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TRANSPORTABLE CONTAINER , CHARGER 
SYSTEM , METHOD AND KIT FOR 

GENERATION OF CARBON DIOXIDE SNOW 
BLOCK IN - SITU WITHIN THE 

TRANSPORTABLE CONTAINER FOR 
PRESERVATION OF ITEMS STORED 

THEREWITHIN 

RELATED APPLICATIONS 
[ 0001 ] The present application claims priority from U . S . 
Provisional Application Ser . No . 62 / 360 , 760 , filed Jul . 11 , 
2016 , which is incorporated by reference herein in its 
entirety . 

FIELD OF INVENTION 
[ 0002 ] This invention relates to a unique apparatus , char 
ger system , method and kit for in - situ generation of carbon 
dioxide ( hereinafter referred to as “ CO2 " ) snow in block 
form within a container that can be used for preservation and 
transport of various items , including biological specimens . 

durations up to four or five days . The interior sample space 
may be uniformly near dry ice temperature upon initial full 
dry ice loading , but as the dry ice sublimates , significant 
temperature gradients can arise within the interior sample 
space , potentially compromising sample quality . The insu 
lated boxes are generally shipped via expedited delivery 
methods to ensure a sufficiently cold temperature is main 
tained within the interior sample space . However , should 
delays or disruptions occur in the shipping lanes , the 
samples can degrade . As a result of such delays during 
shipment , additional dry ice may be required to be loaded 
into the box during transit , which results in increased cost 
and logistical complexity to the shipment . 
[ 0007 ] One alternative to conventional dry ice shippers is 
a cryogenic liquid nitrogen - based vapor vessels . Cryogenic 
liquid nitrogen - based vapor vessels utilize an absorbent to 
retain the cold nitrogen in the vapor state and avoid the 
presence of nitrogen in its liquid form . However , such liquid 
nitrogen - based vapor vessels suffer from drawbacks . One 
drawback is the time and labor involved in the preparation 
of the vessel . Specifically , users prepare such vessels by 
pouring liquid nitrogen into the vessel ; waiting several hours 
to allow for sufficient absorption of the nitrogen onto the 
absorbent to occur ; followed by decanting the excess liquid 
nitrogen prior to shipment . Substantial handling of the 
cryogenic liquid nitrogen is necessary , and significant time 
is required to prepare the liquid nitrogen shipper prior to its 
usage . Further , the costs associated with the use of liquid 
nitrogen - based vapor vessels are significantly higher than 
alternative dry ice vessels . 
0008 ] In view of these drawbacks , there is an unmet need 
for an improved way for preserving samples into a container 
during storage and transport . 

BACKGROUND OF THE INVENTION 
[ 0003 ] Drug development continues to be a major 
endeavor in the pharmaceutical industry . Drug development 
requires clinical trials to establish the safety and efficacy of 
new treatments . Today , in the United States , alone , there are 
a large number of on - going clinical trials in various stages . 
Each clinical trial can involve hundreds to thousands of 
patients who have volunteered to the administering of cer 
tain experimental drugs . Generally speaking , as part of the 
clinical trial , biological samples ( e . g . , tissue , urine , blood 
samples ) are collected from participants at a clinical site , 
such as a hospital , university , or physician office , and then 
transported to laboratories for analysis or to facilities where 
they may be stored frozen for analysis at a later time . 
[ 0004 ] The ability to evaluate the safety and efficacy of an 
experimental drug requires obtaining reproducible and reli 
able results during the clinical trials . The biological samples 
must be stabilized and preserved during storage and trans 
port between , by way of example , the clinic and the labo 
ratory . A common means to preserve biological samples 
today is to freeze and store them in the presence of solid 
carbon dioxide ( i . e . , dry ice ) . 
[ 0005 ] Dry ice systems typically involve manually loading 
the samples and dry ice into an insulated box , such as a 
polystyrene box , at the clinical site where the samples are 
acquired . The insulated box is typically provided to the 
clinical site by a pharmaceutical company or contract 
research organization administering the clinical trial . The 
insulated box components may be provided in an assembled 
or disassembled state . Assembly of the insulated box and 
loading of the dry ice can be labor intensive . There may also 
be considerable cost and inconvenience associated with 
maintaining a sufficient supply of dry ice at the clinical site . 
Additionally , the failure to use such dry ice within a certain 
duration can cause the dry ice to lose its cooling effect . 
Further , the insulated box is typically not reusable and must 
be discarded , thereby creating waste . 
[ 0006 ] Other drawbacks also exist with the transport of 
samples in conventional insulated boxes . The dry ice cools 
the interior of the insulated box as it sublimates to carbon 
dioxide vapor . A number of insulated boxes are available 
that can maintain a cold interior temperature for various 

SUMMARY OF THE INVENTION 
[ 0009 ] In one aspect , a carbon dioxide ( CO2 ) snow 
making kit for charging CO2 and generating CO2 snow 
block in - situ within a container , comprising : a container 
comprising an interior volume defined into a first region and 
a second region , wherein the first region is an internal 
meshed conduit volume , and the second region is a snow 
chamber into which CO2 snow block is generated and 
stored , said interior volume further surrounded by multiple 
container walls ; the internal meshed conduit volume con 
figured to receive a meshed conduit ; the snow chamber 
surrounding an exterior of the meshed conduit and at least 
partially encapsulated by the multiple container walls ; the 
meshed conduit situated within an opening of the container 
and extending into the internal meshed conduit volume , said 
meshed conduit comprising porous openings sufficient for 
gas to pass through , but for the CO2 snow block to remain 
substantially within the snow chamber that is external to the 
meshed tube , the meshed conduit further including an inter 
nal passageway for CO2 off gas to exhaust , the meshed 
conduit comprising a first end and second end , wherein the 
first end is oriented at the opening of the container ; a CO2 
snow charger operably or integrally connected to the first 
end of the meshed conduit along the opening of the con 
tainer , said CO2 snow charger comprising a conduit network 
with a plurality of nozzles , the plurality of nozzles config 
ured to selectively direct CO2 fluid into the snow chamber 
while substantially avoiding the introduction of CO2 fluid 
into the internal passageway of the meshed conduit , the 
snow charger further comprising one or more openings in 
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fluid communication with the internal passageway of the 
meshed conduit , said one or more openings configured to 
allow gas to vent therethrough and exit the container . 
[ 0010 ] In a second aspect , a method for in - situ generation 
of carbon dioxide ( CO2 ) snow block within a transportable 
container , comprising the steps of : supplying CO2 liquid 
into a CO2 snow charger operably or integrally connected to 
a meshed conduit that is located within an interior of the 
insulated transportable container ; introducing the CO2 liq 
uid into nozzles of a conduit network of the CO2 snow 
charger ; selectively directing the CO2 fluid into a snow 
chamber of the container that is external to the meshed 
conduit ; generating in - situ CO2 snow particles and gas in 
the snow chamber ; packing the CO2 snow particles to form 
a substantially block CO2 snow characterized by a hollow 
passageway along the block CO2 snow ; passing the gas 
through the meshed conduit ; exhausting the gas along an 
internal passageway of the meshed conduit ; and removing 
gas through the CO2 snow charger . 
[ 0011 ] In a third aspect , a method for assembling a carbon 
dioxide ( CO2 ) snow charging system at a site for in - situ 
generation of CO2 snow block in a container , comprising : 
providing a liquid CO2 source ; providing an insulated 
container with an opening , the container further comprising 
an interior volume defined into a first region and a second 
region , wherein the first region is an internal meshed conduit 
volume , and the second region is a snow chamber ; providing 
a meshed conduit ; providing a CO2 snow charger compris 
ing a conduit network having an inlet opening to receive the 
liquid CO2 source and a plurality of nozzles distributed 
along an edge of the conduit , said CO2 snow charger further 
comprising one or more exhaust openings for gas to exhaust 
therefrom ; operably connecting or integrally joining a bot 
tom section of the CO2 snow charger to a top section of the 
meshed conduit ; inserting the meshed conduit through the 
top opening of the container into the internal meshed conduit 
volume ; securing a top of the meshed conduit to the con 
tainer at the top opening of the container ; and operably 
connecting the inlet opening of the CO2 snow charger to the 
CO2 source . 
[ 0012 ] In a fourth aspect , A carbon dioxide ( CO2 ) snow 
charger system adapted to produce CO2 snow block , com 
prising : a meshed conduit , said meshed conduit comprising 
porous openings sufficient for CO2 off - gas to pass through 
the openings into an internal passageway of the meshed 
conduit , but substantially block entry of particles from the 
CO2 snow block into the internal passageway , said meshed 
conduit characterized by sufficient rigidity to pack the CO2 
snow block generated external to the meshed conduit ; and a 
CO2 snow charger operably or integrally connected to the 
meshed conduit , said CO2 snow charger comprising a 
conduit network with a plurality of nozzles , the plurality of 
nozzles configured to selectively direct CO2 fluid external to 
the meshed conduit while substantially avoiding introduc 
tion of CO2 liquid into the internal passageway of the 
meshed conduit , the snow charger further comprising one or 
more exhaust openings in fluid communication with the 
internal passageway of the meshed conduit , said one or more 
exhaust openings configured to allow gas to vent there 
through 
[ 0013 ] In a fifth aspect , an apparatus configured for stor 
ing , preserving and transporting one or more items , com 
prising : a transportable container having a cylindrical shape , 
said container comprising an interior volume defined into a 

first region and a second region , wherein the first region is 
an internal product storage volume , and the second region is 
a snow chamber into which CO2 snow is stored , said 
container further comprising multiple insulated container 
walls at least partially surrounding the first region and the 
second region , said walls comprising a getter material locat 
ing therewithin , wherein said getter material maintains a 
vacuum and an insulation level , and is suitably compatible 
with said CO2 snow ; the internal product storage volume 
defined by a meshed conduit , said meshed conduit perma 
nently or removably affixed to said one or more insulated 
container walls ; the snow chamber surrounding an exterior 
of the meshed conduit , the snow chamber partially enclosed 
by the multiple vacuum insulated container walls ; the CO2 
snow occupying the snow chamber therewithin ; and the 
meshed conduit comprising a first end and a second end , 
wherein said first end is oriented towards the opening of the 
transportable container ; wherein the snow chamber is char 
acterized by an absence of a foam - filled material or absor 
bent . 
[ 0014 ] In a sixth aspect , a method for assembling a carbon 
dioxide ( CO2 ) snow charging system at a site for in - situ 
generation of CO2 snow block in a container , comprising : 
providing a CO2 source ; providing an insulated container 
with an opening , the container further comprising an interior 
volume defined into a first region and a second region , 
wherein the first region is an internal meshed conduit 
volume , and the second region is a snow chamber ; providing 
a meshed conduit operably connected or integrally con 
nected to the insulated container ; providing a CO2 snow 
charger comprising a conduit network having an inlet open 
ing to receive the CO2 source and a plurality of nozzles 
distributed along an edge of the conduit , said CO2 snow 
charger further comprising one or more exhaust openings for 
gas to exhaust therefrom ; attaching the CO2 snow charger to 
the container ; securing a top of the meshed conduit to the 
CO2 snow charger at the top opening of the container ; and 
operably connecting the inlet opening of the CO2 snow 
charger to the CO2 source . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0015 ] FIG . 1a shows a cross - sectional view taken along 
line la - la of FIG . 1b showing a kit for charging CO2 snow 
within a shipper ; 
[ 0016 ] FIG . 1b shows a top view of a CO2 snow charger 
used in the kit of FIG . 1a ; 
[ 0017 ] FIG . 2 shows the CO2 snow charger system , 
including a meshed conduit and CO2 snow charger ; 
[ 0018 ] FIG . 3a shows an alternative CO2 snow charging 
system in cross - sectional view taken along line 3a - 3a of 
FIG . 3b , with the snow charging system having a H - shaped 
conduit flow network ; 
[ 0019 ] FIG . 3b shows a top view of a snow charger used 
in the CO2 snow charging system of FIG . 3a ; 
[ 0020 ] FIG . 4a shows an alternative CO2 snow charging 
system in cross - sectional view taken along line 4a - 4a of 
FIG . 4b , with the snow charging system having a cross 
shaped conduit flow network ; 
[ 0021 ] FIG . 4b shows a top view of a CO2 snow charger 
used in the CO2 snow charging system of FIG . 4a ; 
[ 0022 ] FIG . 5 shows a representative CO2 charging sta 
tion in perspective view with the transportable container 
assembled and connected to a ventilation system and a liquid 
CO2 source ; 
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[ 0023 ] FIG . 6 shows a cross sectional view of a top cover 
with a mechanical seal inserted into the transportable con 
tainer for use during transport of the item in the container 
and a meshed conduit inside of the container ; 
[ 0024 ] FIGS . 7a and 7b show an alternative design of a 
CO2 snow charger kit used to generate in - situ CO2 snow in 
a standard shipping box ; 
[ 0025 ] FIG . 8 shows the temperature profile comparisons 
for the inventive storage apparatus containing CO2 snow 
block prepared by the inventive methods , and a standard 
shipper filled with CO2 dry ice pellets ; 
[ 0026 ] FIG . 9 shows a standard shipper box ; 
[ 0027 ] FIG . 10 shows a process flow schematic for intro 
ducing CO2 gas and CO2 liquid from a CO2 source into a 
transportable container , in accordance with the principles of 
the present invention ; and 
[ 0028 ] FIG . 11 shows a temperature profile for the inven 
tive storage apparatus containing CO2 snow block charged 
into the container by the methods of the present invention , 
in which the walls of the container are vacuum insulated to 
a vacuum level of approximately 10 microns . 

DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0029 ] As will be described , in one aspect , the present 
invention offers a system and method for generating an 
in - situ CO2 snow block from a CO2 source directly within 
a specially designed transportable container using a charging 
system , which is preferably automated . As such , no transfer 
of CO2 snow block or dry ice from a separate production 
container to the transportable container is required , thereby 
reducing the labor required for loading CO2 snow block or 
dry ice into a cryogenic shipper . The on - demand generation 
eliminates the need for a user to maintain an inventory of 
CO2 snow block or dry ice on - site . The automation of the 
process simplifies operation , thereby allowing any user to 
utilize the system . While the present invention can be used 
with any “ item ” as defined herein below , in a preferred 
embodiment , the present invention is especially conducive 
for maintaining compliance with the packaging protocols 
required to reproducibly preserve the biological samples , 
thereby avoiding sample degradation and allowing the 
samples to revert back to its functional state and be subject 
to applicable testing upon arrival to its destination site . 
Further , the in - situ CO2 snow block is preferably generated 
with improved packing density that can hold the requisite 
temperature of the container with extended cooling effect 
duration in comparison to standard dry ice shipping con 
tainers containing CO2 dry ice produced by conventional 
techniques . The extended cooling effect duration can reduce 
the risk of sample degradation in transport and allow the user 
more flexibility to optimize cost and convenience regarding 
preparation and assembly of transportable containers of the 
present invention ; when items ( including samples , such as 
biological samples ) are acquired ; and the types of shipping 
methods that can be utilized . 
[ 0030 ] It should be understood that the term “ CO2 snow ” 
and “ dry ice ” have the same meaning and may be used 
interchangeably herein and throughout to mean particles of 
solidified CO2 . 
[ 0031 ] “ CO2 snow block ” or “ CO2 block , ” both of which 
may be used interchangeably herein and throughout , are 

intended to mean the creation of CO2 snow particles in a 
substantially block - like form of any shape consisting of 
tightly held - particles . 
[ 0032 ] “ CO2 fluid ” as used herein means any phase 
including , a liquid phase , gaseous phase , vapor phase , 
supercritical phase , or any combination thereof 
100331 “ CO2 source ” or “ CO2 liquid source ” as used 
herein includes , but is not limited to , cylinders , dewars , 
bottles , and bulk or microbulk tanks . 
[ 0034 ] “ Conduit ” or “ conduit flow network ” as used 
herein means tube , pipe , hose , manifold and any other 
suitable structure that is sufficient to create one or more flow 
paths and / or allow the passage of a fluid . 
10035 ] “ Connected ” or “ operably connected ” as used 
herein means a direct or indirect connection between two or 
more components by way of conventional piping and assem 
bly , including , but not limited to valves and conduit , unless 
specified otherwise , so as to enable fluid , mechanical , 
chemical and / or electrical communication between the two 
or more components . 
[ 0036 ] " Item ” as used herein means any temperature 
sensitive goods , products or supplies which may be suscep 
tible to spoilage , degradation , and / or structural alteration or 
modification if not maintained frozen or below a certain 
temperature , including , but not limited to , biological 
samples , such as blood , urine and tissue samples or their 
constituents ; perishable foods , such as meat , poultry , fish 
and dairy products ; personal care items ; and chemicals . 
[ 0037 ] “ Charging ” as used herein means the process of 
introducing CO2 fluid from an external CO2 source into a 
container operably connected to the external CO2 source . 
[ 0038 ] " Transportable ” means an apparatus that is capable 
of being moved , transported or shipped from a user location 
to another destination by any known means , including , but 
not limited to , air , ground or water . The transport or shipping 
can occur through various packaged delivery services , 
including , but not limited to , parcel post , UPS? shipping 
services , FedEx® shipping services and the like . 
0039 . The embodiments as described below are by way 
of example only , and the invention is not limited to the 
embodiments illustrated in the drawings . It should also be 
understood that the drawings are not to scale and in certain 
instances details have been omitted , which are not necessary 
for an understanding of the embodiments , such as conven 
tional details of fabrication and assembly . 
[ 0040 ] The embodiments are described with reference to 
the drawings in which similar elements are referred to by 
like numerals . The relationship and functioning of the vari 
ous elements of the embodiments are better understood by 
the following detailed description . The detailed description 
contemplates the features , aspects and embodiments in vari 
ous permutations and combinations , as being within the 
scope of the disclosure . The disclosure may therefore be 
specified as comprising , consisting or consisting essentially 
of , any of such combinations and permutations of these 
specific features , aspects , and embodiments , or a selected 
one or ones thereof 
[ 0041 ] In one aspect of the present invention , FIG . la 
shows a preferred CO2 snow - making kit 1 for charging CO2 
fluid and generating CO2 snow block in - situ within a 
transportable container 2 . The kit 1 includes the container 2 , 
which is preferably transportable , a meshed conduit 3 and a 
CO2 snow charger 4 . The transportable container 2 prefer 
ably includes multiple walls , preferably insulated along a 
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substantial portion thereof with an insulated bottom wall 5 , 
insulated side walls 6 and insulated top cover that is situated 
over the container opening 7 during transport of the con 
tainer 2 . Preferably , the walls 5 and 6 are vacuum - insulated 
to a particular level . The container 2 is preferably cylindrical 
shaped to enhance the ability to create an improved vacuum 
within the walls 5 and 6 . A suitable getter material that is 
compatible with CO2 snow or CO2 snow block may occupy 
the space within the vacuum - insulated walls 5 and / or 6 . The 
getter material by virtue of its sorption capacity acts as a 
pump to enhance the vacuum levels within the walls 5 and / or 
6 . The container 2 has an opening 7 into which meshed 
conduit 3 can be inserted when assembling the kit 1 . The 
bottom section of the snow charger 4 is connected ( e . g . , via 
welding , mechanical fastening means and the like ) to the 
first end 17 of the meshed conduit 3 and creates a seal at the 
point of attachment . Alternatively , the snow charger 4 and 
the meshed conduit 3 can be integrally connected by being 
manufactured as a single charging component . 
[ 0042 ] The transportable container 2 includes an interior 
volume that can be classified into a first region and second 
region . The first region is an internal meshed conduit volume 
into which the meshed conduit 3 can be located . The meshed 
conduit volume can be any suitable volume . In one example , 
the meshed conduit volume is about 25 L or more , preferably 
up to about 10 L and more preferably up to about 3 L . In 
another embodiment , the meshed conduit volume ranges 
from 0 . 25 - 25 L , preferably 0 . 25 - 10 L and more preferably 
0 . 25 - 1 L . The second region is a snow chamber 11 into 
which CO2 snow block 10 is generated and stored . The snow 
chamber 11 preferably surrounds the meshed conduit 3 , and 
the snow chamber 11 is completely or substantially insulated 
along all sides of the container 2 . It should be understood 
that a relatively small portion of the insulated walls 5 and / or 
6 may be removed to create an opening 7 so as to ensure 
proper CO2 fluid charging and sample loading as will be 
described herein below . 
[ 0043 ] The meshed conduit 3 includes an internal passage 
way 14 . The meshed conduit 3 is preferably tubular , but it 
should be understood that other shapes are contemplated . 
The meshed conduit 3 is inserted through the opening 7 of 
the container 2 and extends into the internal meshed conduit 
volume of the container 2 . The meshed conduit has a first 
end 17 and second end 18 . The first end 17 is oriented at the 
opening 7 of the container 2 , and the second end 18 is 
preferably oriented towards the vacuum - insulated bottom 
wall 5 . In a preferred embodiment , the mesh conduit 3 , when 
inserted within the container 2 , is symmetrically disposed 
along a central longitudinal axis of the container 2 so as to 
create substantially uniform spacing between the outer sur 
face of the meshed conduit 3 and the vacuum - insulated side 
walls 6 , thereby creating a symmetrical annular snow cham 
ber 11 that allows the CO2 snow block 10 to be produced 
within the chamber 11 as a symmetrical annular substan 
tially block form . 
[ 0044 ] The meshed conduit 3 comprises certain openings 
16 on the surface of the conduit 3 , as more clearly seen in 
FIG . 2 . The inventors have discovered that utilizing a mesh 
conduit 3 imparts resistance that contributes to the packing 
of the snow particles that are generated within the snow 
chamber 11 so as to create CO2 snow block 10 . The CO2 
snow block 10 can have higher packing density than would 
otherwise be produced without a meshed conduit 3 situated 
in the container 2 . In one example , the CO2 snow block 10 

created with the mesh conduit 3 and methods of the present 
invention has a bulk density comparable to the bulk density 
of pelletized dry ice CO2 . 
[ 0045 ] The openings 16 of the meshed conduit 3 allow 
CO2 off - gas ( “ GCO2 ” in FIG . 1a ) that is produced from the 
generation of CO2 snow particles to pass through the 
openings 16 and into the internal passageway 14 of the 
meshed conduit 3 . Upon entering the internal passageway 
14 , the CO2 off - gas can flow therealong as indicated by the 
upward arrows in FIG . la , and then flow through one or 
more openings 13 ( FIG . 16 ) of the snow charger 4 to exit the 
container 2 . The CO2 off - gas can then be exhausted into a 
ventilation system that may be connected to the container 2 . 
100461 The snow chamber 11 surrounds an exterior of the 
meshed conduit 3 . Contrary to cryogenic liquid nitrogen 
shippers , the snow chamber 11 is characterized by the 
absence of foam - filed material or absorbent . The snow 
chamber 11 is surrounded by the vacuum - insulated bottom 
wall 5 and the vacuum - insulated side walls 6 . 
[ 0047 ] A top view of the snow charger 4 corresponding to 
FIG . la is shown in FIG . 1b . The snow charger 4 includes 
a cross - shaped conduit flow network 8 ; a ring tube 19 with 
nozzles 12 distributed along the ring tube 19 whereby the 
ring tube 19 extends along the edge of the network 8 ; and an 
outer sleeve 9 surrounding the ring tube 19 . A central 
opening 15 is provided into which CO2 fluid enters from a 
CO2 supply source . Four nozzles 12 are uniformly distrib 
uted along the ring tube 19 of the cross - shaped conduit flow 
network 8 to ensure uniform injection of the CO2 fluid into 
the snow chamber 11 . Conduit flow network 8 is connected 
to the ring tube 19 . Each nozzle 12 is spaced apart from the 
other by approximately 90 degrees , and each nozzle 12 has 
the same sized opening . The conduit flow network 8 creates 
a symmetrical cross - shaped structure that creates uniform 
openings 13 for CO2 off - gas to vent through from the 
internal passageway 14 of the meshed conduit 3 . The 
structure of such a charger 4 creates a substantially uniform 
flow of CO2 fluid through the nozzles 12 which creates 
substantially uniform formation and distribution of CO2 
snow block 10 within the chamber 11 . The introduction of 
CO2 fluid into the snow charger 4 is indicated by the 
downward dotted lines of FIG . la extending towards central 
opening 15 , and the distribution of CO2 fluid within the 
conduit flow network 8 is indicated by the lateral dotted lines 
of FIG . la extending towards nozzles 12 . Introduction of the 
CO2 fluid from the nozzle 12 is indicated by angled down 
ward arrows into the snow chamber 11 . In one example , 
referring to FIG . 1a , the nozzles 12 can be oriented away 
from a vertical wall of the meshed conduit at an angle 
ranging from approximately 30° to 60° relative to the 
vertical wall , whereby the vertical wall extends perpendicu 
lar to a horizontal surface of the container 2 . Other angular 
configurations of the nozzles 12 are contemplated . The flow 
path of CO2 off - gas is indicated by the upward dotted lines 
of FIG . la , designated as " GCO2 ” , within the internal 
passageway 14 of the meshed conduit 3 . 
[ 0048 ] It should be understood the present invention con 
templates other shapes of the nozzles 12 , central opening 15 
and conduit flow network 8 ; other geometrical patterns for 
the conduit flow network 8 ( e . g . , H - shaped or T - shaped ) ; and 
other distribution and location of the nozzles 12 along the 
conduit flow network 8 . By way of example , FIGS . 3a and 
3b show an alternative snow charging system 300 that is 
compatible with the container 2 of FIG . 1a and FIG . 1b . The 
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system 300 includes a meshed conduit or tube 303 and a 
snow charger 304 . The snow charger 304 has an H - shaped 
conduit flow network 306 . Nozzles 301 are located along the 
tapered portion where the sleeve 302 and H - shaped conduit 
flow network 306 connect , as shown in FIGS . 3a and 3b . The 
central opening 305 of the H - shaped conduit flow network 
306 can receive a supply of CO2 fluid from a CO2 source . 
The CO2 fluid is then directed through the H - shaped conduit 
flow network 306 into nozzles 301 , which directs the CO2 
fluid into the snow chamber 11 angled towards the insulated 
wall 6 while substantially avoiding introduction of the CO2 
fluid into the meshed tube 303 . The CO2 fluid preferably 
enters into the snow chamber 11 as a liquid . 
[ 0049 ] The openings 307 are in fluid communication with 
the internal passageway of the meshed tube 303 to allow 
CO2 off - gas generated from the in - situ snow block 10 to be 
exhausted therethrough . The snow charging system 300 can 
be inserted into a preferably cylindrical - shaped container , 
such as container 2 of FIG . la , to form a kit suitable for 
producing in - situ snow block within the cylindrical shaped 
container . 
[ 0050 ] FIGS . 4a and 4b show an alternative snow charging 
system 400 which is also compatible with the container 2 of 
FIG . 1a and FIG . 1b . The system 400 includes a different 
design of the conduit flow network 406 and sleeve 402 . 
Sleeve 402 on the snow charger 404 is designed to conform 
to the shape of the container 2 . Similar to the other charging 
systems of the present invention , sleeve 402 provides a 
sufficient seal during the CO2 snow charging operation . The 
sealing effect of the sleeve 402 prevents the CO2 off - gas 
from exiting the container 2 other than through the openings 
407 of the snow charger 404 . FIG . 4a shows that the CO2 
fluid inlet conduit ( i . e . , flow network conduit 406 ) passes 
through the sleeve 402 . Nozzles 401 are configured at the 
tips of the conduit flow network 406 and can open at a 
certain direction as needed to inject CO2 fluid into the snow 
chamber 11 of container 2 . The CO2 fluid enters aperture 
405 , preferably in liquid phase , and then laterally flows to 
each side of the conduit flow network 406 . Next , the CO2 
fluid flows downward along conduit flow network 406 
where it flows through nozzles 401 , situated along the side 
of the mesh tube 403 , and then into the snow chamber 11 of 
a container 2 . FIG . 4a shows that the side portion of the 
meshed conduit 403 is attached to the sleeve 402 . The snow 
charging system 400 can be inserted into a container , such 
as a cylindrical - shaped container 2 of FIG . 1a , to form a kit 
1 that can produce an in - situ CO2 snow block within the 
cylindrical - shaped container 2 in accordance with the prin 
ciples of the present invention . 
[ 0051 ] As can be seen , conduit flow networks 306 and 406 
represent different structural configurations intended to 
achieve specific flow patterns of CO2 fluid therethrough that 
is directed into the snow chamber 11 of the container 2 . It 
should be understood that the snow charging systems of the 
present invention , including charging system 300 and charg 
ing system 400 , can be utilized with other containers besides 
the container 2 of FIG . 1a . 
[ 0052 ] The exact selection of geometry and overall design 
of the charger such as that shown with the designs of charger 
4 , charger 304 and charger 404 may be dependent upon 
several design factors including , but not limited to , the 
interior volume ( i . e . , volume of meshed conduit 3 and / or 
volume of snow chamber 11 ) of the container 2 and the 
amount of CO2 snow block 10 required to be generated to 

maintain storage of an item , such as a biological sample , that 
is preserved during transport to be maintained at a tempera 
ture no warmer than a pre - defined temperature for a certain 
duration ( e . g . , no warmer than - 60° C . for approximately 4 
days ) . 
[ 0053 ] Referring to FIGS . 1a , 1b and 2 , the effective 
diameter of the snow charger 4 is shown to be wider than 
that of the meshed conduit 3 to ensure the nozzles 12 , which 
are positioned along the edge or periphery of the conduit 
flow network 8 , introduce CO2 fluid outside of the meshed 
conduit 3 and into the snow chamber 11 while substantially 
avoiding injection of CO2 fluid into the internal passageway 
14 of the meshed conduit 3 . A substantial portion of the CO2 
snow particles which are formed in the snow chamber 11 do 
not pass into the internal passageway 14 . The internal 
passageway 14 is designed to only allow a passageway for 
the CO2 off - gas generated during formation of the CO2 
snow block 10 to flow therethrough so the CO2 off - gas can 
be removed from the transportable container 2 . In this 
regard , the angled arrows into the snow chamber 11 of FIG . 
la are intended to designate the location of the nozzles 12 
and the corresponding introduction of CO2 fluid through the 
nozzles 12 and into the snow chamber 11 . 
[ 0054 ] Still referring to FIGS . 1a , 1b and 2 , the sleeve 9 
extends around the conduit flow network 8 . The sleeve 9 
further extends away from the snow charger 4 , as shown in 
FIG . 1a , and can attach to the container 2 by any suitable 
means , thereby securing the charger 4 and meshed conduit 
3 in stationary position during operation of the kit 1 . In one 
example , as shown in FIG . 1a , the sleeve 9 , which is part of 
the charger 4 , vertically extends away from the top of the 
charger 4 and attaches along the top section of the container 
2 . The sleeve 9 can impart structural reinforcement to the 
mesh conduit 3 . The ability to reinforce the mesh conduit 3 
allows the mesh conduit 3 to impart more resistance against 
the CO2 snow block 10 that is forming and accumulating in 
the snow chamber 11 . As a result , the present invention can 
offer the benefit of in - situ production of denser CO2 snow 
block 10 and increased loading capacity of the CO2 snow 
block 10 in the snow chamber 11 in comparison to CO2 
snow created in a container without a mesh conduit . 
[ 0055 ] . The sleeve 9 also serves as a seal that prevents the 
CO2 off - gas from exiting the container 2 other than through 
the openings 13 of the snow charger 4 . The venting of CO2 
off - gas through the openings 13 can only occur when CO2 
off - gas is flowing within the internal passageway 14 of the 
meshed conduit 3 . As such , the sleeve 9 forces the CO2 
off - gas in the snow chamber 11 to pass through openings 16 
of the mesh conduit 3 , located along the surface of the 
meshed conduit 3 ; followed by entry into the internal 
passageway 14 of mesh conduit 3 ; and then exit through 
openings 13 of the snow charger 4 . It should be understood 
that other means for sealing can be carried out by the present 
invention . For example , referring to the charger system 400 
of FIG . 4a , sealing can occur at a bottom portion of sleeve 
402 that extends along the outer surface of the conduit 403 , 
thereby creating a seal between the sleeve 402 and the neck 
portion of the container 2 . 
100561 Having described the structural components and 
the assembly of the CO2 snow - making kit 1 , one aspect of 
the present invention for the method of charging and making 
the CO2 snow block 10 within the transportable container 2 
will now be discussed with reference to FIGS . 1a , 1b 2 and 
5 . The assembled CO2 snow - making kit 1 as shown in FIG . 
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la is placed into a charging station 500 on a weight scale 
504 , as shown in FIG . 5 . Although not shown , a program 
mable logic controller ( PLC ) is preferably integrated with 
the weight scale 504 to control the amount of CO2 fluid that 
is introduced into the kit 1 . A PLC display allows the user 
to monitor the charging process . The PLC display preferably 
also indicates when the charging is completed . 
[ 0057 ] Pressure regulating devices ; pressure transmitters ; 
control valves and manual valves may be configured as part 
of the charging process for the delivery of CO2 fluid into the 
kit 1 . It should be understood that the exact conduit and 
valving configuration is not drawn to scale and certain 
features are intentionally omitted to better illustrate the 
charging process utilizing the kit 1 . 
[ 0058 ] The outlet of the CO2 snow - making kit 1 has 
openings 13 ( i . e . , vent openings ) in the snow charger 4 . The 
openings 13 can be connected with suitable conduit into a 
ventilation system 501 which captures the CO2 off - gas 
created during generation of in - situ CO2 snow block 10 
within the snow chamber 11 . The venting removes CO2 
off - gas generated from the CO2 snow process , thereby 
providing a safe operating environment . Additionally , a 
pressure relief valve can be installed on sleeve 9 or in close 
proximity thereto . The inlet to the kit 1 is through the central 
opening 15 of conduit flow network 8 and is operably 
connected to a CO2 source 502 , which generally will store 
the CO2 fluid at a pressure of 300 - 900 psig . The CO2 source 
502 may comprise any suitable container as defined here 
inbefore , including , but not limited to , cylinders , dewars , 
bottles , or microbulk or bulk tanks . The CO2 source 502 
may be equipped with safety regulating features , such as 
safety valves and burst discs . A conduit extends from the 
CO2 source 502 into the central opening 15 of conduit flow 
network 8 of snow charger 4 . 
[ 0059 ] When ready to begin CO2 charging , the door 503 
of the charging station 500 is closed . Safety interlocks are 
provided in the charging station 500 so that the door 503 
remains locked during CO2 charging . The ventilation sys 
tem 501 is turned on . 
[ 0060 ] A button on the charging station 500 can be pressed 
to activate the charging process . Pressurized CO2 fluid is 
introduced from the CO2 source 502 into the conduit that 
operably connects the source 502 to container 2 . Preferably , 
the CO2 fluid is CO2 liquid , and CO2 gas is added into the 
conduit to prevent the pressure of the liquid CO2 from 
reducing below a certain pressure ( e . g . , about 150 psig ) to 
ensure the liquid CO2 does not prematurely undergo a phase 
change to solid and gas within the conduit . 
[ 0061 ] The CO2 fluid is directed into the snow charger 4 
at central opening 15 of conduit flow network 8 , as indicated 
by the downward dotted arrow lines of FIG . 1a . Thereafter , 
the CO2 fluid is uniformly distributed within the conduit 
flow network 8 towards each of four nozzles 12 , as indicated 
in FIG . 1a by the horizontal dotted lines within the snow 
charger 4 . The four nozzles 12 are angled to direct or inject 
the CO2 fluid into the snow chamber 11 and towards the 
vacuum - insulated side walls 6 while substantially avoiding 
injection into the internal passageway 14 of the mesh 
conduit 3 . In the preferred embodiment , the snow chamber 
11 represents an annular region between the meshed conduit 
3 and the vacuum - insulated walls 6 of the container 2 . Other 
designs are also contemplated where the snow chamber 11 
has a non - annular shape that surrounds the meshed conduit 
3 . The CO2 fluid in liquid phase passes through the nozzles 

12 . A pressure and temperature drop occurs as the liquid 
CO2 passes through the nozzles 12 and into the snow 
chamber 11 to produce solid particles of CO2 snow block 10 
and CO2 off - gas in the snow chamber 11 . 
[ 0062 ] The openings 16 of meshed conduit 3 are sized to 
allow passage of the CO2 off - gas , but substantially block 
entry of the particles of CO2 snow . Passage of the CO2 
off - gas into the meshed conduit 3 and then through the 
openings 13 of snow charger 4 is the only pathway for 
removal of CO2 off - gas from container 2 . As the CO2 
off - gas flows into the meshed conduit 3 , it has the desirable 
effect of packing the snow particles and forming and accu 
mulating snow block 10 in the snow chamber 11 . The term 
“ packing ” as used herein with reference to the charging 
method of operating the CO2 snow - making kit 1 refers to 
compression of the snow particles into a CO2 snow block 
10 . The packing in accordance with principles of the present 
invention impacts the amount of CO2 snow block 10 that 
can be generated in - situ in snow chamber 11 and loaded 
within the transportable container 2 . 
[ 0063 ] The present invention has the ability to utilize the 
formation of the CO2 off - gas to pack the snow block 10 
before the CO2 off - gas exits the container 2 through the 
openings 13 on the snow charger 4 . The CO2 off - gas flows 
upwards within the internal passageway 14 of the meshed 
conduit 3 ( as indicated by the upward arrows in FIG . 1a ) and 
emerges through openings 13 of the snow charger 4 . The 
openings 13 are more clearly shown in the top view of FIG . 
1b of the snow charger 4 . As such , the internal passageway 
14 serves as an exhaust passageway . The CO2 off - gas can 
then be directed into ventilation system 501 that is operably 
connected to the container 2 . 
[ 0064 ] During the formation and accumulation of CO2 
snow block 10 , CO2 off gas is produced in the snow 
chamber 11 . The openings 16 of the meshed conduit are 
restricted in size and therefore prevent CO2 off - gas from 
freely flowing through openings 16 and into the internal 
passageway 14 . Pressure is therefore created in the snow 
chamber 11 . The mesh conduit 3 has sufficient structural 
rigidity to impart resistance and not undergo substantial 
deformation against the pressure in snow chamber 11 . As 
such , the packing density of the CO2 snow block 10 can 
increase within the annular region of the snow chamber 11 . 
The resultant CO2 snow block 10 resembles a substantially 
ring - like block form of tightly held snow particles . In one 
example , the bulk density of the CO2 snow block 10 ranges 
from 55 - 65 pounds per cubic ft . The bulk density of CO2 
snow block 10 formed in the snow chamber 11 is related , at 
least in part , to the size of openings 16 of the meshed conduit 
3 . As CO2 snow block 10 continues to form and pack within 
the snow chamber 11 , the CO2 off - gas continues to pass with 
resistance , ( i . e . , not freely flow ) , from the snow chamber 11 
through openings 16 of the meshed conduit 3 . The CO2 
off - gas then flows through the internal passageway 14 and 
exits container 2 through openings 13 of the snow charger 4 . 
As can be seen , the mesh conduit 3 ( i ) functions as a CO2 
snow particles and gas separation barrier ; ( ii ) provides 
resistance for packing the CO2 snow block 10 ; ( iii ) creates 
an annular region in the snow chamber 11 that holds and 
packs the resultant CO2 snow block 10 in a substantial 
stationary position during the charging operation ; and ( iv ) 
prevents the CO2 snow block 10 from collapsing into the 
internal passageway . 
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block 10 until the CO2 snow block 10 has been determined 
to substantially fill the snow chamber 11 . Alternatively , it 
should be understood that the single charge can be per 
formed such that the CO2 snow block 10 occupies only a 
portion of the snow chamber 11 . Additionally , it should be 
understood that any of the charging methods of the present 
invention can be based on any suitable detection means , 
including those described herein , and the charging can be 
employed one or more times to create a single dry ice block 
10 or multiple dry ice blocks 10 that are stacked together in 
the container 2 . Manual or automatic shut - off of a charge is 
contemplated with any of the charging methods and detec 
tion means for determining when the charge is complete . 
[ 0070 ] In another aspect of the present invention , when the 
charging is based on monitoring the weight of dry ice block 
10 to achieve a set point or pre - set weight of dry ice block 
10 for a given insulated container 2 to be used for charging , 
an initial estimate for the required weight of CO2 snow 
block 10 required to be formed in the container 2 can be 
determined from Table 1 below , as will now be explained . 

TABLE 1 
Formula Formula AT * AR Units 

Q o Btu / hr Btu / hr 

F * ft2 * hr / Btu 

ft 

Heat gain into the 
container through the walls 
Overall R value of the 
insulated container 
Surface area of the 
insulated container 
Temperature difference 
Dry ice sublimation energy 
Transportation duration 
Dry ice weight 
Safety factor 

AT = Text – Tins 
246 Btu / lb 

hr 

[ 0065 ] The particles of CO2 snow continue to form within 
the snow chamber 11 in a block form , and the scale 504 
continues to monitor the weight of the CO2 snow block 10 
as the CO2 snow block 10 continues to form within the snow 
chamber 11 . When a target set point weight of CO2 snow 
block 10 has been generated , the PLC automatically relays 
signals to appropriate control valves that shut off supply of 
liquid CO2 from the liquid CO2 source 502 . Generally 
speaking , the set point weight of CO2 snow block 10 is 
defined as the weight of CO2 snow block 10 required to 
maintain the sample product holder space or meshed conduit 
3 space below a certain critical threshold ( i . e . , pre - defined ) 
temperature for a certain number of days , thereby ensuring 
that the item transported within the container 2 remains 
preserved and is usable upon arrival at the final destination . 
By way of example , when the item is a biological sample , 
the sample is useable for test purposes upon arrival at the 
destination site . Appropriate display regarding completion 
of the charge can be visually displayed at the charge station 
500 , and optional remote alert and notification to the user 
may be provided . 
[ 0066 ] Upon completion of the charge , the PLC deacti 
vates the safety interlocks to allow charging door 503 to be 
opened by the user . In this manner , the in - situ automated 
generation of CO2 snow block 10 with snow - making kit 1 
avoids the need to handle dry ice pellets or blocks as well as 
the need to maintain an inventory of the dry ice pellets or 
blocks on - site . It should be understood that the charging 
process can also be manually shut - off when the set point 
weight of CO2 snow block 10 has been attained . 
[ 0067 ] In another embodiment , the charging occurs until 
the CO2 snow block 10 is determined to fill to the top of the 
container 2 or approximately thereto ; a pre - defined set point 
weight of snow block 10 may optionally be used to deter 
mine when the charging process should stop , but such 
pre - defined set point weight is not necessary in this particu 
lar method for charging the snow block 10 into container 2 . 
Any detections means , some of which are described below , 
can be used to determine when the CO2 snow block 10 has 
filled to the top of the container 2 or approximately thereto . 
[ 0068 ] As an alternative mode of operation , the automatic 
or manual shut off to the CO2 charging station 500 is not 
based on how much CO2 weight is added to container 2 , but 
rather on the pressure created inside the snow storage area . 
Detecting a certain upper pressure level or pressure rise can 
be used to determine when to turn off supply from the liquid 
CO2 source . Other detection means for determining when 
the charge has been completed can be provided . For 
example , and not intending to be limiting , the charge can be 
manually or automatically shut - off upon reaching a certain 
time , temperature , and / or capacitance level in the container 
2 . As such , the present invention contemplates employing a 
pressure indicator , differential pressure , temperature sensor , 
timer , capacitance measurement or any combination thereof . 
It should be understood that completion of a charging 
method as described herein can mean when the snow block 
10 has filled ( i ) to the top of the container 2 ; ( ii ) approxi 
mately to the top of the container 2 ( e . g . , within 80 % or 
greater of a maximum volume capacity of the snow chamber 
11 ) ; or ( iii ) to a certain pre - defined fraction of the maximum 
volume of the snow chamber 11 of the container 2 . 
10069 ] . In a preferred embodiment , a single and full charge 
of CO2 snow block 10 into container 2 is performed that is 
based on filling to a pre - defined weight of the CO2 snow 

( Q * t ) / 246 Ib 
1 

[ 0071 ] The selection of various operating variables can 
impact the charging operation , and the method by which the 
CO2 snow block 10 is in - situ generated within the trans 
portable container 2 . For example , the liquid CO2 supply 
pressure and the design of snow charger 4 ( e . g . , size , 
number , angle , location and distribution of the nozzles 12 ) 
can affect the liquid CO2 flow rate , CO2 snow block 10 yield 
and off - gas flow rate out of the CO2 snow charger 4 as well 
as the distribution and packing of snow block 10 inside the 
snow chamber 11 and the required time to complete the 
charging operation . Further , the ability of the meshed con 
duit 3 to serve as a barrier for the snow and off - gas and 
impart sufficient resistance for packing of the snow block 10 
can be governed , at least in part , by the size of the openings 
16 of the mesh conduit 3 and the fraction of the surface of 
the mesh conduit 3 with openings 16 . Still further , the 
combination of a certain liquid CO2 supply pressure and 
design of snow charger 4 can impact the ability of the 
charger 4 to continuously make in - situ snow block 10 . 
Additionally , for certain applications , there may be an 
optimum CO2 off - gas flow rate to suitably compress the 
snow block 10 with sufficient density . The mechanism for 
such suitable compression can work with a range of liquid 
CO2 flow rates delivered through the nozzles 12 of the 
charger 4 and / or a range of CO2 off - gas flow rates exiting 
the container 2 . 
[ 0072 ] The exact selection of operating variables may vary 
on several factors , including the shape of the container 2 
( e . g . , cylindrical , polygonal , rectangular , or bottle - shaped ) ; 
the vacuum - insulated properties or R value of the container 
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2 ; the endurance characteristic , which is an indicator of the 
duration or longevity that particular items in the container 2 
can be maintained no warmer than a certain temperature ; the 
particular item to be preserved during transport ; and the 
amount of snow block 10 required to achieve the preserva 
tion of the particular item for a certain number of days 
during transport to a final destination for a user to handle , 
test and / or analyze the item . Preferably , the operating vari 
ables are selected to achieving optimal charging and endur - 
ance characteristics of the container 2 . 
[ 0073 ] Having completed the charging operation of CO2 
snow block 10 into container 2 , the container 2 is disengaged 
from the CO2 source . Next , the snow charger 4 and meshed 
conduit 3 are then detached from the container 2 , thereby 
allowing a user to have access to the interior volume of the 
container 2 . Ventilation system 501 can remain on while 
detaching the charger 4 to ensure all CO2 off - gas is directed 
into the ventilation system 501 . The item to be transported 
in container 2 is loaded into a product holder . The product 
holder is then inserted through the opening 7 of container 2 
and occupies the same volume originally occupied by the 
meshed conduit 3 . Alternatively , the product holder can be 
inserted into container 2 and then the item can be loaded into 
the product holder . Alternatively , the meshed conduit 3 can 
remain permanently affixed within the container 2 and the 
product holder can be inserted into the meshed conduit 3 . 
FIG . 6 shows one example of the meshed conduit 3 inside 
of the container 2 along the bottom of the container 2 . Other 
methods for attaching the meshed conduit 3 within the 
bottom of the container 2 or at other regions within container 
2 are contemplated by the present invention . The transport 
able container 2 by virtue of having a meshed conduit 3 and 
a product holder prevents CO2 snow or CO2 snow block 
from collapsing into the sample region , which is a benefit 
not provided by conventional dry ice shippers not utilizing 
a product holder or meshed conduit 3 . 
[ 0074 ] Next , a top cover 600 with mechanical seal ( e . g . , 
cork - like structure as shown in FIG . 6 ) is inserted into 
opening 7 of container 2 to create confinement of the product 
holder and item therein during storage , preservation and / or 
shipping of the samples contained therein . The top cover 600 
with mechanical seal contains a zigzag channel or passage 
way through which the CO2 off - gas can escape , thereby 
substantially reducing or eliminating pressure buildup of 
CO2 gas that is formed during storage , preservation and / or 
transport of items in the container 2 . The spacing of the 
passageway is preferably optimized so as to minimize heat 
gain of the interior of container 2 from the atmosphere while 
allowing CO2 off gas venting to minimize pressure build - up 
in the container 2 . Other channel designs which vent excess 
CO2 pressure while minimizing heat gain of the container 2 
are contemplated . 
[ 0075 ] At this juncture , the container 2 is configured for 
storage , preservation and transport of the items . As men 
tioned hereinbefore in accordance with the principles of the 
present invention , the endurance or performance of the 
charged container 2 can depend on several factors , includ 
ing , but not limited to , the quantity of the CO2 snow block 
10 that is charged inside the container 2 , the size of the 
container 2 , including the size of the space occupied by the 
product holder , and the R value or insulation of the container 
2 . The endurance of the container 2 as used hereinbefore can 
be characterized as the duration or longevity that particular 
items in the container 2 can be maintained no warmer than 

a certain temperature , such as , by way of example and not 
intending to be limiting , - 60° C . The walls 6 of the container 
2 are preferably vacuum insulated to provide sufficient 
thermal insulation . The level of vacuum insulation affects 
the R value such that greater vacuum insulated walls 6 
results in higher R values of the container . In one embodi 
ment , and as has been demonstrated and described by the 
tests carried out by the inventors in the Examples herein 
below , the calculated overall R value for the container 2 is 
approximately 18 ft “ 2hr F / Btu at a vacuum level of about 
1000 micron . In other words , at a vacuum of 1000 microns , 
a container having 10 lbs . of CO2 snow block therein made 
by the present invention will maintain samples or items 
therein at a temperature no warmer than about - 60° C . for 
approximately 4 days . In another embodiment , the R value 
for the container is determined to be about 180 ft “ 2hr F / Btu 
at a higher vacuum level of about 10 microns along the 
jacketed portion of the container 2 . In other words , at a 
vacuum of 10 microns , a container having 10 lbs . of CO2 
snow block therein made by the present invention will 
maintain samples or items therein at a temperature no 
warmer than about - 60° C . for approximately 37 days . 
[ 0076 ] Other modifications of the present invention are 
contemplated . For example , it should be understood that the 
principles of the present invention as described herein are 
applicable to any type of container , including containers 
which are not transportable or which permanently or tem 
porarily remain at a user site so that the container is 
employed to only produce CO2 snow block therewithin . For 
example , the CO2 snow charger 4 with meshed conduit 3 
can be utilized to generate in - situ CO2 snow , preferably in 
block form , in a standard shipping box . In this regard FIGS . 
7a and 7b show an alternative design of a CO2 snow charger 
system designed to generate in - situ CO2 snow block in a 
standard shipping box . The CO2 snow charger system 
includes a snow charger and meshed conduit . As described 
hereinbefore , the snow charger 4 is further defined by a 
conduit flow network that can be varied in geometry and 
design to create a suitable CO2 fluid injection pattern and 
CO2 fluid flow distribution into the standard shipping box . 
The conduit flow network can have multiple elongated 
structures of a predetermined shape and pattern with nozzles 
embedded therein . 
[ 0077 ] Other variations to the CO2 snow charger besides 
that shown in FIGS . 1b and 2 are contemplated . For 
example , FIGS . 4a and 4b show the top portion of the 
meshed conduit 3 situated between the end portions of the 
sleeve 402 of the charger 400 . The conduit flow network 402 
extends within the sleeve 402 . 
[ 0078 ] Other design types for the chargers , nozzles and 
meshed conduits are contemplated . For example , different 
shaped meshed conduits can be employed other than a 
cylindrical shaped meshed conduit . In one example , a 
tapered meshed tube can be employed in which the top 
portion has a larger diameter than the bottom portion to 
facilitate insertion and removal of the meshed tube from the 
interior of the container 2 . In another example , a charger kit 
can be utilized where a cylindrical meshed conduit is 
attached to an inverted u - shaped flow network conduit in 
which the bottom portion of the flow network is connected 
to a reservoir portion with triangular shaped cross section 
that extends along the outer surface of the meshed conduit . 
The nozzles are located along the triangular shaped portion 
and are designed to inject downward into the chamber while 
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substantially avoiding introduction into the meshed conduit . 
Other designs combinations of the meshed conduit and the 
CO2 snow charger design are contemplated . Further , it 
should be understood that various other injection conduits or 
certain flow network conduits are contemplated by the 
present invention , besides the H - shaped conduit of FIG . 3b 
and cross shaped conduits shown in FIG . 1b and FIG . 4b , to 
carry out the charging methods of the present invention . Still 
further , alternative structures can be employed for sealing 
the snow charger to the container 2 . For example , the sleeve 
of the snow charger can be flat so to mate and seal with a 
structure ring that is situated internally within the opening 7 
of the container 2 at the top of the container 2 . 
[ 0079 ] The product holder can be non - porous or porous . In 
a preferred embodiment , a product holder is employed that 
is non - porous , disposable and able to create a sealed enclo 
sure on along its sides around the item to be transported . The 
product holder is structurally configured so as to segregate 
the item being transported from the remainder of the interior 
spaces ( i . e . , the snow chamber 11 ) within the container 2 . 
Many of the items shipped in container 2 , including bio 
logical samples , can be held within their own primary 
packaging , such as blood that is typically confined within a 
sealed or capped glass vial or tube . Should a vial or tube 
rupture or break within the container 2 , the product holder 
is designed to contain the biological sample , thereby pre 
venting contamination of the interior of the container 2 . In 
another embodiment , the meshed conduit 3 is removably 
detached from the snow charger 4 after completion of the 
charging and formation of in - situ CO2 snow block , and then 
remains in the container 2 to serve as the product holder . 
Alternatively , the meshed conduit 3 can be permanently 
situated within the container 2 and may serve as a porous 
product holder . 
[ 0080 ] Still further , the present invention contemplates 
improved methods for generating the in - situ CO2 block 
within the transportable container . One aspect of the present 
invention is shown in FIG . 10 , which represents a general 
ized schematic for a process 1000 by which the packing 
density of the in - situ CO2 block can be enhanced . It should 
be understood that certain details from the process 1000 
have been omitted and may not be drawn to scale . For 
example , the exact conduit and valving configuration is not 
drawn to scale and certain features are intentionally omitted 
to better illustrate the charging operation as shown in FIG . 
10 . Generally speaking , the process 1000 involves alternat 
ing the introduction of liquid CO2 with CO2 gas into the 
transportable container 1010 to improve packing density of 
the CO2 in - situ block 1099 formed within the transportable 
container 1010 . Although not shown , the transportable con 
tainer 1010 has the inventive features described hereinbe 
fore , including a CO2 snow making kit that includes a 
charger and meshed conduit . The transportable container 
1010 is shown situated within a charging station 1001 . The 
container 1010 is introduced into the charging station 1001 
by opening an access door 1053 which allows access to the 
charging station 1001 . An access door sensor 1054 detects 
when the door 1053 is open and closed and can be designed 
to prevent introduction of CO2 fluid into the container 1010 
when the door 1053 is open . The container 1010 is placed on 
a weigh scale 1055 , and then the access door 1053 is closed . 
[ 0081 ] An exhaust system is operably connected to the 
charging station 1001 . The exhaust system is turned on to 
enable CO2 off gas 1044 to vent through conduit 1050 and 

then to the exhaust system . Next , CO2 vapor valve 1094 is 
set in the open position ( or verified to be in such open 
position ) , and control valve 1100 is configured into the open 
position to allow CO2 gas withdrawal from the CO2 source 
1090 into the gas conduit 1091 . CO2 source 1090 contains 
CO2 gas in the headspace at source pressure . Pressure 
regulator 1080 ( “ PRV 1100 " ) is adjusted to reduce the 
pressure of CO2 gas withdrawn from the CO2 source 1090 
from source pressure to about 150 psig . 
[ 0082 ] Gas conduit 1091 contains pressure transducers 
1071 and 1070 , and pressure indicator 1078 , each of which 
is installed within the gas conduit 1091 . Pressure transducer 
1071 measures the pressure of the headspace in the CO2 
source 1090 ; pressure indicator 1078 measures the pressure 
of the CO2 gas stream after reduced to about 150 psig ; and 
pressure transducer 1070 measures the pressure of the CO2 
stream entering the CO2 snow charger . As the CO2 gas flows 
through the various portions of the gas conduit 1091 , any 
residuals and / or impurities are purged . The CO2 gas is 
directed into the container 1010 , which at this point of the 
process 1000 does not contain any CO2 block 1099 . The 
CO2 gas subsequently exits out from the transportable 
container 1010 through vent holes of the CO2 charger , as 
hereinbefore described . The purging process with the CO2 
gas can continue for any amount of time . In one example , the 
purging process can continue for approximately 30 seconds . 
[ 0083 ] After approximately 30 seconds have elapsed , and 
with the CO2 vapor valve 1094 remaining in the open 
position , and control valve 1100 remaining configured into 
the open position , liquid CO2 from the CO2 source 1090 can 
be introduced through liquid conduit 1092 and into container 
1010 , thereby beginning the generation of the in - situ CO2 
block 1099 in accordance with principles of the present 
invention , as described hereinbefore . CO2 main liquid with 
drawal valve 1093 is set to the open position or verified to 
be in such open position ; and CO2 liquid control valve 1200 
is set in the open position . Because the supply pressure of the 
liquid CO2 stream flowing in conduit 1092 ( e . g . , approxi 
mately 350 psig ) is generally higher than that of the stream 
of CO2 gas flowing in gas conduit 1091 ( e . g . , approximately 
150 psig ) , the CO2 gas remains in gas conduit 1091 and 
stops flowing into container 1010 during generation of CO2 
block 1099 within container 1010 . Check valve 1067 pre 
vents the CO2 liquid stream pressure from causing backflow 
of the CO2 gas within gas conduit 1091 back into the CO2 
source 1090 . 
[ 0084 ] When CO2 liquid enters charger and then into 
container 1010 , the CO2 liquid undergoes a phase change to 
form CO2 snow block 1099 therein , and CO2 off - gas is 
generated and flows through vent holes of the CO2 snow 
charger . The CO2 off gas 1044 enters the interior of the 
charging station 1001 . Exhaust system pulls the CO2 off gas 
1044 through conduit 1050 , thereby preventing concentra 
tion buildup of the CO2 off - gas within the charging station 
1001 and surrounding environment of the charging station 
1001 . The flow of CO2 liquid continues for a certain amount 
of time . In one example , the liquid CO2 can enter the 
container 1010 for approximately 30 seconds during which 
time CO2 snow block 1099 is generated . After 30 seconds 
or so have elapsed , CO2 liquid control valve 1200 is 
configured into the closed position . When CO2 liquid con 
trol valve 1200 closes , there is substantially no supply 
pressure of the liquid CO2 stream in conduit 1092 . As a 
result , the CO2 gas in gas conduit 1091 now has sufficient 
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pressure ( e . g . , 150 psig ) to flow into charger and then 
container 1010 , which is at atmospheric pressure . The CO2 
gas flows into the snow chamber of container 1010 . As the 
CO2 gas flows into the snow chamber of container 1010 and 
then into the meshed tube , the snow block 1099 can become 
more compacted or packed than achievable solely from CO2 
off gas generation in the continuous charging method . 
Thereafter , the CO2 gas flows through meshed tube and 
through vent holes of snow charger until entering the interior 
of the charging station 1001 as CO2 gas 1044 . The CO2 gas 
is then exhausted through conduit 1050 and directed to the 
ventilation system . 
[ 0085 ) . With the alternation of CO2 gas purging and CO2 
snow charging , the bulk density of the CO2 snow block 1099 
can be higher than that formed in the continuous charging 
method . When the weight scale 1055 reaches a predeter 
mined weight , liquid CO2 control valve 1200 is turned to the 
closed position followed by CO2 gas control valve 1100 . In 
this manner , CO2 in - situ block 1099 is formed on - demand 
with improved packing density , which can translate into 
improved endurance during transport of the container 1010 . 
[ 0086 ] During process 1000 , PLC 1085 is in electrical 
communication with pressure transducers 1070 and 1071 ; 
control valves 1100 and 1200 ; weigh scale 1055 , access door 
sensor 1054 ; and exhaust / ventilation system . These electri 
cal connections allow signal transmission and communicate 
on between the PLC 1085 and such components , thereby 
ensuring regulation and control of the process 1000 . 
[ 0087 ] Safety relief valves 1086 and 1087 ( “ SRV 1102 and 
SRV 1200 " ) are designed to relieve residual pressure that 
may be trapped in the gas conduit 1091 and / or liquid conduit 
1092 , respectively , when the various system components of 
process 1000 are shut down . For example , when the system 
is shut down , control valve 1200 is closed and the main 
liquid withdrawal valve 1093 is also closed . Residual liquid 
CO2 may be trapped along the portion of liquid conduit 
1092 extending from the control valve 1200 to the main 
liquid withdrawal valve 1093 . As the trapped liquid CO2 
therealong can eventually sublime into CO2 gas , the pres 
sure buildup can be relieved by the safety relief valve 1087 , 
which in one example is set to actuate at 400 psig . The safety 
relief valve 1086 also serves to relieve pressure if and when 
the pressure buildup in the CO2 gas 1091 conduit reaches 
400 psig . 
[ 0088 ] It should be understood that the various operating 
parameters stated herein are merely illustrative and can be 
varied as needed to be suitably tailored for the specific 
in - situ CO2 block generation within the transportable con 
tainer 1010 . It is further understood that different steps can 
be employed to achieve the same resultant process 1000 
whereby introduction of liquid CO2 alternated with CO2 gas 
into the transportable container 1010 occurs to improve 
packing density of the resultant CO2 in - situ block 1099 
within the transportable container 1010 . 
[ 0089 ] Still other modifications are contemplated by the 
present invention . For example , a process of cleaning or 
disinfecting can be incorporated into the present invention . 
In this regard , the container 2 of FIG . 1and FIG . 6 may be 
configured to permit exposure of the interior of container 2 
to a cleaning or disinfecting fluid . The meshed conduit 3 or 
product holder is removed during the cleaning or disinfect 
ing process . In one embodiment a closure as known in the 
art may be placed in the container 2 with one or more 
conduits passing through the closure . The disinfectant or 

cleaning fluid can then then flow into the closure and fill the 
container . The fluid is held within the container for a target 
hold time . Alternatively , the closure may contain one or 
more additional conduits passing through the closure to 
permit flow of the cleaning or disinfecting fluid into the 
container 2 and exit flow from the container 2 for a target 
time . The container 2 may also be directly equipped with one 
or more ports to supply and remove the cleaning or disin 
fecting fluid . After completing the cleaning / disinfecting , the 
closure can be removed from the interior of the container 2 . 
[ 0090 ] Another embodiment of the present invention 
includes configuring each container 2 with a unique identi 
fier that can be read electronically or physically for identi 
fying certain aspects of the container 2 to be used for the 
charging process and subsequent transport of items stored 
therewithin to a destination site . By way of example , the 
unique identifier can be a barcode , Quick Response ( QR ) 
code or near field communication ( NFC ) tag which has 
embedded information that is unique to that particular 
container 2 . Representative examples of embedded infor 
mation in the barcode , QR code or NFC tag or other unique 
identifier of the container 2 may include container identifi 
cation information such as , but not limited to , tare weight of 
the container ; initial and real - time of weight of the snow 
block 10 charged in the container 2 ; endurance characteris 
tic ; type of container 2 ; time of charge into the container 2 ; 
date of charge into the container 2 ; destination of the 
container 2 ; the type of item ( s ) being transported in con 
tainer 2 , as well as other specific information about the item 
including , by way of example , the warmest temperature the 
item can be exposed to in the container 2 and the duration 
at such warmest temperature , and location traceability of the 
container 2 . This type of container identification information 
embedded within the unique identifier can provide historical 
reference for that particular container 2 , including the 
expected endurance of the container 2 . The container iden 
tification information can be readable through a scanner , 
such as , by way of example , a QR scanner , barcode scanner 
or other means . In this manner the container identification 
information that is read or scanned can be stored in the 
cloud . Alternatively , a database such as a cloud database can 
be employed to maintain all necessary container identifica 
tion information . 
[ 0091 ] The identification and traceability of the container 
2 during transportation to a destination site , together with the 
charging information , can be maintained and looked up by 
user as may be desired . In one example , when the unique 
identifier of the container 2 is being scanned , the container 
identification information that is read from the unique iden 
tifier can be linked , matched or cross - referenced with the 
samples or items loaded into the container 2 by a user . 
10092 ] In addition to container identification information , 
temperature data as well as other location and traceability 
information can be measured and recorded during transport 
of the container 2 with the items stored therewithin . For 
example , an internal temperature sensor may located along 
or adjacent to the interior region of the cover of the container 
2 ( e . g . , cover 600 of FIG . 6 ) to monitor a temperature inside 
the container 2 . Such an internal temperature sensor may 
also allow the means to detect when the cover of the 
container 2 has been removed from the container 2 . Alter 
natively or in addition thereto , an external temperature 
sensor may be located along the exterior of the container 2 
to measure the environmental temperature that is surround 
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and health of the items within container 2 is enabled , which 
allow the ability to take corrective action in real time to 
prevent damage to the items . Further , the container identi 
fication information along with the other information 
recorded and tracked during charging and / or transport can 
be utilized to estimate the amount of snow block 10 that has 
been consumed during the transportation . In another 
embodiment , the tracked information and container identi 
fied information can also be used by a user to re - charge a 
previously transported container that may or may not con 
tain snow block 10 . This information can be used to deter 
mine how much additional snow block 10 would be required 
in a charging process to impart additional use or life of the 
container 2 for subsequent transport of specific items to a 
particular destination site . 
[ 0097 ] Further , the present invention has application in a 
variety of applications , including , but not limited to , the 
transport and preservation of biological samples ; personal 
items ; poultry and dairy . 
[ 0098 ] The ability for the inventive CO2 snow - making kit 
to charge CO2 and generate CO2 snow block in - situ within 
a transportable container that exhibits sufficient temperature 
hold or endurance is demonstrated by the following tests . 

ing the container 2 at a particular instance . Such an external 
temperature sensor can detect when the container 2 has been 
exposed to an environmental temperature higher than 
expected , thereby allowing the distribution path of the 
container 2 to be altered if necessary so as to avoid exposure 
to such higher - than - expected environmental temperatures . 
The ability to preserve the items stored within the container 
2 is therefore enhanced . Still further , an additional tempera 
ture sensor may be installed within the interior of the 
container 2 to monitor the temperature of the space sur 
rounding the item ( i . e . , the region of the product holder or 
meshed conduit 3 ) . 
[ 0093 ) By use of such temperature sensors , the tempera 
ture difference between the environmental temperature and 
the inside temperature of the container 2 can be used to more 
accurately estimate the endurance of the particular container 
2 . The temperature data can also be used to better simulate 
expected endurance characteristics of the container 2 at the 
facility where charging occurs ; and snow block 10 consump 
tion during transport of the container 2 . In this manner , the 
reliability of the expected performance of the container 2 
can be increased before deploying the container 2 to the user . 
Further , the historical behavior of the container 2 ( e . g . , snow 
block 10 consumption , average environmental temperature 
and average inside temperature of container 2 ) can be 
utilized to set alarms for any abnormal behavior and / or 
transit conditions of the container 2 detected during trans 
port . 
[ 0094 ] The temperature data as measured can be stored 
onto a data chip within the container 2 ; the temperature data 
as well as the other data that is tracked can subsequently be 
downloaded as needed when the container 2 arrives at its 
destination site , thereby allowing the user to access and use 
the data to potentially make certain decisions about the 
charging process along with selection of container 2 ; and / or 
better map the distribution routes of the container 2 from 
starting site to destination site . 
[ 0095 ] Numerous means can be utilized to transfer the 
data , including a Universal Serial Bus ( USB ) connection or 
other suitable transfer means . Additionally , customized apps 
for smart phones can be developed to synchronize the 
temperature data and other information such as customer 
identification information through wireless connection 
means , including , by way of example , Bluetooth wireless 
connection means . Still further , a wireless telemetry device 
can be installed onto the container 2 , so once the gateway is 
available , the generated information , including container 
identified information and measured data , can be transferred 
remotely to the gateway and into a sensor cloud through the 
cellular network , thereby enabling availability on a website 
and particular app . The present invention contemplates other 
suitable transfer means as currently known in the art or 
which may be subsequently developed to transfer the infor 
mation ( i ) generated from a unique identifier of the con 
tainer ; ( ii ) measured ; ( iii ) tracked ; and / or ( iv ) stored during 
charging and transport of the container 2 . 
[ 0096 ] It should be understood that other sensors can be 
incorporated into the container 2 . For example , one or more 
sensors can be configured onto the container 2 to enable 
location tracking of the container 2 . The location tracking 
can be correlated to temperature data and tracking of specific 
activities , such as , by way of example , identifying which 
items are located within which containers 2 . In this manner , 
real time information about the location of the container 2 

Comparative Example 1 ( Standard Shipper ) 
[ 0099 ] Commercially available CO2 dry ice pellets of 0 . 5 
inch diameter were manually scooped and placed into a 
standard shipper box shown in FIG . 9 . The standard shipper 
box is commercially available from Sonoco Thermosafe and 
consists of three layers of insulation , including an outer 
corrugated box , an expanded polystyrene insulation layer 
and a vacuum insulated panel . 0 . 5 " dry ice pellets were 
placed within the inner most box . Thermocouples were 
placed near the top of the shipper box . 
[ 0100 ] Temperature measurements were obtained for 
almost 96 hours . The results are shown in FIG . 8 . The 
temperature in the standard shipper gradually increased over 
the course of the test . 

Example 1 ( Invention ) 
[ 0101 ] In accordance with the principles of the present 
invention , a prototype kit as shown in FIG . 1a was fabricated 
and assembled to generate CO2 snow block . A cylindrical 
meshed tube was inserted and installed into the interior of a 
substantially cylindrical container . The container had an 
overall height of 19 . 4 inches ( defined as the height spanning 
from the bottommost portion of the container 2 to the 
topmost portion of the container 2 ) , a neck diameter of 3 . 58 
inches and an overall diameter of 9 . 2 inches ( defined as the 
widest portion of the container 2 from sidewall to sidewall ) . 
The total interior storage volume was about 6 liters with a 
top cover secured to the top of the container . The cylindrical 
meshed tube had a volume of about 1 liter . 
[ 0102 ] A snow charger including a circular flow conduit 
network with multiple nozzles arranged along the periphery 
of the circular flow conduit network was connected to the 
top portion of the mesh tube . The central opening of the flow 
conduit network was then connected to a CO2 pipe which 
was attached to a liquid CO2 source . 
[ 0103 ] Liquid CO2 was introduced from the liquid CO2 
source with CO2 gas to ensure the pressure of the liquid 
CO2 did not fall below 150 psig , thereby avoiding premature 
solid CO2 formation in the pipe and / or the nozzles of the 
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circular flow conduit network . Solid CO2 formation has the 
potential to clog the piping and / or nozzles . 
[ 0104 ] CO2 snow particles and CO2 off - gas were pro 
duced in the container . The CO2 off - gas passed through the 
meshed tube and then exited the container . A negligible 
amount of CO2 snow particles were observed to pass into or 
form within the interior passageway of the meshed tube . 
[ 0105 ] The charging continued until 10 . 5 lbs . of the CO2 
snow particles accumulated in the container . The CO2 snow 
resembled an annular shape with the consistency of a 
substantial block form of tightly - held particles . The CO2 
snow block visually appeared significantly denser than the 
typical consistency of conventional fluffy - like CO2 snow 
particles that are produced when pressurized liquid CO2 
fluid is introduced into an empty container at ambient 
temperature and pressure conditions . 
[ 0106 ] Next , the properties of the CO2 snow block were 
determined and compared against the properties of commer 
cially available 0 . 5 " diameter CO2 dry ice pellets . Bulk 
density was determined by calculating the ratio of the weight 
of CO2 snow block or dry ice pellets filled in the container 
to the volume of the space into which the CO2 snow block 
or dry ice pellets was filled . In this manner , the bulk density 
for the CO2 snow block produced by the charging methods 
of the present invention was determined to be 60 . 0 lb / ft3 . 
Commercially available 0 . 5 " diameter CO2 dry ice pellets 
were filled in the same volume as that of the container 
utilized to make the CO2 snow block . The CO2 dry ice 
pellets , which generally represent the standard for acquiring 
acceptable dry ice density , were determined to have a bulk 
density of 59 . 2 lb / ft3 when they are used in the prototype kit . 
These results indicate that the charging method of the 
present invention was capable of producing relatively high 
density CO2 snow block with bulk densities comparable or 
higher to the bulk densities of the CO2 dry ice pellets filled 
in the prototype kit . 

[ 0110 ] The effect of different R values on the performance 
of the prototype kit of the present invention was evaluated . 
As known in the art , the R value is measure of thermal 
resistance that is employed to quantify endurance , which is 
an indicator of the duration a certain item can be maintained 
within the container at a temperature no warmer than a 
certain pre - defined temperature . In the tests carried out 
herein , the pre - defined temperature not to exceed was - 60° 
C . The same container as employed in Example 1 and 
Example 2 were used to carry out the tests . The container as 
manufactured initially was vacuum jacketed to a level of 
1000 microns . The container included a vacuum port that 
allowed access to the vacuum insulated walls . A vacuum 
device was connected as necessary to the vacuum port to 
achieve different vacuum levels to evaluate the endurance . 
[ 0111 ] In the first test , the endurance of the container at a 
vacuum insulated jacket of approximately 1000 microns was 
evaluated . CO2 snow block was produced in accordance 
with the charging methods of the present invention 
described in Example 1 . Next , the temperature profile of the 
container was generated as described in Example 2 . Tem 
peratures were measured and the graphical results are des 
ignated “ Inventive Prototype ” as shown in FIG . 8 . The data 
indicates that the sample space inside the container did not 
attain a temperature warmer than - 60° C . for almost 4 days . 
Based on the temperature data , the R value for the shipper 
was calculated to be 18 ft ? hrº F . / Btu . 
[ 0112 ] In a second test , a vacuum device was connected to 
the vacuum port to reduce the vacuum level in the jacket 
from 1000 microns to approximately 10 microns . CO2 snow 
block was produced in accordance with the charging meth 
ods of the present invention described in Example 1 . Next , 
the temperature of the container was generated as described 
in Example 2 . Temperatures were measured and the graphi 
cal results are designated “ Inventive Prototype ” as shown in 
FIG . 11 . The data indicates that the storage space inside the 
container did not attain a temperature warmer than - 60° C . 
for almost 37 days . As such , these tests indicate that the 
endurance of the container increased by a factor of greater 
than 9 when the vacuum level was increased by a factor of 
100 . 
10113 ] . While it has been shown and described what is 
considered to be certain embodiments of the invention , it 
will , of course , be understood that various modifications and 
changes in form or detail can readily be made without 
departing from the spirit and scope of the invention . It is , 
therefore , intended that this invention not be limited to the 
exact form and detail herein shown and described , nor to 
anything less than the whole of the invention herein dis 
closed and hereinafter claimed . 

1 . A carbon dioxide ( CO2 ) snow - making kit for charging 
CO2 and generating CO2 snow block in - situ within a 
container , comprising : 

a container comprising an interior volume defined into a 
first region and a second region , wherein the first region 
is an internal meshed conduit volume , and the second 
region is a snow chamber into which CO2 snow block 
is generated and stored , said interior volume further 
surrounded by multiple container walls ; 

the internal meshed conduit volume configured to receive 
a meshed conduit ; 

Example 2 ( Invention ) 
[ 0107 ] The temperature profile of the inventive prototype 
with CO2 snow block produced therein as described in 
Example 1 was evaluated and then compared with the 
temperature profile of the CO2 dry ice pellets contained in 
the standard shipper evaluated as described in Comparative 
Example 1 . 
[ 0108 ] The meshed tube and snow charger were removed 
from the container of the prototype kit . Thermocouples were 
then placed slightly below the bottom of the cover for the 
container . A top cover was placed onto the opening of the 
container . 
[ 0109 ] Temperature measurements were obtained for 
almost 96 hours . The results indicated the prototype con 
tainer with the CO2 snow block in - situ generated therein 
approached a temperature no warmer than - 60° C . over 90 
hrs . The results are shown in FIG . 8 . The temperature at a 
given time represents an average of the temperature mea 
surements obtained from the different thermocouples situ 
ated in the container . The temperature profile of the inven 
tive prototype was held at a lower temperature for a longer 
period of time compared to that of the standard shipper box . 
Additionally , it was also observed that the inventive proto 
type kit had less temperature variation within its sample 
space than that of the standard shipper box . 
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the snow chamber surrounding an exterior of the meshed 
conduit and at least partially encapsulated by the mul 
tiple container walls ; 

the meshed conduit situated within an opening of the 
container and extending into the internal meshed con 
duit volume , said meshed conduit comprising porous 
openings sufficient for gas to pass through , but for the 
CO2 snow block to remain substantially within the 
snow chamber that is external to the meshed tube , the 
meshed conduit further including an internal passage 
way for CO2 off gas to exhaust , the meshed conduit 
comprising a first end and second end , wherein the first 
end is oriented at the opening of the container ; and 

a CO2 snow charger operably or integrally connected to 
the first end of the meshed conduit along the opening of 
the container , said CO2 snow charger comprising a 
conduit network with a plurality of nozzles , the plural 
ity of nozzles configured to selectively direct CO2 fluid 
into the snow chamber while substantially avoiding the 
introduction of CO2 fluid into the internal passageway 
of the meshed conduit , the snow charger further com 
prising one or more openings in fluid communication 
with the internal passageway of the meshed conduit , 
said one or more openings configured to allow gas to 
vent therethrough and exit the container . 

2 . The kit of claim 1 , wherein the snow chamber is 
characterized by an absence of absorbent or foam - filled 
material . 

3 . The kit of claim 1 , wherein the CO2 snow charger 
further comprises a sleeve extending around an edge of the 
conduit network to form a seal with the container . 

4 . The kit of claim 1 , wherein the plurality of nozzles are 
oriented away from a vertical wall of the meshed conduit at 
an angle ranging from approximately 30° to 60° relative to 
said vertical wall , said vertical wall extending perpendicular 
to a horizontal surface of the container . 

5 . The kit of claim 1 , wherein the CO2 snow charger 
comprises an aperture of the conduit network , said aperture 
configured to receive CO2 fluid from a CO2 source . 

6 . The kit of claim 5 , wherein the plurality of nozzles is 
located along a periphery of the conduit network , said 
aperture connected to the plurality of nozzles located along 
ring - like structure , said aperture configured to be operably 
connected to a liquid CO2 source . 

7 . The kit of claim 1 , wherein the first end of the mesh 
conduit is operably connected to the CO2 snow charger . 

8 . The kit of claim 1 , further comprising a unique iden 
tifier on the container that is configured to embed container 
identification information therein , said container identifica 
tion information retrievable by reading said unique identi 
fier . 

9 . A method for in - situ charging carbon dioxide ( CO2 ) 
snow block within a container , comprising the steps of : 

supplying CO2 liquid into a CO2 snow charger operably 
or integrally connected to a meshed conduit that is 
located within an interior of the container ; 

introducing the CO2 liquid into nozzles of a conduit 
network of the CO2 snow charger ; 

selectively directing the CO2 fluid into a snow chamber of 
the container that is external to the meshed conduit ; 

generating in - situ CO2 snow particles and gas in the snow 
chamber ; 

packing the CO2 snow particles to form a substantially 
CO2 snow block characterized by a hollow passageway 
along the CO2 snow block ; 

passing the gas through the meshed conduit ; and 
exhausting the gas along an internal passageway of the 
meshed conduit . 

10 . The method of claim 9 , further comprising alternating 
liquid CO2 supply with introduction of a gaseous CO2 from 
a CO2 source into the snow chamber . 

11 . The method of claim 9 , further comprising the steps : 
loading one or items into the container ; and 
transporting the container . 
12 . The method of claim 11 , further comprising measur 

ing an environmental temperature that is surrounding the 
container during said step of transporting the container . 

13 . The method of claim 11 , further comprising measur 
ing an internal temperature of the container during said step 
of transporting the container . 

14 . The method of claim 9 , further comprising estimating 
a weight of the CO2 snow block to be formed in the 
container , prior to starting the in - situ charging of the CO2 
snow block into the container . 

15 . The method of claim 11 , further comprising : 
monitoring container information , temperature and / or 

location of the container during the step of transporting 
the container to generate data ; and 

transferring the data to a user . 
16 . The method of claim 11 , further comprising 
monitoring the block CO2 snow produced ; 
generating in - situ additional block CO2 snow ; and 
means for detecting when the charging is completed . 
17 . The method of claim 16 , wherein the means for 

detecting is based on a parameter selected from the group 
consisting of : ( i ) a pre - defined weight of CO2 snow block , 
( ii ) pressure in the container , ( iii ) capacitance , ( iv ) duration 
of the in - situ charging , and ( v ) temperature of the container . 

18 . The method of claim 9 , wherein substantially all of the 
CO2 particles do not pass into or form within the interior 
passageway of the meshed conduit . 

19 . The method of claim 9 , further comprising : 
transferring information relating to the in - situ charging 
CO2 snow block for the container onto a unique 
identifier . 

20 . A method for assembling a carbon dioxide ( CO2 ) 
snow charging system at a site for in - situ generation of CO2 
snow block in a container , comprising : 
providing a liquid CO2 source ; 
providing an insulated container with an opening , the 

container further comprising an interior volume defined 
into a first region and a second region , wherein the first 
region is an internal meshed conduit volume , and the 
second region is a snow chamber ; 

providing a meshed conduit ; 
providing a CO2 snow charger comprising a conduit 
network having an inlet opening to receive the liquid 
CO2 source and a plurality of nozzles distributed along 
an edge of the conduit network , said CO2 snow charger 
further comprising one or more exhaust openings for 
gas to exhaust therefrom ; 

operably connecting or integrally joining a bottom section 
of the CO2 snow charger to a top section of the meshed 
conduit ; 

inserting the meshed conduit through the top opening of 
the container into the internal meshed conduit volume ; 
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the snow chamber surrounding an exterior of the meshed 
conduit , the snow chamber partially enclosed by the 
multiple vacuum insulated container walls ; 

the CO2 snow occupying the snow chamber therewithin ; 
and 

securing a top of the CO2 snow charger to the container 
at the top opening of the container ; and 

operably connecting the inlet opening of the CO2 snow 
charger to the CO2 source . 

21 . The method of claim 20 , further comprising config 
uring the CO2 snow charging system to be in fluid commu 
nication with a ventilation system to allow gas to be directed 
to the ventilation system . 

22 . The method of claim 20 , further comprising integrat 
ing safety interlock devices into the CO2 supply . 

23 . The method of claim 20 , further comprising config 
uring the CO2 charging system to be in electronic commu 
nication with a programmable logic controller to automate 
the generation of the CO2 snow . 

24 . The method of claim 20 , further comprising integrally 
joining the CO2 snow charger with the meshed conduit to 
create a unitary detachable component prior to insertion of 
the meshed tube into the internal meshed conduit volume of 
the container . 

25 . The method of claim 20 , wherein the snow chamber 
is characterized by an absence of foam - filled material or 
absorbent . 

26 . The method of claim 20 , further comprising providing 
the insulated container with a unique identifier that is 
configured to embed container identification information 
therein , said container identification information retrievable 
by reading said unique identifier . 

27 . A carbon dioxide ( CO2 ) snow charger system adapted 
to produce CO2 snow block , comprising : 

a meshed conduit , said meshed conduit comprising 
porous openings sufficient for CO2 off - gas to pass 
through the openings into an internal passageway of the 
meshed conduit , but substantially block entry of par 
ticles from the CO2 snow block into the internal 
passageway , said meshed conduit characterized by suf 
ficient rigidity to pack the CO2 snow block generated 
external to the meshed conduit ; and 

a CO2 snow charger operably or integrally connected to 
the meshed conduit , said CO2 snow charger compris 
ing a conduit network with a plurality of nozzles , the 
plurality of nozzles configured to selectively direct 
CO2 fluid external to the meshed conduit while sub 
stantially avoiding introduction of CO2 liquid into the 
internal passageway of the meshed conduit , the snow 
charger further comprising one or more exhaust open 
ings in fluid communication with the internal passage 
way of the meshed conduit , said one or more exhaust 
openings configured to allow gas to vent therethrough . 

28 . The CO2 snow charger system of claim 27 , wherein 
the conduit network comprises multiple inserts of a prede 
termined shape and pattern with nozzles embedded therein . 

29 . An apparatus configured for storing , preserving or 
transporting one or more items , comprising : 

a container comprising an interior volume defined into a 
first region and a second region , wherein the first region 
is an internal product storage volume , and the second 
region is a snow chamber into which CO2 snow is 
stored , said container further comprising multiple insu 
lated container walls at least partially surrounding the 
first region and the second region , said walls compris 
ing a getter material locating therewithin , wherein said 
getter material maintains a vacuum and an insulation 
level and is suitably compatible with said CO2 snow ; 

the internal product storage volume defined by a meshed 
conduit , said meshed conduit permanently or remov 
ably affixed to said one or more insulated container 
walls ; 

the meshed conduit comprising a first end and a second 
end , wherein said first end is oriented towards the 
opening of the transportable container ; 

wherein the snow chamber is characterized by an absence 
of a foam - filled material or absorbent . 

30 . The apparatus of claim 29 , further comprising a 
mechanical seal engaged into the opening of the transport 
able container , thereby isolating the snow chamber from 
surroundings of the transportable container . 

31 . The apparatus of claim 29 , wherein said internal 
volume of the product storage volume ranges from about 
0 . 25 - 25 L . 

32 . The apparatus of claim 29 , wherein said product 
storage holder is capable of holding said items therewithin 
for up to approximately 37 days at an average temperature 
of no warmer than - 60° C . 

33 . The apparatus of claim 29 , wherein said second end is 
oriented towards said bottom vacuum - insulated wall . 

34 . The apparatus of claim 29 , wherein said second region 
extends between the vacuum - insulated walls and an outer 
surface of the product storage holder . 

35 . The apparatus of claim 29 , wherein the snow chamber 
is characterized by an absence of foam - filled material or 
absorbent . 

36 . The apparatus of claim 29 , further comprising a cover 
secured to the opening of the container and a temperature 
sensor located adjacent to or along an interior of the cover . 
37 . The apparatus of claim 29 , further comprising a 

unique identifier that is configured to embed container 
identification information therein , said container identifica 
tion information retrievable by reading said unique identi 
fier . 

38 . The apparatus of claim 29 , further comprising a 
product holder within the meshed conduit . 

39 . A method for assembling a carbon dioxide ( CO2 ) 
snow charging system at a site for in - situ generation of CO2 
snow block in a container , comprising : 

providing a CO2 source ; 
providing an insulated container with an opening , the 

container further comprising an interior volume defined 
into a first region and a second region , wherein the first 
region is an internal meshed conduit volume , and the 
second region is a snow chamber ; 

providing a meshed conduit operably connected or inte 
grally connected to the insulated container ; 

providing a CO2 snow charger comprising a conduit 
network having an inlet opening to receive the CO2 
source and a plurality of nozzles distributed along an 
edge of the conduit , said CO2 snow charger further 
comprising one or more exhaust openings for gas to 
exhaust therefrom ; 

operably attaching the CO2 snow charger to the con 
tainer ; 

securing a top of the meshed conduit to the CO2 snow 
charger at the top opening of the container ; and 

operably connecting the inlet opening of the CO2 snow 
charger to the CO2 source . 

* * * * * 


