; 

cooling said peritectic equilibrium mixture in said cru
cible to form a solid mass in said crucible; 

removing said solid mass from said crucible; 
positioning a substrate having a porosity and being inert 

to said peritectic equilibrium mixture and placing said 
solid mass on said substrate; 

desorbing said peritcctic liquid using said substrate, leav
ing behind crystals on said substrate; and 

removing said crystals from said substrate. 

In the Nd2O3'CuO/BaO system (See FIG. 2) single crys- 40 

tals were prepared of different morphologies by adjusting 
composition within the peritectic phase region. ½(Nd2O3), 

BaO and CuO were mixed in the following two ratios: 
1:4:12.5 and 1:2:6.25. Each of these compositions were 
heated to a temperature of 950° C. and held for 48 hours: At 45 
the end of that time the peritectic mixture was processed in 
the same manner as Example I to collect the crystals. In the 
case of the ratio being 1 :4: 12.5, the crystals had a flat 
morphology. In the case of the ratio being 1 :2:6.25, the 
morphology was cube shaped for the crystals. 

Further advantages and features of the invention will be 
appreciated by reference to the claims set forth hereinafter. 
While preferred embodiments have been described, it will be 
clear to those of ordinary skill in the art that changes and 
modifications can be made without departing from the spirit 55 

and scope of the invention in its fullest aspects. 

11. The method as defined in claim 10 wherein said step 
50 of preparing precursor material comprises preparing a mix

ture of materials which collectively correspond to said 
selected composition. 

What is claimed is: 

12. The method as defined in claim 11 wherein said 
crystals comprise 123 Nd Ba Cu oxide and said precursor 
material consists essentially of Nd2O3 , CuO and BaCO3 in 
the mole percent ratio of 1: 10:4. 

13. The method as defined in claim 10 wherein said single 
crystal is selected from the group consisting of 123 NdBaCu 
oxide, 123 SmBaCu oxide and 123 YBaCu oxide. 

1. A method of preparing single crystals, comprising the 
steps of: 

60 
preparing a precursor material having a selected compo-

14. The method as defined in claim 10 wherein said step 
of heating said precursor material comprises heating to a 
peritectic phase region and forming and growing said crys
tals. 

sition; 
heating said precursor material and achieving a peritectic 

mixture of phases including a peritectic liquid and 
crystals; 

positioning near said peritectic mixture a substrate having 
a porosity and being inert to said peritectic mixture; 

15. The method as defined in claim 14 wherein said step 
65 of growing said crystals includes slowly cooling said mix

ture of peritectic liquid and crystals at least through said 
peritectic phase region. 
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16. The method as defined in claim 10 wherein said 
crucible consists essentially of a material inert to said 
pcritectic liquid and crystals. 

17. The method as defined in claim 10 wherein said 
substrate comprises a material inert to said peritectic liquid 5 

and crystals. 

6 
18. The method as defined in claim 17 wherein said 

substrate comprises a compound having a higher melting 

point than said single crystals. 

* * * * * 


