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1571 ABSTRACT

Apparatus for making compacted pellets of solid
phase carbon dioxide comprises die means having ra-
dial extrusion passages therein, injector means for
forming snow from liquid carbon dioxide flashed into
an expansion zone adjacent the inlet end of said extru-
sion passages, compression means for compacting said
snow and extruding the same outwardly through said
passages to form elongated, rod-like extrusions of
solid phase carbon dioxide, and back pressure means
for exerting contact pressure against said extrusions
leaving the outer ends of said passages in said die
means.

A novel method in accordance with the present
invention comprises the formation of compacted
pellets of solid phase carbon dioxide from liquid phase
carbon dioxide to form snow, compressing said snow
to force the same through an extrusion passageway
forming elongated, rod-like extrusions of compacted
solid phase carbon dioxide and exerting back pressure
against the rod-like extrusion as they leave the
passageways thereby stabilizing the extrusions
permitting the escape of gas without fracturing the
same.

19 Claims, 7 Drawing Figures
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APPARATUS FOR MAKING COMPACTED
PELLETS OF SOLID PHASE CARBON DIOXIDE

The present invention relates to a new and improved
method and apparatus for making compacted pellets of
solid phase carbon dioxide. More particularly, the car-
bon dioxide pellets produced in accordance with the
present invention are ideally suitable for many and var-
ied uses including fast freezing and other cold packag-
ing of food stuffs wherein the pellets are mixed directly
with the food, said pellets eventually sublimating into
gaseous carbon dioxide.

In ‘the past, solid phase carbon dioxide pellets have

been produced by flashing liquid carbon dioxide to

form snow and subsequently compacting the snow by
a ram or other means into extrusion passages to form
compacted solid phase carbon dioxide extrusions. One
problem associated with forming solid phase carbon di-
oxide extrusions at high production rates in this manner
has been the tendency of the newly formed extrusions
leaving the extrusion passages to become unstable
physically because of gaseous carbon dioxide -en-
trapped internally of the extruded form. Carbon diox-
ide is a substance having a triple point wherein solid,
liquid and gaseous forms can exist at the same tempera-
ture and pressure conditions. When the liquid is flashed

to snow (solid phase) some of the liquid also goes into .

gaseous form. When the snow is compacted this gas
may become entrapped internally within the rod-like
extrusions and as the extrusions emerge the gas ex-
pands causing the extruded material to rupture.

The present invention prov:des a new and lmproved
method and apparatus for use in forming compacted
pellets of solid phase carbon dioxide.

It is therefore an object of the invention to provide
anew and improved method and apparatus of the char-
acter described wherein rod-like extrusions of solid
phase carbon dioxide are formed to provide such pel-
lets. :

Another object of the present invention is to provide
‘a new. and improved apparatus of the character de-
scribed having means for removing and carrying away
gaseous carbon dioxide formed during the flashing of
liquid carbon dioxide into snow.

" Another object of the present invention is to provide
a new and improved apparatus of the character de-
scribed havmg means therein for closing the outer ends
of said extrusion passages during the initial stages of
operation until sufficient solid phase material is present
in the extrusion passages to make continuous rod-like
extrusions.

Another object of the present invention is to provide
a novel apparatus of the character described wherein
said rod-like extrusions of solid phase carbon dioxide
leaving the extrusion passages are subjected to direct
contact or back pressure for reducing the tendency of
said extrusions to rupture because of gaseous carbon
dioxide entrapped within the interior of the extrusions.

Another object of the present invention is to provide
a new and improved extrusion apparatus having a novel
structure defining an expansion chamber, extrusion die
and impeller therein movable around said chamber to
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form an orbital moving compression zone for compact- -

ing and extruding carbon dioxide snow into solid phase-

rod-like extrusions.
Another object of the.invention is to provnde a new
and improved extrusion apparatus for making com-
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pacted pellets of carbon dioxide snow in an extremely
efficient manner.

- Another object of the present invention is to provide
a new and improved extrusion apparatus wherein a
moving expansion zone is provided for flashing liquid
carbon dioxide into snow in synchronous relation to the
orbiting movement of an eccentric impeller which
forms a moving compression zone for compacting and
extruding the snow outwardly into solid phase carbon
dioxide rod-like extrusions.

Another objective of the present invention is to pro-
vide a novel carbon dioxide extrusion apparatus which
is compact in physical size yet capable of producing a
high volume flow rate of solid phase extrusions.

Another object of the invention is to provide a new
and improved extrusion apparatus of the character de-
scribed which does not require a snow horn.

These and other objects and advantages of the pres-
ent invention are accomplished by a new and improved

~method of forming compacted pellets of solid phase

carbon dioxide from liquid carbon dioxide generally
comprising the steps of flashing the liquid to form
snow, compacting the snow and extruding the material
through a confining passageway to form rod-like extru-
sions and exerting contact pressure against said extru-
sions as they emerge from the outer end of the extru-
sion passageways.

A novel apparatus in accordance with the invention
generally includes an annular die having a plurality of
radial extrusion passages therein and injector means for
flashing liquid carbon dioxide to form snow within the
die immediately ahead of and behind a compression
zone formed by an eccentric impeller mounted for
movement around the die. The orbiting impeller and
die form a moving compression zone for compacting
and extruding the snow outwardly through the extru-
sion passages and forming elongated rod-like extru-
sions of solid phase carbon dioxide. Back pressure
means is provided for exerting direct contact pressure
against the rod-like extrusions exiting the outer end of
the extrusion passages such that the extruded material
has little if any tendency to rupture or disintegrate as
gas in the interior of the extrusion escapes into ambient
pressure and temperature conditions outside the extru-
sion die passages.

The rod-like extrusions break off under their own
weight after leaving the extrusion passages or may be
broken off by a deflector to form pellets of a desired
maximum length, The pellets are somewhat porous
rather than clear solid ice and have excellent heat
transfer characteristics for many and varied uses in-
cluding the cooling of food stuffs and the like mixed
therewith.

For a better understanding of the invention, refer-
ence should be had to the following detailed descrip-
tion taken in conjunction with the drawings, in which:

FIG. 1 is a side elevational view of a new and im-
proved apparatus for making dry ice pellets con-
structed in accordance with the features of the present
invention; '

FIG. 2 is a fragmentary, vertical cross sectional view

‘taken substantially along lines 2—2 of FIG. 6;

FIG. 3 is a horizontal, cross sectional view taken sub-
stantially along lines 3—3 of FIG. 2;

FIG. 4 is a fragmentary, vertical, cross sectional view
taken substantially along lines 4—4 of FIG. 3;
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FIG. 5 is a fragmentary, horizontal, cross sectional
view taken substantially along lines 5—5 of FIG. 2;

FI1G. 6 is a horizontal, cross sectional view taken sub- .

stantially along lines 6—6 of FIG. 2; and

FIG. 7 is an exploded perspective view of an extru-
sion spring assembly in accordance with the features of
the present invention.

Referring now more particularly to the drawings,
therein is illustrated a new and improved apparatus for
making compacted pellets of solid phase carbon diox-
ide constructed in accordance with the features of the
present invention and referred to generally by the ref-
erence numeral 10. The apparatus 10 includes an ex-
trusion apparatus 12 driven by and directly coupled to
the vertical output shaft (not shown) of a gear reducer
14 which is driven by an electrical motor or other
prime mover 16. The motor includes a rotor shaft 18
which is directly coupled to the input shaft 20 of the
gear reducer 14 by a coupling 22. The gear reducer 14
and motor 16 are mounted on the upper surface of a
base plate 24 and the extrusion apparatus 12 of the pel-
let machine is supported from the underside of the base
plate in direct coaxial alignment with the output shaft
of the gear reducer 14.

Carbon dioxide in liquified form is provided under
pressure to the extrusion apparatus 12 from a suitable
source of supply through an input or supply line 26 and
vaporous carbon dioxide or exhaust gas formed during
the extrusion process in the apparatus is vented from
the extrusion apparatus via a pair of vapor exhaust con-
duits 28.

In accordance with the present invention the extru-
sion apparatus 12 includes an annular extrusion cham-
ber 30 (FIGS. 2, 3 and 4) concentrically aligned with
a vertical axis 32, which axis extends through and is co-
axially aligned with the output shaft (not shown) of the
gear reducer 14, The annular extrusion chamber in-
cludes an annular wall formed by a plurality of circular
die rings 34, 36 and 38 secured together by a plurality
of circumferentially spaced apart bolts 40. Each die
ring 34, 36 and 38 is provided with a plurality of verti-
cal passages 42 aligned with matching passages in the
other rings when the rings are assembled together to
form the extrusion chamber as shown best in FIGS. 2

- and 4. The vertical passages 42 are spaced equidistant
around the die rings and as shown in FIG. 3, the pas-
sages 42 may be spaced approximately 15°apart so that
a total of 24 passages are provided. The number of pas-
sages required may be increased or decreased depend-
ing upon the size or diameter of the die rings and the
mechanical strength of the materials used. One pair of
passages 42a in the rings 34 and 38 are of reduced di-
ameter and are spaced approximately 30° on opposite
sides of another passage 42b in the ring 38, also of re-

. duced diameter. The passage 42b is one of four such
passages that are spaced 90° apart (as shown in FIG. 3)
for use in injecting fluid into the chamber 30. One of
the reduced diameter passages 42a is used for passing
liquid carbon dioxide downwardly to the valving mech-
anism of the extrusion apparatus 12 and all of the four,
quadrantally spaced, reduced diameter passages 42b
are used for the distribution of carbon dioxide liquid
from the valving mechanism to expansion nozzles in the
extrusion chamber 30. Some of the remaining, larger
diameter passages 42 spaced around and between the
passages 42a and 42b are used to accommodate bolts
40 for holding the rings 34, 36 and 38 together and the
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other remaining passages 42 are used for the exhaust
system to handle carbon dioxide vapor as will be de-
scribed hereinafter.

The rings 34 and 38 are provided with a plurality of
horizontal, radially extending extrusion passages 44,
spaced between the vertical passages 42 on the respec-
tive lower and upper surfaces. The extrusion passages
communicate between a cylindrical inside vertical die
wall surface 46 and a concentric outside vertical die
wall surface 48 (as best shown in FIGS. 3 and 4). The
central or middle die ring 36 includes a plurality of
matching, horizontal, radially extending extrusion pas-
sages 50 on its upper and lower surfaces. The passages
50 on the middle die ring align with facing passages 44
on the upper and lower die rings 34 and 38 to form
pairs of vertically spaced apart, horizontally extending,
elongated extrusion passageways 52. The passages ex-
tend radially outwardly from the annular extrusion
chamber 30 between the inside and outside wall sur-
faces 46 and 48 of the rings 34 and 38. The middle die
ring 36 includes a cylindrical inside wall surface 54
aligned with the inside wall surfaces 46 of the upper
and lower die rings 34 and 36 to form a generally cylin-
drical, peripheral wall surface defining the annular ex-
trusion chamber 30.

The middle die ring 36 includes an outwardly extend-
ing annular flange portion 56 having a vertical thick-
ness greater than the thickness or spacing between the
upper and lower surfaces of the middle ring which en-
gage the facing surfaces of the upper and lower rings 34
and 38. The outer flange 56 on the middle die ring 36
is formed with a plurality of pairs of vertically aligned
spaced apart upper and lower circumferentially spaced,
inwardly extending radial pockets 58. Each pocket 58
includes an inner, vertical wall surface 60 in communi-
cation with the outer end of a pair of adjacent, horizon-
tal extrusion passages 52 as best shown in FIG. 3. The
inner pocket surfaces 60 are aligned with the outer cy-
lindrical wall surfaces 48 of the upper and lower die
rings 34 and 38, and the outer open ends of the pairs
of horizontal extrusion passages 52 are spaced at oppo-
site ends of the inner pocket surfaces 60 between radi-
ally outwardly extending opposing pocket end surfaces
62 (FIG. 3). Each pocket 58 also includes a horizontal
base surface 64 and the annular flange portion 56 of
the middle die ring 36, provides a continuous middle
portion 66 between the rows of upper and lower pock-
ets 58. The pockets are spaced between solid, radial
segments 68 and these segments project upwardly and
downwardly from the respective base surfaces 64 of the
pockets as best shown in FIG. 7. The upper ends of the

" upwardly facing ring of pockets and the lower ends of

60

the downwardly facing ring of pockets are closed by a
pair of annular washer-like ring members 70 secured to
the upper and lower surfaces of the segments 68 by
means of bolt and nut assemblies 72 as best shown in
FIG. 4.

From the foregoing it will be seen that the extrusion
passages 52 extend radially outward of the annular ex-
trusion chamber 30 through the die rings 34, 36 and 38
and that pairs of adjacent horizontal passages terminate
adjacent the opposite ends of the inner surfaces 60 of
the spaced apart upper and lower outwardly opening
pockets 58 formed in the middle flange portion 56 of
the middle die ring 36.

As best shown in FIGS. 3, 4 and 7 each extrusion pas-
sages 52 is formed by a pair of cooperating passage sur-
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faces 44 and 50 when the upper and lower die rings 34
and 38 are assembled with the middle die ring 36. The
passages are formed with an enlarged, frusto-conically
tapered entry or inlet end portion 53 (FIG. 3) for com-
pacting the carbon dioxide snow as it is forced out-
wardly. The frusto-conically shaped inlet portion 53 of
each passage is tapered at an angle of approximately
30° with respect to the radial axis of the passage to pro-
vide a convergent effect on the snow as it is extruded
outwardly. Outwardly of the inlet or entry portion of
each passage, the passage wall is tapered at a much
smaller angle in the order of 3° to 5°. The outer, gently
tapered portion of the passages 52 are substantially
longer than the entry portion and the passages reach a
minimum dimension at the outer end adjacent the inner
surfaces 60 of the pockets 58.

As best shown in FIGS. 3 and 4, the shanks of the
bolts 72 are positioned to project vertically through the
center of each pocket 58 and, in accordance with the
present invention, the bolts serve as centering pins for
generally cylindrical spools 74 used for supporting the
central bight portions of pairs of U-shaped, back pres-
sure, contact springs 76 (FIGS. 3 and 7). Each spring
76 includes freely deflectable opposite outer ends,
which in the nondeflected state as shown in FIG. 3,
project outwardly towards and contact opposing radial
side surfaces 62 of the pockets 58. The springs 76 are
formed of spring material of the desired thickness,
strength and resiliency in order to resist the outward
movement of the rod-like extrusions of solid phase car-
bon dioxide material exiting the outer ends of the ex-
trusion passages 52.

In one prototype device in accordance with the in-
vention the springs 76 were formed of commercially
available, blue tempered, spring steel strip. The spring
material was 0.025 inch in thickness, % inch wide with
rounded edges and was cut to length from a continuous
stock strip and bent to shape and notched without re-
quiring further heat treatment. Bending of the spring
material into the illustrated U-shape configuration was
accomplished on a press brake and the bending angle
and length of the spring strip is chosen to provide a pos-
itive bias of the outer free ends of the springs against
the side surfaces 62 of approximately 2 lbs. measured
at the tips of the springs when inserted and secured in
place in the pockets 58 when the springs are deflected
as during the making of extrusions, the springs exert a

20

force of approximately 23 1bs. measured at the tips, It

has been found that a pair of springs 76 sandwiched to-
gether as shown in FIGS. 3 and 7 and mounted in each
pocket is effective to produce high quality extrusions.

The middle or bight portion of each pair of springs 76
is maintained in a radially centered position within a
pocket 58 by means of a centering pin 78 which is
mounted in an aligned vertical passage provided in the
middle portion 66 of the die ring 36, The bight portions

of the upper and lower pairs of U-shaped springs 76 are.

formed with vertical notches 76a on the lower and
upper edges respectively (FIG. 7), at the center so that
the springs are seated and maintained by the upper and
lower ends of the pins 78 in a centered disposition rela-
tive to each pair of extrusion passages 52 within a
pocket 58. As shown in FIG. 3 each pair of springs is
free to pivot about a vertical center axis as maintained
by the notches 76a in the springs seated on the pin 78
and the spring pairs are backed up by the generally cy-
lindrical support spools 74.

50
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Initially, as the solid phase carbon dioxide snow is
compacted and extruded through the tapered passages
52 it is resisted essentially only by the frictional forces
of the passage walls. The outer deflectable end portions
of the springs 76 act to retain this material in the form
of an outwardly projecting, rod-like slug or extrusion
until sufficient back pressure is built up in the extruded
material formed in the extrusion passages 52. Without
the springs 76 initially to begin the extrusion process,
the material would simply pass out the open outer ends
of the passages 52 without sufficient compaction to
form pellets. The springs 76 thus facilitate the startup
of the extrusion process. In addition, while maintaining
back pressure on the extrusions, the springs permit va-
porous carbon dioxide that emanates from within the
extrusion passages to be exhausted as the extrusions
reach the outer end of the passages.

The compacted snow also contains gaseous carbon
dioxide. As the snow is compacted and extruded
through the passages 52 to form elongated, cylindrical
rod-like extrusions, the gas within the interior of the ex-
trusions seeks to escape to the atmosphere as the gas
reaches the outer end of the extrusion passages in the
pockets 58. Without the springs 76 to retain the extru-
sion slugs the internal gas tends to expand rapidly and
causes the extrusions to disintegrate or sometimes rup-
ture, as soon as the compacted material reaches the
outer end of the extrusion passages. The back pressure
or restriction of outward movement of the extruded
material exerted by the springs 76, which are in direct
engagement with the extruded material, provide a
physically stabilizing force which allows the gases to es-
cape more slowly along the length of the rod-like extru-
sions as they are exiting the outer end of the extrusion

" passages 52. The springs 76 while exerting back pres-

sure on the rod-like extrusions of solid carbon dioxide,
permit vapor that is formed around the pellet during
the compaction and extrusion process to escape to the
atmosphere. As seen in FIG. 7, the passages 52 are cir-
cular in cross-section at the outer end and communi-
cate directly with the pockets 58 which are rectangular
in cross-section and this permits the gas to escape.at the
corners defined between the circular passages and the
essentially rectangular or square cross-sections defined
by the pocket walls and the outer ends of the springs.

The elongated, solid phase, carbon dioxide rod-like
extrusions project outwardly beyond the outer free
ends of the deflected springs 76 and eventually the ex-

trusions will break off under their own weight if they

are not sooner broken off by engagement with a de-
flecting surface or the like. If desired, an annular cone
shaped deflector shield 77 (FIG. 1) is spaced outwardly
of the outer end of the extrusion passages to limit the
length of extruded material and thereby form pellets
having a selected maximum length. It has been ob-
served that, if the springs are removed after the extru-
sion process has been initiated, the rod-like extrusions
tend to break off or rupture into small pieces after exit-
ing the outer end of the passages 52. This indicates that
the springs 76 and the contact back pressure exerted
thereby play an important stabilizing role in the pro-
cess. It is believed that the process of extruding the ma-
terial against the contact pressure of the springs 76 pro-
vides a restrictive, stabilizing force on the extruded ma-
terial which holds the material together while allowing
internal, vaporous carbon dioxide to escape without
damage to the extruded body of material. This reduces
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the tendency of the material to rupture or disintegrate
upon reaching the outer end of the extrusion passages
52 is reduced even though the pressure in the pockets
is essentially at ambient conditions.

In accordance with the present invention, extrusion
pressures in a range of 2600 to 3500 psia in the com-
pacted snow are provided to form the solid phase rod-
like extrusions of carbon dioxide in the die passages 52
in the wall of the extrusion chamber 30. Compaction of
the snow is obtained by a generally cylindrical impeller
80, which is mounted for rotation on an eccentric seg-
ment 82 of a main drive shaft 84 driven by the gear re-
ducer 14. As previously indicated, the drive shaft 84 is
directly coupled to the output shaft of the gear reducer
and is coaxially aligned therewith along the vertical axis
32 which is the central axis of the extrusion chamber
30 and die rings 34, 36 and 38. The impeller supporting
portion 82 of the drive shaft 84 is spaced radially out-
ward with respect to the axis 32 and parallel thereto so
that the impeller 80 orbits around the axis within the
extrusion chamber 30 as the main drive shaft 84 is ro-
tated by the gear reducer and motor.

The drive shaft 84 is supported for rotation in a cylin-
drical housing 86 having its upper end secured to the
underside of the base plate 24 by suitable means such
as cap screws 88. The cylindrical shaft housing is
formed with a bearing shoulder 87 adjacent the lower
end and is provided with an internal, annular groove 89
spaced downwardly therefor seating a snap ring 90
which retains a bearing ring 92 preferably of the type
including barrel-shaped rollers. A suitable bearing sup-
port arrangement and upper bearing (not shown) is
provided adjacent the upper end of the shaft housing
86, and the upper shaft bearing provides support for
the shaft 84 to prevent axial displacement thereof in
the shaft housing during rotation. An annular shaft seal
96 is provided to seal between the shaft 84 and the
bearing 92 adjacent the junction of the eccentric pin
portion 82 and thereby prevent carbon dioxide from
entering the lower end of the main shaft housing 86.
The impeller 80 is formed with an enlarged axial center
bore 98 larger in diameter than the outer diameter of
the eccentric spindle 82 on the main drive shaft 84 and
the upper and lower ends of the bore 98 are formed
with enlarged shoulders 100 in order to accommodate
the outer races of a pair of roller bearing rings 102 for
rotatively supporting the impeller on the eccentric
spindle 82. The inner races of the bearing rings are
spaced apart on the spindle by a sleeve 99. The impel-
ler 80 is retained on the eccentric shaft spindle 82 by
means of a lock washer 104 and nut 106 threaded onto
a lower threaded end portion of the spindle. The en-
larged shoulders 100 at opposite ends of the axial bore
98 in the impeller 80 are formed in upwardly and
downwardly projecting enlarged cylindrical bosses 108,
which bosses provide a cylindrical curtain wall for en-
circling the outer races of the bearing rings 102. An
upper washer 110a seals the upper bearing ring 102
while a lower washer 110b is provided adjacent the
lower bearing ring 102 for sealing and an annular seal
112 is provided to seal between the lower end of the
main portion of the drive shaft 84 and the upper washer
110a.

In accordance with the present invention the mid-
level section of the rotary impeller 80 is cylindrical and
of a thickness ““T" slightly less than the vertical spacing
between a pair of opposing, annular, horizontal shoul-
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der surfaces 114 on the upper and lower die rings 34
and 38. The upper and lower shoulder surfaces 114 to-
gether with the cylindrical surfaces 54 of the middle die
ring 36 and the aligned inside surfaces 46 of the upper
and lower die rings 34 and 38 provide a horizontal an-
nular groove or track 115 around the inside wall of the
extrusion chamber 30. As the impeller orbits around
the chamber, a segment of the outer periphery of the
impeller penetrates into the groove 115 to form a com-
pression zone of crescent shape (designated by the let-
ter “A” in FIG. 3) wherein the snow is compacted and
extruded out the passages 52. The maximum penetra-
tion of the impeller into the groove 115 occurs at the
center of the crescent shaped compression zone “A”
which extends angularly on opposite sides thereof as
indicated by the angles a.

Diametrically opposite the compression zone “A” as
viewed in FIG. 3, there is provided in the extrusion
chamber 30 an open space or expansion zone labelied
“B,” which zone is also crescent shaped and substan-
tially larger than the compression zone. The expansion
zone comprises a substantial portion of the volume of
the annular groove 115 and the remaining volume or
space between a major segment of the outer periphery
of the impeller and the adjacent surface of the outer
wall of the extrusion chamber. As viewed in FIG. 3 it
will be seen that the volume of the compression zone
“ A" is smaller than the expansion zone B’ so that the
carbon dioxide snow may be formed by the flashing of
liquid carbon dioxide injected directly into the expan-
sion zone at several spaced apart locations therein. Be-
cause of the direct injection of flashed carbon dioxide
in the extrusion chamber 30, the apparatus does not re-
quire a large, voluminous snow horn and does not rely
on gravity feed to fill the extrusion chamber with snow.
The impeller orbits to compact and compress the snow
into the groove 115 and forces the material into the en-
trance of the tapered extrusion passages 52. As further
compaction takes place, the compacted snow is ex-
truded outwardly through the outer, slightly tapered
section of the extrusion passages 52 until rod-like ex-
trusions of solid phase carbon dioxide are pushed out
into the pockets 58. Because a segment of the outer pe-
riphery of the impeller 80 penetrates outwardly into the
groove 115 between the upper and lower shoulder sur-
faces 114, the carbon dioxide snow in the extrusion
chamber 30 is entrapped in the compression zone
within the groove and is thus subjected to extremely
high pressure and compaction force during extrusion
outwardly through the tapered passages 52.

The compression zone ‘“A’ moves around the extru-
sion chamber 30 as the impeller 80 orbits and the lead-
ing and trailing edges of the zone precede and follow
the edges of the larger expansion zone B which is
partially filled with carbon dioxide snow. Each orbit of
the impeller 80 causes the formation of additional rod-
like extrusions in the passages 52 adjacent the com-
pression zone “A" and the extrusion or outward push
on each rod-like member takes place intermittently
rather than continuously. The extrusions thus grow in
length intermittently each time the impeller 80 makes
an orbit as the shaft 84 makes one complete revolution.
Sealing engagement between the upper and lower an-
nular ring shoulder surfaces 114 of the groove 115 and
the upper and lower faces of the mid-level portion of
the impeller 80 provide the compacting entrapment of
the snow in the compression zone “A” and this results
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in a mobile, orbiting, localized zone of extremely high
compaction pressure in the extrusion chamber 30
which followed and preceded by the relatively low
pressure, larger volume expansion zone “B.” Flashing
or expansion of the liquid carbon dioxide into the low
pressure expansion zone “B” in the chamber 30 devel-
ops carbon dioxide snow and this snow partially fills the
chamber. o '

In accordance with the present invention the annular
die rings 34, 36 and 38 are supported from the lower
end of the main shaft housing 86 by means of an out-
wardly extending annular flange structure 116 welded
or otherwise secured on the lower end of the housing.
The flange structure 116 includes a horizontal, lower
annular. face 118 which is adapted to ring against an
upper face 120 on the upper die rinG 34. The flange
structure 116 provides a closure for the upper end of
the annular extrusion chamber 30 and is formed with
a plurality of vertical passages 42 aligned to match
those in the die rings for accommodating the bolts 40.

10

10

on the impeller 80 and the lower end of the extension
wall terminates adjacent the level of the annular, upper
shoulder surface 114 of the groove 115.

The lower filter ring 132 is seated around its inner pe-
riphery in an annular shoulder 140 formed in an up-
wardly extending annular ring 142 which is similar in
dimension and configuration to the ring 138 formed at
the lower end of the shaft housing 86. The ring 142 is
adapted to cooperate with the lower, downwardly de-
pending boss 108 on the impeller 80 and is integrally
formed to extend upwardly from a circular bottom wall
or closure plate 142 secure to the underside of the
lower die ring 38 by the bolts 40. :

As best shown in FIGS. 2 and 6 the upwardly extend-
ing ring 142 forms the inside wall of a lower, annular
groove or vapor exhaust manifold 146, which groove is
similar in size and shape to the upper manifold or

- groove 122 above the upper filter ring 132. Carbon di-

20

In addition to the passages 42 for the bolts 40, a single .

passage 42a (FIG. 2) is provided to deliver liquid car-
bon dioxide from the inlet supply conduit 26 into the
downwardly extending aligned vertical passages 42a in
the respective upper, middle and lower die rings 34, 36
and 38. o

The underside of the flange structure 116 and the
outer portion of the lower end of the tubular housing
86 are formed with an annular groove or exhaust mani-
fold therein designated as 122 in FIGS. 2 and 4. The
groove serves as a manifold for collecting and exhaust-
ing the vaporous carbon dioxide formed during the

25
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flashing and expansion process in the extrusion cham- -

ber 30 and released during the initial stages of compac-
tion of the snow. The exhaust groove-is in direct com-
munication with a pair of exhaust fittings 124 mounted

oxide ‘vapor formed during the flashing process and
during initial stages of compaction in the annular extru-
sion chamber 30 may pass freely in an upward or down-
ward direction from the chamber through the respec-
tive upper and lower filter rings 132. This exhaust
vapor is collected in the manifold grooves 122 and 146,
respectively, and is delivered to the exhaust conduit 28.
As viewed in FIG. 6 a circular lower closure plate 144
for the extrusion chamber 30 is provided with a plural-
ity of circumferentially spaced apart passages 42
matching those of the die rings for accommodating the
bolts 40 which secure the assembled rings 34, 36 and
38 and the closure plate with the upper flange structure
116 on the shaft housing 86.-

In an embodiment constructed in accordance with

- the features of the present invention, the filter rings

35

on diametrically opposite sides of the flange structure
116 znd the fittings are connected to elbows 126

(FIGS. 1 and 2). The elbows are connected to the ex-
haust conduits 28 via coupling units 128 (FIG. 1) and
as illustrated in FIG. 1, the pair of exhaust fittings 124
are positioned at 90° angles with respect to and on op-
posite sides of the inlet supply line 26. The exhaust
lines are substantially larger in size than the supply line
in order to handle a higher volume flow rate of vapor-
ous carbon dioxide. The exhaust fittings 124 are
threaded into apertures formed in the flange structure
116, and a pair of short passages 130 (FIG. 2) are pro-
vided to communicate between the exhaust fittings and
the upper surface of the annular groove 122 which
comprises the upper exhaust manifold for the extrusion
apparatus 12.

In order to prevent the solid carbon dioxide or snow
in the extrusion chamber 30 from entering the annular
exhaust manifold 122, the extrusion assembly 12 is pro-
vided with a pair of annular filter rings 132 disposed
above and below the die rings 34 and 38 and adapted
to permit passage of vaporous carbon dioxide while fil-
tering out or limiting the passage of solid phase carbon
dioxide snow. The annular filter rings 132 are seated
with their outer periphery in annular recesses or shoul-
ders 134 formed in the die rings 34 and 38. The upper
filter ring 132 has an inner peripheral edge seated in a
shoulder 136 formed in 2 downwardly extending circu-

"lar wall portion 138 formed at the lower end of the tu-
bular shaft housing 86. The annular extension wall 138
is adapted to encircle the upwardly projecting boss 108

40

132 were formed of perforated stainless steel material,
approximately 0.031 inch in thickness and were formed
with V-shaped corrugations therein extending gener-
ally radially around the ring with respect to the axis 32
as best shown in FIG. 3. The V-shaped corrugations in
the filter rings are formed at approximately a 45° angle

_ with respect to the horizontal, and the width of the cor-
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rugations enlarges toward the outer periphery of the
ring due to the radial orientation of the corrugations.
The sheet material used for the filter rings is formed
with perforations of approximately 0.030 inch in diam-
eter and it has been found that rings of this style serve
well to prevent the carbon dioxide snow from passing
vertically out of the annular extrusion zone in the ex-
pansion region *B” as the impeller 80 orbits. The sur-
faces 114 of upper and lower die rings 34 and 38 shield
the filter rings 132 from the pressure in the compaction
zone “A,” because of the penetration of the impeller

. 80 within the annular groove 115 on the inside of the

65

die wall. The filter rings 132 are thus not subjected to
the extremely high extrusion pressures developed for
compaction and extrusion and this feature permits a
relatively light weight filter ring structure to be utilized
to effectively block the flow of solid carbon dioxide
snow while permitting the ready escape passage of va-
porous carbon dioxide. '

" Referring to FIGS. 2 and 4, the upper and lower
edges on the outer periphery of the mid-level section of
the impeller 80 that penetrates the groove 115 between
the ring surfaces 114 is provided with sharp corners in
order to provide shearing or cutting action on the snow

" as the impeller orbits. The snow contained within the

expansion zone “B’’ above the upper ring surface 114
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beneath the upper filter ring 132, provides a filter me-
dium itself for the carbon dioxide vapor moving up-
wardly and the filter ring 132 prevents the snow cake
of solid phase material from passing out to exhaust. The
same action prevails in the area above the lower filter
ring 132 below the lower ring surface 114 where the
annular snow cake form as a lower vapor filter and the
metal filter ring 132 prevents the snow from moving
into the lower exhaust groove 146. The sharp periph-
eral edges of the upper and lower surfaces on mid-level
section of the impeller 80 are continuously shearing off
the surfaces of the upper and lower filter cakes to pro-
vide a clean, open entry surface for the gases escaping
upwardly and downwardly from the mid-level of the ex-
trusion chamber into the exhaust manifold grooves 122
and 146. In this manner, plugging up or glazing over of
the filter cake surfaces which engage the upper and
lower surfaces of the impeller mid-section is avoided
and the filter cakes of carbon dioxide snow are main-
tained in a condition to readily pass the vapor toward
the metal filter rings.

The passages 42 in the bottom closure plate 144 ex-
tend completely through the plate so that nuts and
washers may be provided on the lower end of the bolits
40 to secure the die rings, flange structure and plate to-
gether. The passages 42 in the flange structure 116, the
die rings 34, 36 and 38 and the bottom closure plate
144 are aligned to match one another and the liquid
carbon dioxide inlet passage 42a in the die rings.is
adapted to communicate with a passage 42a formed in
the bottom closure plate 144 which terminates short of
the lower surface thereof. Similarly, the distribution
passages 42b in the lower die 38 is adapted to commu-
nicate with four passages 42b formed in the bottom clo-
sure plate 144 spaced 90° apart and terminating short
of the lower surface of the plate.

In order that the exhaust vapor collected in the lower
groove or manifold 146 may flow upwardly into the
upper groove or manifold 122 through selected ones of
the passages 42 in the die rings which do not contain
bolts 40, the bottom closure plate 144 is formed with
a plurality of fingerlike, radially outwardly extending
recesses 42c¢ for passing the vapor collected in the
groove 146 to the lower open ends of the aligned open
passages 42 in the die rings. Similar finger-shaped
grooves 42¢ are provided in the flange structure 116 to
bring the gases radially inward into the upper collecting
manifold or groove 122 for exhaust. From the forego-
ing description it will be seen that the novel structures
assembled together to form the annular extrusion
chamber 30 including the flange structure 116, the die
rings 34, 36 and 38, and the bottom closure plate 144
provide a unique system for directing the flow of liquid
and gaseous carbon dioxide to desired locations.

Liquid carbon dioxide from the line 26 flows down-
wardly through aligned passages 42a in the flange
structure 116, the die rings 34, 36 and 38 and into the
passage 42a in the bottom closure plate 144, From this
point the liquid flows radially inwardly via a passage
148 which terminates in a port 150 on the underside of
the bottom closure plate. '

Liquid carbon dioxide which is to be injected into the
annular extrusion chamber 30 in synchronism with the
orbiting movement of the impeller 80 is distributed into
selected ones of four, quadrantally spaced ports 152
provided on the lower surface of the bottom closure
plate. The ports 152 are positioned at the inner ends of
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radially outwardly extending distribution passages 154
arranged at 90° angles to one another and terminating
at their outer ends in communication with the closed
lower ends of the vertical passages 42b. Liquid from
the ports 152 flows upwardly through the aligned pas-
sages 42b in the lower die ring 38, for injection into the
expansion zone “B” ahead and behind the compression
zone “A” of the orbiting impeller.

In order to synchronize the injection of liquid carbon
dioxide with the position and movement of the orbiting
impeller 80 around the annular extrusion chamber 30,
the apparatus 12 includes a distributor assembly 156
(FIG. 2) which comprises an upper distributor plate
158 and a lower valve housing 160, both secured in co-
axial alignment with the central axis 32 of the extrusion
apparatus. The distributor plate is formed with a verti-
cal passage 162 adapted to communicate with the port
150 on the underside of the bottom closure plate 144,
as best shown in FIGS. 2 and 6 and the passage 162 ter-
minates short of the underside of the distributor plate
158. The passage 162 is in communication with the
outer end of a radially inwardly extending horizontal
feed passage 164 which is in communication at its inner
end with a downwardly extending vertical passage 166
for directing fluid downwardly into an annular valve
chamber 168 formed in the valve housing 160 (FIGS.
2 and 5).

Liquid carbon dioxide at the desired supply pressure
of approximately 210 to 250 psia is supplied to the ex-
trusion apparatus 12 via the inlet line 26 and flows
downwardly through the aligned vertical passages 42a
in the flange structure 116 and the die rings 34, 36 and
38 into the passage 42a in the bottom closure plate
144, The liquid is then directed radially inwardly via
the passage 148 and then downwardly through the port
150 and passage 162 in the valve plate 158. The liquid
flows radially inwardly in a horizontal path through the
passage 164 and then downwardly through the vertical
passage 166 to fill the valve chamber 168 formed inside
the valve housing 160.

In accordance with the present invention a valve
rotor assembly 170 comprising an upper rotor disk 172
and interconnected shaft 174 is mounted for rotation
in coaxial alignment with the main shaft axis 32. The
valve rotor shaft is supported by a pair of bearings 176
mounted in a vertical bore 178 formed at the center of
the distributor plate 158. The valve rotor is driven in
synchronism with the impeller 80 by means of a short,
downwardly extending spindle extension 180 formed
on the lower end of eccentric spindle 82 of the main
drive shaft 84. The spindle extension projects down-
wardly in driving engagement with the dish 172 into a
radial slot 172a formed in the outer edge of the disk.
As the spindle 82 of the drive shaft 84 orbits, the valve
rotor 170 is driven in synchronism therewith. The
lower end of the valve shaft 174 extends downwardly
into the valve chamber 168 and a disk 182 is keyed to
rotate with the shaft by means of a conventional
“Woodruff” type key 184. The disk 182 is drivingly in-
terconnected with a rotating valve member 186
mounted on the shaft 174 and biased upwardly against
a smooth face on the underside of the distributor plate
158 by means of a helical spring 188 coiled around a
lower end portion of the shaft. The spring is secured be-
tween the lower face of the disk 182 and the upper face
of a retaining washer 190 by a cap screw or equivalent
192 threaded into the lower end of the rotor shaft 174.
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The valve member 186 and drive disk 182 are drivingly
interconnected to each other by an eccentric drive pin
194 as best shown in FIG. § so that in normal opera-
tion, the valve member 186 is keyed to rotate in syn-
chronism with the rotative position of the impeller 80
and the compression zone “A.”

In accordance with the present invention, the liquid
carbon dioxide which flows into the valve chamber 168
is distributed both ahead of and behind the compres-
sion zone ““A”’ as the impeller orbits around the annular
extrusion chamber 30 and the distribution of liquid is
controlled by means of the valve member 186. As
shown in FIG. 5 the valve 186 includes a large radius,
port closing, peripheral portion or land, which includes
a segment occupying approximately 180° of its periph-
ery, and a smallradius, port opening, section occupying
the remaining 180° of periphery. The liquid carbon di-
oxide in the valve chamber 168 is.controlled to flow up-
wardly through. four equilaterally spaced ports 196
opening on the lower face of the valve distributor plate
158 as best shown in FIG. 2 and these ports are spaced
90° apart at a radius less than that of the valve closing
land portion of the valve 186 but greater than the ra-
dius of the valve opening section of the valve. Because
there are four equilaterally spaced distribution ports
196 that are controlled by the rotating valve 186, and
because the valve opening segment occupies half of the
total periphery, at any given time two ports will be open
for the distribution of fluid to the extrusion chamber 30
and two ports will be closed. This means liquid will flow
to the chamber through only two of the four available
passages 42b at any given instant. The four distribution
ports 196 are in communication with the inner ends of
a plurality of radially outwardly extending horizontal
passages 198 in the valve distributor plate 158 and
these passages are arranged with 90° angular spacing
between them around the axis 32, The outer ends of the
passages 198 are in communication with vertical pas-
sages 200, the upper ends of which are in communica-
tion with the ports 152. The ports 152 are in communi-
cation with the inner ends of the radial distribution pas-
sages 154, which in turn communicate with the four,
quadrantally spaced, vertical distribution passages 42b
. formed in the bottom closure plate 144 and aligned
with the passages 42b in the die ring 38,

The flow of liquid carbon dioxide is thus directed into
the valve chamber 168 and is distributed by the valve
186 to flow out through only two of the four radial dis-
tribution passages 198 and 154 which lead to the four
vertical passages 42b in the die ring 38. Which ones of
the passages are being supplied with fluid is dependent
upon the precise position of the orbiting impeller 80
and the valve 186 which is keyed to rotate in synchro-
nism therewith, :

Liquid carbon dioxide is flashed into the chamber 30
in advance of and behind the compression zone “AT
into the larger expansion zone “B.” The impeller 80
and orbiting radius thereof are dimensioned so that the
compression zone “A” occupies a smaller. angular
range (for example approximately 48° on either side of
the point of maximum compression or penetration of
the impeller into the groove or track 115) than does the
larger expansion zone “B” and fluid is only injected
into the expansion zone. »

In accordance with the present invention the lower
die ring 38 is provided with four radially inwardly di-
rected, horizontal injection passages 202 (FIG. 4),
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which passages are in communication with the vertical
passages 42b. Within each of these passages there is
mounted an injection nozzle structure 204 comprising
a hollow tubular bady including an enlarged outer end
portion having external threads thereon for threaded
engagement within an enlarged outer end portion of
the passages 202 outboard of the vertical passages 42b.

The hollow tubular body of the nozzle structures 204
are formed with openings 266 adjacent the outer end
for permitting the fluid in the passages 42b to enter the
nozzles. The fluid enters the injection nozzles adjacent
the outer end through the openings 206 and is directed
radially inwardly through the hollow body of the noz-
zles towards the inner end. The inner ends are closed
by end plugs 208 (FIG. 4) and each nozzle is provided
with a discharge orifice 210 adapted to flash the high
pressure liquid carbon dioxide into the low pressure ex-
pansion zone “B” in the upward direction as shown by
the arrows “C” (FIGS. 4 and 2). The outer end por-
tions of the nozzle structure 204 are identified so that
when inserted in the bores 202 the nozzles may be
properly orientated so that the orifices 210 will dis-
charge upwardly as shown in the drawings. As previ-
ously described only two of the nozzles will be flashing
liquid carbon dioxide into the crescent shaped expan-
sion zone “‘B” at any given instant to fill the expansion
zone with carbon dioxide snow.

As the impeller 80 orbits, the valve 186 controls the
flow to the nozzles 204 which are spaced quadrantally
around the annular extrusion chamber 30. The cres-
cent shaped expansion zone “B” is continuously being
charged with carbon dioxide snow flashed from the dis-
charge orifices 210 of the injection nozzles 204. Liquid
carbon dioxide is supplied to the extrusion apparatus
12 at an operating pressure range of approximately 210
to 250 psia. As this liquid is flashed via the nozzle ori-
fices 210 into the expansion zone “‘B” ahead of and be-
hind the moving compression zone “A” defined by the
impeller, the pressure is rapidly reduced as expansion
occurs. The material passes through the triple point
and a mixture of snow and vapor results at a pressure
slightly. above one atmosphere. As the compression
zone ““A” orbits around the annular extrusion cham-
bers 30, the snow is compacted and the pressure is
raised rapidly as the snow enters the extrusion passages
52. As the compacted snow is forced outwardly
through the extrusion passages 52 the pressure gradient
drops toward ambient pressure conditions at the outer
end at slightly above atmospheric as the material exits
the extrusion passages into the pockets 58. This pres-
sure drop occurs rapidly in the extrusion process but is
intermittent as previously described. A slight amount of
pressure increase is shown by the stabilizing contact
back pressure exerted on the rod-like extrusions by the
outer free ends of the springs 76. This slight increase in
pressure by the springs 76 results in a stable extrusion
of solid phase carbon dioxide.

Although the present invention has been described
with reference to a single illustrative embodiment
thereof, it should be understood that numerous other
modifications and embodiments can be devised by

" those skilled in the art that will fall within the spirit and
scope of the principles of this invention.

What is claimed as new and desired to be secured by
letters Patent of the United States is:

1. Apparatus for making compacted pellets of solid
phase carbon dioxide comprising die means having at
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least one extrusion passage with an inner end and an
outer end injector, means for flashing liquid carbon di-
oxide into snow adjacent said inner end of said passage;
compression means for compacting and extruding said
snow through the inner end of said passage to form
elongated rod-like extrusions passing out of said outer
end of said passage; and back pressure means for exert-
ing contact pressure against said extrusions exiting the
outer end of said passage.

2. The apparatus of claim 1 wherein said last men-
tioned means comprises a deflectable spring normally
closing the outer end of said extrusion passage, said
spring being deflectable by said rod-like extrusions of
solid phase carbon dioxide moving outwardly of the
outer end of said extrusion passage.

3. The apparatus of claim 2 wherein said spring com-
prises a strip of material having a deflectable free end
positioned to extend across said outer end of said extru-
sion passage and means for supporting said strip from
said die means away from said free end.

4. The apparatus of claim 3 wherein said die means
includes at least one pair of adjacent, spaced apart, ex-
trusion passages, said spring strip comprising a gener-
ally U-shaped member having opposite free ends ex-
tending across the outer ends of said passages and de-
flectable inwardly toward one another by said rod-like
extrusions as they are extruded out through said pas-
sages, said means for supporting said strip comprising
pin means between said outer ends of said passages en-
gaging a middle bight portion of said U-shaped mem-
ber.

5. The apparatus of claim 2 wherein said die means
comprises an annular wall having a plurality of radially
extending extrusion passages therein, said compression
means comprising an impeller mounted for orbital
movement around the interior of said annular wall for
compacting said snow and extruding it out through said
radial extrusion passages against the back pressure of
said deflectable spring.

6. The apparatus of claim 5 wherein said injector
means comprises a plurality of spray nozzles positioned
at spaced apart locations around the interior of said an-
nular wall for flashing liquid carbon dioxide into snow
in an area between said impeller and the inner ends of
said extrusion passages.

7. The apparatus of claim 6 including valve means
operative in response to the relative eccentric position
of said impeller and said annular wall of said die means
for closing off the flow of liquid carbon dioxide to one
of said spray nozzles while opening the flow to another
spray nozzle.

8. The apparatus of claim 6 wherein said annular wall
of said die means is formed with an annular groove in
communication with the inner ends of said extrusion
passages for receiving a portion of the periphery of said
impeller, said portion of said impeller received within
said groove and the wall surfaces of said groove defin-
ing a compression zone movable around said die as said
impeller orbits.

9, The apparatus of claim 8 including valve means
operative to control the flow of liquid carbon dioxide
to said spray nozzles for supplying nozzles positioned
ahead of said compression zone and for shutting off the
supply to nozzles in said zone.

10. Apparatus for making compacted pellets of solid
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phase carbon dioxide comprising an extrusion chamber
having an outer wall formed by annular die means hav-
ing a plurality of extrusion passages extending out-
wardly of a central axis between inside and outside sur-
faces thereof; impeller means mounted in said chamber
for orbital movement around said axis to form a moving
compression zone adjacent a segment of said annular
die means for extrusion of carbon dioxide through said
passages and an open zone ahead of said compression
zone in the path thereof; and injection means for flash-
ing liquid carbon dioxide into said open zone forming
snow to be compressed and extruded into rod-like ex-
trusions of solid phase carbon dioxide by said impeller
moving around said die means in said extrusion zone.

11. The apparatus of claim 10 wherein said injection
means comprises a plurality of spray nozzles positioned
at radially spaced apart locations around the inside sur-
face of said annular die wall and valve means respon-
sive to the position of said compression zone in said an-
nular die wall for supplying liquid carbon dioxide to
said nozzles in said open zone and shutting of the sup-
ply to a nozzle adjacent said compression zone.

12. The apparatus of claim 11 wherein said annular
die wall is formed with a groove around the inside sur-
face thereof in communication with the inside ends of
said extrusion passages, said groove having opposed
parallel circular side surfaces engaging opposite sides
of said impeller in said compression zone.

13. The apparatus of claim 12 wherein said spray
nozzles are spaced inwardly of said side surfaces of said
groove in said die wall toward said axis for directing a
spray between an outer periphery of said impeller and
said inside surface of said die wall.

14. The apparatus of claim 13 including a vapor ex-
haust means for removing carbon dioxide vapor from
said chamber, said exhaust means comprising an annu-
lar exhaust channel around at least one side of said ex-
trusion chamber inwardly of said side surfaces of said
groove in said die wall and an annular filter between
said extrusion chamber and said exhaust channel for
passing gases and containing solid carbon dioxide.

*15. The apparatus of claim 14 wherein said vapor ex-
haust means includes.a pair of said annular exhaust
channels on opposite sides of said extrusion chamber
and a pair of said annular filters, and a plurality of ex-

“haust passages in said die wall for interconnecting said

annular exhaust channels.

16. The apparatus of claim 15 wherein said exhaust
passages are normal to and radially spaced between ad-
jacent extrusion passages in said die wall.

17. The apparatus of claim 15 including spray nozzles
in said extrusion chamber for flashing sprays of liquid
carbon dioxide into snow between the periphery of said
impeller and said annular groove in said die wall.

18, The apparatus of claim 11 wherein said valve
means includes a plurality of supply passages for sup-
plying liquid carbon dioxide to said spray nozzles and
a rotor movable to alternately open and close said sup-
ply passages driven in synchronism with said orbiting
impeller.

19. The apparatus of claim 18 including eccentric
drive means drivingly interconnecting said impeller and

said valve rotor.
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