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S 19 Claims

Thm 111vent10n 1elates to 1mpmved apparatus._i_ _-

for growing single. crystals of quartz.

(Cl 23—-—-301)

: be-ﬂn the subi ech - of Iaboratory mvestlgatmn

for a.bcmt L E years.

for quartz crystals having substantial volumes of

- the flawless crystalline substance for electrical
‘uses, for example, in the frequency- dete-rmimng

circuits of radio frequency escillators and in filter
“eireuits.
rematemegs and unreliability: of the sources of
natural guartz and the poor average Gualzty of

- the natural mmeml has increased the impor~
tance of ﬂndmg a cammercmlly practmal method,_

of synthesis.

During the. past 15 years
th:,re has been an enormous. increase in demand

‘This great demand, coupled with the.

&

- to ma,mta,m the. cantems of the vessel near the_'
S . supply materml apprecmbly hotter than the con-
. The synthesis of single: crystals. of qu&rtz has--_

bemg a,rranged to effect clrculatmn of the aqueu-'_

- ous, medium by convection, whereby the supply

- materlal is d1ssolved in. the medlum with gmwth-_-_

of the quartz seed.. : e
-Apparatus for use 111 attemptlnn‘ 9, syntheszs of-:_-

 quartz usually has taken the f@r:m of a bomb or

10

autoclave. |
aforementloned copendmg apphcatmns Sﬂr Nos ;

94,682 and 94,683, of which the present applica-

Never thrzless "1t was - {mly zecently that pmc-i- |

ﬁ esses for growing single crystals of quartz. in
cammer cially ulgmﬁcant guantities. have been de-
rocess for growing & smgle CryS~"

vised.  Such 3

uion 18 a contmuatmn-m-—part the autoclave is
-2 thick-walled metal cylinder capable of with-

standing elevated temperatures and internal

bressures .and disposed with its axis vertical:.

Giorgio: Spezia.. ‘working in Ital'y some 40 years

~ago, used a bomb of the same general type with
- the. Supply material disposed in a basket near the

20

tal of quaruz is descrlbed and claimed in appli=

:Cublﬁn LJE;.
United Sitates,

ven tion,

Mo, 94882 for Letters Patent of the.
filed. May 21, 1949, in the names:
of Danforth. F. L—Iale angd Andrew R. Sobek and
agsigued o t,.le same assignee as. the present in-

tcﬂ of the internal chamber and with 5 quartz

seed affixed in the chamber beneath the suoply

Il...&tﬁ]:‘l&l

The upper portion of the bomb was ar-

~ranged to. be heated.. A warm silicate solution:
- surrounding the supply maternl dissolved 5111(3::1 o

5.
- In aceor dance with this process quartz

i8-grown by exposing & quarts @rysta,l seed under. .

~ elevated tempserature and pressure conditions to-
an aquecus medium including substantial. quan—---ﬁ
 titles of an alkali metal earbonate material such

as sodium earbonate or- sodium’

which apparently diffused slowly downward until
it reached the seed. ‘The lower temperatuw in

the nelghborhood of the seed caused the aqueous '
- medium to become supersaturated with respect

~to. silica, which then deposited in an orderly

30
‘bicarbonate.
This material may ke sodium carbonate- having

an initial molar concentration at room tempera-

ture of ammmm ately one to two.:

This. aque-
ois mediun is maintained in contact with a sup-

- ply material of crystalline quartz under still

hiigner

temuverature conditions for &Tectmg'

transfer of silica . f.q.am the supply matenal to-

the quariz seed.,
In another applmatmn Ser No 94 683 fm.

names of Danfgrtb R. Hale and Andrew R. Sebel«:
| Oxl. T"VFE"‘J:;?' A 1

948, and assigned to'the same a8~
wibreﬂ- She bhe or esent in Vnntmn there-l.s disclosed
and claimed the PrOCESS fo.a. gmwmg a-single crys--

manner: on the quartz seed, This azuangnment.

_'resulted in a slow increase:in weight of the crys-
tal..

- The seed crystalhad to be placed in a region
where the temperatare of the solution was just:

‘enough. lower than the temperature in the upper

portion of the chambel to prowde the demred_- |

- growing  conditions. .

-In the apparatus lllustrated 111 the a,foremen-—-

'tloned copending applieations, the silica supply
~ material is placed near the botfom of the cylindri-
o 40

| Lﬁtters Patent of the United States, filed in the

cal chamber; while the seed is suspended near the
top of the chamber When the lower portion of

- the autoclave is Leated, convectwn currents arg

-~ established tending to transpmt silica,- dissolved

45

tal of gquariz which comprises placing within a
 pressure vessel a quartz seed and g supply ma-
- terial of crysialline quartz, filling with an alka-

line agueous medium atleast one thirg andprefer-
ahout onge half of the remaining free.
Volume in the vessel as measured at room tem-~

neratyre, and sealing the vessel and heating the -
-eofltmta thereof to a minimum . temperature be<
tween 375° to 575° €. The application of heat

p} otracted pem@d of tlme SO: 38

‘ably at leass

from the supply matetrial upward to the nei ghbel-
hood of the seed for depesition thereon and tend-

ing to return the cooler solution to the lowsar parb'

of the chamber for dlsselvmg additienal silic

“While. apbparatus of this type has been. used tz:}: .

. grow quartz in commercially significant quanti
50

~able care must be exercised to adjust the tem-

ties. within reasonable periods of time, ﬁonsLdﬂvm

| perature. candltmn.s within the autoeclave, not.enly

- for the purpose of obtaining a desira ble amcunt
-of supersaturation. with respeet. to silicg of thﬂ

"_5.5 aquaaus ‘medium. in. the newhbm hood of the



3

Quartz" seed but also to acliieve a, Substentia,l-

thermal circulation of the fluid in the auto-
clave without causing excessive turbulence or de-
- stroymg the temperature differential between the
upper and lower portions of the chamber. It
also will appear that the distribution of convec-

‘tion currents within the vertical chamber, when

2,675,303

maintained hotter near the bottom, will be some~ ' |

what fortuitous and may depend largely on the

precise location of the solid objects in the cham-

16

ber and on rather small differences of tempera-

ture in the walls of the chamber. AsS a conse-

quence the tendency for a quartz seed to grow

may depend to an appreciable extent upon its -
exact position and orientation within the cham- 15
portion of the entire

ch.amber' may provide sui table locations for the

ber, and only & rather small

‘quartz seed or seeds.

Accordingly it is an obJeet of the pr esent mven-' '

tion to provide new and improved apparatus for

tially avoids one or more of the limitations and
dlsadvantages of p11or apparatus of the type
| deecrlbed |

It is another object of the 1nvent10n to provzde__ |

'new and 1mpreved apparatus for grewmg single

- crystals of quartz which permits easy adjustment
- of the condltions sulta,ble for the synthesis of

| quartz
- Itisa further ebJect of the mve*ltlen to prowde

20

. growing smgle erystals of quartz which substan- .

. 4 . |
the quartz—growmg 1eg10n or ehambﬂr of the ﬂuid

so transferred thereto. |
For a better understanding of the present in-

‘yvention, together with other and further objects

thereof, reference is had to the following descrip-~
tion taken in connection with the accompany-
ing drawings, and its scope wili be pomted eut
m the appended cla1ms -

- In the drawings, L

- Fig. 1 is a perspective 'Eflew, partiall 1y cut away
in ‘several places, of an apparatus for growing a
single crystal of quartz embodying the present

invention, the apparatus being shown disposed in

2 roughly horizontal plane; |
- Fig. 2-is a central seetlon teken hemzontally |
through the upper right-hand portion of the-

' -apparatus as viewed in Fig. 1;

Pig. 3 is a sectional elevation pal_{en in the di-

rection. indicated 3, 3 in Fig. 2;

Fig. 4 is a simplified plan view of anotner ap--
paratus for growing a single crystal of guartz

embodying the present invention, the view being

sectionalized at the left hand side along a central

‘horizontal plane to illustrate the internal ar-
+ rangement oif the several . ehambem a,nd Cross -
- pipes in the apparatus; | T |

Pig, b is a perspective view of one end portmn

| of an 1nternal llner ueed 111 the apparatus shewn |

new and improved apparatus for growing quartz

cryetals which premdes extensive regions for re-

quartz seeds may be disposed.- |
It is also an obJect of the invention to pr ovide

new and improved apparatus for growing single

in Fig. 1; |
- Fig. 6 is an end e1evat10n of the llner of Flg 5 -

Shewmg an gliernative arrangement of the 111- -

~ terior of the a,ppamtus -and

- ceiving siliceous supply matemal and in Wthh' .

crystals of quartz in large quantities and with

o eommercmlly attractive control techniques.

In accordance with one feature of the inven-

tion, apparatus for growing single crystals of

quartz compnses a  pressure vessel including a -

silica~dissolving region for receiving a supply

- material of crystalline quartz and including a
~quartz-growing region arranged to hold at least.

" one quartz-crystal seed so that there may be dis-

~posed in the vessel a fluid for dissolving therein
- silica from the supply material and for depositing

therefrom quartz on the seed. This apparatus

45

g, 7 is an end view, tekeii similarly to. the" |
view of Flg 6, of an alternatwe nmer lmer ar-

) rangement.

Referring now to Flg 1, there is shown in per- '.

.speetlve 2 complete apparatus for growing single
“crystals of quartez.

‘The quartz-growing equip-
ment is meunted on & table i1 which is centrally

-pivoted as at i2 for rocking about one of the

axes of the table. The pivoting arrangement is. :
supported on stationary brackets {§ and (4. A

~ slow speed motor {§ is arranged to rock the table" --
1 by means of a rocker arm 1T and an eccen~

tric arm 18 havmg an adjustable radius. With
this- arrangement the table il may be rocked

- about -a horizontal position to extreme positions

also comprises constricted channel means in the

pressure vessel communicating between the silica-

dissolving region and the quartz- -growing region.

- The apparatus further comprises means for

50

- maintaining the fluid under elevated temperature
‘and pressure conditions in the quartz-growing

' - region and under still higher termnperature condi-

‘tions in the silica-dissolving region and for effect-

ing transfer of the fluid from each of these re-
 gions to the other thereof thmugh the channel'

. means.-

In accordance w1th another feature of the in-

vention, the above-mentioned pressure vessel in-

cludes a silica-dissolving region in the form of.

- a chamber for receiving a siliceous supply mate-

rial such as the aiorementioned crystalline quartz

and includes a quartz-growing region in the form
of a chamber arranged to hold the seed
- case the constricted channel means communicat-
ing between the silica-dissolving chamber and the

quartz-growing chamber is a plurality of pipes "0

forming part of the pressure vessel. In accord-
~-ance with a further aspect of the invention, the
- means which functions to effect transfer of the

+ In this

55
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 fluid from each of the regions or chambers to the

other thereof comprises a mechanical means.
‘whichalso functions for effecting dispersal within .

(s

such as 21 -and 22, shown in dashed lines, which
“may have an angular relationship with the hori-
zontal position of from several degrees to as much

as 49° or more, depending on the e*Teetlve lenn*th' ‘
of the eccentric arm {8.
. The quartz-growing apparatue proper may be
secured -to the table {[ by any smtable means
such as one or more brackets 23. It comprises
a pressure vessel including an elongated silica-

dissolving chamber 24 for receiving g siliceous.

supply material 2§ and including an elongated
quartz-growing chamber 27 arranged to hold
at least one quartz crystal seed 28 and pr efer a,bly
a, plurallty of such seeds 28, 28, 31, ete. .

‘Each of the chambers 24 and 27 is provz.ded |
with a removable end elosure.
the chamber 24 includes a central plug 33 hav-
ing an iaternal shoulder 34 bearing against a
gasket 36. The end of the chamber 24 is threaded

and receives an externally threaded collar 37, the

inner end of which also bears against the gasket
~ 36. The protruding end of the plug 33 receives
a washer 36, which bears against the outer end

of the collar 31. The outer end of the plug 33
also is threaded to receive a nut 38 over the

washer 38. When the nut 39 is tightened, plug 33 '
is drawn up to compress the gasket 38, thus ef-
. fectmg a pressure seal. The chamber 27 similarly -

The closure for



- it joins the chamber 21T.

j 5 _

is pmwdﬂd w:tth . plug &t hasrmg an mtﬁmal

2: 6?5,303:

- shoulder 42, an inner gasket 43, a. threaded cellar:. -

44, an outer washer 46, andg a. nut 47.
A thermocouple. well: 5i: EXtEIldS centrally
through the. plug 33 and is scaled . thereto. by &

nut. and gasket arrangement 52 shown sche-

- matically on the inside end:of the plug. The
thermocouple leads extend. from the. inner end

of the well 51 through: the well to.external leads

53. for connection to: & conventional external
| temperature-measurmg circuit, not shown.

couple well 5. having an. interngl. seal. 57 and

external leads 58. The chamber 21 also has &

pressure-sensitive: devme 58 of the aneroid type

o 6
made up of turns which are spaced nearer to-
gether near the ends of the chambers to. com-

- pensate for the. greater rate of heat loss em-

10
The
chamber 21 similarly is. provided with: a, thermo-

82 which are placed. over the closures:.
tate temperature control thermocouples 82 and 84

the respective chambers..
~have respe

countered there due to heat transfer through the
end surfaces. The chambers.24 and 2T ar e lagged:
with heat-insulating coverings 18 and T8 respec=
tively, including respective end. coverings &i and
To facili-

are placed in contact with the outer surfaces of
These thermogouples
ctive leads: 86 and 8T which pass -

~ through ceramic insulating heads 88 and 8% as

15

with a connecting tube 61 extending thr ough and

sealed to the plug 41 and connecting with a

pressure gauge §2 mounted. externally of the pres-

sure vessel. Additional thermocouple: wells.63 and.

B4 extend tl“lrough and- are sealed. to. the other

ends of the chambers 24 and 271 respeetively, the
‘respective thermocouples being located within the-

20

respective chambers and keing provided with leads

temperature. - measuring circuits, not shown,

Thus the thermocouple leads 53, 58, §5, and §7
permit. the continuous measurement of tempera- -

tures at each end of each chamber 9;*1:1 the gauge

62 permits the continuous measurement of the': |
— 30 |

._mternal pressure in the apparatus.

The two chambers 24 and 27 are 1ntermnnected |

~ 68 and §7 respectively for connection to external

in a2 manner described herembeva so as to form -

2 single vessel adapted to. urlthstand h1gh pres-
'This vessel. mcludes a sﬂma-dzgsolvmﬂi |
Iegwn speclﬁcally the mamr interior portions ef 335

| f:ures

the chamber . 24, and a quartz-growmg region,

specifically the major internal portions of the

chamber 27. Channel means, also a part of the

nres.sure Vesuel commumcate between the. sﬂzca— |
dzssolvmg region -and the quartz—g1 ﬂwmﬂ* region.

- More speci Gcally, the. channel means may take

- the form of a plurahty nf plpes for exampie two'

| sel
| grea ter detail in. Flgs 2 and 3 at the regmn where
The- chambel ‘has a

One o:l.’ these p1pes 12 ma,y be seen 111 o

45

eauntex‘ bOI'Ed ELIld ta,pered holn 1;9 I'BCEIVE the end._ .

.GF the plpe

Th,ls end {Jf thﬂ plpe '52 seats aga,mst -

b._.r and the taper 15 used tn tham a Wﬁlded.

'ﬁllet 13, makmﬂ the Junctmn tlght at hlgh pr es-_

5111 eS.

50

tney leave the regions of the hot, chamber walls.

The temperature of the fluid in the pipes 11 and
12 also must be mamtamed high enough to pre-

vent nucleation and guartz deposits . in . these

pipes. For this purpose resistance wire: hm*ng_
terminals 81 is coiled around the pipe 7. A -
thermocouple having leads 92 is placed at the
surface of this pipe to 2id in ad;;ustmg the heat-
ing current which, is caused to flow past the ter-.
Ininals 81 from a source of eleciric power, not

shown. S1mllaj 1y the pipe 12 is wound *vnsh a

coil of resistance wire- havmg terminals 82 and :

 also is provided with a thermocouple having leads

$4.  Both pipes are lagged similarly to the other

- outer surfaces of the pressure vessel. If the pipes

71 and 72 are long enough, adJustment of heat-'_ |
ing currents through the Wmdmﬁs 91 ami 393. can
e made 10 conirol the tempemture of the. pipe

-walls in spite of conduction of heat between these
- walls and the walls of the two eha,mbers

In any
ficiently

case the pipes 1§ snd 72 should have su

great lengths and sufﬁcwnﬂy small wall thick- | :
(0 permit substanmal tempemwle dif-

nesses.
ferences between the walls of the two chambers

withoub rapid conduction of heat thereaetween-
o through the walls of the connestmg pipes. |
40
- 2@ preferably is of crystalline quartz.
crystalline form of quartz may be used, but fairly

The supply material 2§ placed in the ch&mber_
A micro-

large ?U"nps of ser ap quartz are preferred. With
such Iu mpa a 1‘&131’181 coarse screen 80 near the

entrance to pipe 71 and a. similar sereen, not

shown, across the entrance to pipe 72 serve to
prevent the supnly materlal frem lea,vmg the- |
silica~dissolving region. |

"The seeds are held in the chambﬂl 27 by an

upper seed holder 85 a,nd a lower seed haldel 85, :

As seen in Pig. 3, showing the rearmost seeds,

- _the holder 8% carries a seed 97 and the hf}ld-‘:‘r 931

The preqsure vessel mcludmg the chambers 28

- and 27 thus is. arranged so that a solvent fluid
may be disposed in the pressure. vessel for dis-
solving in that fluid silica from the. supply mate-
rial 26 and for depositing from that fluid quartz
- on the seed 28 and on the other seeds as well.
This, s11ma—transport1ng ﬂulfi ‘medium. which' is

carries a seed 98. The seeds in the holder 95 and

- portions of this hold er are shown for clarity by
- dotted Irnes in Fig. 1, altnough they wouid ot be

55

visible in this view because they occupy portions

- of the chamber £7 which have veen cut a;wa,y to

-placed in the vessel may or may not include

under onemtmg condltlons a llqmd phase which .

- fiils the interior spaces in the pressure vessel, and

for simplicity of illustration no attempt has been

made in the_dmwmgs to. mdwate the presence of o

the fluid,

‘Means are prowded for mamtammg the ﬂmd

65

~ under elevated tempﬂrature and IJI’ESSHI‘E condi-

tions in the quartz-growing chamber and under
suill higher temperatme condltmns in the silica,~
disselvmg chambf*l

tion this means is not shown in the sectional

- views of* Figs. 2 and 3. ThlS means mcludes re-

. show the internal ar rangement,

- Quartz seed arrangements, “including sead

| _nalders similar to- the ho‘ders 8% and 35 zwd 111-'
60
 seribed &L”ld claimed in an appit aulon S
155,222 for Letters Patent of the United. ‘:“tanes __
filed comurrently h*"-“l ew.lth in the. namh Df.
_Anﬁlew R. Sobek and a,-_tmgned t@ the sam

cluding the crystal ‘seeds, themselves a,ln._. dc- )
. No.

9.«.5#“-
sighee ag the preuﬁnf" mvent.s.on

large fractmn of the Qpace in the seed holders |

sistance wire, havmg terminals 14, 15 and wound
arwnd the chamber 24, and also mcludes a simi~
Clar wmdmg ar aund the- chamber 2T having tEI- L

. mmals 76 ‘ﬂ These wmdmgs as shown are

i

95 and 96 is occupied by the quart'? crystals into.
For ccnvemence of 111ustra-70 | Which the quartz seeds grow.

“However, it is dif-
ficult to ‘arrange the seed holdevs and’ qeeds to

utilize the peripheral spaces between the se ﬂd'_

“holders .and the inner wall of the. ch&mher 21.
IE: these spaces are left open: tha-} will Be Eiled

by 1&1‘33 quantltzes of ﬂmd Which: then ﬂa;nngt- -



~ supply material is disposed.

into the liners.

"

aid materlally in the quartz-growing process.

Accordingly these spaces preferably are filled

with a material of high heat conductivity which
may . be formed easily into the desired .shape.
- Suitable liners for this purpose may be made of
graphite. Such a liner 99 is illustrated In Figs.

- 1-3 and, as shown, has a hole to connect the inte-

. 2,687 5,308

current to the terminals 74, 15 is adjusted to be
larger than the current to the terminals 16, 1T
to provide higher temperature conditions in the .
silica-dissolving chamber 24 than in the chamber
- 21, Suitable degrees of ﬁllmg of the liquid solvent

ot

 rior of the pipe 12 with the interior of the cham-

ber 27. Liners of this and related types will be
~ described in greater detail hereinbelow.

10

Apparatus of the type described in coanectmn B

‘with Figs. 1-3 advantageously may be used, in

geecordance with one feature of the invention,

in carrying out the process for growing. single

~ crystals of quartz which comprlses disposing at

 least one quartz crystal seed in one region of a

pressures, electric nower is supplied from sources

not shown to the four resistance windings.  The

medium, suitable compositions of the liquid, and

suitable temperature and pressure conditions are
‘discussed in .the aforementioned cependmﬂ* ap-

plications Ser. Nos. 94,682 and 94,683,
As further examples, the liquid. may ﬁll 65%

of the free space in the vessel at room tempera-

15

pressure vessel, such as the chamber 27 in the |

vessel shown in Fig. 1, and d‘fsposmg o Siliceous
supply material in another region of the vessel,
- such as the chamber 24, communicating through
constricted channels, as prewded hy the pipes 11
- and 12, with the one region or chamber 27. The
- process further comprises placing an alkaline
aqueous solvent fluid in the vessel, applying heat

- .to maintain the finid under elevated temperaiure

and pressure conditions in the one region or
~chamber 271 and under still hlghe1 temperature
conditions in- the other region or chamber 24
and at pressures above the critical pressure of
water, and moving the pressure vessel to effect
transfer of the fiuid from each of the regions to
the other thereof through the constricted chan-
nels, whereby silica is dissolved from the supply

. material by the fluid and quartz is deposited

therefrom on the seed.

| - In accordance with another aspect of this
~ process of the invention, a solvent fluid, such as'

the above-mentioned alkaline aquecus fuid, is
~ placed in the vessel and heat 1s applied {0 main-
tain the fluid under elevated temperaturs con-
 ditions in the one region of the vessel holding
the seed and under still higher temperature con-
ditions in the other region in which the siliceous

‘moved not only to effect transfer of the fluid be-
- tween the twWo regions but also to effect dispersal
within the first-mentioned one 1egmn ef the fluid

~ so transferred thereto.

In utilizing the apparatus e‘i’ _elge i-3 in ac-
| cerdance with these procedures of the present in-
vention, the supply material 25 is placed in the

chamber 24 and the screen §9 slid into place, the

liner §9 is slid into the chamber 27, and the hold-

ture and the heating windings may be. adjusted

to provide readings of 387° C. from the thermo-

“couple leads 53 and 6§ in the silica-dissolving
C. from the .
thermocouple leads 58 and 67 in the quartz-

- growing chamber.
20

chamber and . readings of 378°

The pressure in the vessel
then will be about 4900 p. s. i. A good yield of

~ large, clear quartz crystals has been obtained

30

Q3
o |

4)

The vessel then 1s

ers 95 and 96 holding the quariz sseds are slid

An alkaline liquid, for example
g one to two molar aqueous sodium carbonate
solution or other solution having a composition
rormulated as discussed in. the aforementioned

~ application Serial No. 94,682, is poured into the

- vesse] until the liguid occupies some 60% to 70%

~ of the free space available in the vessel at room

temperature. Then the plug, gaske$, and collar
‘assemblies 33, 36, 37 and 4f,
| .turned into their respective chambers 24 and 21.
The Washere 38 and 46 are shpped over the ex-

posed ends of the collars and the nuts 39 and 47

tightened until the closures are Well sealed. The
~ heat-insulating caps 81 and 82 are put in place,
‘and the motor {5 is started so as to provide, for

- example, & total angular excursion between the

 extreme positions 21 and 22 of the table 11 of 20°.
to 40° with a rocking period about %3 minute.
In order to apply heat to the solvent fiuid in the

] |
Lot

| preferable

‘be present in the vessel.
of pure water is 3206 p. s.-i. absolute, or 3191
These pressure or temperature
- conditions, or both, easily may be exceeded as the
vessel is heated the liquid placed in the vessel
in sufficient quantity at room temperature having
then expanded to fill the entire vessel with a fluid
- having no phase boundaries or liquid-vapor in-
It is noted that the critical tempera-
ture and the critical pressure may be somewhat
different, and probably several percent or even
=~ more hlgher for the system actually present in

under these conditlons over a permd of several.
~Excellent results also may be obtained.
‘with a 709 charge at room temperature, for
). exanple if the chamber 27 is maintained at a
temperature within the range of about 350 to

~ 870° C. while the temperature in the chamber 24
is maintained 6 or 8 degrees hlgher grvmg a gauge

weeks.

pressure of about 6000 p. s. 1.

The effect of the rocking depends to some ex-
tent on the physical condition of the fluid in the
Assum-
ing the fluid to have the properties of pure_ :

a. single phase can be present in the
vessel when the temperature is everywhere higher -

chamber under the growing condltlens

water, only

than the critical temperature of 374° C. Satis-

factory operation often can be obtained, how-
ever, under lower temperature conditions, al-

though the higher temperatures fr equently are

vessel with enough hquld and then heating to a
sufiiciently high temperature only one phase can

p. S. 1. gauge'

terfaces.

" the pressure vessel, which has physical properties

6O

43, 44 are slid and

65
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-~ established

vessel and maintain the desired -elevated tem-

- _peratures of the ﬂmd with the resulting elevated;

s

differing somewhat

tions, it

event,

to rapid growth of quartz of high quality.

If one of the cross pipes 71 or 712 is mamtamﬂd '

elevated always higher than the other cr 0ss pipe,

‘and higher temperature conditions are main-
tained in the chamber 24 than in the chamber 27
a convection flow of the fluid in the vessel is
fluid moving from
chamber 24 to chamber 27 through the hlgher_

w1th warmer

cross: pipe and with cooler fluid moving from

chamber 21 to chamber 24 through the lower‘ |

Moreover, if the pressure is main-
tained above the critical plessure by filling the

The critical pressure

ircm those of pure water.
However, if the Auid in the vessel is maintained -
at pressures ahove the critical pressure of pure
water and under elevated temperature condi-
is very unlikely that a vapor bubble of
appreelable size will be present in the vessel in

- equilibrium with liquid solvent medlum o
it has been established that pressures
above the critical pressure of water are conducive

In any

>y



In such 8 case. the prowsmns for

- eross pipe.

heating the two chambers. constitute means not

| also for effecting transfer of the fluid from each

2,675,303
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-.elevated temperature and- ‘pressure “conditions

' - used, a vapor-liquid phase boundary in the vessel
only for mamta*'mng the fluid under the specified

elevated temperature and pressure conditions but

of the chambers to the other thereof fthrough

“the interconnecting channels or plpes ‘Operation
of the apparatue in this. manner, however, has

‘the disadvantage that eubstantlal tempefature-

- 'grad:len ts tend to appear lengthmse of the two
chambers, and the continuous flow -of the ﬂmd_

. In one direction carries so much heat that it be-
comes difficult to maintain a predetermined tem-

perature difference between the two chambers. -
~ The rocking motion of the table (1, described
"heremabove about an axis parallel to the CTrOSS

10

with a substantial volume of the vapor phase.

"When this is the case the rocking causes not only

‘convection movements of the fluid but also causes

- vapor bubbles to move from the lower to the

- higher ends of the chamber. or chambers.
- flowing motion of vapor bubbles may aid the flow

This

of fluid between the silica~dissolving and quartz- -
growing regions anhd promotes desirable mixing of
the liquid present in each of these regions.

- ample, with temperatures in the nelghborhood'

15

- pipes B ahd 62, so that one of the crass pines

1S altemately hlgher and lower than the other,

~causes convection currents first in one dlrectmh?
and then in the other direction through each of |
- When  the cross pipe Ti is
higher during the rocking cycle a small amount

“the cross pipes.

of the warmer, saturated fuid from the elhea

 dissolving ehambel passes through this pipe into o5

the chamber 27 and distributes itself around a

20

of 300 to 350° C. and an initial charge occupying

some 50% of the free Volume at room tempera-
ture.

A -substantial volume of- the vapor phase
under quarta-growmg conditions of only 5% to

'10% of the internal volume causes good fluid

transfer and mixing conditions in- apparatus of

‘the type illustrated.:

As was pointed out heremabove cem?eetmn
currents are set up in any quart-growing ap-

~ paratus, when some portions of the fluid medium

rather 11m1ted region near the left 'end of the

chamber 27, as seen in Flg 1.
ing cycle, when the pive 71 is lower than the pipe
12, the direction of flow tends to reverse. HOW-

ever, at the same time the warmetr: ﬂmd Whmh'
has just entered the chamber 21 tends to 115e in

‘this chamber toward the: other end, wh*ieh is now

Later in the rock-. :

in an upper part of the presure vessel are main-
tained substantially cooler than other portions

‘of the medium in a lower part of the vessel,
- which tend to move in fixed patterns of fAow. In

- other words, the maintenance of these dlﬂerenees

30
~ erally fixed pattern at any predetermined po-

:_ the higher end. 'Thus the seeend half of the :

rocking cycle tends to move the warmer fluid,
which entered the chamber 27 durmg the fir s**

s

" half of the cycle, away from the pipe 11, causing

~ dispersal of the warmer fluid: throughout the

chamber 27 and mixing of the contents of the .'

chamber.

Likewise, cooler fiuid from the cham-
‘ber 27, which enters the chamber 24 through pipe
T When the pipe 11 is lower; tends to flow along

in temperature in the fluid medium causes
thermal convection flow of the medmm in g gen-

sition of the vessel. These patterns of convec-

tion flow may be quite unpredictable and may
--ehmmate all but & small part of the pressure
' vesse]l as suitable reglons for growing quartz or
for dissolving silica. ' A means for moving the

vessel 1o provide varymg relatwe elevations be-

| 'tween the warmer and the cooler portions of the

- cﬂuzd medmm such as the rocking arrangement

4()

shown in the Rig. 1 apparatus ‘has the éffect of

~ varying the patterns of convection flow of the

~the chamber 24 and to be mixed with the warmer

fiuid in that chamber later in the rocking cycle
- when the pipe T{ is thher

scribed is suffi

- ing more fluid to pass through the pipes 71 and
'- ‘!2 than can’ be aeszmﬂated bv the convection

mixing within each chamber. ‘Nevertheless, the

If the rocking of
the tahle 1§ is limited to reasonable angular ex-
cursmne the disper sal or m1x1ng action just de- -
cient' to maintain substantially
uniform tempe1 atares throughout the lengths of

| -the mdwﬁual chambers 24 and 21 W1thdL.t caus— |

50 with another feature of the invention, the process

_:_for growing single crystals of quartz comvrises
supporting at least one quartz crystal seed in a

“extent of the rocking should be sufficient to cause

an appreciahle transfer of fluid by convemmn{_
currénts between the two chambers in spite of - &
the ebstruetmg action of ‘the solid contents of

~ the two chambers and of the constricted open-
ings in the connecting pipes. At the least, the

:medmm in the VIcmlty of the seed or seeds. thus

1ncreasmg the size of the regions wuseful for

~ growing quartz and also improving growing con-
ditions by causing flow over the growing surfaces.
- This effect may be obtained in numerous types

and. arrangemente of apparatus for - growmg

 quartz crystals.

“Thus it will be underetood that. in accordance |

“pressure vessel, placing in the vessel a siliceous
‘supply material, such as lumps of crystalline
quartz, and a silica-transporting fluid medium,
- ‘such as an aqueous sodium carbonate solution,
~and sealing the vessel and maintainineg the fluid

| medmm therein under elevated temverature and

temperature differences encountered at various

points along either one of the chambers should’

 be kept eubstantlallv smaller than the dl*’ference- |

between the mean temperaturee of the two

‘-che mbere accordmgly the rocklng arranﬂ'ement |

‘scting tranafer of the fluid fmm

 gach of the chambers to the other thereof al-
~ ternately in ‘opopsite. dlrecbmna ‘throuzh the
- interconnecting channels or Ppines and also for
~ effecting dispersal within the ‘quartz-growing '’
region or cha mber of the ﬂuld so transferred-f

. therete

in the reeeel are such as to provide under the

ing and me*‘e epeelally by rockmg the. p1 esqure ’;5':*35.'

. _veseels for e

pressure conditions to permit solution of the
- supply material in the fluid medium and deposi-
tion from. the medium of quartz on the seed, some
- portions of the fluid medium in the vessel being
"mamtalned substantrallv cooler than other por-

tions thereof so that the difference in tempera-—

‘ture causes thermal convection flow of the me-

- dium at predetermmed positions of the vessel.

| in to eff
In accordance with another feature of uhf:,‘ in-

' '--'ventmn the ceh‘rposrtmn and quantltv of the mid -

75

This process additionally comprises moving the
~_pressure vessel, for examole by rocking the ves- -
sel about a roughly horizontal axis, to provide
) varving relative elevations between the afore-

mentioned several portions of the ‘medium there-
ect varying patterns of the convectmn |

'ﬂow 111 the 11101111tv of the seed,

Fig. 4 is a simplified plan view ﬂlustratmg a

| mod1ﬂed quartz-grewmg apparatus af the same

The
two-phase condition may be obtained, for ex-



o wated in Fies. 2 and 3

N ,resnect to the four cross pipes.
as with. the Fig. 1 apparatus, at one extreme posi-

- will ‘ecarry convection

- 11

~general type as the Fig. 1 apparatus.

~sumed that the apparatus is in a generaliy hori-
zontal position, and the leit-hand portion of Fig.

4 ig sectionalized along a central horizontal plane

- to0 show the-interior portions of the chambers and

It is as-

- 2,‘,675',303
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-adjacent to the openings of the cross p:.tpes it -

~ is convenient to use an even number of cross

: _-mterconnectmg pipes. - The Pig. £ apparatus may

‘be very similar to that illustrated in Fig. 1. Con-

sequently all details of the contents of the cham- | | .
. the four pipes shown in Fig. 4, any local tempera-~

bers, the heating and heat-insulating arrange-
ments, the supporting and rocking mechanism,
and the temperature- and pressure measurmg de-
vices are omitied from Fig. 4. |

- The Fig, 4 apparatus compnses a,n elongated
-silica-dissolving chamber 101 and a similar elon-

gated quartz-growing chamber {02. The chan-
‘nel- means communicating between these two
" chay mbers. comprises at least four substantlallv
e aterally senara.ted cross pipes 103, 104, 105, and

o 188. The cross pipe construction may be as ilius-

for the ¥ig. 4 apparatus, the elongated chambers

- may have an over-all length as great as 101,
 feet with an internal diameter of 6 inches and

3 wall thickness. of stainless steel of about 1%
~ inches.  The relative d1mensmns of the othe:.
- parts may bhe estimated from Fig. 4, the cross
pines heing separated laterally by some 3 feet
from each other. Seeds having major surfaces
with both width and.length dimensions more
‘than 2 inches may be used, although a greater

mmimber of smaller seeds might prove preferable.

- Apparatus constructed very similarly to that
) .111115trated in Fig..1 may have dimensions of the
same order of magnitude; successful apparatus
of this descr:.ptmn has been used with the two
elongated chambers about 3 feet long and about
3 inches in internal diameter.
~each about 1 ¥
‘more than 2 pounds of quartz of good quality has

 heen grown in less than 49 days. The high qual-
ity of the quartz grown makes the product 10 to

20 times as valuable in terms of usuable volume

. of oscillator grade quartz than the average raw
._electmcal quarta of commerce.. |

' The Fig. 4 apparatus is preferably rocked about

| EI‘}. axis parallel to the cross pipes. 103—106, the

xis conveniently being located centrally with
Accordingly, just

 tion in the rocking cycle the pipes 103 and 194
currents in one direction
- and the pipes {05 and (66 will carry convection

currents in the other direction. If desired, the

~ pipes 184 and 105 may have somewhat larger

internal diameters, or the pipes 103 and 108 may
he somewhat restricted at their entrances in

crder to equalize the convection currents through

the four pipes, since the hydraulic pressure heads

- due to the differences in density between warmer
. and cooler fluid tend to be greater for the two

‘end pives 103 and 106.

for the apparatus shown
in Mg, 1. As an example of practical dimensions

Using 19 seeds,
. 1Y% inches in width and length,

10

15

20

‘pives so that a symmetrical arrangement will not

involve & centrally located cross pipe, which

would remain- at a constant relative elevation
- during the rocking cycle and thus would tend to
. carry iluid in only one dlrectmp, if at all.
at least four cross pipes are used, for example

Wher

ture variations in the chambers due to conduction
of heat through the walls of the cross pipes to
or from the walls of the chambers is minimized,

since the pipes connect to the chambers at more
closely spaced and more numerous points. Like-

wise the fluid moving back and forth through the

pipes - is removed from and injected into the
chambers so that the fluid so transferrad is more
evenly distributed along the lengths of the elon-
gated chambers. When the chambers: are of
rather great length the use of at least four cross

‘pipes therefore adds materlaﬂy to eage of wmz nl

and uniformity of operation.

- Apparatus for growing single cwsml& of qaarnz
comprises, as illustrated and described herein-

5 above, a vessel adapted to w1thstand elevsted .
temperatures and internal pressures and having

~ an internal chamber with rounded wall portions,

30

Y
Cat

such as the chamber 27 of the apparatus of Figs

1-3 or the chamber (82 of the Fig. 4 apparatus.
In accordance with another feature of the pres-
ent invention liner means is provided in contact
with at least some of the rounded wall portions
- of the internal chamber and having a central
- opening with substantially plane bounding sur-
faces and square corners to provide channels

- adapted for disposition therein of guariz seads.

The liner 89 shown in Figs. 1-3 constituies such

liner means. This apparatus further includes
means in the aforementioned channels in contact
with the liner means for supporting quariz erystal

‘seeds in portions of the chamber not occupied by
e Ii The supporting means just
‘mentioned may tak_e the form of the seed sup-

the liner means.

- ports or holders 85 and 9% shown in Figs. 1-3.

The liner 99 of the Fig. 1 arrangement is shown

- _'111 perspectlve in Fig. 5. It appears in the draw-

ing to be fashioned from two hemicylindrical

~ bars {1t and {12 with a large friangular notch

65

- within the chamber.

As noted hereinabove, | the temperature dis-_ |

| __tr:;butmn within the elongated chambers is de-
- termined by heat. conduction through the walls
of the cross pvipes, bv .the rate of fluid fransfer

~ therethrough, and by the disper 53] and mixing of
~the fAluid transferred within the individual cham-
~hers. Tt is preferable that this dispersal he ex-

~ tensive enough sc¢ that not only does the tem-

" - perature -in an 1nd1v1dual elongated chamber
" show little variation from one end of the cham-

 ber to the other; but also the conecentration of
all the fluid within e1th.91 one of the chambers is

.substantmlly the same excent m small regmns

70

"

113 in the section {11 and g similar large triangu-
lar notch {14 in the section {{2.
tions are placed together so that the two triangu-

lar notches meet in alignment and outline a
- When

square central opening inside the liner.
the pressure vessel and the internal seed-holding
chamber therewithin are elongated, as in the
embodiments illustrated in the drawings, this
liner arrangement will be seen to provide an es-
sentially four-sided elongated working portion
The liner assembly also
may be seen in the end view of Fig. 6, showing the

two sections ({1 and 112 outlining a sauare cen-

tral opening. Within the opening two sebs of

“seeds, an upper set including a seed ({§ and a

lower set including a seed (17, are supporied by
an upper support 118, a central support £18, and

a lower support 128. The supports 148, 18, and

{20 constitute an alternative form of the seed.
supports 95 and 96 shown in 1"1gs 1 and 3. The

supports 118, t18, and 120 are notched, as shown

in Fig. 6, so that the upper edge of the upper seed
116 is held in the support {18, the lower edge of

the upper seed 116 and the upper edge -of the

lower seed 117 are held in laterally spvaced notches
-in the support 119, and the lower edge of the
lower seed. 117 is held in. a notch m the lowei |

The two sec-

¢y
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suﬁpert 120 "The left and right edg‘es ef fhe

' 8 centi'el Open‘ihg with sﬁbstantla,lly

-supports atre held in eontaet with the plane '

beundmg surfaces 01’ the centrel epemng in the
_.'lmer 89,

- An alternatlve form of . lmer s shewn in end-
- view in Pig. 7. 'This liher has two ‘sections 12§
and 122 with hemlcylmdrlcal surfaces, and the

sections 121 and {22 fit together to form a cylin-

- drical lmt:r for sliding into the quartz-growmg |
- ‘chambeér.

The interior of thle cempemte liner
means has an openmg, as seen in Fig. 7, with
plane boundmg surfaces and square corners to
‘provide channels adapted for disposition there-
“in of quartz seeds.
holders metitioned and illustrated her einabove,
- and of conventional mechanical eonstruction, are

provided in the channel within the liner means
- and in contact with the liner means to stpport

quertz seeds such as seeds l23——l26 shown in Pig.

- 7. An additional seed 12T may be disposed in the

- -eentral part of the epemnﬂ' in the liner. - Tt will be
fepparent to one s}rzlled in the art who is fe,mlliar

with the shapes in’ which quartz naturally grows
- that other seeds may be placed behind the seeds
123—127 seen in Fig. 7, and that such seeds may

liner.

14

plene o

_fbeundmg surfaceS, ahd means in contact with

said liner for supporting duartz erystal seeds in
portions ef sald chember not eccupled by sald

3. Apperetus for growing emﬂle eryetels of

'--que,rtz comprising: a vessel adapted to withstand

-glevated temperatures and internsl pressures and

16

Means similar to the seed

having an interinal chember with vounded wall

‘portions, linél ineans m eente ot with at least some

of said rounded wall pertlens and having a cen-
tral opéning with plane bounding surfaces and
.equme porhers to provide channels adapted for
digposition therein of quartz seeds, and means in

said channels in contact with sald liner means for

Supeertmg such quartz seeds in portions e’r‘ smd.

' ‘chambernot occupied by said liner means.

4, Apparatus for growing single eryetals of

| ]quea tz comprising : a vessel e,chpted to withstand

20

be staggered length-wise of the central opening -
in the liner for the most, efﬁ(:lent use of the space

eVe,Ilable |

- To facilitate heetmg by cenductlen t‘lrough
the walls of the chamber containing the liner,
it is ‘advisable to use a hee,t--eonductmg liner.
guitable metemal is grephlte and graphite liners

- of the types shown in Figs. 5-7 may be formed
from circular or square rods of preformed graph-
ite by simple and- inexpensive machining oper-

The use of graphite has the added ad- -

Oc- - stili higher temperature conditions in said other

' ations.
'_Va,nte,ge that the me,terlel is frenglble
casmnelly dlfﬁeulty is expemenced in 1emov1ne

‘the seed holders from the chambers, although
-eidmemly the. graphlte liner means of the type

"

ot
.
Tapg

having an ihiernal chember with rounded wall -
portions, liner means in contact with at leesb
some-of said rounded wall pertmns and haying a.

 substantially square central opening, and means
in centact with ssid liner means for euepertmg
auartz erystal seeds in portions of Sald ehambel

net eeeupled by said liner means. -
5."The process for growing smgle elystels of

quartz, comprising: disposing at least one quartz
_'rr‘afstw seed in one region of a pressure vessel and

a, siliceous supoly material in another region of

| -eeld vessel eewmumeetmg thr ough constricted

channels with said cne region and placing a gol-

vent ﬁu}.d in said vessel: applying heat 10

'11341"1-

tain said fuid under elevated temperature and

pressure conditions in- said ‘one regmn and under

- region; and moving said vessel to effect transfer -

- of said fuld from each of said regiong o the other

A1)

'111ustreted serve very eonvemently fo1 insertion -

“and removal of the seed holders.

If neeessary, -

~ however, the frangible graphite liner may be
‘broken up and the crystals removed from the

 chamber without damage te the erystele 01* te-_ .‘-:-53' .

'-‘the Pressure vessel.

- While there. have been descrlbed what et pre'-;-- .
“ent dre considered to be the preferred embodi~
ments of this invention, 1t will be obvicus to those

skilled in the art that various changes and modi-

s ':ﬁee,tmns may he made therein without depart-

143

ing from-the invention. Ttis aimed, therefore, in

the appended claims to cover all such changes

and medematmns ‘which fall. w:tthm the trueﬁ.

spirit and scope of the 1nvent1on
What is claimed is:

‘1. Apparatus for gromng smg;.e c*'ystals of

vt §
i |

quartz -comprising: an elongated vessel adapted

- to withstand elevated temperatures and internal
internal

- pressures and having -an elongated .

- Tegion; |

Of said fluid from each of eaid regions to the other

thereof alternatively |
Throtigh said o

__:+1'1e1 eo? Lhmmh s2id" ebennels and to effect dis-
‘persal within said first~mentioned one region ef |
- the fluid so transferred tnereto whereby silica is .

dissolveg fmm said supply materlel by said ﬂmd

and quartz is deposited therefrom on said seed.
0. The pmuess Ier ffmwmg single er yetels of
uattz, cerﬂprlsmg emmesmg 2.t leest one guarts

.' ---s-tal seed in one region of a pressure vessel
| and 5, siliceous supply maierial in gahother region
‘of said vessel eemmumeetanw thr ough eenstnﬁted-

channels with said one region and placing a sol-
"vent fuid i said vessel; applying heat te maintain
S&ld filuid undey elevated tempelem and pres-

sure ‘conditions in said one region: and under stzll

said othe
Teet transf er

hlg‘rler temps_“..ature conmtmns in
and moving eald vﬂseel o e:

in. opposite directions
e nnels e,nd t0 eﬁeet d...eeersel’

- within said first-mentioned one region of the fuid

610)

‘chamber with rounded wall portions, heat-con-

. ducting liner means in contact with at least seme__.

‘and means in-cohtact with said heat-conducting

liner means for supporting quaitz erystal eeede'-: o
in pertlens ef eezd chamber not eeeupled bv eeld-'

.-hner means.:

2. Auperetue for growmg smgle cryst als of

a:quartz comprising: a vessel adapted to withstand

elevated temperatures and internal pressures and
- having an internal chamber with rounded wall

~ portions, & graphite liner in contact with at least g
_'~some e-f smd reunded wall pertlons and hawng

. the critical pressure of water;.

_se Bi‘ens:tel red therete wher ebvy silicg, 18 dlsselved -

from said supplsf materini by said fluid and quar be_

.1z deposited therefrom on said seed.
-of 3aid rounded wall portions and: hevmg a‘cen-

- tral opening providing an essentially four-sided
- elongated working portion within said chamber, ©:

7. The process mr grwfmg emﬁ*le erysfels of

-*'quertz, comprising: disposing af least one guartz
" crystal seed in one region of 4 pressure vessel and

g 'siliceous supva material in finetner region of

said vessel cemmumeetmg thl ough constrietas

s channels with sald one rezion and placing an
0 alkaline agueous sclvent fluid in said vessel; ap-
'-j-jpl'ymg heat to ma,mtam said fAuid under elevated
“semperature and pressure eonditions in said one.

1*egien and under stili higher temperavbure eendh—
tions in said ethe1 reglen and ay pressures above
and moving said

jveseel te effeet tranefer ef s'ud ﬁmd frern eeeh ex

elevated temper atures and internal pressurss and - -



- region; and rocking said vessel to ef
. of said fluid by convection currents from oar*h

f-2i675§3 03
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-said vegions to the other thereof through -said
_oho,nnols Whereby silica is dissolved from said

supply material by said fluid and quortz is de-

- posited therefrom on said seed.
- 8. The process for growing single erystals of

"quortz comprising: disposing at least one cuartz
erystal seed in one region of a pressure vessel
and a siliceous supply material in another region

- of said vessel communicating through constricted

channels with said one region and placing an
aqueous solvent fluid in said vessel; applying heat

 to maintain said fiuid under predetermined ele- .

vated teraperature and pressure conditions in said
cne region and under still higher temperature
conditions in said other region, the composition
and quantity of said aqueous fluid being such as to
- provide under said temperature and pressure con-
. ditions a vapor-liquid phase boundary in said ves-
sel with a substantial volutune of the vapor phase;
and moving said vessel to effect transfer of said
fludid from each of said regions to the other there-
of through said channels, whereby silica-is dis~
solved from said supply material by said ﬂuld and
quartz is deposited therefrom on said seed.
- 9. The process for growing single crystals of
- -guartz, comprising:
crystal seed in one region of g prassure vessel and
a siliceous supply material in another region of
ELTCI vessel communicating through constricted
ohannels with said one region and placing g sol-
vent fluid in said vessel; applying heat to main-
tain said fluid under elevated temperature and

pressure conditions in said one region and under.

still higher temperature conditions in said other
ect transfer

of said regions to the other thereof through said
channels and to effect dispersal within said one
~ region by convection movements of the fluid so
 transferred thereto, whereby silica is dissolved
- from said supply material by said fluid and quartz
is oopohlted therefrom on sald seed.
- 10,
quartz, comprising: disposing at least one quartz
cryst al seed in one region of a pressure vessel and
a sﬂmoous supply material in another region of
‘sajd vessel communicating through constricted
channels with said one region and placing a 501~
“vent fluid in said vessel: applying heat to main-

~ tain said fluid under elevated temperature and 3
- pressure conditions in said one region and un-

der still higher temperature conditions in said

~ other region: and rocking said vessel so that cne
. of said channels is alternately higher and lower
than another of said channels to effect transfer of ;

disposing at least one quartz

) 4

10

15

20

30

16

ture and - pressure conditlons in sald - quartz-

growing chamber and under still higher tempera- =

ture oondmons in said silica-dissolving chamber;
and mechanical means for effecting fransfer of

said fluid from each of said chambers to the other
thereof through said pipes and for effecting dis-
persal within said quartz-gr owing ohamber of
the fluid so transferred thereto.

12. Apparatus for growing single crystals of
qua,rtz comprising: a pressure vessel including a
silica~dissolving chamber for receiving a siliceous
supply material and including a quartz-growing
o;_.amber arronged to hold at least one quartz

crystal seed so that there may be disposed in said

vessel a fluid for dissolving therein silica from
said supply material and for depositing there-
from quartz on said seed:; two pipes forming part
of said pressure vessel and communicating be-
tween said silica-dissolving chamber and said

quartz-growing chamber; means for maintaining

said fluid under elevated temperature and pres-
sure conditions in said quartz-growing chamber
and under still higher temperature conditions in
said silica, dl“SOlVlng chamber; and mechanijcal
means for effecting transfer of said fluid from
each. of said ohambers to. the other thereof
through said pipes and for effecting dispersal
within said quartz-growing ohamber of the fluid
so transferred thereto.

13. Apparatus for growing smgle crystals of
quartz, -comprising: a pressure vessel including
an elongated silica-dissolving chamber for re-

ceiving a silicecus supply material and including

an elongated quartz-growing chamber arranged
to hold at least one quartz olysta,l seed so that

- there may be disposed in said vessel a fluid for

40

The process for growing single orystals of

chamber;

dissolving therein silica from said suz)ply mate-

‘ria] and for depos:xtmg therefrom quartz on said

seed: two pipes forming part of said pressure ves-
sel, oommumoatmg between said silica-dissolving
chamber and said quartz-growing chamber, and
joined to each one of said elongated ohambers at

points spaced substantially apart therealong;

means for maintaining said fluid under elevated
temperature and pressure conditions in said

quartz-growing chamber and under gtill higher -

temperature conditions in said silica-dissolving
and mechanical means for effeotmg
transfer of said ﬁmd from each of said chambers

{0 the other thereof through said pipes and for

effecting dispersal within said quartz- growmg _'

| ohamb..,r of the fluid so transfe red thereto.

1
-t

said fluid by convection currents from each of

said regions to the other thereof through said
- channels and to effect dispersal within said one
region by convection movements of the fiuid so
transferred thereto, whereby silica is dissolved

80

from said supply material by said fluid and quartz |

is deposited therefrom on- said seed.

- 11. Apparatus for growing single crystals of

quariz, comprising: a pressure vessel including
a silica-dissolving chamber for receiving a sili-
ceous supply material and including a quartz-
growing chamber arranged to hold at least one
quartz crystal seed so that there may be disposed

in sald vessel a fAuid for dlssolvmg therein silica
- from said supply material and for depositing

therefrom quartz on said seed: a plurality of pipes
forming part of said pressure vessel and com-
municating between said silica-dissolving cham-
ber and said quartz-growing chamber; means for
_' mamtalmng said ﬂmd under elevated tempera-

14, Apparatus for growing single crystals of

quartz, comprising: a pressure vessel 1no1ud1ng
a silica-dissolving region for receiving a supply

‘material of crystalline quartz and including a

quartz-growing region arranged to hold at least

one quartz crystal seed so that there may be dis-
posed In said vessel a fluid for dissolving therein .

silica from said supply material and for deposit-
ing therefrom quartz on said seed; constricted
channel means in said vessel communicating be-

tween said sllica-dissolving region and  said

- quartz-growing region; and means for maintain-
65

ing said ﬂoid under elevated temperature and
pressure condifions in said quartz-growing re-.

 gion and under still higher temperature condi-
tions. in said silica-dissclving -region and for

70
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oﬁﬂotmg transfer of said fluid from each of said

regions to the othor thorof through smd ohannel :
‘means.

~ 15. Apparatus f01 growing sulg}e cry,gta]s of
quartz, comprising: a pressure vessel including a

_sﬂmo-dlssolvmg ohamber ifor reoemmg a supply

|||||
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| quartz -~y owmg ﬂhamber arvanged 10 hold at least |

one quartz crystal seed so that there may be dis-

posed in said vessel a fuld for dissolving therein

silica from said supply material and for deposit-

ing therefrora quartz on said seed; a plurality of
pipes forming pairt of said pressure vessel and
Said  silica-~dissolving

communicat ing bety EELY
chamber and said quartz-growing chamber; and
means for rfm.,.w:v. .1:r:zg
- temperature arnd pressure conditions
- quartz-gy {}W'img chamber and under still higher
 temperature conditions in said silica-dissolving
chamber and for effecting transfer of said fluid
from each of said chamhﬂrs to the other there-
of through said pipes. -

- 18. Apparatus for gmwmg sm. Cry
quartz, comprising: a pr essure *;resqs'\
an emnﬂatﬁd Slllﬁ&mdlSS*:} ving
celving a, allmeﬂu
an elonﬁmt,d

ineciuding

supply material and including
wartz-gro ving chawmber arranged

to hold a nl: ';_T'aﬁ ity of quartz crystal seeds so that

there may he disposed In sald vessel g fluid for
dissolving therein silica from said supply ma-

terial and for depositing therefrom quartz on said -

seeds; two generally parallel pipes forming part
of said pressure vemel communicating- ﬂetween
sald gilica.

elongated mdm‘jeffa al poinis
tially apart therealong, said pires having suffici-

ently great lengths and sufficient] Jr small wall -
~ thicknesses 1o p@rmzr subﬂram bial  temperature
differences between the walls of sald two chambers

without rapid conduction of heat therebabtween:

means for heating said iwo chambers and .&md |
pipes vo maintain sald ﬂmd in Emld vessel 1]"'1@531_

elevas ed uemper?tu e and pre sure conditions and -
sgid silica-dissolving

substantially warrmer in

anid Buid under elevated
in said

Jhanﬁ Ler for re~

2,375;303
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- still higher temperature conditions in said silica-

- rocking said vessel about 2
_to the axeg of said pipes to eflect 4

dissclving chamber; and mechanical means for
an axis 1'@11g'h13r parallel
gnsfer of said
Auid by convection currents fmm cacn of said
chambers to the other thereof throug h said pipes

- and 1o effect dispersal within said q,liu. {Z-2rowing

chamber by convection movements of the fluid

S0 transierred thersto.
10

18. The process for growing single crystals of

. guartz, comprising: supporting al least one guartz
Crystal se

2d in o pDiessure vessel; placing g silice-

- OUS 8su };‘QIV material and a silica-transporting

15
stals {J:E.

| __._Ilui

20

fiuid medium in said vessel; sealing said vessel
and maintaining said fuid medium therein under
clevated teraperature and pressurs conditions to
pevmi' soiutiont of said supply material in said
medmm and deposition from 3id medium
of quartz on said seed, some portions of said fluid
medium in said vessel br ng maintained substan-
tially cooler than other portions thereof so that
the difference in temperstiure causes thermal con-

~ vection fiow of said medium at predetermined po-
- sitions of said vessel; and moving said vessel 1o

-dissolving c;.nmbe and said guartz-
growing chamber, and joined to each one of said
spaced substan-

N
L IR

3
-l

chamber than in said guartz-growing chamber:

and mechanical means for rocking said pressure
vessel about an axis generally peraliel to said
pipes, with said twa chambers and said pipes dis-

po,:,ed in a roughly horizontal plane at the mean
position of said _vcssﬂ, to effect transier of sald
fiuid from each of said chambers {o the other
‘thereof by convection currents alternately in op-

posite directions through sam pines and 1o eifect

dispersal of fiuid so transferred by convection
currents in lengthwise directions within the re-
spective elongated chamber to which such fluid
is transferred to keep any temperature differences
in the fluid in each one of

_said

tween the mean tﬂmpel a,uures of uhe ﬂmd 1
two chamuers - - -

17. Apparatus for gmwmg smgle crysta,ls of
quariz, comprising: a. pressure vessel including
an elongated silica-dissolving chamber for re-
ceiving a siliceous supply material and including
an elongated guartz-growing chamber arranged
to hold at least one dquartz crystal seed so that

there may be disposed in said vessel a ﬂmd for

dissolving therein silica from said supply ma-
terial and for depositing therefrom qua,rt? on said
seed: a plurality of pipes forming part of said

‘ing chamber; means for maintaining said fluid
under elevated temperature and pressure condi-
tions in said quartz-growing chamber and under

| said two eiongated |
chambers small compared with the difference be- |

A%
=t

50

55

80

N ummf '

5 provide varying relative elevations hetween said
- several portions of said medium therein to e
_varymg patterns of said convection.

) effect
flow in the_

vicinity oif said seed. o
15, The process for gmwmg singie Lrysta,ls of
guaritz, m;nnm::,m*ﬁ*. supprorting av least one quartz

crystal seed in a pressure vessel: placing a silice~
ous supply

maverial and g sﬂwa-transpm ting
fluid medium in said vessel; sealing said vessel
and maintaining saild fiuid medivm therein un-
aer elevaved temperature and pressure conditions
o permit solution of said supply material in said.

fluia medivm and demmtmn from said medium

of quariz on said seed, some portions of said Auid

- medium in said vessel being maintained substan-
" the difference in tempera’ ture causes thermal con-
vecticn ilow

_positions of said vessel; mlld iockmg said vessel

tiaily cooler than other partmns theraof so that

of said medium at predetermined

about a roughly horizontal t0 provide varying
relavive elevations between u...uld. several portions
of said medium therein to effect varying patterns

of szaid convection ‘iow in ‘the Vlmmty of smd
seed |
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pressure vessel and communicating between said -
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