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This invention relates to improvements in ap-  Fig. 7 is an end view of & modified form of
paratus for making solid carbon dioxide either mold which is insertable info a cylinder of the
in the form of large blocks or in the form of form shown in Fig. & C : o
-small blocks, pencils, pellets and the like. - : The general object of this invention is to pro-

8  One of the objects of this invention is the pro~ vide s novel method of making solid carbon di- €0
vision of & novel method of forming solid carbon oxide from carbon dioxide slush, as well as the
dioxide, _— : ’ i apparatus for csrrying out the method.” The -

A further object of this invention involves.the carbon dioxide. liquid is introduced into the
method and apparatus by means of which liquid solidifying chamber of the machine at the so-

10 carbon dioxide is delivered into a compression called triple point so that it exists therein under 85
-chamber at the triple point pressure, wherein ‘s condition of solid liguid g¢nd gés. The slush -
it exists simultaneously in the solid, liquid and . consists of & mixture of lauid and solid and
gaseous condition, ' ‘the portions of the two of cburse vary with

A still further object of this invention.in- the chamber and pressure conditions within the -

18 volves the method of directly solidifying the chamber. If desir:d the density of-the finished 70
slush present at the triple \point condition by mass may be increased by mgchamcauy com- .
reducing the pressure thereon or by first me- pressing the siush mixture before reducing the
chenically compressing the slush and then reé- gas pressuré in the chamber. If a less dense mass

- ducing the pressure thereon. - - is desired the mschanical compréssion is done

20 A still further object of the invention is to away with and the pressure on the slush is-col- ¥§

provide an apparatus for carrying out this meth- lapsed to _permit direct: solidification ‘thereof. -
od to form the slush into relatively large plocks Where it is desired to produce solid carbon di-
or in smaller pieces of any desired size and con- oxide in the form of smaller pieces than nor-
fguration. o mally employed the slush may be allowed to fow
95  Another object of this invention is the pro- ‘into 2 mold within the chamber so that when gp
vision of & machine for carrying out this method, the slush is solidified the result is & plurality of
employing a novel form of gate-structure for smaller pieces of a shape depending upon the -
closing the cylinder of the machine while in use: mold shape. e
Another object of this invention involves the Referring to the drawings in detail the nature )
.30 construction and shape of the solidifying chem- of the invention will be better understood. . One gg
ber to insure sufficient strength under the pres- form of machine as disclosed for purposes of 1llus-
sures and temperatures encountered.’ " tration is shown in Fig. 1 as comprising two con-
These and many other objects as will appear centric cylinders 1 and 2 held in spaced relation
svom the following disclosure ore secured by by means of closure rings 3 and 4 to provide a
35 means of this invention. v doutle wall vessel as shown. As illustrated gg
This invention resides substantially in the com- . these -cylinders are of circuldr cross-section (see
bination, construction, arrangement, relative lo- Fig. 3). As is well known the circular cross sec-
cation of parts, steps, series of steps, snd the tion is the best from the viewpoint of strength, -
product in accordance with the following dis- which is of considerable importance in a machine

~ 40 closure. ‘ ~of this type in view of the high pressures and gz

Referring to the drawings: . o iow tempersiures to which the machine is sub-

{ tional view Jjected.  If desired the cylinder construction may

Fig. 1 is a longitudinal cross sec ¢
through the machine of this invention with be like that of Fig. 4, wherein the outer cylinder -

some parts in elevation and some parts broken 2’ is circular &s before to give strength, and the
45 away. o inner cylinder 1’ has a rectangular cross seetion.  y40
Fig. 2 is an enlarged detail view of the gate The inner cylinder contacts with the outer cyl-
structure partly in section and partly in eleva-! ‘inder af its four corners and is pressed against
tion, : ) ’ .”the outer cylinder by meeans of fins or webs 50.
g, 3 is an end view of the cylinder consttuc- As before, & closed chamber is provided between
-0 tlon; ine inner end cuter cylinders for a purpose to be y4¢
" Fig. 4 is an end view of a modified form of cyl- described later. ! :
inder construction; ) R ‘As shown in Fig. 1 the Inner cylinder 1 extends
Figs. 5 and 6 are end and side views-of one beyond the outer cylinder 2 and is closed by -
form of mold which mey be inserted within the * means of a suitable closure plate 5. Within the _
56 cylinder to form carbon dioxide pencils; cylinder is disposed a slidable piston 6 which is 5,4
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hollow and ha.s its forward end closed by means ,
of a perforated plate 7. A series of ports 8 are
provided in the walls of the piston and its rear
portion is provided with longitudinal grooves 9 on
its surface. The piston rod 10 passing through a
suitable packing gland is provided for operating
the piston. A pipe 12 is connected to the project-

ing end of cylinder 1, and is connected by means

" of a suitable T to pipes 32 and 15. Pipe 32 is

10

15

20

connected to the space between the cylinders 1
and 2 and pipe 15 provided with a control valve
‘18 extends to any suitable receptacle such as a
gasometer to which the gas formed within the
inner cylinder may be delivered.. T 14 is con~
nected by means of pipe 17 through a check valve

+18 to the upper casing 11 of a heat exchanger of

any suitable structure. Check valve 18 prevents
escape of gas'froni casing 11 into pipes 17, 12 and
15, and cylinder 1 when the pressure in the cyl-
mder is dropped to effect solidification and when

the machine is being emptied. ; The upper end of -

the casing 11 is connected by pipe 19 through a
pressure control valve 20 to the pipe 23, which

" pipe likewise extends to a . suitable receptacle.

26

Pipe 23 is connected to the casing 11 of the heat
exchanger thiough pipe 21.and the valve 22. . The

.~ heat exchanger is of the well known type in which
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the casing 11 is provided with a series of pipes
extending therethrough in commiunication . with
the ends of the eylinders, but not in communica-
tion with the space within the cylinder. . The car-
bon dioxide liquid supply line is shown at. 24 pro-
vided with a valve'25. Thus the liguid carbon di-
oxide is delivered into the casing 11 around the
pipes which extend therethrough so that the space
within the pipes is not in communication with the
space surroundng them and within the casing 11.

The casing 11 is connected by a liquid supply
pipe 26 to the inner cylinder 1 through the branch
pipes 27 control valves 28, and lquid discharge
nozzles 29. Pipe 26 is also connected by means
of pipe 30 to the space between the two cylinders
at the end opposite to the point of connection
of pipe 32. Pipe 30 ls also provided with a con-
trol valve 31.

As shown more clearly in Pig. 2, the closure:

ring 4 is provided with a suitable gasket or seat
4’ against which the closure gate 33 presses to
seal the innher cylinder. The gate 33 is arranged
so that it may be tightly pressed against its seat

and moved out of place when desired. Mounted'

in any suitable manner on each side of the open
end of the. chamber are two vertical U-shaped
brackets 34. Only one of these brackets is shown
in the drawings, but they extend parallel to each
other and are mounted -on each side of the cylin-
der. At the top of the gate is provided a lug
which is pivotally connected at 35 with a link 35.

" The upper end of the link 35 is pivotally connected

at 35’ to the lower end 36 of a hand operated lever
37. Mounted on the top of the brackets are the
removable saddles 48 on which the lower end of
the lever 37 seats, as shown. The lower end 36
of the lever is provided with two ball shaped ex-
tensions 38 and 40. The extension 38 seats in
a socket on the saddle as shown. The ball 40 seats
in another socket 39 formed in-the saddle when
the lever 37.is pivoted to the left (Fig. 2).. The
gate 33 is provided with spaced journals 44 be-
tween which .a shaft 42 extends.- This shaft is
provided with' two spaced eccentrics 43 which
rotate in bearings in.the brackets 34.

A hand lever 41 is connected to the shaft 42 :

Fig. 2 shows.the gate closed and.pressed on its
seat. To release the gate arm-41. is swung in a.

through the branch 32. The pressure conditions

1,076,777

-clockwise direction This rotates shaft 42 and
carrles with it the eccentrics 43. These eccen-
tries react on their seats:in the brackets 34 forci-
bly pulling the gate 33 to the left a short distance

ual to the throw of the cams. - This provides a

structure by means of which a considerable pull
may be exerted on the gate to break it away from

80

the seat if it is sealed there by the frozen solid

carbon dioxide. ' Lever 37 is then pulled fo the left
starting the gate 33 upwardly in a vertical direc-
tion, Tremendous leverage can be produced by
this structure because of the length of lever 37

and the shortness of the lever arm between the

point 35’ and the center of rotation of the ball 38
in its socket. Thus the gate may be started up-
wardly, As the lever 37 is further maved to the

increasing the. length of the lever arm between

‘the pivot point 35’ and the center of rotation of

the ball 40. Thus after the gate is fastened and
started it may be pulled upwardly through this

construction to the point where it .completely

opens the cylinder 1. Of course the pulling mem-
bers 44, the shaft 42, the eccentrics 43 and the
lever 44 ali form & unitary structure which moves
upwardly with the link 35.

In the operation of the device valve 16 is closed.
The valves 20 and 22 may be of any well known
construction such as a diaphragm valve which
operate to maintain a pressure behind them de-~
pending upon their adjustment. As soon as the
pressure exceeds & predetermined value the dia-
phragm valve opens to permit-gas to pass there-
through. Valves 25, 28 and 31 are then opened
and liquid carbon dioxide is delivered from pipe

. left the ball 40 engages the seat 39 on the saddle, .
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24 through casing 11 around the cooling pipes ex~ -

tending therethrough to pipe 26. From pipe 26

it is delivered to and discharged from the nozzles "

29 into the inner casing 1. -At the same time suffi-
cient liquid may be discharged through ‘the
branch 30 into the space between the cylinders
to provide gas for two purposes. First of -all the
gas delivered between the two cylinders is of such
a pressure as to balance the pressure on the in-
ner cylinder 1, and to transmit it to the outer cyl-,
inder 2, thus msuring a structure which-will with=
stand the pressures involved. At the same time
the gas formed by the discharge of liquid into the

‘space .between the cylinders is further cooled,
_thereby helping to maintain the proper tempera-

ture conditions within the inner cylinder. The
discharge of liquid into cylinder 1 is carried out

‘under the proper. temperature and pressure con-

ditions so that the carbon dioxide within the in-

ner cylinder is at the triple'point condition. Thus

the Inner cylinder will have carbon dioxide in the
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solid, liquid and gaseous state. When a sufficient -

amount of material has been delivered -into the:

inner cylinders the valves 28 may be closed. The -

gas may escape from the cylinder 1 through the
perforated plate 7, thé hollow piston 6, pipe 12,
pipe 17, valve 18, through the pipes in casing 11,

138

and to pipe 23 through the connection 19 of the

. valve 20. The gas formed within the casing 11

around the pipes from the liquid delivered into
the casing may be discharged through the branch
21 into the pipe 23. Any excess gas pressure in

140

the space between cylinders 1 and 2 may also dis- .

charge into the pipes of the heat exchanger

145

within cylinder 1 and the space between cylin- .

ders 1 and 2 may be controlled as already. stated
by the diaphragm pressure control valves 20 and
22, which may bé set to maintain conditions with-
in the cylinder 1 at the triple point,

- 150
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If it is desired to increase the density of the
slush in cylinder 1, this can be accomplished by
forcing piston 6 to the left to compress the mix-
ture to the desired density. Any gas may escape
through the piston as before, and when the piston
moves to the left of the connection 12, the gas
may still escape through the grooves 9 to the
right of the piston. If it is not desired to first
mechanically compress the slush the operation
of the piston can be dispensed with. The con~
sistency of the slush can be varied by controlling
the temperature and pressure conditions of the
liquid delivered to cylinder 1, so that the propor-
tion of solid and liquid can be varied. To com-
pletely solidify the slush valve 16 is opened, there-
by completely releasing the pressure within cylin-
der 1. The slush then solidifies with the forma-
tion of some gas which escapes through and past
the piston to pipe 12, and thence to pipe 15, and
back to the gasometer under atmospheric pres-
sure conditions. At the same time the gas be-
tween the cylinders may also escape through pipe
32. Gate 33 is then opened as described before
and the piston employed to eject the solid carbon
dioxide onto the table 70.

If desired, instead of making the large blocks
of solid carbon dioxide, molds of the forms shown
in Figs. 5 and 6 in the case of a cylindrical cylin-
der, or the mold shown in Fig. 7 in the case of
g square cylinder are introduced in the desired
number into the chamber as shown in Fig. 1.
The slush is then allowed to flow into these molds.
It is pointed out in connection with the mold
such as shown in Fig. 5 that the space between
the inner and outer walls 60 and 61 will also he
packed with slush so that that slush in connec-
tion with the fins 62 serves to prevent rupture
of the molds. 'The solidified carbon dioxide be-
tween the walls 60 and 61 also serves the purpose
of preventing shrinkage of the small pellets in the
mold during shipment and thereby serving to
refrigerate the interior of the mold and its con-
tents. After solidification of the carbon dioxide
these molds may be ejected and shipped in this
form to the place of use. The gas delivered from

the chamber into pipe 12 and into the heat ex- -

changer will be a substantially wet vapor, and be-
ing very cold will sub-cool the incoming liquid
through pipe 24, thereby effecting a heat economy.
The warmed dry vapors which may be termed
superheated are delivered through pipe 23 for
accumulation and reuse. If desired pipe 13 may
be used to supply gas under pressure into cylin-
der 1 for ejecting the block of solid carbon dioxide
from the cylinder instead of ejecting it with the
piston.

One of the important features of this mventlon
is that the liquid carbon dioxide is delivered into
the inner cylinder at temperatures and pressures
in the neighborhood of the so-called triple point
condition so that & .slush is formed therein com-
prising & mixture of solid and liquid carbon
dioxide.

The consistency of the slush may be varied by
pressure variation. When the pressure is car-
ried below the triple point pressure snow formsa-
tion increases and liquid formation decreases.
On the other hand, when the pressure -exceeds
the triple point pressure the ratio of liquid to
solid increases. Thus the characteristics of the
slush may be varied by controlling the pressure
within cylinder 1. In addition the density of the
finished product may be varied by mechanically

-increasing the pressure on the slush as already

pointed outb,

From the sbove description it will be appar-
ent that this invention resides in certain prin-
ciples of construction and operation which may
be carried ouf in other ways by those skilled in
the art without departure from the spirit and
scope of the invention. I, therefore, do not de-
sire to be strictly limited to this illustrated dis-
closure, but prefer to be limited by the scope of
the appended claims.

What I seek to secure by United States Letters
Patent is: .

1. A device of the type described comprising
a chamber closed at one end and provided with
& movable piston, a removable closure plate for
the other end of the chamber, means for mov-
ing the closure plate into and out of closing re-
lation, an outer casing surrounding the inner
casing and connected thereto to form a closed
double wall structure, the closed double walls
being isolated from the inner chamber, means
for delivering liquid carbon dioxide into the inner
chamber, means for delivering carbon dioxide
into the space between the double walls, means
for maintaining a desired pressure in the inner
chamber, and means for withdrawing the carbon
dioxide from between the double walls,

2. In & device of the type described the com-
bination comprising an open ended cylinder, a
closure plate for closing the open end of the cyl-
inder, means for imparting movement to the clo-
sure plate in a direction parallel to the axis of
the chamber and for locking it in closed position,
and means for imparting movement to the clo-
sure plate in g direction at right angles to the
axis of the chamber.

3. A machine of the type described comprising
& cylinder of suitable cross section closed at one
end, a removable closure plate for the other end,
means for moving the closure plate & short dis-
tance away from and into contact with the end
of the cylinder and for locking it under pressure
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against the end of the cylinder, and means for -

raising the closure plate out of alignment with
the end of the cylinder.

4. In a machine of the type described the com-
bination comprising two concentric walls the
outer wall being of cylindrical cross section and
the inner wall being of rectangular cross sec-
tion, and web members uniting the two sections
into a2 unitary structure, to provide s strong
double walled casing for withstanding consider-
able internal pressure,

5. A machine of the type described comprising
two concentric casings united to form an inner
chamber and an outer space isolated therefrom,
means for closing the inner chamber, a piston
in the inner chamber, means for delivering lig-
uid carbon dioxide to the inner chamber, means
for delivering carbon dioxide to the outer space,
and means for withdrawing carbon dioxide in
the form of gas from the inner chamber and the
outer space at different pressures, and means for
exposing the innér chamber to atmospheric pres-
sure conditions.

6. In & device of the type described the com-
bination comprising an open ended cylinder, a
closure plate for the cylinder, & power device for
moving the closure plate in a direction at right
angles to the plane at the end of the cylinder
and for locking it firmly against the end of the
cylinder, end means for moving the closure plate
in a plane parallel to the end of the cylinder
to move it completely out of alignment there-
with, .
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tion with the inner wall, means for delivering .

7. A machine of the type described compris-
ing two telescoped walls united to form a closed
space between them, one end of the inner wall

. being closed, means for closing the open-end of
the .inner wall to provide a closed chamber in-
cluding' a movable closure plate, means for hold-
ing the closure plate in chamber forming rela-
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liquid carbon dioxide into the chamber and the
space, a discharge connection for said chamber,

and means for maintaining a desired pressure -

in the chamber, - :
: ~ JUSTUS C. GOOSMAN‘N.
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