DESCRI PTI ON

QUARTZ GLASS CRUCI BLE

TECHNI CAL FI ELD
[ 0001]
The present invention relates to a quartz gl ass

cruci bl e.

BACKGROUND ART
[ 0002]

Conventionally, the so called Czochral ski nethod has
been wi dely adopted for manufacturing a single crystal
materi al such as a single crystal sem conductor naterial.
This is a nethod in which polycrystalline silicon is nelted
in a container, and an end of a seed crystal is dipped into
the nelt bath (nelt) and is pulled with rotation. In this
nmet hod, a single crystal grows under the seed crystal with
havi ng the sane crystal orientation. In pulling of a
single crystal silicon, a quartz glass crucible is
general ly used for the container fromwhich the single
crystal is pulled. The quartz glass crucible has an outer
| ayer including an opaque quartz glass containi ng bubbl es
therein, and an inner layer including a transparent quartz
gl ass contai ni ng substantially no bubbl es.

[ 0003]

In recent years, nulti-functionalization of quartz
glass crucibles is required wth I engthening of operation
time of silicon single crystal pulling. Specifically, a
def ormati on probl em occurs, where a quartz glass crucible
is deformed due to being heated for a long tine, and as a
count erneasure, the defornmation problemcan be sol ved by

providing a crystallization pronoting |ayer. For exanple,



Pat ent Docunent 1 discloses providing, in an outer |ayer of
a quartz glass crucible, a layer including silica glass
having a crystallization pronoting agent added. In

addi tion, Patent Docunment 2 discloses a quartz gl ass

cruci ble having a 3-layerd structure, where the crucible is
formed froman outer |ayer being an Al -added quartz | ayer,
a mddle | ayer being a natural quartz |ayer or a high-
purity synthetic quartz layer, and an inner |ayer being a
transparent high-purity synthetic quartz layer. The
contents disclosed in Patent Docunment 3 includes heating a
raw material to be used for a crucible and eval uati ng

devitrification.

Cl TATI ON LI ST

PATENT LI TERATURE

[ 0004]

Pat ent Docunent 1: JP 2008-081374 A
Pat ent Docunent 2: JP 2000-247778 A
Pat ent Docunment 3: JP 2015-155375 A

SUMMARY OF | NVENTI ON
TECHNI CAL PROBLEM
[ 0005]

As descri bed above, a deformation problemof a quartz
gl ass crucible due to being heated for a long tinme can be
sol ved by providing a crystallization pronoting |layer in an
outer layer of the crucible. However, if crystallization
progresses excessively, devitrification problens arise,
such as a devitrification phenonmenon progressing
excessively, or the devitrification phenonmenon progressing
in a thickness direction of the crucible. Therefore,
suppression of crystallization needs to be dealt with. |If

the devitrificati on phenonmenon progresses excessively,



probl ens occur such as breakage, for exanple, a crack
occurring in a crucible. Regarding these problens, it is
necessary to take conflicting nmeasures in a single quartz
gl ass crucible: crystallization pronotion concerning the
def ormation problem and crystallization suppression
concerning the devitrification problem

[ 0006]

In addition, conventionally, how easily
devitrification occurs when a quartz glass crucible is
heat ed has been defined by an inpurity concentration of
impurity elenents such as Al and Ba other than silica.
However, it has been reveal ed by the study of the present
inventor that devitrification state sonmetines varies even
when silica glass having the sanme inpurity concentration is
heat ed under the sanme heating conditions. For exanple,

Pat ent Docunent 1 discloses adding a crystallization
pronoting agent in an outer |layer of a quartz glass
cruci bl e as descri bed above, and ease of devitrification is
defined by the concentration of the crystallization
pronoting agent (A, Ba, Ca, and K). In addition, Patent
Docunent 2 al so discloses controlling the extent of
crystallization of each layer of a crucible by the A
concentration in each |ayer of the crucible. However, a
hi gh correl ati on cannot al ways be obtai ned between such

i mpurity concentration and degree of devitrification.

[ 0007]

The present invention has been made in view of the
above-descri bed circunstances, and an object thereof is to
provide a quartz glass crucible that can be suppressed from
deformation due to heating, and at the sane tine, can be

suppressed from excessive progression of devitrification.

SCLUTI ON TO PROBLEM



[ 0008]

The present invention has been made to sol ve the
above probl ens, and provides a quartz glass crucible
conprising a bottom portion, a curved portion, and a
strai ght body portion, wherein

the quartz glass crucible conprises an outer |ayer
conpri si ng opaque quartz gl ass containi ng bubbl es therein,
and an inner |ayer conprising transparent quartz gl ass,

the outer layer conprises a plurality of layers in at
| east a part of the straight body portion,

out of the plurality of layers, at |east one |ayer is
an easily devitrifiable |layer having a devitrification spot
nunber of 50/cn® or nore and 70/cn® or | ess when the quartz
glass crucible is heated at 1600°C for 24 hours, and

out of the plurality of layers, a |ayer positioned
i nwards of the easily devitrifiable layer in a thickness
direction of the quartz glass crucible is a | ow
devitrification |ayer having a devitrification spot nunber
of 2/cn® or | ess when the quartz glass crucible is heated
at 1600°C for 24 hours.

[ 0009]

When such a quartz glass cruci ble has an easily
devitrifiable layer in a plurality of layers configuring an
outer layer, the layer can be a layer that is easily
devitrified when heated. In this manner, the strength of
the cruci bl e when heating can be ensured. In addition, at
the sane tinme, when a low devitrification layer is provided
I nwards of the easily devitrifiable layer in the plurality
of layers configuring the outer layer, it is possible to
prevent excessive progression of devitrification due to the
presence of the easily devitrifiable layer. By the
presence of these |ayers, suppression of crucible

def ormati on and suppressi on of excessive progression of



devitrification can both be achieved. In addition, the
devitrification state of each of these |ayers can be
controlled certainly by defining by a devitrification spot
nunber .

[ 0010]

In this case, the outer |ayer conprising the
plurality of l|ayers preferably conprises, as a |ayer other
than the easily devitrifiable |ayer and the | ow
devitrification layer, an internediate devitrification
| ayer having a devitrification spot nunber of nore than
2/ cn® and 10/ cn® or | ess when the quartz glass crucible is
heated at 1600°C for 24 hours.

[ 0011]

Such a quartz gl ass crucible having an internedi ate
devitrification layer in the plurality of |ayers
configuring the outer layer can be nmade so that the
strength of the crucible can be easily enhanced by
appropriate devitrification of the internedi ate
devitrification | ayer.

[0012]

Furthernore, out of the plurality of |ayers of the
outer layer, an outernost layer is preferably the easily
devitrifiable |ayer.

[ 0013]

In this manner, when, out of the plurality of |ayers
configuring the outer layer, the outernost |ayer is the
easily devitrifiable layer, the outernost |ayer of the
cruci bl e becones easily devitrifiable. Thus, it becones
easy to maintain the crucible strength high, and at the
sane tinme, it can be nmade easy to suppress propagation of
devitrification in a direction towards the inner |ayer.

[ 0014]
Furthernore, the outer |ayer preferably conprises



natural quartz glass, and the inner |ayer preferably
conprises synthetic quartz gl ass.
[ 0015]

In this manner, when the inner |layer of the crucible
i ncl udes synthetic quartz glass, inpurity contam nation of
the contents retained in the cruci ble can be reduced. At
the sane tinme, when the outer |ayer of the crucible
i ncludes natural quartz glass, devitrification density in
the outer |ayer can be appropriately adjusted to maintain
strength, and in addition, |ow cost is possible.

[ 0016]

Furthernore, the easily devitrifiable |ayer
preferably has a thickness of 5% or nore of a thickness of
the quartz glass crucible, the low devitrification |ayer
preferably has a thickness of 20% or nore and 70% or | ess
of the thickness of the quartz glass crucible, and the
i nner |ayer preferably has a thickness of 5% or nore of the
t hi ckness of the quartz glass crucible.

[0017]

In this manner, when the thickness of the easily
devitrifiable layer is 5% or nore of the thickness of the
quartz glass crucible, a portion to be devitrified can be
ensured nore sufficiently. 1In addition, when the thickness
of the low devitrification |ayer is 20% or nore of the
t hi ckness of the quartz glass crucible, propagation of the
devitrification that occurs due to the easily devitrifiable
| ayer can be suppressed nore effectively. In addition,
when the thickness of the |ow devitrification layer is 70%
or less of the thickness of the quartz glass crucible, the
strength of the crucible can be ensured nore certainly. 1In
addi ti on, when the thickness of the inner layer is 5% or
nore of the thickness of the quartz glass crucible, the

contents of the crucible can be retai ned appropriately, and



at the sanme tine, inpurity contam nation of the contents

can be suppressed nore effectively.

ADVANTAGEQUS EFFECTS OF | NVENTI ON
[0018]

The inventive quartz glass crucible has, in a
plurality of layers configuring an outer |layer, an easily
devitrifiable |layer and a | ow devitrification |ayer inwards
thereof defined by devitrification spot nunbers, so that
suppression of crucible deformati on and suppressi on of
excessi ve progression of devitrification can both be

achi eved.

BRI EF DESCRI PTI ON OF DRAW NGS
[ 0019]

FIG 1 is a schematic cross-sectional view of a first
enbodi nent of a quartz glass crucible according to the
present invention.

FIG 2 is a schematic enlarged cross-sectional view
of a second enbodi nent of a quartz gl ass crucible according
to the present invention.

FIG 3 is a schematic enlarged cross-sectional view
of a third enbodi nent of a quartz glass crucible according
to the present invention.

FIG 4 is a schematic enlarged cross-sectional view
of a fourth enbodi nent of a quartz glass crucible according
to the present invention.

FIG 5 is a schematic enlarged cross-sectional view
of a conventional quartz glass crucible.

FIG 6 is a schematic enlarged cross-sectional view
of a different conventional quartz glass crucible.

FIG 7 is a photograph of devitrification spots
generated in quartz gl ass.



DESCRI PTI ON OF EMBODI MENTS
[ 0020]

Conventionally, in quartz glass crucibles, it has
been common to add a nmetal inpurity such as Al and Ba to a
crystallization pronoting |ayer for pronoting
devitrification. In addition, as disclosed in Patent
Docunment 1 and Patent Docunent 2, it has been common to
define a crystallization pronoting |ayer by the inpurity
concentration thereof. However, according to a study by
the present inventor, it has been reveal ed that when a
different raw material powder (for exanple, a raw materi al
powder with a different production district, producer, or
the like) is used as a raw nmaterial powder to be a base,

t he occurrence state of devitrification sonetinmes varies
even when the inpurity concentration is constant. Wen a
raw material quartz powder with an inpurity added is
vitrified and the quartz glass is heated, a phenonenon
called “devitrification” occurs in the formof spots. FIG
7 shows a photograph of devitrification spots.

[ 0021]

For exanple, when quartz powders 1 to 3 are used as
different raw material powders as the raw naterial powder,
Al is added to each quartz powder as a crystallization
pronoting inpurity, and the Al concentration after addition
is made to be constant at 50 ppm by mass. However, it has
been reveal ed that the nunber of generated devitrification
spots (nunber density of devitrification spots) vary even
when these raw material powders with the crystallization
pronoti ng agent added are heated under the sane heating

conditions. This is sunmari zed in Table 1.



[ Tabl e 1]

Raw Concentration Nunber of

mat eri al of gener at ed

powder to |crystallization|devitrification

be a base |pronoting spot s
impurity [ ppm [ nunber/ cn?]

Quartz 50 50 to 60

powder 1

Quartz 50 30 to 40

powder 2

Quartz 50 10 to 20

powder 3

[ 0022]

In this manner, it has been reveal ed that, depending
on the raw material powder, there are raw naterial powders
with a low crystallization |level, etc. even when the
concentration of the crystallization pronoting agent is
hi gh. When attenpting to enhance the strength of a
cruci ble by devitrification, what is inportant in a
crystallization pronoted crucible is not the concentration
of the pronoting agent, but the resulting nunber of
generated crystals (devitrification spots). Therefore, in
the present invention, definition of an easily
devitrifiable layer and a |low devitrification | ayer by
devitrification spot nunbers has been found. In this
manner, it is possible to control the devitrification state
of each layer of the crucible nore certainly than is
conventi onal when heating the quartz glass crucible.

[ 0023]

As descri bed above, it can be conjectured that the
reason why the devitrification spot nunbers vary dependi ng
on the raw material powder to be a base even when the
concentration of the crystallization pronoting inpurity is
the same is that another factor other than a
crystallization pronoting inpurity el enent such as Al and

Ba has an influence. However, the specific reason is



uncl ear. However, in any case, when defined by the
devitrification spot nunber on heating after formng a
quartz glass, a configuration necessary for obtaining the
effect of ensuring strength in a quartz glass crucible or
suppressi ng excessi ve progression of devitrification can be
defined directly. A devitrification spot nunber can be
easily checked experinentally by perform ng a heat
treatment on a sanple at 1600°C for 24 hours, for exanple.

[ 0024]

In addition, the present inventor has found that by
appropriately arranging, in an outer |ayer of a quartz
gl ass crucible, an easily devitrifiable |ayer
(crystallization pronoting |ayer) for preventing
def ormati on and buckling of the crucible and a | ow
devitrification |ayer on the inside for preventing the
devitrification of the easily devitrifiable Iayer
(crystallization pronoting |ayer) from progressing nore
than is necessary, suppression of crucible deformation and
suppressi on of excessive progression of devitrification can
bot h be achi eved, and conpleted the present invention.

[ 0025]

Herei nafter, the present invention will be nore
specifically described with reference to the drawings. In
each drawing, simlar elenents will be described using the
same reference nunber.

[ 0026]
(First enbodi nment)

FIG 1 shows a schematic cross-sectional view of an
exanple (first enbodinment) of a quartz glass crucible
according to the present invention. As shown in FIG 1
the inventive quartz glass crucible 110 includes a bottom
portion 12, a curved portion 13, and a strai ght body

portion 14. The straight body portion 14 refers to a
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portion of a substantially cylindrical shape in a crucible
shape. A region between the straight body portion 14 and
the bottom portion 12 is referred to as the curved portion
13. The bottom portion 12 of the cruci ble can be defined,
for exanple, as a portion having a dianeter of
approximately two-thirds or |ess of the outer dianeter of
the crucible. The height of the straight body portion 14
can be defined, for exanple, as the upper-three-fourth
portion of the height of the crucible, although it depends
on the shape of the crucible.

[0027]

In addition, the quartz glass crucible 110 has an
outer layer 20 including opaque quartz glass containing
bubbl es therein, and an inner |ayer 30 including
transparent quartz glass. The inner layer 30 is a portion
t hat appears transparent since substantially no bubbles are
contai ned. Furthernore, the outer layer 20 of the
i nventive quartz glass crucible 110 is configured froma
plurality of layers in at least a part of the straight body
portion 14. FIG 1 shows an exanple where the entire outer
| ayer 20 (all of the bottom portion 12, the curved portion
13, and the straight body portion 14) consists of two
| ayers, and the outer layer 20 has the easily devitrifiable
| ayer 21 and the low devitrification |ayer 22 descri bed
bel ow. Furthernore, in the inventive quartz glass crucible
110, out of the plurality of |ayers configuring the outer
| ayer 20, at |east one layer is an easily devitrifiable
| ayer 21 having a devitrification spot nunber of 50/cn? or
nore and 70/ cn? or | ess when the quartz glass crucible 110
I's heated at 1600°C for 24 hours. |In addition, out of the
plurality of layers, a layer positioned inwards of the
easily devitrifiable layer 21 in a thickness direction of

the quartz glass crucible 110 is a |ow devitrification
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| ayer 22 having a devitrification spot nunber of 2/cn® or

| ess when the quartz glass crucible 110 is heated at 1600°C
for 24 hours.

[ 0028]

The easily devitrifiable |ayer 21 is, as described
above, a layer having a devitrification spot nunber of
50/ cn® or nore and 70/cn® or |ess when the quartz gl ass
crucible 110 is heated at 1600°C for 24 hours. The
devitrification spot nunber can be neasured by preparing a
sanple fromthe quartz glass crucible after a heat
treatnment and magni fying with an optical m croscope for
observati on.

[ 0029]

Si nce deformation and buckling of a quartz gl ass
crucible are liable to occur in the straight body portion
14, the easily devitrifiable |ayer 21 is present in at
| east a part of the straight body portion 14 of the quartz
gl ass cruci ble 110, preferably, when the height of the
straight body portion is considered to be 100% in at | east
50% or nore thereof. However, the easily devitrifiable
| ayer 21 nay be present over the entire height of the
strai ght body portion 14, and as shown in FIG 1, may be
present in all of the straight body portion 14, the curved
portion 13, and the bottom portion 12. The upper end of
the easily devitrifiable layer 21 is preferably present up
to a position of the straight body portion 14 higher than
the melt surface when a silicon nelt is retained in the
quartz glass crucible 110. In addition, the | ower end of
the easily devitrifiable layer 21 is preferably set to be
in the curved portion 13, going beyond the strai ght body
portion 14. This is because the strength of the quartz
gl ass cruci ble 110 when heating can be maintai ned nore

effectively by setting to such positions.

12



[ 0030]

As descri bed above, the low devitrification |ayer 22
is a layer positioned inwards of the easily devitrifiable
layer 21 in the thickness direction of the quartz gl ass
cruci ble 110. In addition, the low devitrification |ayer
22 is a layer having a devitrification spot nunber of 2/cn?®
or | ess when the quartz glass crucible 110 is heated at
1600°C for 24 hours. Wen the outer layer 20 has a | ow
devitrification |ayer 22, excessive progression of
devitrification due to the presence of the easily
devitrifiable | ayer 21 can be prevented. In this event,
the low devitrification |ayer 22 is preferably positioned
to be adjacent to the inside of the easily devitrifiable
layer 21 in the thickness direction of the quartz gl ass
cruci ble 110 as shown in FIG 1. However, other |ayers,
for exanple, an internediate devitrification |ayer
descri bed bel ow nay be present between the |ow
devitrification |ayer 22 and the easily devitrifiable |ayer
21. In either enbodinent, the effect of suppressing the
I nward progression of devitrification can be achieved.

[ 0031]

Furthernore, the outer layer 20 of the inventive
quartz glass cruci ble may have a | ayer other than the
easily devitrifiable layer 21 and the |low devitrification
| ayer 22. In particular, in the inventive quartz gl ass
cruci ble, the outer layer including a plurality of |ayers
preferably has an internediate devitrification |ayer as the
| ayer other than the easily devitrifiable |ayer and the | ow
devitrification layer. The internediate devitrification
| ayer referred to here is a layer having a devitrification
spot nunber of nore than 2/cn® and 10/ cn® or | ess when the
quartz glass crucible is heated at 1600°C for 24 hours.

[ 0032]

13



(Second enbodi nent)

In the second enbodi nrent shown in FIG 2, the quartz
gl ass crucible 120 has an easily devitrifiable |ayer 21 and
a low devitrification layer 22 in a part of the straight
body portion 14 out of the outer |ayer 20. The | ow
devitrification |ayer 22 is adjacent to the easily
devitrifiable layer 21, and is present in a position from
the easily devitrifiable layer 21 to the inner |ayer 30.
Furthernore, out of the outer |ayer 20, an internedi ate
devitrification |ayer 23 is present in portions where the
easily devitrifiable layer 21 and the |low devitrification
| ayer 22 are not present.

[ 0033]

In a quartz glass crucible 120 havi ng such a
configuration, devitrification occurs in the easily
devitrifiable | ayer 21 when the quartz glass crucible 120
is heated when pulling a silicon single crystal, etc., and
the strength of the crucible can be enhanced. At the sane
time, propagation of the devitrification that occurs in the
easily devitrifiable layer 21 can be suppressed by the
presence of the low devitrification |layer 22, and the
quartz glass cruci ble 120 can be prevented from cracki ng or
br eaki ng.

[ 0034]
(Third enbodi nment)

In the third enbodi mrent shown in FIG 3, the quartz
gl ass crucible 130 has an easily devitrifiable |ayer 21 and
a low devitrification layer 22 in a part of the straight
body portion 14 out of the outer layer 20. Furthernore, an
internmedi ate devitrification |ayer 23 is al so present,
adjacent to the low devitrification |ayer 22, in the
portion of the straight body portion 14 where the easily
devitrifiable layer 21 and the low devitrification |ayer 22

14



are present. In addition, in the quartz glass crucible

130, the internediate devitrification layer 23 is al so
present in portions where the easily devitrifiable |ayer 21
and the low devitrification |layer 22 are not present.

[ 0035]

In a quartz glass crucible 130 having such a
configuration, the strength of the crucible is enhanced by
pronoting the devitrification of the crucible wall by the
easily devitrifiable layer 21, while progression and
propagati on of devitrification are suppressed by the | ow
devitrification | ayer 22. Here, since devitrification does
not easily occur in the low devitrification |ayer 22
itself, strength of the Iow devitrification [ayer 22 itself
when heated is weak. Accordingly, the strength of the
cruci ble can be reinforced by the presence of the
internmedi ate devitrification |ayer 23, and resistance to
deformation of the entire quartz gl ass cruci ble can be
enhanced.

[ 0036]

In addition, the outer layer 20 of the inventive
quartz glass crucible may further have other |ayers besides
the easily devitrifiable layer 21, the |low devitrification
| ayer 22, and the internediate devitrification |ayer 23.
Furt hernore, one |ayer of each of the easily devitrifiable
| ayer 21 and the low devitrification layer 22 in the
t hi ckness direction of the quartz glass crucible is
sufficient, but there may also be a plurality of the
| ayers. In cases where an internediate devitrification
| ayer 23 or other |ayers are present in the outer |ayer 20,
one | ayer of each is also sufficient, but there may al so be
a plurality of the |ayers.

[ 0037]
(Fourth enbodi nent)
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In the fourth enbodi nent shown in FIG 4, the quartz
gl ass crucible 140 has an easily devitrifiable |ayer 21 and
a low devitrification layer 22 in a part of the straight
body portion 14 out of the outer layer 20 in the sane
manner as the third enbodi nent. However, in this fourth
enbodi nent, the quartz gl ass cruci ble 140 has an
internmedi ate devitrification | ayer 23 between the easily
devitrifiable layer 21 and the I ow devitrification |ayer
22. In this case too, the strength of the quartz gl ass
cruci bl e 140 can be enhanced by devitrification occurring
in the easily devitrifiable |layer 21 by heating. 1In
addition, even if the | arge anount of devitrification that
occurs in the easily devitrifiable |layer 21 progresses
through the internediate devitrification |ayer 23,
propagati on of the devitrification is suppressed at | east
by the |low devitrification |ayer 22. In this nmanner,
excessi ve progression of devitrification in the entire
quartz glass cruci ble 140 can be suppressed.

[ 0038]

As shown in FIGS. 1, 2, 3, and 4, out of the
plurality of layers of the outer |ayer 20, the outernost
| ayer is preferably the easily devitrifiable layer 21 in
the inventive quartz glass crucibles 110, 120, 130, and
140. Wen the outernost layer is the easily devitrifiable
| ayer 21 out of the plurality of |ayers configuring the
outer layer 20, the outernost |ayer becones easily
devitrifiable and it becones easy to maintain the strength
of the crucible high. At the sane tinme, propagation of
devitrification towards the inner |ayer 30 can be nmade easy
to suppress.

[ 0039]

In addition, in the inventive quartz glass crucibles

110, 120, 130, and 140, the outer |layer 20 preferably
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I ncludes natural quartz glass, and the inner |ayer 30
preferably includes synthetic quartz glass. Wen the inner
| ayer 30 includes synthetic quartz glass, inmpurity
contam nation of the contents (silicon nelt) retained in
the quartz glass crucibles 110, 120, 130, and 140 can be
reduced. At the sanme tine, when the outer |ayer 20
i ncludes natural quartz glass, devitrification density in
the outer layer 20 becones easy to adjust appropriately and
strength can be maintained. In addition, [ow cost is
possi bl e.
[ 0040]

Furthernore, in the inventive quartz glass crucibles
110, 120, 130, and 140, the easily devitrifiable layer 21
preferably has a thickness of 5% or nore of the thickness
of the quartz glass crucibles 110, 120, 130, and 140. 1In
this manner, a portion to be devitrified can be ensured
nore sufficiently in the quartz glass crucibles 110, 120,
130, and 140. In addition, this easily devitrifiable |ayer
21 further preferably has a thickness of 30% or |ess of the
t hi ckness of the quartz glass crucibles 110, 120, 130, and
140. An easily devitrifiable |ayer having a thickness of
30% or |less of the thickness of the quartz glass crucible
can suppress devitrification from progressing excessively.
Furthernore, the I ow devitrification |layer 22 preferably
has a thickness of 20% or nore and 70% or |ess of the
t hi ckness of the quartz glass crucibles 110, 120, 130, and
140. In this manner, propagation of the devitrification
that occurs due to the easily devitrifiable |ayer 21 can be
suppressed nore effectively, and at the sane tine, the
strength of the crucible can be ensured sufficiently. This
| ow devitrification |ayer 22 further preferably has a
t hi ckness of 20% or nore and 60% or |ess of the thickness
of the quartz glass crucibles 110, 120, 130, and 140.
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Furthernore, the inner layer 30 preferably has a thickness
of 5% or nore of the thickness of the quartz gl ass
cruci bl es 110, 120, 130, and 140. 1In this manner, the
contents (silicon nelt) of the quartz glass crucibles 110,
120, 130, and 140 can be retai ned appropriately, and at the
sane tinme, inpurity contam nation of the contents can be
suppressed nore effectively. The inner layer 30 further
preferably has a thickness of 10% or nore of the thickness
of the quartz glass crucibles 110, 120, 130, and 140.

[0041]

In addition, when the quartz glass crucible has an
internmedi ate devitrification |ayer 23 |like the quartz gl ass
crucible 130 in FIG 3, the internmediate devitrification
| ayer 23 preferably has a thickness of 10% or nore of the
t hi ckness of the quartz glass crucible 130. In this
manner, the strength of the quartz glass crucible 130 can
be ensured nore effectively.

[ 0042]

The thickness of each layer configuring the quartz
gl ass cruci ble can be neasured, for exanple, by cross-
sectional observation. That is, the quartz glass crucible
can be broken, and the thickness of each |ayer can be
measured fromthe cross-sectional direction. At this tine,
t he boundary of each | ayer can be observed using a
pol arizing plate. 1In addition, the thickness of each | ayer
becones easy to neasure if each layer is given a bubble
density distribution by a difference in the rotational rate
of the nold when manufacturing the quartz gl ass crucible.
Al ternatively, the thickness of each | ayer can be observed
by perform ng an analysis of profiles by inpurity |ayer by
| CP neasur enent.
[ 0043]

A nmethod for manufacturing the inventive quartz gl ass

18



crucible will be described. Here, the description will be
given with the quartz glass crucible 110 of FIG 1 and the
quartz glass crucible 130 of FIG 3 as exanpl es.

[ 0044]

The inventive quartz glass crucibles 110 and 130
shown in FIGS. 1 and 3 can be manufactured using each raw
mat eri al powder for the plurality of layers configuring the
outer layer 20 and a raw material powder for the inner
| ayer 30. The quartz glass crucibles 110 and 130 can be
manuf actured by, for exanple, formng a raw materi al powder
conpact inside a rotating nold to correspond to each | ayer
of the quartz glass crucibles 110 and 130 to be
manuf act ured using each raw material powder (raw materi al
quartz powder), and by heating this, etc. fromthe inside
by arc discharge or the like. In addition, the portion
corresponding to the outer |ayer 20 can be fornmed inside
the rotating nold as a raw material powder conpact. Then,
regarding the inner |ayer 30, the inner |ayer 30 can be
formed on the inner surface of the outer [ayer 20 by heat-
nelting frominside the raw material powder conpact for the
outer layer by arc discharge, while at the sane tine,
supplying a raw nmateri al powder such as a synthetic quartz
gl ass powder into the high tenperature atnosphere.

[ 0045]

The raw material powder for the easily devitrifiable
| ayer 21 can be prepared by preparing a raw naterial powder
(a raw material powder before perform ng a doping treatnent
on) to be the base, and doping this with, for exanple, a
crystallization pronoting agent (A, Ba, etc.). Here, in
the present invention, the easily devitrifiable layer 21 is
defined by the devitrification spot nunber under
predeterm ned conditions (heating at 1600°C for 24 hours)
when the quartz glass crucibles 110 and 130 are confi gured,
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as described above. This is different fromthe definition
of ease of devitrification by the inpurity concentration of
impurity elenments such as Al and Ba as is conventional.
Therefore, the concentration of the crystallization
pronoting agent in the raw nmaterial powder for the easily
devitrifiable layer 21 is preferably set according to the
devitrification spot nunber when the easily devitrifiable
| ayer 21 is configured. That is, the inpurity
concentration can be adjusted by doping the raw materia
powder for the easily devitrifiable layer 21 with a
crystallization pronoting agent beforehand, etc. so that
the devitrification spot nunber is 50/cn? or nore and

70/ cnm® or less when the easily devitrifiable layer 21 of
the quartz glass crucibles 110 and 130 is fornmed froma raw
mat eri al powder, and then heated at 1600°C for 24 hours.
The above-descri bed heat treatnent can be perfornmed on the
sanple fabricated using this raw material, it can be
checked whether the devitrification spot nunber is as
desired, and the raw materi al powder to be used can be

sel ected on the basis of the result. It is also possible
to use a raw materi al powder such that the above-descri bed
devitrification spot nunber can be obtai ned even when the
i mpurity concentration is not adjusted.

[ 0046]

As the raw material powder for the | ow
devitrification |ayer 22, a raw materi al powder such that
the devitrification spot nunber is 2/cn® or |ess when the
| ow devitrification |ayer 22 of the quartz glass crucibles
110 and 130 is forned froma raw material powder, and then
heated at 1600°C for 24 hours is selected and used.

[0047]
When the quartz gl ass crucible has an internedi ate

devitrification layer 23 |like the quartz glass crucible 130
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in FIG 3, a raw material powder such that the
devitrification spot nunber is nore than 2/cn® and 10/ cn?
or |l ess when the internedi ate devitrification |ayer 23 of
the quartz glass crucible 130 is fornmed froma raw materi al
powder, and then heated at 1600°C for 24 hours is selected
and used as the raw material powder for the internedi ate
devitrification | ayer 23.

[ 0048]

As the raw material powder for the inner |ayer 30 of
the quartz glass crucibles 110 and 130, a synthetic quartz
powder is preferably used. In this manner, the inner |ayer
30 can be a synthetic quartz glass |ayer.

[ 0049]

Each raw material powder described above is di sposed
inthe rotating nold so as to correspond to each | ayer
configuring the outer layer 20 of the quartz gl ass
cruci bles 110 and 130 to be manufactured, and heating is
performed. Wen observing the value of the devitrification
spot nunber in quartz glass fornmed fromeach raw nateri al
powder after heating at 1600°C for 24 hours, it is possible
to measure by fabricating, fromeach raw nateri al powder, a
quartz glass piece to be a sanple and perform ng a heating
experinment (at 1600°C for 24 hours). However, it is
preferable to actually fabricate a quartz glass crucible,
obtain a sanple fromeach | ayer after heating at 1600°C for
24 hours, and neasure. This is because the devitrification
spot nunber can be defined to conformto the conditions
when the quartz glass crucible is actually fabricated. The
devitrification spot nunber of each |ayer neasured by
fabricating a quartz glass crucible in this manner can be
consi dered to be equivalent in each |ayer forned fromthe

raw mat eri al powder of the sane |ot.
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EXAMPLE
[ 0050]

Herei nafter, the present invention will be described
nore specifically with reference to Exanples of the present
i nvention and Conparative Exanpl es, but the present
invention is not limted to these Exanples, and there is no
doubt that various nodifications can be carried out unless
deviating fromthe technical concept of the present
I nventi on.

[ 0051]
(Exampl e 1)

In the foll owi ng manner, a quartz glass crucible 130
as shown in FIG 3 was fabricated. As a raw materia
powder (raw material powder A) for formng an easily
devitrifiable layer 21, a raw material powder including a
natural quartz powder having a particle size of 50 to 500
um doped with Al was prepared. The raw material powder
(base raw material powder) before doping with Al was a raw
mat eri al powder whose devitrification spot nunber when
heated at 1600°C for 24 hours after formng a quartz gl ass
woul d be 13/cn®. The dopi ng anobunt was adjusted by dopi ng
this base raw material powder with Al, so that the
devitrification spot nunber when the Al -doped raw materi al
powder was formed into quartz glass and then heated at
1600°C for 24 hours woul d be 50/cn? or nore and 70/ cn?

[ 0052]

In addition, as a raw material powder for formng a
| ow devitrification layer 22, a raw nmateri al powder (raw
mat eri al powder B) including a natural quartz powder whose
devitrification spot nunber would be 1/cn®, having a
particle size of 50 to 500 um was prepared. In addition,
as a raw nmaterial powder for formng an internediate

devitrification layer 23, a raw materi al powder (raw

22



materi al powder C) including a natural quartz powder whose
devitrification spot nunber would be 8/ cn®, having a
particle size of 50 to 500 um was prepared.

[ 0053]

Next, the raw material powder A was supplied to the
strai ght body portion inside a rotating nold having an
i nner dianeter of 830 nmto forma powder |ayer A (a powder
| ayer to be the easily devitrifiable [ayer 21) having a
thickness of 10 mm In this event, the powder |ayer A was
formed so that the easily devitrifiable layer 21 of the
quartz glass crucible 130 to be manufactured was positioned
in a part of the straight body portion 14 as in FIG 3.
Next, the raw material powder B was supplied to the
strai ght body portion inside the nold to forma powder
| ayer B (a powder |ayer to be the low devitrification | ayer
22) having a thickness of 10 nmon the inside of the powder
| ayer A. Next, the raw naterial powder C was supplied to
the straight body portion, the curved portion, and the
bott om portion inside the nold to formthe renai ni ng powder
| ayer C (the powder |ayer to be the internediate
devitrification | ayer 23) necessary for formation. 1In this
event, the powder |ayer C was fornmed so that the
internmedi ate devitrification |ayer 23 of the quartz gl ass
cruci ble 130 to be manufactured was positioned inwards of
the low devitrification |ayer 22 and above and bel ow t he
easily devitrifiable layer 21 and the |ow devitrification
| ayer 22 as in FIG 3.

[ 0054]

This conpact was heat-nelted frominside the conpact
by arc discharge, while at the sane tinme, a synthetic
quartz gl ass powder was supplied into the high tenperature
at nosphere at a rate of 100 to 200 g/minute to form with a

thickness of 1 to 3 mm a transparent glass |ayer having no
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bubbl es over the entire inner surface area. The quartz

gl ass crucible, the nelting having been conpl eted and

cool ed and having a dianeter of 805 to 815 nm had the top
end portion cut so that the height was 500 nm and the
gquartz glass crucible 130 was fabri cat ed.

[ 0055]

When the quartz gl ass crucible 130 as descri bed was
broken and the thicknesses of the easily devitrifiable
| ayer 21 and the low devitrification |ayer 22 were neasured
froma cross-sectional direction, the proportion of the
thi ckness of the easily devitrifiable layer 21 to the
t hi ckness of the straight body portion 14 of the quartz
gl ass cruci ble 130 was about 15% The proportion of the
thi ckness of the |ow devitrification |layer 22 to the
t hi ckness of the straight body portion 14 of the quartz
gl ass cruci ble 130 was about 40%

[ 0056]

A quartz glass crucible 130 fabricated in the sane
manner as above was heated at 1600°C for 24 hours, then the
devitrification spot nunbers of the easily devitrifiable
| ayer 21, the low devitrification layer 22, and the
internedi ate devitrification |ayer 23 were neasured. As a
result, the devitrification spot nunbers were 60/cn® in the
easily devitrifiable layer 21, 1/cn? in the | ow
devitrification |ayer 22, and 8/cn® in the internedi ate
devitrification | ayer 23.

[ 0057]

Furthernore, a silicon single crystal was pulled
using a quartz glass crucible 130 fabricated in the sane
manner as above, and the operation results were eval uated.
As the evaluation of the operation results, resistance to
deformation and the devitrification state were eval uated.

As the evaluation criteria, regarding resistance to

24



deformation, “Poor” is a case where a deformation that has
an effect on operation occurred, “Favorable” is a case
where a slight deformation that has no effect on operation
was observed, and “Particularly favorable” is a case where
def ormati on was hardly observed during operation.
Meanwhi |l e, regarding the devitrification state, “Poor” is a
case where the thickness of a devitrified layer (a |ayer
where devitrification progressed and was crystallized)
after operation was 60% or nore of the thickness of the
quartz glass crucible 130. “Favorable” is a case where
this thickness was | ess than 60% of the thickness of the
quartz glass crucible 130. “Particularly favorable” is a
case where this thickness was | ess than 50% of the

t hi ckness of the quartz glass crucible 130.

[ 0058]

In Exanple 1, no problens were observed in the
operation results, and the results were favorable.
[ 0059]

The nunber of |ayers (sub-layers) configuring the
outer layer, the type of the layer defined on the basis of
the devitrification spot nunbers of the plurality of |ayers
configuring the outer layer, the devitrification spot
nunber, and the type of the inner layer in Exanple 1 are
shown in Table 2. In addition, Table 2 al so shows the
proportions (hereinafter, also sinply referred to as "Il ayer
t hi ckness proportions”) of the thicknesses of the easily
devitrifiable layer 21 and the I ow devitrification |ayer 22
to the thickness of the crucible in the quartz gl ass
cruci bl e before operation. In addition, Table 2 shows the
eval uation of resistance to deformation and the
devitrification state as evaluation of the operation
results.

[ 0060]
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(Exampl e 2)

A quartz glass crucible was nmanufactured in the sane
manner as Exanple 1, but in the outer |ayer, the
i nternmedi ate devitrification |ayer was di sposed as the
outernost |layer, and the easily devitrifiable Iayer and the
| ow devitrification | ayer were di sposed i nwards thereof.
In addition, the devitrification spot nunber in each |ayer
and the layer thickness proportions of the easily
devitrifiable | ayer and the |low devitrification |ayer were
as described in Table 2. The operation results were
evaluated as in Exanple 1, and were as shown in Table 2.
[ 0061]
(Exanpl e 3)

A quartz glass crucible was manufactured in the sane
manner as Exanple 1, but in the outer |ayer, the |ayer
t hi ckness proportion of the |ow devitrification |ayer 22
was set to 22% In addition, the devitrification spot
nunber in each layer and the | ayer thickness proportion of
the easily devitrifiable | ayer were as described in Table
2. The operation results were evaluated as in Exanple 1,
and were as shown in Table 2.
[ 0062]
(Exanpl e 4)

A quartz glass crucible was manufactured in the sane
manner as Exanple 1, but in the outer |ayer, the |ayer
t hi ckness proportion of the |ow devitrification |ayer 22
was set to 18% In addition, the devitrification spot
nunber in each layer and the | ayer thickness proportion of
the easily devitrifiable |ayer were as described in Table
2. The operation results were evaluated as in Exanple 1,
and were as shown in Table 2. The devitrification state
was “Favorabl e”, and although devitrification progressed

nore than in Exanple 1, this did not beconme a problemin
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oper ati on.
[ 0063]
(Exanpl e 5)

A quartz glass crucible was manufactured in the sane
manner as Exanple 1, but in the outer |ayer, the |ayer
t hi ckness proportion of the easily devitrifiable |ayer 21
was set to 5% In addition, the devitrification spot
nunber in each |ayer and the | ayer thickness proportion of
the low devitrification |ayer were as described in Table 2.
The operation results were evaluated as in Exanple 1, and
were as shown in Table 2. The progression of
devitrification was smaller than in Exanple 1, but no
def ormation occurred that becane a problemin operation.

[ 0064]
(Exanpl e 6)

A quartz glass crucible was nanufactured in the sane
manner as Exanple 1, but in the outer |ayer, the |ayer
t hi ckness proportion of the easily devitrifiable |ayer 21
was set to 35% In addition, the devitrification spot
nunber in each layer and the | ayer thickness proportion of
the low devitrification | ayer were as described in Table 2.
The operation results were evaluated as in Exanple 1, and
were as shown in Table 2. Devitrification progressed nore
than in Exanple 1, but this did not beconme a problemin
oper ati on.

[ 0065]
(Exanmpl e 7)

A quartz glass crucible was manufactured in the sane
manner as Exanple 1, but as a raw material powder for
formng a layer corresponding to the internediate
devitrification |layer 23 in Exanple 1, a raw nateri al
powder such that devitrification progresses nore easily by

heating after formng a quartz glass was used. The
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devitrification spot nunber in each | ayer and the |ayer
t hi ckness proportions of the easily devitrifiable | ayer and
the low devitrification | ayer were as described in Table 2.
In the layer corresponding to the internedi ate
devitrification |layer 23 in Exanple 1, the devitrification
spot nunber was 12. This is higher than the range of the
“internediate devitrification |ayer” of the present
i nvention, and devitrification progresses nore easily than
in Exanple 1 by the heating on pulling the silicon single
crystal. Regarding the manufactured quartz glass crucible,
the operation results were evaluated as in Exanple 1, and
were as shown in Table 2. The devitrification state was
“Favorabl e”, and devitrification progressed nore than in
Exanple 1. However, this did not beconme a problemin
oper ati on.
[ 0066]
(Exanpl e 8)

A quartz glass crucible was nmanufactured in the sane
manner as Exanple 1, but in the outer |ayer, the |ayer
t hi ckness proportion of the |ow devitrification |ayer 22
was set to 10% In addition, the devitrification spot
nunber in each |ayer and the | ayer thickness proportion of
the easily devitrifiable |ayer were as described in Table
2. The operation results were evaluated as in Exanple 1,
and were as shown in Table 2. The devitrification state
was “Favorable”, and devitrification progressed nore than
in Exanple 1. This can be considered to be due to the | ow
devitrification |ayer 22 being thin. However, this did not
beconme a problemin operation.
[ 0067]
(Exanpl e 9)

A quartz glass crucible was nmanufactured in the sane

manner as Exanple 1, but as a raw material powder for
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formng a layer corresponding to the internediate
devitrification layer 23 in Exanple 1, a raw nateri al
powder such that devitrification progresses nore easily by
heating after formng a quartz glass was used. The
devitrification spot nunber in each | ayer and the |ayer

t hi ckness proportions of the easily devitrifiable |ayer and
the low devitrification | ayer were as described in Table 2.
In the layer corresponding to the internedi ate
devitrification |layer 23 in Exanple 1, the devitrification
spot nunber was 15. This is higher than the range of the
“internedi ate devitrification |layer” of the present

i nvention, and devitrification progresses nore easily than
in Exanple 1 by the heating on pulling the silicon single
crystal. Regarding the manufactured quartz glass crucible,
the operation results were evaluated as in Exanple 1, and
were as shown in Table 2. The devitrification state was
“Favorabl e”, and devitrification progressed nore than in
Exanple 1. However, this did not beconme a problemin

oper ati on.

[ 0068]

(Exanmpl e 10)

The quartz gl ass crucible 120 showmn in FIG 2 was
fabricated. As raw material powder, the raw nateri al
powder (raw material powder A) for formng the easily
devitrifiable layer 21, the raw materi al powder (raw
mat eri al powder B) for formng the Iow devitrification
| ayer 22, the raw material powder (raw material powder C)
for formng the internediate devitrification [ayer 23, and
the raw materi al powder for formng the inner |ayer 30 used
in Exanple 1 were used.

[ 0069]
The nmethod for fabricating a raw material powder

conpact was as follows. Firstly, the raw material powder A
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was supplied to the straight body portion inside a rotating
nol d having an inner dianeter of 830 mmto forma powder

| ayer A (a powder |ayer to be the easily devitrifiable

| ayer 21) having a thickness of 10 mnmm |In this event, the
powder | ayer A was forned so that the easily devitrifiable
| ayer 21 of the quartz glass crucible 120 to be

manuf actured was positioned in a part of the straight body
portion 14 as in FIG 2. Next, the raw material powder B
was supplied to the straight body portion inside the nold
to forma powder |ayer B (a powder |ayer to be the | ow
devitrification |ayer 22) having a thickness of 18 nmm on
the inside of the powder layer A Next, the raw nateria
powder C was supplied to the regions of the straight body
portion, the curved portion, and the bottom portion inside
the nold where the powder | ayers A and B were not forned.
Thus, the renmining powder |ayer C (the powder |ayer to be
the internediate devitrification |ayer 23) necessary for
formation was forned. In this event, the powder |ayer C
was fornmed so that the internediate devitrification |ayer
23 of the quartz glass crucible 120 to be manufactured was
positi oned above and bel ow the easily devitrifiable |ayer
21 and the low devitrification layer 22 as in FIG 2.

[ 0070]

This conpact was heat-nelted frominside the conpact
by arc discharge, while at the sane tinme, a synthetic
quartz gl ass powder was supplied into the high tenperature
at nosphere at a rate of 100 to 200 g/minute to form with a
thickness of 1 to 3 mm a transparent glass |ayer having no
bubbl es over the entire inner surface area. The quartz
gl ass crucible, the nelting having been conpl eted and
cool ed and having a dianeter of 805 to 815 nm had the top
end portion cut so that the height was 500 mm and the
gquartz glass crucible 120 was fabri cat ed.
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[0071]

When the quartz glass crucible 120 as descri bed was
broken and the thicknesses of the easily devitrifiable
| ayer 21 and the low devitrification |ayer 22 were neasured
froma cross-sectional direction, the proportion to the
t hi ckness of the straight body portion 14 of the quartz
gl ass cruci ble 120 was about 15%in the easily
devitrifiable | ayer, and about 70% in the | ow
devitrification | ayer.

[0072]

A quartz glass crucible 120 fabricated in the sane
manner as above was heated at 1600°C for 24 hours, then the
devitrification spot nunbers of the easily devitrifiable
| ayer 21, the low devitrification layer 22, and the
internmedi ate devitrification |ayer 23 were neasured. As a
result, the devitrification spot nunbers were 60/cn® in the
easily devitrifiable layer 21, and 1/cn? in the | ow
devitrification layer 22. In addition, in the internediate
devitrification |ayer 23 positioned above and bel ow t he
easily devitrifiable layer 21 and the |low devitrification
| ayer 22 as shown in FIG 2, the devitrification spot
nunber was 7/cn?.

[ 0073]

Regardi ng the manufactured quartz gl ass crucible 120,
the operation results were evaluated as in Exanple 1, and
were as shown in Table 2. Resistance to deformation was
“Favorabl e”, and there was nore deformation of the crucible
than in Exanple 1, but this did not beconme a problemin
oper ati on.

[ 0074]
(Exanmpl e 11)
A quartz glass crucible having a configuration where

an easily devitrifiable layer is sandw ched between | ow
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devitrification layers in the outer |ayer was fabricated.
As raw material powder, the raw naterial powder (raw

mat eri al powder A) for formng the easily devitrifiable

| ayer 21, the raw material powder (raw material powder B)
for formng the low devitrification |layer 22, and the raw
mat eri al powder for formng the inner |ayer 30 used in
Exanple 1 were used.

[ 0075]

The nmethod for fabricating a raw materi al powder
conpact was as follows. Firstly, the raw material powder B
was supplied to the straight body portion inside a nold to
forma powder |ayer B (a powder |ayer to be a | ow
devitrification layer). Next, with the raw naterial powder
A, a powder |ayer A (a powder |ayer to be the easily
devitrifiable layer) was fornmed in the straight body
portion inside the nold. Furthernore, the raw materia
powder B was supplied to the strai ght body portion inside
the nold to formthe second powder |ayer B (a powder |ayer
to be a low devitrification |layer). Next, the raw materi al
powder C was supplied to the regions of the straight body
portion, the curved portion, and the bottom portion inside
the nold where the powder |ayers A and B were not forned.
Thus, the renmining powder |ayer C (the powder |ayer to be
the internediate devitrification |ayer) necessary for
formati on was forned.

[ 0076]

Thi s conpact was heat-nelted frominside the conpact
by arc discharge, while at the sane tinme, a synthetic
guartz gl ass powder was supplied into the high tenperature
at nosphere at a rate of 100 to 200 g/mnute to form with a
thickness of 1 to 3 mm a transparent glass |ayer having no
bubbl es over the entire inner surface area. The quartz

gl ass crucible, the nelting having been conpl eted and
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cool ed and having a dianeter of 805 to 815 nm had the top
end portion cut so that the height was 500 mm and the
quartz glass cruci ble was fabricated.

[0077]

When the quartz gl ass cruci ble as described was
broken and the thicknesses of the |low devitrification
| ayers were neasured froma cross-sectional direction, the
proportions of the thicknesses of the |ow devitrification
| ayers to the thickness of the straight body portion of the
quartz glass cruci ble were each about 35% |In addition,
the devitrification spot nunber in each | ayer and the |ayer
t hi ckness proportion of the easily devitrifiable |ayer were
as described in Table 2. The operation results were
evaluated as in Exanple 1, and were as shown in Table 2.
Resi stance to deformation was “Favorable”, and there was
nore deformation of the crucible than in Exanple 1, but
this did not becone a problemin operation.

[ 0078]
(Conpar ati ve Exanpl e 1)

A quartz glass crucible was manufactured with the
order of the layers in the outer |ayer 20 changed fromthe
quartz glass crucible 130 in Exanple 1. That is, a quartz
gl ass crucible was fabricated with a configuration having
an internediate devitrification layer, a |ow
devitrification layer, and an easily devitrifiable |ayer
fromthe outer layer. In this case, devitrification
progressed excessively in the inner |ayer as well, since
the easily devitrifiable layer was in contact with the
i nner layer, and the evaluations of the operation results
were both *Poor”.

[ 0079]
(Conpar ati ve Exanpl e 2)
A quartz glass cruci ble was manufactured basically in
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the sane manner as Exanple 1, but in the outer layer, the
dopi ng concentration of Al was reduced in the raw materi al
powder for the l|ayer corresponding to the easily
devitrifiable layer 21 in FIG 3, and the devitrification
spot nunber was adjusted to be less than 50/cn®. In
addition, the devitrification spot nunber in each |ayer and
the | ayer thickness proportions of the easily devitrifiable
| ayer and the low devitrification |ayer were as descri bed
in Table 2. The operation results were evaluated as in
Exanple 1, and were as shown in Table 2. Resistance to

def ormati on was “Poor”, and had an effect on operation
results. This can be considered to be because
devitrification in the outer |ayer was insufficient.

[ 0080]

(Conparati ve Exanple 3)

A quartz glass crucible was nanufactured basically in
the sane manner as Exanple 1, but in the outer |ayer, the
dopi ng concentration of Al was increased in the raw
mat eri al powder for the layer corresponding to the easily
devitrifiable layer 21 in FIG 3, and the devitrification
spot nunber was adjusted to be nore than 70/cn®. In
addition, the devitrification spot nunber in each |ayer and
the | ayer thickness proportions of the easily devitrifiable
| ayer and the low devitrification |ayer were as descri bed
in Table 2. The operation results were evaluated as in
Exanple 1, and were as shown in Table 2. The
devitrification state was “Poor”, since excessive
devitrification occurred due to the | ayer corresponding to
the easily devitrifiable |ayer.

[ 0081]
(Conpar ati ve Exanpl e 4)
A quartz glass crucible was nmanufactured in the sane

manner as Conparative Exanple 2, but in addition, in the
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outer layer, a raw material powder that woul d becone an
internmedi ate devitrification |ayer (although the raw

mat eri al powder was such that the devitrification spot
nunber woul d be less than the third layer fromthe
outernost |ayer) was used as a raw material powder for the
| ayer corresponding to the |ow devitrification |ayer 22
(the second layer fromthe outernost layer) in FIG 3. 1In
addition, the devitrification spot nunber in each |ayer and
the layer thickness proportions of the easily devitrifiable
| ayer and the low devitrification |ayer were as descri bed
in Table 2. The operation results were evaluated as in
Exanple 1, and were as shown in Table 2. Resistance to
deformati on was “Poor”, and had an effect on operation
results. This can be considered to be because
devitrification in the outer |ayer was insufficient. The
devitrification state was “Favorable”, and devitrification
progressed nore than in Exanple 1.

[ 0082]

(Conpar ati ve Exanpl e 5)

A quartz glass crucible was manufactured in the sane
manner as Conparative Exanple 3, but in addition, in the
outer layer, a raw material powder that would becone an
internmedi ate devitrification |ayer (although the raw
mat eri al powder was such that the devitrification spot
nunber would be less than the third |layer fromthe
outernost |ayer) was used as a raw material powder for the
| ayer corresponding to the low devitrification |ayer 22
(the second layer fromthe outernost layer) in FIG 3. 1In
addition, the devitrification spot nunber in each |ayer and
the layer thickness proportion of the easily devitrifiable
| ayer were as described in Table 2. The operation results
were evaluated as in Exanple 1, and were as shown in Table

2. The devitrification state was “Poor”, since excessive
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devitrification occurred due to the | ayer corresponding to
the easily devitrifiable |ayer.

[ 0083]

(Conpar ati ve Exanpl e 6)

A quartz glass crucible 200 having the configuration
shown in FIG 5 was manufactured. In this quartz gl ass
cruci ble 200, an outer |layer 220 is entirely configured by
an internediate devitrification layer 223, and an inner
| ayer 230 is forned on the outer |ayer 220. As raw
mat eri al powder, the raw material powder for formng the
internmedi ate devitrification |ayer 23 and the raw materia
powder for formng the inner |ayer 30 used in the quartz
gl ass cruci ble 130 of Exanple 1 were used.

[ 0084]

The devitrification spot nunber in the outer |ayer
220 was as described in Table 2. The operation results
were evaluated as in Exanple 1, and were as shown in Table
2. Resistance to deformation was “Poor”, and had an effect
on operation results. This can be considered to be because
devitrification in the outer |ayer was insufficient.

[ 0085]
(Conpar ati ve Exanpl e 7)

A quartz glass crucible 300 having the configuration
shown in FIG 6 was manufactured. |In this quartz gl ass
cruci bl e 300, the outer layer 220 is configured by an
easily devitrifiable layer 221 and an internediate
devitrification |ayer 223, and an inner layer 230 is forned
on the outer |ayer 220. The quartz glass crucible 300 did
not have a low devitrification |ayer. As raw materi al
powder, the raw material powder for formng the easily
devitrifiable |ayer 21, the raw material powder for formng
the internediate devitrification |ayer 23, and the raw

mat eri al powder for formng the inner |ayer 30 used in the
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quartz glass crucible 130 of Exanple 1 were used.
[ 0086]

The devitrification spot nunber in each of the layers
configuring the outer layer was as described in Table 2.
The operation results were evaluated as in Exanple 1, and
were as shown in Table 2. The devitrification state was
“Poor”, and had an effect on operation results. This is
because devitrification progressed excessively in the outer
| ayer.

[ 0087]
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[ Tabl e 2]

Nunmber Quter |ayer Proportion | Proportion Operation results

of of easily of |ow

| ayers i devitri- devitri-

Conyfi g-|Qutermost |ayer fsfg%ngult :iyzg ;rrl:);wdolutaZie(rie | ner fiable fication |Resjstance S
uring Dev't”f'cat'onDevitrification Devitrification hayer Iayer Iayer to Devitrification
outer [Spot number lspot nunber spot nunmber thickness | thickness |gefornation state
layer | [number/cm®] — Fro ver/cni] | [nunber/cnd] (% [%

Easily Low Internedi ate Particu-
Exanpl e 3 devitrifiable [devitrification|devitrification|Synthetic 15 40 larly Particularly
1 | ayer | ayer | ayer | ayer favorabl e favorabl e
60 1 8
I nternedi ate Easily Low Particu-
Exanpl e 3 devitrification| devitrifiable |devitrification|Synthetic 20 50 larly Particularly
2 | ayer | ayer | ayer | ayer favorabl e favorabl e
6 55 2
Easily Low I nternedi ate Particu-
Exanpl e 3 devitrifiable |devitrification|devitrification|Synthetic 15 22 larly Particularly
3 | ayer | ayer | ayer | ayer f avor abl e favorabl e
55 1 6
Easily Low Internedi ate Particu-
Exanpl e 3 devitrifiable [devitrification|devitrification|Synthetic 15 18 larly Favor abl e
4 | ayer | ayer | ayer | ayer favorabl e
55 1 6
Easily Low I nternedi ate
Exanpl e devitrifiable [devitrification|devitrification|Synthetic Particularly
5 3 | ayer | ayer | ayer | ayer 5 40 Favorabl e favorabl e
65 1 5
Easily o Ltow I nt er medi at e ) Parti cu-
Exanpl e 3 devitrifiable |devitrification|devitrification|Synthetic 35 20 larly Favor abl e
6 | ayer | ayer | ayer | ayer f avor abl e
60 1 6
Hi gher
.Eas:i I.y o Low devit rtlhfalmCal Lo ] Particu-
Exagpl € 3 devi lt :yglr able |devit :"a;'efat PON1 i nternediate Sylma;i:' ¢ 20 40 larly Favor abl e
devitrification favorabl e
60 1
| ayer
12
| g Easifl y o g L?w g Inter r;edi ate " Particu-
Exanpl e evitrifiable |devitrification|devitrification|Synthetic
8 3 | ayer | ayer | ayer | ayer 15 10 failz: L\%I e Favorabl e
60 1 5
Hi gher
Easily Low devi t rtlrralncat ion barti cu.
Exanpl e devitrifiable [devitrification| . . Synt hetic
9 3 I ayer I ayer i r]ter.rmjdl ate I ayer 20 40 larly Favor abl e
60 > devitrification favorabl e
| ayer
15
Easily Low
Exanpl e 2 devitrifiable [devitrification R Synt hetic 15 70 Favor abl e Particularly
10 | ayer | ayer | ayer favorabl e
60 1
Low Easily Low
Exanpl e devitrification| devitrifiable |devitrification|Synthetic 70 Particul arl
1n1p 3 | ayer | ayer | ayer Sy| ayer 15 (35% each) Favorabl e favorabl e Y
1 60 1
Conpar - I nternedi ate Low Easily
ative devitrification|devitrification| devitrifiable [Synthetic
Exanpl e 8 | ayer | ayer | ayer yI ayer 15 40 Poor Poor
1 8 1 60
Lower
Conpar - devitrification Low I nternedi ate
ative 3 than easily |devitrification|devitrification|Synthetic 15 40 Poor Particularly
Exanpl e devitrifiable | ayer | ayer | ayer favorabl e
2 | ayer 2 3
45
Hi gher
Conpar - devitrification Low Internedi ate Parti cu-
ative 3 than easily |devitrification|devitrification|Synthetic 15 40 larl
aoTe y Poor
Exanpl e devitrifiable | ayer | ayer | ayer f avor abl e
3 | ayer 2 3
75
Lower
Conpar - devitrification| Internmediate Internedi ate
ative than easi | devitrification|devitrification|Synthetic
Exanpl e 3 devitrifi abre | ayer | ayer SyI ayer 15 0 Poor Favorabl e
4 | ayer 3 7
45
Hi gher
Conpar - devitrification| Internediate Internedi ate Parti cu-
ative 3 than easily |devitrification|devitrification|Synthetic 15 o larl
coTe y Poor
Exanpl e devitrifiable | ayer | ayer | ayer f avor abl e
5 | ayer 3 7
80
Conpar - I nternedi ate
ative devitrification Synt heti c Particularly
Exanpl e 1 | ayer . ) | ayer 0 0 Poor favorabl e
6 7
Conpar - Easily I nternedi ate Particu-
ative 2 devitrifiable |devitrification ) Synt heti c 15 0 Larl
y Poor
Exanpl e | ayer | ayer | ayer f avor abl e
7 60 7
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[ 0088]

It was revealed fromthe results of Exanples 1 to 11
and Conparative Exanples 1 to 7 that by the presence of an
easily devitrifiable layer and a | ow devitrification |ayer
positioned i nwards thereof defined by devitrification spot
nunbers, suppression of crucible deformation and
suppressi on of excessive progression of devitrification can
bot h be achi eved.

[ 0089]

It should be noted that the present invention is not
limted to the above-described enbodi nents. The
enbodi nents are just exanples, and any exanpl es that have
substantially the sanme feature and denonstrate the sane
functions and effects as those in the technical concept
di sclosed in clainms of the present invention are included

in the technical scope of the present invention.
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CLAI M5

1. A quartz glass crucible conprising a bottom portion,
a curved portion, and a straight body portion, wherein

the quartz glass crucible conprises an outer |ayer
conpri sing opaque quartz glass containing bubbles therein,
and an inner |ayer conprising transparent quartz gl ass,

the outer layer conprises a plurality of layers in at
| east a part of the straight body portion,

out of the plurality of layers, at |east one |ayer is
an easily devitrifiable layer having a devitrification spot
nunber of 50/cn® or nore and 70/cn® or | ess when the quartz
glass crucible is heated at 1600°C for 24 hours, and

out of the plurality of layers, a |ayer positioned
i nwards of the easily devitrifiable layer in a thickness
direction of the quartz glass crucible is a | ow
devitrification |ayer having a devitrification spot nunber
of 2/cn® or |less when the quartz glass crucible is heated
at 1600°C for 24 hours.

2. The quartz gl ass crucible according to claiml1,
wherein the outer layer conprising the plurality of |ayers
conprises, as a |layer other than the easily devitrifiable

| ayer and the low devitrification layer, an internedi ate
devitrification |ayer having a devitrification spot nunber
of nore than 2/cn? and 10/cn? or | ess when the quartz gl ass
crucible is heated at 1600°C for 24 hours.

3. The quartz glass crucible according to claim1 or 2,
wherein out of the plurality of layers of the outer |ayer,

an outernost layer is the easily devitrifiable |ayer.

4. The quartz gl ass cruci ble according to any one of
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clains 1 to 3, wherein the outer |ayer conprises natura
quartz glass, and the inner |ayer conprises synthetic

quartz gl ass.

5. The quartz gl ass cruci ble according to any one of
claims 1 to 4, wherein
the easily devitrifiable |Iayer has a thickness of 5%
or nore of a thickness of the quartz glass crucible, and
the low devitrification |layer has a thickness of 20%
or nore and 70% or |ess of the thickness of the quartz
gl ass cruci bl e.
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