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[57] ABSTRACT 

A method of and apparatus for blow molding and cool 
ing plastic articles. A hot parison is expanded in the cur 
ity of an enclosing mold by a gaseous blowing medium. 
While the expanded, still hot parison is still con?ned in 
the mold, liquid carbon dioxide is introduced thereinto 
and vaporized to use the latent heat of vaporization to 
cool the expanded parison. The liquid carbon dioxide can 
also be changed ?rst to a solid state and then vaporized. 
Gaseous carbon dioxide can be used for the gaseous 
blowing medium. 

26 Claims, 5 Drawing Figures 
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METHOD OF AND APPARATUS FOR MAKING A 
PLASTIC ARTICLE 

Matter enclosed in heavy brackets I: 1 appears in the 
original patent but forms no part of this reissue specifi 
cation; matter printed in italics indicates the additions 
made by reissue. 

This application is a re-issue 0f U.S. Pat. 3,065,501, 
issued Nov. 27, I962, matured from U.S. Pat. applica 
tion Ser. No. 846,720, ?led Oct. 15, 1959. 
The present invention relates to a method of and ap 

paratus for making a plastic article and more particu 
larly to a method of an apparatus for blowing and cool 
ing a blown plastic article. 

In the manufacture of blown plastic articles, such as 
_ containers, toys, or the like, two generally accepted 
processes are presently in use. Exemplary of these pro 
cesses are the disclosures of U.S. Pat. Nos. 2,579,390 
and 2,804,654. In each instance, an extruded tube or 
parison is enclosed in a blow mold and air at superat 
mospheric pressure, on the order of 60-100 pounds per 
square inch, is introduced to expand the extruded tube 

, against the cavity-de?ning blow mold walls. 
Although a substantial amount of heat is extracted by 

the mold walls upon wall-tube contact and also by the 
air serving as an internal heat transfer medium, a great 
part of the production cycle is consumed in cooling the 
blown tube in the closed mold to a dimensionally stable 
state, so that the article can be subsequently removed 
from the blow mold and further processed without de 
formation. Actually, it has been found that the blow 
mold closed portion of the cycle consumes from 40% 
to 70% of the complete forming cycle time. 
To shorten the blow mold close time, the utilization 

of a gaseous refrigerant as a blowing medium has been 
attempted at superatmospheric pressure (on the order 
of 60 pounds per square inch) and substantially sub 
ambient temperatures (on the order of from 0° F. to 
—-71° F.). It was found that the refrigerant chilled the 
tube interior prior to and during contact with the mold 
to such an extent and so rapidly as to render the fin 
ished container susceptible to stress crazing. Also, poor 
interiorlsurfaces were obtained in the ?nished article 
due to the large temperature gradient across the plastic 
tube wall during blowing and as it struck the mold wall. 
In a transparent or translucent bottle, a pitted interior 
surface was visible. 

It has now been determined that the mold close time 
can be materially reduced by introducing a cooling me 
dium into the article only after the article has been 
blown by an expansion medium at substantially ambi 
ent temperatures, i.e., at a temperature which does not 
so chill the tube prior to blowing as to prevent proper 
blowing. The expansion medium and the cooling me 
dium can be the same, for example, gaseous carbon di 

‘ oxide at about 60 pounds per square inch and about 70° 
F. can be used as the expansion medium and liquid car 
bon dioxide at about 60 pounds per square inch and 
—70° F. can be used as cooling medium. Alternatively, 
the media may be different, e.g., the expansion medium 
can be air at 60 pounds per square inch and ambient 
temperatures and the cooling medium can be carbon 
dioxide at 60 pounds per square inch and —70° F. Pref 
erably, a phase change, e.g., the conversion of liquid or 
solid carbon dioxide to carbon dioxide vapor, is ef 
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2 
fected during cooling to gain the maximum heat extrac 
tion from the hot, expanded tube. 
By internally cooling the tube after it has been ex 

panded against the mold walls, the mold close time of 
the cycle can be drastically reduced. For example, at a 
material temperature of 300° F. and a mold tempera 
ture of 80° F. and utilizing circulating air at ambient 
temperatures from 10 to 15 seconds is required to ade 
quately cool a given molded article. By the utilization 
of liquid carbon dioxide vaporized to gaseous carbon 
dioxide internally of the blown article, this mold close 
time may be reduced to about four seconds. 

It is, therefore, an important object to provide a 
method of making a plastic article wherein a blown 
plastic article is cooled by the introduction of a refrig 
erant thereto at substantially less than ambient temper 
atures. 

Another object of the invention is the provision of an 
apparatus for sequentially introducing a blowing me 
dium and a cooling medium into an extruded tube con 
?ned in a blow mold. 

It is a further important object to provide a method 
of blowing plastic articles wherein a parison is ex 
panded against the cavity of a blow mold by a gaseous 
blowing medium at substantially ambient temperatures 
and subsequently cooled by the introduction of a cool 
ing medium undergoing a phase change internally of 
the blown article. ' 

Yet another object is the provision of an apparatus 
for introducing a non-gaseous coolant into a blown arti 
cle, vaporizing the coolant interiorly of the article, and 
accommodating venting of the vaporized coolant from 
the article interior. 

Still another object resides in the method of making 
a hollow plastic article wherein a gaseous blowing me 
dium is introduced into a tube to expand the tube 
against the cavity of a blow mold and subsequently a 
non-gaseous cooling medium is introduced into the 
blown article for cooperation with the blow mold to 
chill the blown article both interiorly and exteriorly, 
the latent heat of phase change of the cooling medium 
being utilized to extract heat from the interior of the 
article. , 

Other and further objects of the invention will appear 
from the following detailed description taken in con 
junction with the annexed drawings. 
On the drawings: 
FIG. 1 is a diagrammatic representation of an appara 

tus of the present invention capable of carrying out the 
method of the present invention; 
FIG. 2 is an enlarged fragmentary vertical sectional 

view taken through a blow mold and the blowing com 
ponents of an apparatus capable of carrying out the 
method of this invention; 
FIG. 3 is an enlarged fragmentary sectional view sim 

ilar to FIG. 2 similarly illustrating the blowing compo 
nents; 
FIG. 4 is an enlarged sectional view ofa valve for 

controlling the blowingprocess; and 
FIG. 5 is a view similar to to FIG. 1 illustrating a mod 

i?ed form of apparatus. . 

As shown on the drawings, in FIGS. 1 through 3, ref 
erence numeral 10 refers generally to a separate blow 
mold comprising a pair of complementary mold ele 
ments 11 having interior cavities 12 which cooperate to 
de?ne the ?nal shape of the blown portion of an article 
A. 
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As described in the us. Pat. No. 2,804,654 and in 
me copending application U.S. Ser. No. 797,276 ?led 
dar. 4, 1959, of Allen and Elphee, now US. Pat. No. 
,008,l92, and assigned to the assignee of the present 
1V€Htl0l’l, the mold elements 11 are closable onto an 
xtruded plastic tube 15 formed of thermoplastic mate 
ial, such as polyethylene or the like and extruded 
hrough an annular extrusion ori?ce 16 de?ned by an 
nnular nozzle 17 and an upstanding mandrel 18. 
Initial extrusion through the ori?ce 16 takes place 

ito a vertically movable neck mold, best illustrated in 
‘IG. 3 of the drawings and comprising a pair of separa 
ile neck-de?ning elements 20 carried by mold blocks 
.1 disposed on laterally, downwardly and outwardly 
iclined cam pins 22 ?xed to a head or carrier block 
.3. The mold blocks 21 are guided laterally by slide 
urfaces 24 mounted on or formed integrally with a car 
ier 25 normally vertically movable with the head block 
‘.3, but guided for movement relative thereto by a 
;uide pin 26. The block 23 and the carrier 25 are nor 
nally held in their illustrated relative positions by a 
pring 27 but vertically upward movement of the head 
13 relative to the carrier 25, which movement is ac 
:ommodated by the spring 27, will slide the blocks 21 
md the mold section 20 carried thereby laterally out 
vardly release an injection molded article portion 30 
nitially formed in the molds 20. 
A neck mold pin 31 extends axially of the cooperat 

ng molds 20 and has an exterior surface cooperating 
vith the neck molds to form the injection space for the 
irticle portion 30. This neck mold pin 31 is provided 
vith a blowing passage 32 provided with a reduced ori 
ice 33, preferably formed in a threaded ori?ce block 
55. 
Additionally, the neck mold core pin 31 is provided 

vith a plurality of vent or exhaust passages 36 commu 
iicating with exhaust nipples 37 provided with variable 
)ri?ce bleed valves 38. The neck mold pin 31 is also 
Jrovided with an enlarged upper counter bore 39 in 
which a spring 40 is bottomed to urge the neck core pin 
51 vertically downwardly into Contact with the orifice 
nandrel when the neck mold is in its lower position. 
A blow passage extension 41 extends laterally inter 

13.11)’ of the spring 40 for entry into a slightly radially 
enlarged recess 42 formed in the head block 23, the 
;liding fit between the recess 42 and the extension 41 
accommodating relative vertical movement of the neck 
:ore pin under the in?uence of the spring 40, such rela 
tive movement being limited. The neck core pin is also 
slidably retained within an externally threaded, inter 
nally bored retainer 43 threaded into the block 23. 

It will be noted that the mold halves 20 are each pro~ 
vided with an arcuate medial interior recess 45 in each 
of which is slidably seated a guide block 46, the under 
surface of which provides the lip of the container neck 
portion 30 and which also serves to guide the mold sec’ 
tions 20 during their relative lateral movement into ac 
curate registry with one another. 
Following the issuance of material from the orifice 16 

into the neck mold cavity de?ned by the cooperating 
neck mold sections 20, the neck mold core pin 31 and 
the guide block 46, the neck mold is elevated to its po 
sition in FIG. 2 while the issuance of material through 
the orifice l6 continues to extrude a tube integral with 
the material 30 ?lling the neck mold. Following extru 
sion into the tube, the blow ‘molds 11 are closed 
thereon by a suitable actuating means (not shown), and 
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4 
the tube is subsequently blown to its final configura 
tion. 
A machine capable of carrying out the injection 

molding of the portion 30, the extrusion of the tube 15, 
the enclosure of the tube within the blow mold sections 
1 1 and the blowing of the tube to its ?nal con?guration 
is illustrated in the above identi?ed application, Ser. 
No. 797,276. 
The present invention is concerned with the appara 

tus illustrating it schematically in FIG. 1 and the modi 
?ed form illustrated in FIG. 5 for blowing and cooling 
the article A. As illustrated in FIG. 1, the blow passage 
32 is connected to a conduit 50 connected to a source 
of air and having disposed therein a ?rst valve 51 which 
is preferably a solenoid-actuated valve controlled by a 
timer 52 for shutting off and admitting air from the 
source. Preferably, the air enters pipe 50 at a pressure 
of about 60 to 100 pounds per square inch and at sub 
stantially ambient temperatures. 
The passage 32 also communicates through line 31 

with a second conduit 53 connected through a valve 54 
also controlled from the timer 52, and a ?oat chamber 
55 with a conduit 56 leading to a source of refrigerant 
or cooling media medium 57. Since the preferred cool 
ant of the present invention is carbon dioxide, this stor 
age or source container 57 preferably contains liquid 
carbon dioxide at about 300 pounds per square inch 
pressure and at a temperature of about 0° F. The ?oat 
chamber 55 is used to separate carbon dioxide vapors 
and carbon dioxide liquid with the removed carbon di 
oxide vapors being led through conduit 58 to a com 
pressor 60 from which liquid carbon dioxide is fed back 
to the liquid storage tank 57 through a line 59. 
The operation of the apparatus of FIG. 1 is quite sim~ 

ple in that following extrusion of the tube and elevation 
of the neck mold 20, the blow mold 10 is closed on the 
tube and air under pressure is introduced through line 
50 upon actuation upon the timer 52. This air is intro 
duced through line 31, passage 32 and ori?ce 33 into 
the interior of the tube, inflating the tube against the 
interior or chill walls defining the cavity 12 of the mold 
10. Thus, the container or other plastic article is blown 
to its final con?guration by the use of air at a pressure 
of about 60 to 100 pounds per square inch and at sub 
stantially ambient temperatures. After blowing, valve 
51 is closed by operation of the timer 52 and the intro 
duction of air is terminated. 
Next, the valve 54 is actuated by the timer 52 and the 

line 53 is connected through the float chamber 55 in 
line 56 to the carbon dioxide liquid storage tank 57. In 
terposed in the line 50 is a one-way check valve 61 pre 
venting the passage of liquid carbon dioxide through 
the line 50 beyond the location of the valve 61. By vir 
tue of the ?oat chamber 55, substantially completely 
liquid carbon dioxide is introduced into the article A, 
which was previously blown to its article shape by air, 
through the restricted ori?ce 33. Further, by operation 
of the ?oat chamber 55, the pressure of the liquid car 
bon dioxide may be reduced to any desired value, pref 
erably on the order of 150 pounds per square inch. 
When the liquid carbon dioxide is introduced into the 

article A through the restricted ori?ce 33, the carbon 
‘dioxide immediately expands into the container to form 
either a mixture of liquid carbon dioxide and carbon 
dioxide vapors or a mixture of solid carbon dioxide and 
carbon dioxide vapors. The nature of the mixture to be 
formed is determined by the internal pressure main 
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tained within the container. At 60 pounds per square 
inch, a three phase liquid-solidl-vapor mixture will be 
obtained. If the internal pressure in the container is 
above 60 pounds per square inch, the mixture will be 
predominantly liquid carbon dioxide and carbon diox 
ide vapors, while if the internal pressure of the article 
is less than 60 pounds per square inch, the solid-vapor 
mixture will prevail. By utilization of the variable ori 
?ce valves 38 in the outlet lines 37, the'internal pres 
sure within the article A may be regulated to obtain the 
desired mixture. 

In either instance, a change of phase will occur with 
any liquid carbon dioxide vaporizing as it is heated by 
heat exchange from the hot article, similarly any solid 
carbon dioxide will sublimate. This change from a non 
gaseous state to a gaseous state utilizes the inherent la 
tent heat of such a change to chill the interior surfaces 
of the article. Preferably, the pressure interiorly of the 
container is slightly below 60 pounds per square inch 
so that the solid-vapor mixture will prevail inasmuch as 
it has been determined that most efficient heat extrac 
tion can be obtained in this matter. 
Following cooling of the article A to a self-sustaining 

or thermally stabilized condition and venting of the ar 
ticle to atmospheric’ pressures, the article is removed 
from the apparatus by opening the separable blow mold 
sections 1 1 and the neck mold sections 20 and stripping 
the article from the neck mold core pin, all as described 
in connection with the above identi?ed Allen and El 
phee application, Ser. No. 797,276. 
One important factor in the efficiency of the appara 

tus is the prevention of premature expansion of the liq 
uid carbon dioxide inasmuch as a substantial loss in 
heat capacity will occur thereby and further since the 
various passages and valves involved in the carbon di 
oxide supply system may become frozen or clogged 
with ice. Accordingly, it is preferred that a valve of the 
type illustrated in FIG. 4 be utilized as the valve 54 in 
terposed in the carbon dioxide line 53. Generally this 
valve includes a casing 65 enclosing a solenoid winding 
66 encompassing a centrally located solenoid armature 
67 movable vertically upwardly against the action of a 
spring 68 upon actuation of the solenoid coil 66. The 
armature 67 carries a lower valve element 69 control 
ling the egress of carbon dioxide through valve passage 
70. Valve ingress passage 71 is the same diameter as 
the internal diameter of the supply passage 53 and of 
the same diameter as the egress passage 70. Further, 
the valve interior passages 72 and 73 are carefully di 
mensioned so as to prevent any premature expansion of 
the carbon dioxide during its passage through the valve. 

It will be noted in connection with the embodiment 
of FIG. 1 that the carbon dioxide introduced into the 
container after blowing and during cooling is exhausted 
through the interior pressure-controlling orifice valves 
38. Thus, there is some loss and waste of gaseous car 
bon dioxide. Such a loss is prevented by utilization of 
the apparatus and method illustrated in FIG. 5 of the 
drawings and in this ?gure, identical reference numer 
als refer to identical portions of the apparatus shown in 
FIG. 1. The primary difference thus residing in the re 
claiming of carbon dioxide utilized in cooling the bot 
tle, it is preferred that a closed system be utilized to 
minimize the loss of carbon dioxide and to prevent con 
tamination of carbon dioxide with blowing air. Conse 
quently the tube 15 is blown to its ?nal con?guration 
within the blow molds 10 by means of carbon dioxide 
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6 
vapors under substantial blowing pressures introduced 
through line 70. This line' 70 has interposed therein a 
control valve 71 operated from a three phase timer 72 
and effective to control the ?ow of carbon dioxide 
vapor therethrough. The carbon dioxide vapor fed 
through the valve 71 and the line 70 to the orifice 33 
is supplied from a reclaim unit 75 which receives car 
bon dioxide vapors from the ?oat chamber 55 through 
line 58 and which also receives through line 77 exhaust 
vapors from the interior of the container A, such va 
pors being bled off through the. passages 36 and a line 
78 past a variable ori?ce valve 80. 
To further prevent contamination with air a by-pass 

line 81 is provided to by-pass the blow supply valve 71, 
this line 81 having interposed therein a timer controlled 
valve 82 and a pressure reducing valve 83 having a re 
stricted ori?ce across which a substantial pressure drop 
occurs, so that vapor issuing from the valve 83 and 
passing through line 84 into the blow line 70 is at atmo 
spheric pressure (14.7 pounds per square inch approxi 
mately). 
Now considering the operation of the apparatus illus 

trated in FIG. 5 of the drawings, carbon dioxide vapor 
is normally supplied from the reclaim units 75 into the 
conduit 73 at a pressure of about 90 pounds per square 
inch and at substantially ambient temperatures. All 
three of the timer controlled valves 54, 71 and 82 are 
initially closed and during extrusion of the tube, valve 
82 is open so that carbon dioxide at substantially atmo 
spheric pressure is bled through valve 83 and line 84 to 
the line 70 in order that atmospheric pressure condi 
tions obtain within the extruded tube, thereby either 
preventing the collapse of the tube during extrusion or 
the introduction of contaminant air. Following extru 
sion, halting of the neck mold, and closure of the blow 
mold 10 on the tube, valve 82 is closed and valve 71 is 
opened by the timer 72 so as to introduce carbon diox 
ide vapor at substantially the pressure of line 73, i.e., 
90 pounds per square inch, and at substantially ambient 
temperatures into the tube to expand the tube against 
the cavity-defining walls of the mold sections 11. Even 
though some expansion will occur due to the orifice 33, 
no substantial cooling effect will be exerted by the car 
bon dioxide blowing vapor, i.e., no effect other than 
that of contacting the hot plastic tube during expansion 
with any gas at ambient temperatures and accordingly 
there will be no freezing of the tube to interfere with 
expansion. 
Following expansion, the timer 72 closes the valve 71 

and opens the valve 54, so that liquid carbon dioxide 
at a pressure of about 150 pounds per square inch and 
at substantially 0° F. is introduced into the article A. 
The substantial expansion which occurs in the sub 
ambient temperature liquid carbon dioxide is again 
controlled by the size of the ori?ce of the valve 80 to 
obtain either a liquid-vapor mixture or a solid-vapor 
mixture and the resultant phase change aids in the ini 
tially cold carbon dioxide in cooling the article substan 
tially. Vapor escaping through the valve 80 is recycled 
through line 77 to the reclaiming unit 75 with liquid 
carbon dioxide being fed back to the storage chamber 
57 through the line 59. 
From the foregoing description of the alternate meth 

ods of the present invention, it will be noted that blow 
ing is always accomplished by a gas under superatmos 
pheric pressure but at substantially ambient tempera 
tures, so that there is no substantial refrigerant-type 
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cooling of the tube during expansion and the tube is not 
cooled prematurely to such an extent that interior sur 
face defects are obtained or crazing susceptibility is in 
creased. Further, initial heated tube-relatively cold 
mold wall contact is accomplished under a temperature 
gradient within the tube ranging from the tube temper 
ature to ‘no less than ambient temperature. Thus, the 
blowing can be readily accomplished without undue 
shrinkage, without the generation of harmful surface 
defects and without interfering with the normal blow 
ing procedure. The subsequent introduction of carbon 
dioxide at superatmospheric pressures and at substan 
tially sub-ambient temperatures effectively cools the 
blown container only after the final article con?gura 
tion has been obtained. Further, the utilization of a re— 
stricted orifice at the point of introduction of the refrig 
erant into. the article resulting in expansion only within 
the blown article, makes possible the utilization of the 
latent heat of vaporization of carbon dioxide from ei 
ther its liquid or solid state to its gaseous state. The 
control of the vapor state within the article is very sim 
ply accomplished by controlling the pressure interiorly 
of the article. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed, are defined as fol 
lows: 

1. In a method of making a plastic article by expand 
ing a hot parison in the cavity of an enclosing mold, the 
improvements of introducing ‘into the expanded, still 
hot parison while still con?ned in said mold liquid car 
bon dioxide, maintaining an internal parison pressure 
on the order of more than 60 pounds per square inch, 
and vaporizing said liquid carbon dioxide in situ to uti 
lize the latent heat of vaporization thereof to cool the 
expanded parison. 

2. In a method of making a hollow plastic article from 
a heated parison of plasticized material, the steps of en 
closing the parison in a mold, injecting a heat exchange 
medium in a gaseous state into said parison to com 
pletely expand and to only partially cool said parison, 
and subsequently internally chilling the expanded pari 
son by the same heat exchange medium in a non 
gaseous state. 

3. A method of making a hollow plastic article com 
prising extruding a tube having an opening at at least 
one end thereof, maintaining at least substantially at 
mospheric pressure in the tube during extrusion, clos 
ing a blow mold on the tube to pinch the tube shut at 
a-portion thereof remote from one end thereof, intro 
ducing a. gaseous blowing medium into the pinched 
tube to expand the same internally of the mold without 
excessively chilling the pinched tube during expansion, 
terminating the introduction of the blowing medium, 
thereafter introducing a non-gaseous chilling medium 
into thepinched and expanded tube, and effecting a 
phase change of said chilling medium internally of the 
tube to increase the absorption ‘of heat from the tube 
by the medium. ‘ 

4. The method of claim 3, wherein both the blowing 
medium and the chilling medium are carbon dioxide. 

5. The method of claim 3, wherein the blowing me 
dium is air and the chilling medium is carbon‘ dioxide. 

6. An apparatus for making plastic articles from a 
tube extruded from an ori?ce and having an open end, 
the tube .being. previously expanded in an enclosing 
blow mold, comprising a conduit for injecting liquid 
carbon dioxide into said tube through the open end 
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8 
thereof said conduit terminating in a restricted ori?ce 
through which the carbon dioxide enters the tube for 
expansion therein, and means for controlling the inter 
nal pressure developed interiorly of said tube to prede 
termine'the phase state of carbon dioxide introduced 
thereinto through said ori?ce. 

7. In an apparatus for making plastic articles blown 
from an extruded tube enclosed in a blow mold, means 
defining a restricted ori?ce communicating with the 
tube interior, a source of heat exchange ?uid, ?rst and 
second conduits interconnecting said source and said 
ori?ce, the ?uid in said conduits being at substantially 
different temperatures, valve means in said conduits 
and valve control means for sequentially and separately 
interconnecting said orifice with said ?rst conduit 
means and with said second conduit means respec 
tively, whereby the tube is ?rst blown without substan‘ 
tial chilling and then chilled internally. 

8. In a method of making a plastic article, the steps 
of enclosing a heated extruded tube in a blow mold 
having interior chill walls, introducing into said tube a 
gaseous blowing medium at substantially an ambient 
temperature to‘ expand the tube against the chill walls 
of the enclosing mold, subsequently introducing into 
the expanded tube a non-gaseous chilling medium and 
effecting a change of state in said chilling medium in 
ternally of the tube to cool the previously expanded 
tube. 

9. In a method of making a plastic article by blowing 
a hot parison in the cavity of an enclosing mold, the im 
provements of expanding the parison in said cavity and 
then introducing under substantial pressures into the 
expanded, still hot parison while still confined in said 
mold liquid carbon dioxide and substantially expanding 
and vaporizing said carbon dioxide in situ to utilize the 
latent heat of vaporization thereof to cool the ex 
panded parison. ' 

10. In a method of making a blown plastic article by 
the expansion of a plasticized and extruded tube in a 
blow mold, the steps of initially expanding the tube in 
the mold, then injecting liquid carbon dioxide at a rela 
tively high pressure into the previously expanded tube 
through a restricted orifice, maintaining a relatively 
low pressure internally of the tube to expand the liquid 
carbon dioxide in situ and to convert the carbon diox 
ide to its solid form, and sublimating the resultant solid 
carbon dioxide to cool the tube while supported by the 
blow mold. 

11. An apparatus for cooling hot plastic articles 
blown in a blow mold from a parison enclosed therein, 
comprising a restricted ori?ce communicating with the 
tube interior, a source of liquified carbon dioxide, a 
conduit interconnecting said source and said orifice, a 
?oat chamber interposed in said conduit to substan 
tially reduce the liquid carbon dioxide pressure and to 
insure the passage of substantially only liquid carbon 
dioxide through said orifice, an exhaust conduit in 
communication with said tube to vent carbon dioxide 
vapor therefrom, and meansin said exhaust conduit to 
maintain a predetermined internal pressure in said 
tube. 

12. In a method of making a hollow plastic article, 
the steps of extruding a tube, bleeding carbon dioxide 
at substantially atmospheric pressure into the tube dur 
ing extrusion, enclosing the tube in a blow mold, intro 
ducing gaseous carbon dioxide into the enclosed tube 
to expand the same internally of the mold without ex 
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cessively chilling the tube during expansion, terminat 
ing the introduction of gaseous carbon dioxide, thereaf 
ter introducing liquid carbon dioxide into the expanded 
tube, expanding the liquid carbon dioxide internally of 
the expanded tube to form solid carbon dioxide there 
in, and sublimating the solid carbon dioxide in the 
tube to absorb heat from the tube. 

13. In a method of making a hollow plastic article 
from a heated parison of plasticized material, the steps 
of enclosing the parison in a mold, injecting air into 
said parison to completely expand and to only partially 
cool said parison, subsequently injecting carbon diox 
ide into the expanded parison and thereafter internally 
chilling the expanded parison by the in situ vaporiza 
tion of non-gaseous carbon dioxide. 

14. In a method of making a plastic article by expand 
ing a hot parison in the cavity of an enclosing mold, the 
improvements of introducing into the expanded, still 
hot parison while still con?ned in said mold a non 
gaseous heat exchange medium and vaporizing said 
heat exchange medium in situ to utilize the latent heat 
of vaporization of said medium to cool the expanded 
parison. 

15. In a method of making a blown plastic article by 
vthe expansion of a plasticized and extruded tube in a 
blow mold, the improvements ofinjecting liquid carbon 
dioxide into the expanded tube through a restricted ori~ 
fice, expanding the liquid carbon dioxide internally of 
the tube, and utilizing the resultant carbon dioxide va 
porization to cool the tube while supported by the blow 
mold. 

16. In a method of making a plastic article, the steps 
of enclosing a heated extruded tube in a blow mold 
having interior chill walls, introducing into said tube a 
gaseous blowing medium at substantially an ambient 
temperature to expand the tube against the chill walls 
of the enclosing mold, subsequently introducing into 
the expanded tube a vaporizable chilling medium at a 
substantially sub-ambient temperature, and vaporizing 
the chilling medium interiorly of the tube to utilize the 
heat of vaporization of said medium to internally cool 
the previously expanded tube. ' . 

17. In an apparatus for making plastic articles blown 
from an extruded tube enclosed in a blow mold, the im 
provements of means for introducing carbon dioxide 
into said tube and reclaiming said carbon dioxide com 
prising a restricted orifice communicating with the tube 
interior, a source of carbon dioxide liqui?ed at a pres 
sure in excess of about l50 pounds per square inch, 
first and second conduits interconnecting said source 
and said ori?ce, a reducing means in said second con 
duit to reduce the the liquid carbon dioxide pressure to 
about 150 pounds per square inch and to insure the 
passage of substantially only liquid carbon dioxide 
through said ori?ce, pressure reducing means in said 
second conduit to reduce the carbon dioxide pressure 
to substantially less than 150 pounds per square inch 
and to insure a passage of only gaseous carbon dioxide 
at substantially ambient temperatures to said ori?ce, 
control means for sequentially and individually supply 
ing carbon dioxide from said second conduit and said 
?rst conduit, an exhaust conduit establishing communi 
cation from said tube to said source, and a reclaiming 
unit interposed in said exhaust conduit for compressing 
exhaust carbon dioxide vapors and returning the same 
to said source. 

'20 

25 

35 

40 

45 

50 

55 

65 

10 
18. In a method of making a plastic article, the steps 

of enclosing a heated extruded tube in a blow mold 
having interior chill walls, introducing into said tube a 
gaseous blowing medium to expand the tube against the 
chill walls of the enclosing mold, said blowing medium 
being at a temperature such that the gaseous medium 
is ineffective to substantially chill the tube during ex 
pansion of the tube, subsequently introducing into the 
expanded tube a chilling medium at a temperature sub 
stantially less than the temperature of said blowing me 
dium, and vaporizing the chilling medium interiorly of 
the tube to chill and internally cool the previously ex 
panded tube by both the initial temperature of the chill 
ing medium and by the absorption of heat during va 
porization of said chilling medium. 

19. In a method of making a plastic article by expand 
ing a hot parison in the cavity of an enclosing mold, the 
improvements of introducing carbon dioxide into the 
expanded, still hot parison while still con?ned in the 
mold, controlling the pressure internally of the ex 
panded, still hot parison to obtain a desired non 
gaseous carbon dioxide phase therein, and vaporizing 
the carbon dioxide internally of the expanded, still hot 
parison to utilize the latent heat of vaporization of the 
non-gaseous carbon dioxide to chill the parison. 
20. In a method as de?ned in claim 19, the control 

ling of the pressure internally of the parison to less than 
sixty pounds per square inch to obtain predominantly 
solid carbon dioxide therein. 

21. In a method as de?ned in claim 19, the step of 
controlling the pressure internally of ' the parison to 
more than sixty pounds per square inch to obtain pre 
dominantly liquid carbon dioxide therein. 

22. In a method as defined in claim 19, the step of 
controlling the pressure internally of the parison to 
about sixty pounds per square inch to obtain a three 
phase mixture of liquid, solid and gaseous carbon diox 
ide therein. 
23. In a method ofmaking a plastic article the steps of 

‘enclosing a heated, extruded tube in a blow mold having 
interior chill walls, introducing into said tube a gaseous 
blowing medium at substantially an ambient temperature 
to expand the tube against the chill walls of the enclosing 
mold, subsequently introducing into the expanded tube a 
non-gaseous chilling medium and effecting a change of 
state in said chilling medium to form a solid vapor mix 
ture internally of the tube to cool the previously expanded 
tube. 
24. The method as de?ned in claim 23, further includ 

ing the step of vaporizing the solid portion of said solid 
vapor mixture in situ to utilize the latent heat of vapori 
zation ofsaid medium to cool the expanded tube. 
25. In a method ofmaking a plastic article the steps of 

enclosing a heated, extruded tube in a blow mold having 
interior chill walls, introducing into said tubes a gasious 
blowing medium at substantially an ambient temperature 
to expand the tube against the chill walls of the enclosing 
mold, subsequently introducing into the expanded tube a 
liquid chilling medium and effecting a change ofstate in 
said chilling medium to form a solid vapor mixture inter 
nally of the expanded tube to cool such previously ex 
panded tube. .: 

26. In a method ofmaking a plastic article the steps of 
enclosing a heated, extruded tube in a blow mold having 
interior chill walls, introducing into said tube a gaseous 
blowing medium at substantially an ambient temperature 
to expand vthe tube against the chill walls of the enclosing 
mold, subsequently introducing into the expanded tube a 
liquid chilling medium and effecting a change ofstate in 
said chilling medium to form a solid-vapor mixture of 
said medium internally of the expanded tube, the solid 
portion subsequently ‘undergoing a ?trther phase change 
from solid to gas to cool such previously expanded tube. 

* * * * * 


