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SPECIFICATION

TITLE OF THE INVENTION:

PROCESS FOR PRODUCING SINGLE CRYSTAL OF
YTTRIUM-IRON GARNET SOLID SOLUTION

-BACKGROUND OF THE INVENTION:

The present invention relates to a process for producing a single

. erystal of a yttrium-iron garnet solid solution having the formula
R3M50;2

wherein R represents Y and optionally other rare earth element and M

represents Fe and optionally Al or Ga.
The single crystals of the compound having the formula

R3M50,

have been produced by using PbO - PbF, type flux, BaO - BaFg type flux
or LigMoOy type flux etc. Most of the single crystals of the compound

having the formula
R3M50;2 | ..

have been commercially produced by said methods.



0000720

-2

In the methods, the compound of R3M5012 has been dissolved in
the flux having a8 low menting point and the single crystal has been
formed by gradually cooling it or utilizing the temperature gradient,
However, the flux has been included in the single crystal as inclusion or
impurity and it has taken a long time for the single crystal growth and the
distribution of Fe, Af and Ga component in the yttrium-iron garnet has not
been uniform and the defect ratio has been increased and the cost for the
production has been disadvantageously increased. It has been known to
pfoduce it by a traveling zone method, wherein a small amount of a solvent
for dissolving the components has been used and the pbwdery or molded
cofnponents for the product of RgMzO, 5 have been diesolved in the solvent
melted by a heater (resistant heating type) and the smgle crystal of R3M5012
has been formed on a seed crystal at a constant speed

However, the material of the heater has been included in the single
| crystal as inclusien or impurity and it has tak'en a long time for the' single

. 1 .
crystal growth because of no stirring.

SUMMARY OF THE INVENTION:

It is an object of the present invention to provide a process for
producing a single crystal of a yttrium-iron garnet solid solution without a

contamination in a short time,
It is another object of the present invention to provide a process

for producing a single crystal of a ytirium-iron garnet solid solution having
‘ ! :
"high purity at l'{igh single crystal growth rateat low cost.
The foregbing and other objects of the present invention have been
attamed by producmg a single crystal of an y'ttrium-lron garnet or a solid

solution thereof having the formula
R3M50; 5

by contacting a solvent with a lower edge of a rod of a mixture for the product
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and an upper edge of a seed crystal and heatmg the solvent part to melt it

and l'ormmg the smgle crystal by a floatmg zone method

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS:

In the productmn of the smgle crystal of a yttrium-iron garnet
solid solution, the solvent is contacted w1th the lower edge of the rod of the
mixture for the product and the seed is contacted w1th the bottom of the solvent
and the solvent part is heated to melt it by the ﬂoating zone method to form
the single crystal of the product of R3M5012 wherem R represents Y and

optionally other rare earth element and M represents Fe and optlonally AL

or Ga,

The rod of the mixture for the product comprises the yttrium
oxide type component and the iron oxide type component at molar ratio
"of 2.5:5.0to0 3.5 : 5.0 wherein the yttrium oxide type component com-
prises Y203 as main component an_dvoptionally the other .rare earth oxides
as additional component, and the iron oxide type component comprises
Fe203 as main component and optionally Af 03 or Ga203 as addltional
component, _ R , C S
' The solvent comprises the iron oxide' tjrpe comp-onent and optionally.
less than 0.6 mole of the rare earth oxide component per 1 mole of the
R iron oxide type component. . , _
The smgle crystal of the yttrium-iron garnet hav1ng the formula

RSMSOIZ

and having high quality means the single crystal having the width of ferro-

magnetic resonance absorption (aH) of- less than 2 Oe under the alternatmg
) field of 9,300 MHz as a spherical ball having a diameter of 1 mm. <
" The single crystal having high quality can be obtamed by recrystal- '

lizing the resulting single crystal of RsMOy 3.
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The yttriurn oxide.and the other ratre earth oxides can be the
commerc1a11y avallable ones without any chemical treatment and preferably w1th‘
a smaller diameter so as to promote the reactlon w1th ferr1c oxide, _

aluminum oxide or galhum ox1de. such as less than 1 mm eSpec1a11y, less

thanlO/Im..' ’ S SO .
‘The purlty of yttrlum ox1de and the other rare earth ox1de can

be of spec1a1 grade. When the smgle crystal is used as a magnetxc materlal

" the contammatmnwlth 1mpur1ty is remarkably dusadvantageous whereby

higher purities of the raw materlals are preferable.

It is further preferable for perﬁormmg the reactmn to use the
raw material obtained by calcining it in air at high temperature e.g. 1000°C
foralongtlmeeg 1 day. ' : , ' | .
The ferric oxide used in the present inventmn, can be in special

_grade and preferably has a smalldiameter so as to promote the reaction

" with the rare earth oxide, aluminum oxide or galhum oxide, such as less

than 1 mm especially, less than 10 ym.

The aluminum oxide used in the present invention, can be in’
special grade and preferably has a smalldiameter so as to promote the
reaction with the rare. earth oxide, ferrlc oxide or galhum ox1de. such as
less than 1 mm especiauy. less than 10 /.un.

The gallium oxide used in the present invention. can be in spec1a1
grade and preferably has?small diameter 80 as to promote the reaction
with the rare earth oxide, ferric oxide or alummum oxide, such as less
than 1 mm especially less than 10 gm. | o
v In the mixing operation, it is preferable to umformly mix the
raw materla&s ‘Rhe mixing operatmn can be made by various methods
such as a method of mixing them‘ with an orgame liquid such as alcohols
-and acetone in a mortar; a method of'mixing them in a mixer such as a
ball mill .or a method of coprecipitatton after dissolving them in 'an acid

etc,
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~ .The averag-e'diameter of powders of the mixture is preferably
less than 1 mm especially less than 10 Am. '
L The compos1txon for the product of R M5q2 used in the present
invention is preferably a molar ratio of 2.5:5.0t0'3.5 : 5.0 of the rare
earth oxide to. the total of ferrtc oxide, alummum ox1de and galhum oxide.
The ferric ox1de is usually used as the mam component for the 1ron oxide
‘type component and a part can be substltuted with alurmnum oxide or
: galhum ox1de (greater than 0.1 mole % eSpecially greater than 1 mole %).
The magnetlc charactenstms of the product can be varied by varymg
. the content of aluminum oxide or galhum oxide. The magnet1c or electric
character1st1cs of the produc.. may be improved by adding a smal}l amount
of the component of Ca, Sr, Ba. Sc. Ti V. Cr. Mn. Co, N1. Cu, Zn, Si
or Ge if necessary. ' ‘ '
The solvent used in the present inventmn is a liguid medxum for
dlssolvmg the mlxture for the product of R3M5012 ‘and formmg the single

crystal of R3M5012 from it. , ‘
In the process of the present inventlon. the solvent comprlses

) ferrlc oxide. The other components of alummum ox1de. ‘gallium oxide,

: the rare earth oxides can be 1ncorporated . The molar ratio of the total
of ferric ox1de alummum oxide and galhum oxxde to the rare earth oxlde
is usually 1:0 to 1:0.6 preferably 1:0. 1 tol:0.3. The melting point
of the solvent should be lower than the decomposnlon temperature of the

~product of R M5012. ‘ '. ' ) ‘ '

, The content of alummum oxide or galhum ox1de is dependent
upon the compos1t10n of the solld solutlon of the yttr1um-1ron garnet.

Lo = When the molar concentratlons of Fe203. AQ203 and GagOgq

" in the solvent are de51gnated as MFe203' MAL203’ ‘and MGa203' and

the molar concent_ratmns of the components in the s‘ollld-solutlon are
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designated as Mlg‘e 203’ Mz&203 and MGa 0 » the ratio of MA,QgO /

(MFEZOS MAQ 20 ¥ MGa20 ) ¢ AQ_20 /(MFe203 + MAQ 03 + M&a203

is preferably ina range of1:1.5t01: 2.5 especially 1 : 1.8 to 1 : 2.2.
It is preferable to have the same relatlonshlp between Maa 03 and MGa203

In the compressmg moldmg of the rmxture, it is possible to |
employ a molding method using a mold for one directional compressmg
method or two directional compressmg method. However. in order to - '
prevent the curve of the rod in the heatmg step, it is preferable to employ
. a rubber press method wherein the pressure is hydrostatlcally apphed.

The rubber press method means that the powdery mixture is
charged in a rubber tube and both ends of the rubber tube are sealed and
the rubber tube is compressed under h1gh hydrauhc pressure in a sealed
hydraulic apparatus. The hydraulic pressure is usually higher than
500 Kg/cm?2 .preferably 1 to 2 ton/cm The hydraullc
pressure is usually apphed for longer than 5 seconds preferably ‘1 minute.
The molded product prepared under Iower pressure 1s easﬂy cracked.

The molded mlxture .can have any rod type shape as it 1s
used in the floating zone method It is especially preferable to use a ’
cylindrical rod havmg a d1ameter of 1 mm to 10 cm and a length of 1’ mm

to 5 m preferably a dlameter of 3mmtol cmanda Iength of 5 mm to '

30 cm. , o
In the calcination of the molded mixture, 11: is possxble to heat it whils

holding it in a\sultable crucible in a homzontal furnace, However
" it is prefetable to heat it in a vertical furnace in a suspended condition
so as, to prevent a contamlnatlon w1th 1mpur1t1es and not to cause a

curve in the calcination.
The furnace is to maintain greater than 1072 atm. of oi;ygen

and to be Stable at the maximum temperature of 1,650°C, and preferably

to maintain greater than 1 atm. of oxygen.
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~ " The temperature for calcining the molded mixture is dependent .
upon the kind of the rare earth oxide and the content of Al or Qa;‘a,r‘x_d the
pressure of oxygen in the eavironment, and it is preferably at 1,500 to
1,750°C in the case of the mixture for the product and at 1,400 to 1,450°C
A in the case of the mixture for the solvent. It is especially preferable to
be the maximum temperature {forming no liq\iid} in the oxygen environment
in the case of the mixture for the product of R3MgOq 5.
The time for calcining the molded mixture is preferably longer
and it is preferable to calcine the molded mixture to give a bulk
density of greater than 80% of the true density. '
The oxygen pressure in the environment :of the calcination is
preferably higher so as to prevent a fbrma;cion of ferrous oxide component
in the product of RgMgO;9 because the ferrous oxide componént causes
inferior magnetic characteristics. In order to prevent the incorporation of an
inert gas in the form of bubbles in the calcined product,it is
preferable to prevent the pfesente of an inert gas such nitrogen
or argon. The bubbles of the inert gas such as nitrogen or argon
are moved into the solvent in the operation of the single crystal
grdwth to form a large bubble and when the bubble is broken, smooth
growth of the single crystal is prevented. |
It is preferable to gradually heat and cool at a rate of less than
30°C per minute at the initiation and completion of the calcination in order
to prevent thermal cracking of the molded mixture. '
In the process of the p'rvesent invention wherein the> molded
mixture for RqM50,, is dissolved in the molten solvent and the single
crystal of R3M5v012 is formed on the seed crystal, the radiation conver-

gence type floating zone method is employed in order to prevent a

contamination with impurities and to increase the speed of the
single crystal growth and to give uniform distribution of the

-

components and to decrease the defects.

-

' The floating zone method used in the process of the present

invention means that the rod for the product is rotated and fed from the
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higher position into the high temperature zone maintaining the temperature
higher than the melting point of the rod, and the seed crjstal is

rotated in the reverse direction and fed from the lower position and both

the = rod and the seed crystal are contacted at the molten zone under the
condition having no other support for the floating zone and then, both
the rod and the seed crystal are moved downwarldy at a constant speed
whereby the rod is dissolved into the molten solvent and the éin'gle crystal
is formed on the seed crystal from the moiten solvent. The high temperature
" zone is maintained stably (in space and time).
The high temperature zone maintaining the temperature Being
_ higher than the melting point of the rod ;n the single crystal growth
apparatus for the floating zone method should be maintained at higher than
1,450°C of the melting point of the solvent for 3'to 15 mm depending upon
the diameter of the rod for RgMgOs 7 . .

The length of the high temperature zone to be maintained
higher than 1, 450°C is not preferably longer or shorter than the range,
The temperature distribution except near the high temperature zone is
not critical. .

The single ‘erystal growth apparatus used in the process of the
present invention should have an equipmeht for sealing the single crystal
growth part from the atmosphere and \}arying the condition of the environ-
ment as desired.

The radiation convergence type floating zone method means
the floating zone method wherein the stable high temperature zone is
formed by the convekgence o‘f radiation from the light source at ﬁ high

" temperature by a mirror or a lens,
" The ﬂoating zone method of the present invention has the feature
that thg composition of the rod for RgMgO; 9 is different from that of the

solvent-This is different from the conventional floating zone method. '
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That is, the molten zone is formed by adhering a small amount
of the molten solvent at the lower edge of the rod for R3M5012 Inthis step,
the molten solvent can be adhered on the top of the seed crystal or on both
of the lower edgaof the rod for RqMg0; 5 and the top of the seed crystal. The
amount of th'e molten solvent is preferably that of a semi-spherical size
having the diameter of the rod for RgMzO;9. When the molten solvent is
adhered on both of them, the amount of the molten solvent is preferably
that of each semi-Spherical size having the diameter of the rod or the
seed crystal. The molten solvent forms the floating zone by contacting
the rod for RgM O 9 with the seed crystal throdgh the molten solvent.

' The seed crystal can'be any kind of solid which is resistant
to high temperature and inért to the .solvent and it is 'preferably a part of
the calcined rod for RqM 5012 especially the single crystal of R3gMgOy 4.

The single crystal growth speed using the rod for RgMOq9, the
solvent and the seéd crystal in the .floa;ting zone method is equal to thé downward
_ feeding speed of -the rod and the seed crystal. The single crystal
of RgM 5012 is formed at a speed of greater than 0.1 mm pef hour.

The speed is preferably greater but it.is préferably less than lb cm per
hour especially less than 8 mm per hour, optimumly in a range of 1 to
4 mm per hour. When it is too slow, the efficiency for producing the
single crystal of R3M5012 is low,e'red and the cost is increased.

In order to prevent the formation of ferrous oxide in the result-
ing single crystal and to maintain the miniﬁm electrical conductivit’y
in the grown single crystal of R3M 5012, the oxygen prbess;ure in the
env1rcnment is maintained at at least 10°2 atm. The oxygen pressure is

preferably hxgher and espec1ally in a range of 1 to 100 atm.
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When the resulting single crystal is used instead of the calcined
rod for R3MgOq2 in the production of the single crystal of RgMgOyg, the
single crystal is uniformly dissolved in the molten solvent whereby the
recrystallization of the single crystal of RgM5O;9 on the seed crystal is
stable and the single crystal having high quality can be obtained.

In the specification the single crystal of RgM50; 4 having high
quality means the single crjétals having a width of ferromagnetic resonance
absorption of less than 5 Oe at room temperature though it is _affected by

the content of AL or Ga component.
In accordance with the process of the present invention, the

single crystal of R3M5012 having high purity and uniform distribution of
the components can b‘e obtained at lower cost in comparison with the single
crystal of RgM50,, obtained by the conventional method.

The smgle crystal of RgM0O;9 obtained by the process of the
present invention can be used as a magnetic material for microwaves which is
the main useOf\tnose obtained by the conventional method. It also can be
used in the other fields of magnetic materials such as spinel type
ferrite, etc. as it is remarkably low in cost.

The present invention will be further illustrated by certain

examples.
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EXAMPLE 1:

Single crystal growtn of Y3F'e4 5ALg, 5612 |

. Y904 (purity of greater than 99.9%), FeyOgq (purlty of greater
than 99.9%) 'and A0203 (pur1ty of greater than 99. 9%) in powdery forms
were mixed at molar ratios of 3 0 :4.5:0.5 as the mixture for
YgFey, 5AQO 012 and at molar ‘ratios of 0 17 . 0, 95 0. 05 as the mixture

for the solvent.

[y

Each mixture vrae ground with acetone ina mortar to ob'rain
“each of two types of mixtures of t_‘ine poWder having an average diameter
of,l,.u'n.' | . , o ' |
' In a thin rubber tube having a diameter of 11 mm, about 12 g
of each mlxture was charged and both ends of the rubber tube were sealed.
The rubber tube was inserted in a rnold having an inner diameter of 11. 5 mm
and the mixture was molded under a pressure of 1 ton/cm2 for about
1 minute in an oil pressure type hydraulic apparatus. o
~ Each rod having a diameter of abolit 8 mm and a length of
about 80 mm prepared by the moldmg step was calcined in a vertical type
~electric furnace at 1,550°C for the product and at 1,400°C for the solvent.
| The crackmg of the rods caused by rap1d heating and quenching
j was prevented by taking 1 hour for msertmg and dischargmg the rod.
The rod for the product of Y3Fe4 5AQ0 5019 having a diameter
of about 6.5 mm and a length of about 60 ‘mm was fixed on an upper rotary
~ shaft for product of a floating zone single crystal growth apparatus employ- '
ing infr_ared radiation convergence method. The rod for solvent having a
diameter of about 7 mm and a length of about 20 mm was fixed on & lower
rotary shaft for seed crystals.- Oxygen (1 atom) was fed into a crystal growth

chamber partitioned from the ambient by a fused quartz tibe to

purge"air and the heating operation was initiated. Oxygen was fed at a
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linear speed of 0.6 cm per second near the floating zone, The edge of

the rod for solvent was adjusted to the position imparting highe'st temper-
ature in a singte crystal growth apparatus. When the edge was melted by
the heating, the temperature was kept in constant and the rod for.

YsFey, SAQo 5019 was sh1fted dounwardly into c’ontact with the rod for
solvent at the molten part. Then, the rod for solvent was cut out S0 as

to leave suitable amount of the rod for solvent at the lower edge of the

rod for YaFey 5A{g 50,4+ The rod for solvent was removed from the .
apparatus while cutting the. radiation. A sintered rod of Y3Fe4_ SAQ-O. 5’012
having a diameter of 6.5 mm and a length of 20 mm as a seed crystal was
fixed on the lower rotary shaft instead of the rod for solvent.
, The solvent adhered at the lower edge of the rod for

Y3Fe 4. 5A 0. 5019 was melted by heating it. The seed crystal was adJusted
to contact with the solvent and was contacted w1th the rod for product through
the molten part.. The seed crystal and the rod for product were respectlvely
rotated at a speed of 30 rpm in opposite direction each other until completing
the crystal growth The condition for imparting sultable size of the molten
part was mamtalned by finely controlhng the temperature and the gap between
the rod for product and the seed crystal. Then, both of them wereshifted
downwardly ata co:nstant speed'of 2.0 rnm/hr to form a single crystal of
YgFey 5AQ 0.5912 on the seed crystal. Polycrystalline product was 'initially
formed but after the growth for 10 to 15 mm, the product had a sectzonal
view of single crystal. ' '

When the rod for YéFe 4. SACO. 5012 was sub_stantially consumed,
the sipgle crystal was éut out from the rod f_or product and was cooled
to obtain a rdd of s\ingle ,_c:ry'vstal of YgFe, SAQO. 5012 having ardiameter of
6 mm and a length of 40 mm., '
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EXAMPLE 2:

Single crystal growth of Y3Fe4AQ012
Y504 (purity of greater than 99.9%), Fe203 (purity of greater
than 99.9%) 'and Al 904 (purity of greater than 99.9%) in powdery forms

were mixed at molar ratios of 3: 0:4.0:1,0 as the mixture for
Y3Fe4A€O12 and at molar ratios of. 0,17 : 0.9 : 0.1 as the mixture for the
solvent.

Each mixture was ground with acetone in a mortar to ob_'t'ain
each of two types of mixtures of fine powder having an average diameter
of 1pm. ' 4 ) |

In accordance with the process of Example 1, the two types of
the mixtures were treated to obtain a rod of smgle crystal of Y3Fe AﬂlO12
having a diameter of 6 mm and a length of 40 mm,

The resulting cylindrical single crystal was sliced in parallel
to the growth dlrectxon and the sectional surface was pohshed and observed

by a mlcroscope to find no ununiform part.

. EXAMPLE 3:

Single crystal growth of YgFeq, 5A£0‘ 501 L(high quality)

The single crystal obtained by. the process of Example 1 was used

and recrystallized in accordance with the process of Example 1 to obtain
a single crystal having a diameter of 6 mm and a length of 40 mm having
hxgh quality. . |

A part of the resulting smgle crystal was cut out and was pohshed
to form a sphermal ball having a diameter of 0.5 mm and a width of ferro-

-’

magnetic resonance absorption of the ball was measured to result 1.8 Oe.
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EXAMPLE 4: =~

Single crystal growth of Y3Fe4_ 5Ga0! 5012
¥,04 (purity of greater than 99.9%), Fe,O4 (pur.ity of greater
than 99.9%) and Ga203 (purity of greater than 99.9%) in powdery forms

were mixed at molar ratios of.3. 0:4.5: 0,5 as the mixture for
Y3Fey 5Gag 5O12 and at molar ratios of 0.17 : 0.95 : 0. 05 as the

mixture for the solvent.

Each mixture was ground with acetone in a mortar to obtain
each of two types of mixtures of fine powder having an average diameter
of 1um.

In accordance with the process of Example 1, the two types of
the mixtures were treated to obtain a rod of single crystal of
Y3Fey 5Gag, 50,5 having a diameter of 6 mm and a length of 40 mm.

The resulting cylindrical single crystal was sliced in parallel
to the growth direction and the sectional surface was polished and observed

by a microscope to find no ununiform part.

EXAMPLE 5:

Single crystal growth of Y3Fe GaOq,
Y403 (purity of greater than 99.9%), FegO3 (purity of greater

than 99.9%) and G:aL203 (purity of greater than 99.9%) in powdery forms
were mixed at molar ratios of 3.0 : 4,0 : 1.0 as the mixture for
Y~‘;)—,1'«‘<e4'GaO12 and at molar ratio‘s of 0.17 : 0.9 : 0.1 as the mixture

for the solvent. \
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Each mixture was grouﬁd with acetone iﬂ a morfar to obtain
each of two types of mixtures of fine powder having an averé.ge diameter
of 1 . - | '
_In‘ accordance with the process of Example 1, the two types of
the mixfures were treated to obtain a rod of‘single crystal of YgFe GaOq4
having a diameter of 6 mm and a length of 40 mm. '

The resulting cylindr'ical_ single crysfal was s.liced in parallel
to the growth direction and the sectional surface was polished and observed

by a microscope to find no ununiform part.

EXAMPLE 6:

Single crystal growth of Y, 5Nd0. 5Fe5012 |
Y,04 (purity of greater than 99.9%), Nd,Oq (purity of greater
than 99.9%) and Fe203 (purity of greater than 99.9%) in powdery forms

were mixed at molar ratios of 2.5:0.5:5.0 as the mixture for

'Y2. 5Nd0. 5Fe5012 and at mola_r ratios o.f‘ 0.14 : 0,03 :‘ 1.0 as the‘ mixture

for the solvent.
Each mixture was ground with acetone in a mortar to obtain

. each of two types of mixtures of fine powder héving an average diameter
of lLym. A '
In accordance with the process of Example 1 » the two types of
| the mixture were treated to obtain a rod 6f single-crystal of |

Y2. SNdO. sb‘eso12 having a diameter of 6 mm and a length of 40 mm.

‘ The resulting cylindrical single crystal was sliced in parallel
to the growth direction and the sectional surface was polished and observed

by a microscope to find no ununiform part. . -

-
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EXAMPLE 7:

Single crystal growth of YszFe5012 | 7
Y,O3 (purity of greater than 99.9%), Yb20,3 (purity of greater

than 99.9%) and Fe203 (purity. of greater than 99.9%) in powdery forms
were mixed at molar ratios of 2.0 : 1.0 : 5. 0 as the mixture for
Y,YbFegO;, and at molar ratios of 0.11 : 0.6 : 1.0 as the mixture for
the solvent. _

Each mixture was ground with acetone in a mortar to obtain
each of two types of mixtures of fine powder having an average diameter
of 1pm.

In accordance with the process of Example 1, the two types of
the mixtures were treated to obtain a rod of single crystal of
Y2YbFe5012 having a diameter of 6 mm and a length of 40 mm.,

- The resulting cylindrical single crystal was sliced in parallel
to the growth direction and the sectional surface was polished and observed

by a microscope to.find no ununiform part.

EXAMPLE 8:

Single crystal growth of Yy 5Gdg sFesAfy 5Gap, 5012
Y904, GdOg, Fe,Og, A£203_and Ga203, which were in powdery

forms and respectively had purities of greater than 99.9% were mixed at
. \ .
molar ratios of 2.5 : 0.5 : 4.0 : 0.5 : 0.5 as the mixture for

Y2. 5Gd0' SFe4AQ0. 5Ga0' 5O12 and at molar ratios of 0.14 : 0.3 :0.9: 0.05 :

0. 05 ag the mixture for the solvent.
« Each mixture was ground with acetone in a mortar to obtain
each of two types of mixtures of fine powder having an average diameter

of I,am.
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In accordance w1th the process of Example 1, the two types of
the rnlxtures were treated to obtain a ‘rod of single crystal of
; Y2 5Cd0 5Fe4AQ Ga0 5O12 havmg a diameter of 6 mm and a length
of40mm. . A R '
The resultmg cylmdncal smgle crystal wag sliced in parallel to
vthe growth d1rectlon and the sectmnal surface was polished and observed

by a mlcroscope to fmd no unumform part. :

- -
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" WHAT IS CLAIMED IS:

1. A process for producing a sixigle 'cry_rstal of a yttrium-iron

~ garnet solid solution by contacting a solvent with a lower edge of

a rod of a mixture for a product and with an upl;er edge of a seed crystal and
heating the :;olvent part to melt it and forming a single crystél ch araec t-
er i zedbyusinga m1xture comprising yttrium ox1de type component

and iron oxide type component as the rod of the mixture for the product a.nd
using a mixture comprising iron oxide type component and optionally rare -

earth oxide component as the solvent and forming ?he sirigle crystal by a

floating zone method.

2. A process accordmg to Claim 1 wherem a molar ratio of the
yttrium oxide type component to the iron oxide type component is 2.5: 5.0

to 3.5 : 5.0 in the mixture for the product.

‘ ) -
3. A process according to Claim 1 wherein the ytirium oxide type

component comprises yttrium oxide as main component and the other rare
earth oxide component.as additional component and the iron oxide type component
comprises iron oxide as main component and aluminum oxide component and

gallium oxide component as additional component in the mixture for the product.

4. A process according to Claim 1 wherein the solvent comprises
iron oxide type component. ' '

-\
A process according to Claim 4 wherein the solvent comprises

1

5
1
less than 0.6 mole of the rare earth oxide component per 1 mole of the iron

oxide type component.

.
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6. -A process according to Claim 5 wherein the iron oxide type

. As .
component comprises iron oxide as the main component and aluminur
oxide component and/or gallium oxide component as the additional

component in the solvent.

-

7. A process according to Claim 1 wherein the yttrium-iron garnet
solid solution has the formula of RgMgO,, wherein R represents Y and
optionally the other rare earth elements; M represents Fe and optionaily A¢

or QGa.

8. A process according to Claim 1 wherein a radiation conver-

gence type floating zone method is applieci.

9. A process according to Claim 1 wherein the solvent part is

formed between the rod of the mixture for the product and a seed crystal.

10. A process according to Claim 1 wherein the solvent part is
formed by adhering the solvent on the lower edge of the rod of the mixture

for the product and/or the upper edge of a seed crystal,

11. A process according to Claim 1 wherein the single crystal is

formed at a growth rate of greater than 0.1 mm pef hour.

12, A process according to Claim 1 wherein the single crystal
growth is carried out in an oxygen atmosphere of greater than 10"2 atm. .

13. A process according to Claim 1 wherein a bulk density of the

rod of the mixture for the product is greater than 80%.

-

14. A process according to Claim 1 wherein the resulting single

‘erystal is recrystallized by repeating the operation.
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