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THAWING VESSEL FOR BIOLOGICAL PRODUCTS

TECHNICAL FIELD

Described herein are devices and methods for thawing frozen biological products, e.g.,
potentially labile proteins and cells, efficiently without harming the products. in particular, a
vertical thawing vessel with a plurality of independent thermal transfer means and temperature

control means is described,

BACKGROUND

Biological products are often frozen after collection to preserve the components until further
processing is carried cut. Many collections are pooled and homogenized prior to freezing.
When the frozen products are ready for additional processing, they must be carefully thawed to
prevent overheating and deanaturation because some components are extremely sensitive to
heat and can degrade during thawing. Thawing is often carried out in large vertical mixing
vessels that have external jackets where heating media is circulated. Frozen products are
added to the thawing vessel, are warmed, and thaw from thermal transfer through the walls of
the jacketed vessel. The thawing product is typically stirred by a stirrer or impelier. Because
the density of frozen, water-containing products is often less than the liquid form, the frozen
material floats and collects at the top of the vessei, with the molten, thawed liquid transitioning
to the lower portion of the vessel. One problem with such vertical thawing vessels is that the
thawed liquid continues to be warmed after it has thawed and this can denature or degrade
sensitive components. The apparatus and methods described herein overcome such
shortcomings and provide a rapid and efficient means to thaw biological products without

overheating and/or denaturing heat-sensitive components.

SUMMARY
Described herein are devices and methods for thawing frozen biological products, such as blood

proteins and frozen cells, efficiently without harming the products.
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In one embodiment, there is provided an apparatus for thawing frozen biological material, the apparatus comprising:

a vassel having an interior space for recaiving the biological material, the vassel having
an upper porion extending around an uppéar portion of the interior space, a middie
portion extending around a middie pomon of the interor space, and & lower porion
extanding around & lower portion of the interior space; a p}uram‘y af thermal fransfer
devices opsaratively associated with the vessal for transferring heat between the vessel
and the thermal fransfer davice, comprising at lsast

a first thermal transfer device operafively assoclatad with the uppar portion of the
vessel for transferring heat batwesn the upper portion of the vessel and the first
tharmal fransfaer device;

a second thermal fransfar device operatively associated with the upper middie
poriion of the vessel for tfransferring heat betwean the upper middie por’cion of the
vassal and the second tharmal transfer device,

a third thermal transfer device operatively associated with the lower middle
nortion of the vesse! for transferring heat betweean the lower middie poriion of the
vesseal and the third thermal transfer device; and

a fourth thermal transfer device operatively associated with the lower paortion of
the vessel for fransferring heat between the lowar portion of the vessel and the
fourth thermal transfar device; and

at jeast ona controller operatively associated with the first, second, third, and fourth
‘thermal transfer devices for controliing the first, second, third, and fourth thermal transfer
devices independently from one another, comprising the isast one controller being
adapted for controliing the first thermal transfer device to control thermal transfer
hetwaan the first thermal fransfer davice and the upper portion of the vessal;

controliing the second thermal transfer davice o control thermal transfer betwasn the
sscond thermal transfer davice and the upper middie portion of the vessal;

controliing the third thermal fransfer device to control therma! fransfer between the third
tharmal transfer device and the lower middie portion of the vessal; and

controliing the fourth thermal transfer device o control themmal transfer beiween the
fourth thermal transfer device and the lowsr poriion of the vessel

In one embodiment, there is provided a method for thawing frozen biological material, comprising:

introducing the frozen biological material info a vessal;

causing thermal transfer betwasn an upper portion of the vessel and medium exterior
to the uppar portion of the vessal, comprising heating the upper portion of the vessel;
causing thermal transfer betwaen an upper middle poriion of the vessel and medium
gxierior fo the upper middle partion of the vessel;

causing thermal transfer between a lower middie porlion of the vessel and madium
sxcatior to the lower middie porfion of the vesset; '

causing thermal iransfer between a lower portion of the vesse] and medium exierior
to the iower portion of the vessel;

monitoring temperature of the biotogical material at different levels in the vessel,
adjusting the tharmal transfer belween the upper portion of the vesssel and the
medium axterior 1o the upper portion of the vessa! at least partially in response 1o the
monkoring of the temparaturﬂ of the biological material,

fhe adjusting of the thermal iransfer between the upper portion of the vessal and the
‘medium axterior to the upper poriion of the vessel being performad independently of
the adjusting of the thermal transfer between the upper middle poriion of the vessal
and the medium exierior to the upper middie portion of the vessel;

the adjusting of the thermal fransfer between the upper portion of the vassal and the
medium axiarior to the upper portion of tha vessal baing performed independently of
the adjusting of the tharmal transfer between the lower middie portion of the vessal
and the madium exterior to the lower middle portion of the vasssl; and
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the adjusting of the thermal transfer betwsen the upper portion of the vessel and the
medium exterior to the upper portion of the vessal being performed indspendently of
the adjusting of the tharmal {ransfer betwean the lowsr portion of the vessal and the
madium axterior 1o the lower portion of the vessel; and
adjusting the tharmal transfer between the uppar middie portion of the vesse! and the
rmedium exierior to the uppsr middle poriion of the vessel =t ieast pariially in
response to the menitoring of the temperature of the biological material;
the adiusting of the tharmal transfer betwean the upper middle portion of the vesssl
and the medium exiarior o the uppsr middie portion of the vessal baing performed
independently of the adjusting of the thermal transfer betwesen the upper portion of
the vessal and the madium axterior to the uppar portion of the vesssl,
the adjusting of the thermal transfer betwieen the upper middie poriion of the vessal
and the medium exisrior to the upper middle portion of the vasse! bsing parformed
independently of the adjusting of the thermal transfer betwzen the lower middle
portion of the vessal and the medium axterior to the lower middie por’tion of the
vegsel; and
the adjusting of the therma! transfer between the upper middle portion of the vesssl
and the medium exterior 1o the upper middie portion of the vessel being performsd
independantly of the adjusting of the tharmal transfer between the lowsar portion of
the vessal and the medium axterior to the lower portion of the vesssl; and
adjusting the thermai transfer between the lowar middie portion of the vessel and the
medium exierior to the lowsr middie' poriion of the vessal at isast partially in
response ¢ the menitoting of the temperature of the biological material;
the adjusting of the thermal fransfer between the lowar middie portion of the vassei
and the medium axterior to the lower middia portion of the veasel baing performead
independently of the adjusting of the thermal transfer between the upper portion of
the vessel and the medium exterior to the upper portion of the vessal;
the adiusting of the thermal transfer between the lower middie portion of the vessel
- and the medium sxierior to the lower middie portion of the vessel being performad
indepandaritly of the adjusting of the thermal transfar between the upper middie
sortion of the vassel and the medium exterior {0 the upper middle poriion of the
vessel;, and
the adjusting of the thermal transfar between the lower middle portion of the vessel
and the medium exterior to the lowsr middie portion of the vessal being performed
independantly of the adjusting of the themal ransfer between the lower portion of
the vessel and the medium exterior o the lower porlion of the vessel, and
adjusting the thermal transfer batwsen the lower porfion of the vessel and the
medium exterior 1o the lowsar portion of the vessal at least partiaily in response fo the
moniioring of the t2mparature of the biological material;
the adjusting of the thermal transfer betwesn the fower portion of the vessal and the
madium extertor io the lower poriion of the vassel being performed independently of
the adjusiing of the thermal transfer betwsen the upper portion of the vessel and the
medium exterior to the uppsr portion of the vessal;
the adiusiing of the thermal transfer between the lower portion of the vessel and the
medium exisrior ¢ the lower portion of the vaasel heing performed indepandanily of
the adiusting of the thermma! transfer batween the upper middls portion of the vessal
ang the medium axierior to the upper middils portion of the vessel; and
the adjusting of the thermal transfer between the tower portion of the vessel and the
meadium exierior io the lower portion of the vessal being performed independently of
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the adjusting of the thermal transfer betwesn the lower middle portion of the vessal
and the medium exisriar to the fower middle porfion of the vessal.

In one embodiment, there is provided an apparatus for thawing frozen biological products comprising:

at ieast one vessal;

one or mors stirring means;

a plurailty of thermal transfer means surrounding the vessel; and
at izast one means for femparature conirol.

In one embodiment, there is provided a process for thawing a frozen biological product comprising:

(a} infroducing the frozan biological products into 2 vassal comprising one or
morg stiring means, a piurality of thermal fransfer means; a plurality of
tharmocoupies; and a means for femperature control: :

{b) continuously measuring the iemperature at a plurality of levals within ths
vessa! using the pluraiity of themmocoupias;

{c) heating the tharmal fransfer means adjacent fo the frozen bioiogical products
at the same time mixing the contanis of the vassel;

{d} cooling the thermal transfer mesans adjacent to the thawad biological products
at the same time mixing the contents of the vessal

(e} heating and/or cooling the thermal fransfer means to compensate for the
addition of additional frozen biological product and the thawing of the biniogical
product.
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One embodiment described herein is an apparatus for thawing frozen biological material, the
apparatus comprising: a vessel having an interior space for receiving the biclogical material,
the vessel having an upper portion extending around an upper portion of the interior space,
and a lower portion extending around a lower portion of the interior space; a plurality of
thermal transfer devices operatively associated with the vessel for transferring heat between
the vessel and the thermal transfer device, comprising at least: a first thermal transfer device
operatively associated with the upper portion of the vessel for transferring heat between the
upper portion of the vessel and the first thermal transfer device; a second thermal transfer
device operatively associated with the lower portion of the vessel for transferring heat between
the lower portion of the vessel and the second thermal transfer device; and at least one
controller operatively associated with the first and second thermal transfer devices for
controlling the first and second thermal transfer devices independently from one another,
comprising the at least one controller being adapted for controlling the first thermal transfer
device to control thermal transfer between the first thermal transfer device and the upper
portion of the vessel, and controiling the second thermal transfer device to control thermal

transfer between the second thermal transfer device and the lower portion of the vessel,

In one aspect described herein, the number of thermal transfer devices is 2, 3, 4, 5, 6, 8, 10, 12,

or even maore.

In one aspect described herein, the apparatus for thawing frozen biological material further
comprises at least one stirring apparatus and thermocouples extending into the interior space
of the vessel, wherein: the thermocouples are arranged in an upwardly extending series; the
thermocouples are operatively associated with the at least one controller; and the at least one
controller is operative for controlling the first and second thermal transfer devices at least

partially in response to signals from the thermocouples.

In one aspect described herein, the at least one controller comprises at least one processor and

at least one memory including computer program code, and the at least one memory and the
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computer program code are configured to, with the processor, provide signals for: controlling
the first and second thermal transfer devices independently from one ancther; controlling the
first thermal transfer device to control thermal transfer between the first thermal transfer
device and the upper portion of the vessel; and controliing the second thermal transfer device
to control thermal transfer between the second thermal transfer device and the lower portion

of the vessel.

In another aspect described herein, each of the first and second thermal transfer devices
comprises a jacket mounted to an exterior of the vessel for providing at least conductive

thermal transfer between the jacket and the vessel.

In another aspect described herein, the jacket extends around the vessel,

In another aspect described herein, the jacket comprises at least one passageway for having a

thermal transfer fiuid flow therethrough.

In another aspect described herein, the thermal transfer medium comprises a thermal transfer

liguid.

In ancther aspect described herein, the apparatus comprises a system in fluid communication

with at least one passageway for circulating the thermal transfer fluid through the passageway.

Ancther embodiment described herein is a method for thawing frozen biological material,
comprising: introducing the frozen biological material into a vessel; causing thermal transfer
between an upper portion of the vessel and medium exterior to the upper portion of the vessel,
comprising heating the upper poriion of the vessel; causing thermal transfer between a lower
portion of the vessel and medium exterior to the lower portion of the vessel; monitoring
temperature of the biological material at different levels in the vessel; adjusting the thermal

transfer between the upper portion of the vessel and the medium exterior to the upper portion
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of the vessel at least partially in response to the monitoring of the temperature of the biological
material; and adjusting the thermal transfer between the lower portion of the vessel and the
medium exterior to the lower portion of the vessel at least partially in response to the
monitoring of the temperature of the biclogical material, the adjusting of the thermal transfer
between the lower portion of the vessel and the medium exterior to the lower portion of the
vessel being performed independently of the adjusting of the thermal transfer between the

upper portion of the vessel and the medium exterior to the upper portion of the vessel.

In one aspect described herein, the causing of the thermal transfer between the lower portion
of the vessel and the medium exterior to the lower portion of the vessel comprises heating the
lower portion of the vessel; and thereafter, the adjusting of the thermal transfer between the
lower portion of the vessel and the medium exterior to the lower portion of the vessel

comprises at least reducing the heating of the lower portion of the vessel.

In another aspect described herein, the causing of the thermal transfer between the lower
portion of the vessel and the medium exterior to the lower portion of the vessel comprises
heating the lower portion of the vessel; and thereafter, the adjusting of the thermal transfer
between the lower portion of the vessel and the medium exterior to the lower portion of the

vessel comprises cooling the lower portion of the vessel,

In another aspect described herein, the adjusting of the thermal transfer between the upper
portion of the vessel and the medium exterior to the upper portion of the vessel comprises
automatically adjusting the thermal transfer between the upper portion of the vessel and the
medium exterior to the upper portion of the vessel; and the adjusting the thermal transfer
between the lower portion of the vessel and the medium exterior to the lower portion of the
vessel comprises automatically adjusting the thermal transfer between the lower portion of the

vessel and the medium exterior to the lower portion of the vessel.
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in another aspect described herein, at least the adjusting of the thermal transfer between the
upper portion of the vessel and the medium exterior to the upper portion of the vessel is
computer-impiemented; and at least the adjusting of the thermal transfer between the lower
portion of the vessel and the medium exterior to the lower portion of the vessel is computer-

implemented.

Another embodiment described herein is an apparatus for thawing frozen biological material,
the apparatus comprising: a vessel having an interior space for receiving the biological
material, the vessel having an upper portion extending around an upper portion of the interior
space, a middie portion extending around a middle portion of the interior space, and a lower
portion extending around a lower portion of the interior space; a plurality of thermal transfer
devices operatively associated with the vessel for transferring heat between the vessel and the
thermal transfer device, comprising at least: a first thermal transfer device operatively
associated with the upper portion of the vessel for transferring heat between the upper poriion
of the vessel and the first thermal transfer device; a second thermat transfer device operatively
associated with the upper middle portion of the vessel for transferring heat between the upper
middle portion of the vessel and the second thermal transfer device; a third thermal transfer
device operatively associated with the lower middle portion of the vessel for transferring heat
between the lower middle portion of the vessel and the third thermal transfer device; and a
fourth thermal transfer device operatively associated with the lower portion of the vessel for
transferring heat between the lower portion of the vessel and the fourth thermal transfer
device; and at least one controller operatively associated with the first, second, third, and
fourth thermal transfer devices for controlling the first, second, third, and fourth thermal
transfer devices independently from one another, comprising the at least one controller being
adapted for controlling the first thermal transfer device to control thermal transfer between
the first thermal transfer device and the upper portion of the vessel; controlling the second
thermal transfer device to control thermal transfer between the second thermal transfer device
and the upper middle portion of the vessel; controlling the third thermal transfer device to

control thermal transfer between the third thermal transfer device and the lower middie
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portion of the vessel;, and controlling the fourth thermal transfer device to control thermal

transfer between the fourth thermal transfer device and the lower portion of the vessel.

In one aspect described herein, the number of thermal transfer devicesis 2, 3, 4, 5, 6, 8, 10, 12,

or even more.

In one aspect described herein, the apparatus for thawing frozen biological material further
comprises at least one stirring apparatus and thermocouplies extending info the interior space
of the vessel, wherein: the thermocouples are arranged in an upwardly extending series; the
thermocouples are operatively associated with the at [east one controller; and the at least one
controller is operative for controlling the first, second, third, and fourth thermal transfer

devices at least partially in response to signals from the thermocouples.

In another aspect described herein, the at least one controlier comprises at ieast one processor
and at least one memory including computer program code, and the at least one memory and
the computer program code are configured to, with the processor, provide signals for:
controlling the first, second, third, and fourth thermal transfer devices independently from one
another; and controlling the first thermal transfer device to control thermal transfer between
the first thermal transfer device and the upper portion of the vessel; controlling the second
thermal transfer device to control thermal transfer between the second thermat transfer device
and the upper middle portion of the vessel; controlling the third thermal transfer device to
control thermal transfer between the third thermal transfer device and the lower middle
portion of the vessel; and controlling the fourth thermal transfer device to control thermal

transfer between the fourth thermal transfer device and the lower portion of the vessel.
In another aspect described herein, each of the first, second, third, and fourth thermal transfer

devices comprises a jacket mounted to an exterior of the vessel for providing at least

conductive thermal transfer between the jacket and the vessel.
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in another aspect described herein, the jacket extends around the vessel.

In another aspect described herein, the jacket comprises at least one passageway for having a

thermal transfer medium flow therethrough.

In another aspect described herein, the thermal transfer medium comprises a thermal transfer

liquid.

In one aspect described herein, the apparatus for thawing frozen biological material further
comprises a system in fluid communication with the at least one passageway for circulating the

thermal transfer medium through the passageway.

Another embodiment described herein is a method for thawing frozen biological material,
comprising: introducing the frozen biological material into a vessel; causing thermal transfer
between an upper portion of the vessel and medium exterior to the upper portion of the vessel,
comprising heating the upper portion of the vessel; causing thermal transfer between an upper
middie portion of the vessel and medium exterior to the upper middle portion of the vessel;
causing thermal transfer between a lower middie portion of the vessel and medium exterior to
the iower middle portion of the vessel; causing thermal transfer between a lower portion of the
vessel and medium exterior to the lower portion of the vessel; monitoring temperature of the
biological material at different levels in the vessel; adjusting the thermal transfer between the
upper portion of the vessel and the medium exterior to the upper portion of the vessel at least
partially in response to the monitoring of the temperature of the biological material; the
adjusting of the thermal transfer between the upper portion of the vessel and the medium
exterior 1o the upper portion of the vessel being performed independently of the adjusting of
the thermal transfer between the upper middie portion of the vessel and the medium exterior
to the upper middie portion of the vessel; the adjusting of the thermal fransfer hetween the
upper portion of the vessel and the medium exterior to the upper portion of the vessel being

performed independently of the adjusting of the thermal transfer between the lower middle
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portion of the vessel and the medium exterior to the lower middle portion of the vessel; and
the adjusting of the_ thermal transfer between the upper portion of the vessel and the medium
exterior to the upper portion of the vessel being performed independently of the adjusting of
the thermal transfer between the lower portion of the vessel and the medium exterior to the
lower portion of the vessel; and adjusting the thermal transfer between the upper middle
portion of the vessel and the medium exterior to the upper middle portion of the vessel at least
partially in response to the monitoring of the temperature of the biological material; the
adjusting of the thermal transfer between the upper middle portion of the vessel and the
medium exterior to the upper middle portion of the vessel being performed independently of
the adjusting of the thermal transfer between the upper portion of the vessel and the medium
exterior to the upper portion of the vessel; the adjusting of the thermal transfer between the
upper middle portion of the vessel and the medium exterior to the upper middle portion of the
vesse| being performed independently of the adjusting of the thermal transfer between the
fower middie portion of the vessel and the medium exterior to the lower middle portion of the
vessel; and the adjusting of the thermal transfer between the upper middle portion of the
vessel and the medium exterior to the upper middle portion of the vessel being performed
independently of the adjusting of the thermal transfer between the lower portion of the vessel
and the medium exterior to the lower portion of the vessel; and adjusting the thermal transfer
between the lower middle portion of the vessel and the medium exterior to the lower middle
portion of the vessel at least partiaily in response to the monitoring of the temperature of the
biological material ; the adjusting of the thermal transfer between the lower middle portion of
the vessel and the medium exterior to the lower middle portion of the vessel being performed
independently of the adjusting of the thermal transfer between the upper portion of the vessel
and the medium exterior to the upper portion of the vessel; the adjusting of the thermal
transfer between the lower middle portion of the vessel and the medium exterior to the iower
middle portion of the vessel being performed independently of the adjusting of the thermai
transfer between the upper middle portion of the vessel and the medium exterior to the upper
middle portion of the vessel; and the adjusting of the thermal transfer between the lower

middle portion of the vessel and the medium exterior to the lower middle portion of the vessel
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being performed independently of the adjusting of the thermal transfer between the lower
portion of the vessel and the medium exterior to the lower portion of the vessel; and the
adjusting of the thermal transfer between the lower portion of the adjusting the thermal
transfer between the lower portion of the vessel and the medium exterior to the lower portion
of the vessel at least partially in response to the monitoring of the temperature of the biological
material; vessel and the medium exterior to the lower portion of the vessel being performed
independently of the adjusting of the thermal transfer between the upper portion of the vessel
and the medium exterior to the upper portion of the vessel; the adjusting of the thermal
transfer between the lower portion of the vessel and the medium exterior to the lower portion
of the vessel being performed independently of the adjusting of the thermal transfer between
the upper middle portion of the vessel and the medium exterior to the upper middle portion of
the vessel; and the adjusting of the thermal transfer between the lower portion of the vessel
and the medium exterior to the lower portion of the vessel being performed independently of
the adjusting of the thermal transfer between the lower middle portion of the vessel and the

medium exterior to the lower middie portion of the vessel.

In one aspect described herein, the causing of the thermal transfer between the upper portion
of the vessel and the medium exterior to the upper portion of the vessel comprises heating the
upper portion of the vessel; and thereafter, the adjusting of the thermal transfer between the
upper portion of the vessel and the medium exterior to the upper portion of the vessel

comprises at least reducing the heating of the upper portion of the vessel.

In one aspect described herein, the causing of the thermal transfer between the upper middle
portion of the vessel and the medium exterior to the upper middle portion of the vessel
comprises heating the upper middle portion of the vessel; and thereafter, the adjusting of the
thermal transfer between the middle portion of the vessel and the medium exterior to the

upper middle portion of the vessel comprises cooling the upper middle portion of the vessel.
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In one aspect described herein, the causing of the thermal transfer between the lower middle
portion of the vessel and the medium exterior to the fower middle portion of the vessel
comprises heating the lower middle portion of the vessel; and thereafter, the adjusting of the
thermal transfer between the lower middle portion of the vessel and the medium exterior to
the lower middle portion of the vessel comprises cooling the lower middle portion of the

vessel,

In one aspect described herein, the causing of the thermal transfer between the lower portion
of the vessel and the medium exterior to the lower portion of the vessel comprises heating the
tower portion of the vessel; and thereafter, the adjusting of the thermal transfer hetween the
lower portion of the vessel and the medium exterior to the lower portion of the vessel

comprises cooling the lower portion of the vessel.

In one aspect described herein, the adjusting of the thermal transfer between the upper
portion of the vessel and the medium exterior to the upper portion of the vessel comprises
automatically adjusting the thermal transfer between the upper portion of the vessel and the
medium exterior to the upper portion of the vessel; the adjusting the thermal transfer between
the upper middle portion of the vessel and the medium exterior to the upper middie portion of
the vessel comprises automatically adjusting the thermal transfer hetween the upper middle
portion of the vessel and the medium exterior to the upper middle portion of the vessel; the
adjusting the thermal transfer between the lower middle portion of the vessel and the medium
exterior to the lower middle portion of the vessel comprises automatically adjusting the
thermal transfer between the lower middle portion of the vessel and the medium exterior to
the lower middle portion of the vessel; and the adjusting the thermal transfer between the
lower portion of the vessel and the medium exterior to the lower portion of the vessel
comprises automatically adjusting the thermal transfer between the lower portion of the vessel

and the medium exterior to the lower portion of the vessel.
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In one aspect described herein, at least the adjusting of the thermal transfer between the
upper portion of the vessel and the medium exterior fo the upper portion of the vessel is
computer-implemented; at least the adjusting of the thermal transfer between the upper
middle portion of the vesse! and the medium exterior to the upper middle portion of the vessel
is computer-implemented; at least the adjusting of the thermal transfer between the lower
middie portion of the vessel and the medium exterior to the lower middle portion of the vessel
is computer-implemented; and at least the adjusting of the thermal transfer between the lower
portion of the vessel and the medium exterior to the lower portion of the vessel is computer-

implemented.
Another embodiment described herein is an apparatus for thawing frozen biological products
comprising: at least one vessel; one or more stirring means; a plurality of thermal transfer

means surrounding the vessel; and at least one means for temperature control.

In one aspect described herein, the plurality of thermal transfer means are vertically positioned

from the bottom to the top of the vessel.

in another aspect described herein, the temperatures of the plurality of thermal transfer means

are independently controlled.

in another aspect described herein, the apparatus for thawing frozen biological material further

comprises further comprising a plurality of thermocouples.

in one aspect described herein, the plurality of thermocouples are vertically positioned from

the bottom to the top of the vessel.

In another aspect described herein, the internal temperature of the vessel is measured using

the plurality of vertically arranged thermocouples.
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In one aspect described herein, the temperature of thermal transfer means is modulated by

thermoelectric, Peltier, or liquid media.

In one aspect described herein, the temperature of thermal transfer means is modulated by

liguid media.
In one aspect described herein, the liquid media comprises ethylene glycol.

In one aspect described herein, there are at least four thermal transfer means and at least four
thermocouples; and wherein the thermal transfer means and thermocouples are vertically

positioned within the thawing vessel.

In one aspect described herein, the temperatures of the piurality of thermal transfer means are
raised to not more than about 10 °C above the melting point for the biological product until
melting is completed, and wherein the temperature is maintained at about 2 °C after melting is

completed.

In one aspect described herein, the temperatures of the plurality of thermal transfer means are
raised to not more than about 8 °C when a temperature of less than about 2 °C is measured;
and wherein the temperatures of the plurality of thermal transfer means are lowered to about

4 °C when a temperature greater than about 10 °Cis measured.

Another embodiment described herein is a process for thawing a frozen biological product
comprising: (a) introducing the frozen biological products into a vessel comprising one or more
stirring means, a plurality of thermal transfer means; a plurality of thermocouples; and a means
for temperature control; {b) continuously measuring the temperature at a plurality of levels
within the vessel using the plurality of thermocouples; (c) heating the thermal transfer means
adjacent to the frozen biological products at the same time mixing the contents of the vessel;

{(d) cooling the thermal transfer means adjacent to the thawed bioclogical products at the same
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time mixing the conients of the vessel; (e} heating and/or cooling the thermal transfer means
to compensate for the addition of additional frozen biological product and the thawing of the

biological product.
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BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 illustrates a standard jacketed vertical thawing vessel shortly after addition of frozen

biological product {A) and later after the maijority of the biological product has thawed and

liquified {B).

FIGURE 2 illustrates a multi-jacketed vertical thawing vessel as described herein. This
exemnplary embodiment has four thermal transfer means vertically spaced from the bottom of
the vessel to the top. Each thermal transfer means can heat or cool independently of the other
thermal transfer means. In addition eight thermocouples extend into the vessel lumen near
each thermal transfer means to measure the internal temperature. Baffles can be used to

separate liguids stratified at each level.

FIGURE 3 illustrates an exemplary thawing process as described herein showing the

independent heating or cooling of the respective thermal transfer means.

DETAILED DESCRIPTION

Described herein are apparatuses and methods for thawing frozen biological products that
could be fed in as frozen blocks or in other configurations. Exemplary frozen biological
products comprise blood, various blood products such as plasma or serum, or frozen cells or
tissues. Biological products can also comprise cell culture supernatants, cell extracts,
homogenates, partially purified macromolecules, purified macromolecules, or therapeutic

products.

A typical thawing vessel 20 is illustrated in FiG. 1. In this example, the frozen contents 5 in the
interior of the closed vertical thawing vessel 30 are warmed by a jacketed exierior 25 that
exiends vertically around the vessel. A thermal medium, such as glycol or water is circulated
through the jacket to increase the temperature. In FIG. 1A, the frozen biological product 5 is
placed into the interior of the thawing vessel 30 through an opening 35, and the thermal

medium is circulated to increase the temperature {thermal media and circulation means are
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known in the art and are not shown in the illustration). A top 37 covers the opening of the
vessel. An impeller 40 circulates the thawed biological product liquid 10 and increases thermal
transfer. A valve 45 and 50 spout can be used 1o remove the thawed biological product from
the vessel after thawing is completed. As the frozen biological product 5 thaws and becomes
liquid 10, the frozen biological product floats to the top of the level of liquid biological product
15 in the vessel. See FiG. 1B. The impelier 40 circulates the liquid product 10 and serves to
transfer the warmed biological liquid up toward the remaining frozen product 5. In addition,
the biological liquid is cooled near the frozen product and the impelier likewise circulates this
cooled liguid. However, despite the circulation, a temperature gradient can establish within
the thawed biological liguid because of the large surface area of the liquid in contact with the
vessel interior. Further, as less frozen biological product exists, less of the frozen product is in
contact with the vessel surface. Thus, the liquid biological product becomes the primary heat
transfer medium to the frozen biological product. This can increase the time to complete
thawing. Even if the temperature of the thermal medium is lowered or changed, the large
thermal mass of thawed liguid makes rapid equilibration to the lowered temperature difficult.
Conseguently, the liguid biological can be unnecessarily exposed to increased temperatures for
prolonged periods. This can cause denaturation and/or degradation of various components of
the biological product. This is most pernicious for components such as proteins that may be
sensitive to thermal denaturation. Accordingly, the thawing process can significantly reduce

yields of valuable proteins that are thermally sensitive.

The multi-temperature thawing vesse! as described herein overcomes the shortcomings of the
existing thawing technology by permitting the user to fine-tune the temperature of the thawing
vessel at various vertical levels and time points throughout the thawing process. Further, in
some cases the multi-temperature thawing vessel as described herein may reduce the energy

requirements for thawing biological products.

An exemplary embodiment of the multi-temperature thawing vessel as described herein is

iliustrated in FIG. 2. This exemplary embodiment of a multi-temperature thawing vessel 60
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features at least four independent thermal transfer means that are arranged vertically from the
bottom of the vessel to the top of the vessel (70, 75, 80, 85). The number of thermal transfer
means can vary. In some aspects, there may be 2, 3, 4, 5, 6, 8, 10, 12, or even more thermal
transfer means associated with the vessel. Each thermal transfer means is capable of heating
or cooling independent of the other thermal transfer means. In addition, at ieast two
thermocouples 65 are positioned at each thermal transfer means level and extend outward
toward the center of the vessel for measuring the temperature of the biological product
medium at that level. Although the thawing vessel depicted in FIG. 2 is arranged vertically, a
horizontal configuration is also contemplated. In a horizontal embodiment, a plurality thermal
transfer means would be spaced from the bottom of the vessel to the top of the vessel, parallel
to the axis of the cylinder. The thermal transfer means may be attached to the exterior wails of
the vessel as shown in FIG. 2, or may be attached on the interior walls of the vessel. In some

aspects, the thermal transfer means can comprise the walls of the vessel.

At least one impeller 40 circulates and mixes the liquified biological product and thereby
increases thermal transfer; the impeller also facilitates movement of the frozen biological
product. Multiple impellers may be used. For example, at least one impeller can be used at
each transfer means level. In some embodiments, baffles 90 can be used to reduce mixing of
biological product at different thermal transfer means levels and thereby better control the
temperature at each thermal transfer means level, In some embod_iments, floating baffles can
be used to separate the upper level of thawed biological product 15 liquid from the frozen
biological product 5. As a non-limiting example, the baffles can comprise circular “doughnut-
shaped” plates with hollow centers. Such a configuration would permit stratification of thawed
biological product at each thermal transfer means level and permit limited transfer among

fevels.
A valve 45 and 50 spout permit removal of the thawed biological product from the vessel. The

spout can be positioned at the bottom of the vessel as shown in FIG. 2 or may be at the top and

removal is facilitated with a pump or siphoning means {not shown). Thawed biological product
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can be removed at the end of a thawing cycle or continuously during the thawing process to
minimize exposure of the thawed biological product to elevated temperatures. The vessel can
be configured so that as soon as the biological product is melted, it is removed from the

thawing vessel.

In some embodiments, the thermal transfer means described herein can comprise jackets for
circulating a thermal conducting liquid or gas. The liguid can comprise water, ethylene glycol,
oil, or the like. Gases can comprise steam, CO,, N, O,, or refrigerant gas/liquid mixtures. The
thermal transfer means can also comprise thermoelectric or Peltier devices. The thermal
transfer devices typically are capable of supplying heating and/or cooling to the thawing vessel.
In some case, the plurality of thermocouples can be used to monitor the internal temperature
of the thawing vesse! described herein and used to regulate the temperature of the thermal
transfer means. In some aspects described herein, the temperature of the plurality of thermal
fransfer means are independently reguiated by measuring the internal temperature of the
thawing vessel using a plurality of thermocouples and then adjusting the internal temperature
(i.e., rasing or lowering the internal temperature} by adjusting the temperature of the thermal
transfer means. In some aspects, this can be autonomously controlled by a computer. In other

aspects, the temperatures are manually monitored and adjusted.

The multi-temperature thawing vessel as described herein permits the operator to precisely
regulate the temperature of the thawing vessel walls at various levels and/or capacities. For
example, as shown in FiG. 2, the thermal transfer means at the bottom of the vessel {i.e., 70
and 75) can be cooled, while the thermal transfer means 80 may be at an intermediate
temperature and thermal transfer means 85 may be heated. This would facilitate thawing the
frozen mass of biological product 5, which floats at the level of the thawed Hguid 15. The
thawed biological product liquid at the bottom of the vessel 10 is not subject to the heating
thermal transfer means 85 or intermediate thermal transfer means 80 and thus the possibility

of degradation or denaturation is reduced.
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fn addition, the multi-temperature thawing vessel as described herein can reduce the energy
required to thaw biological products. Because the temperature is tightly controlied and
monitored by thermocouples 65 at each thermal transfer means level, energy to heat/cool the

thermal transfer means is only applied when necessary to heat/cool the region.

The multi-temperature thawing vessels as described herein has optimal thermal transfer
efficiency when the frozen/thawed biological product is mixed as heating (or cooling) is applied.
Thermal transfer is maximized as a function of the surface area to volume ratio. For a
cylindrical vessel with height, h, and diameter, d, the surface area, SA, is: SA = ndh, and the
volume, V, is V = (nd*h)/4. Thus, the ratio of surface area to volume is: SA/YV = 4/d.
Accordingly, as the diameter, d, is minimized, the ratio is maximized, and internal thermal
transfer becomes highly efficient {(with optimal mixing). As such, thawing vesseis having small
diameters can be particularly efficient with internal thermal transfer means. For example, a
horizontal thawing vessel with stratified internal thermal transfer means can have very efficient

thermal transfer,

EXAMPLES

Example 1

An exemplary process for thawing a biological product is illustrated in FIG. 3. At the beginning
of the thawing process virtually all of the biological product is frozen. See FiG. 3A. Accordingly,
all of the thermal transfer means (70, 75, 80, 85} can be adjusted to warm temperatures to
facilitate melting of the frozen biological product 5. Note: in FIG. 3, the shading within the
thermal transfer means (70, 75, 80, 85) indicates identical temperature at the shaded levels;
darker shading indicates a relative higher temperature. The temperature within the thawing
vessel can be monitored at various thermal transfer levels using the thermocouples 65, As the
frozen biological product 5 begins to thaw, the liquid begins to collect at the bottom of the
vessel. See FIG. 3B. Consequently, the temperature of the lower thermal transfer means (70,
75) can then be lowered and/or changed to cooling to prevent excess heating of the liquid

biological product. The frozen biclogical product 5 floats atop the liquid biological product 15.
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Thus, the upper thermal transfer means (80, 85) can centinue to warm the frozen biological
product and facilitate thawing. As the frozen product thaws, the liquid level will rise and the
temperature can accordingly be adjusted. Temperature measurements from the
thermocouples at each level allow the operator to monitor the internal vessel temperature in
real time. In some aspects described herein, the thawed biological product can be removed
from the thawing vessel shortly after melting has occurred. An optimum rate of melting and
removal of thawed produce can be established so that melting of the frozen hiological product
is maximized and removal from the thawing vessel is also optimized to prevent thermal
denaturation of the biological product. The various modes of product removal, if at ail, can be

optimized for a specific hiclogical product,

Later in the thawing process, the biological product exits in roughly equal proportions of frozen
5 and liquid 10 forms. See FIG, 3C. At this stage, three temperature levels can be utilized. The
bottom thermal transfer means (70, 75) are cooled to prevent overheating of the biological
product liquid. The middle thermal transfer means 80 can be set at an intermediate
temperature {e.g., a median value between the warming temperature and the cooling
temperature). This prevents the hiological product liquid at the top of the liquid level 15 from
being warmed too much. Baffles {not shown) can be used to further reduce thermal transfer
from the upper levels to the lower levels. The upper thermal transfer means 85 can continue to

warm the frozen biological product.

At the final stages of the thawing process, most of the frozen biological product has been
thawed to liguid and only a minor fraction exists in frozen form 5. See FiG. 3D. As such, the
temperature of the upper thermal transfer means 85 can be lowered or remain warming. The
middie thermal transfer means 80 can be lowered to cool or remain at an intermediate
temperature level. When the frozen biological product is thawed, the thermal transfer means
{70, 75, 80, 85) can be cooled to equilibrate the liquid biological product at an appropriate

temperature for the next downstream process.
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The scope of the devices and methods described herein includes all combinations of

embodiments, aspects, examples, steps, and preferences herein described.
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Claims
1. An apparatus for thawing frozen biological material, the apparatus comprising:

a vassel having an interior spacs for receiving the biological material, the vessel having
an upper poriion extending around an upper portion of the interior space, a middle
portion exiending around a middie portion of the interior space, and a lower portion
extending around a. lower portion of the interior space; a plurality of thermal transfer
devices operatively associated with the vessel for transferring heat betwsen the vessel
and the thermal fransfer device, comprising af least

a first thermal transfer device operatively zssociated with the upper porton of the
vessal for transferring heat between the upper portion of the vessel and the first
thermal transfer davice,

a sscond thermal transfer device operatively. associated with the upper middle
poriion of the vesse! for ransferring heat batween the upper middie port:on of the
vessel and the second thermal fransfer device;

a third thermal transfer device operatively associated with the fower middie
portion of the vessel for transferring heat between the lowsr middle portion of the
vessel and the third thermal transfer device; and

a fourth thermal transfer device operatively associated with the lower portion of
the vessel for transferring heat between the lowsr portion of the vessel and the
fourth tharmal transfer device; and

at least one comdroller operafively associated with the first, second, third, and fourth
‘thermal transfer devices for controlling the first, second, third, and fourth thermat transfer
devices independently from one anciher, comprising the least one conirolier being
adapied for controliing the first thermal transfer device to control thermal transfer
hetwesn the first thermal transfer devic:e and the upper portion of the vessel;

soniroliing the second thermal transfer device to control thermal transfer betwsen the
second thermal fransfar device and the upper middle porifon of the vesssl;

controlling the third thermal transfer device to control thermal transfer between the third
thermal transfer device and the lower middie portion of the vasse!, and

controfiing the fourth thermal transfer device fo contro! thermai fransfer between the
fourth thermal fransfer devics and the lower portion of the vesssl.

2. The apparatus of claim 1, further comprising at least one stirring apparatus and
thermocouples extending into the interior space of the vassel, whersin:

the thermocouples are arranged in an upwardly extending series;

the: thermocouples are operatively associated with the at least one controller; and
the at ieast ona controlfler is operative for controfling the first, second, third, and
fourth thermal transfer devices at least partially In response o ssgnals from the
thermocoupies,

2. The apparatus of claim 1, wherain the at isast one controlier comprises 2t laast one
procassor and at least one memory including computer program code, and the at least

angs memory and the computer program code are coenfigured io, with the processor,
provide signals for:
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controfiing the first, second, third, and fourth thermal fransfer devices
independently from one another; and

controliing the first thermat transfer device to controf thermal transfer hetween the
first thermat transfer device and the upper portion of the

vessel;

controliing the sacond thermal transfer device fo control thermal transfer between
second thermal transfer device and the upper middie portion of the vessel;
controlling the third thermal transfer device to control thermal transfer betwesn
tha third thermal transfer device and the lower middle portion of the vessal; and
controfiing the fourth thermal fransfer device to control thermal transfer between
the fourth thermal transfer device and the lower portion of the vessel.

4. The apparatus of ciaim 'l wherain aach of the first, second, thxrd and fourth tharmal
transfer devices comprises a jacket mounted to an exterior of the vessel for providing at
least conductive thermal transfer batween the jacket and the vessal.

5. The apparaius of claim 4, wherein the jacket extends around the vesset. -

8. The apparatus of claim 4, wherein the jackst comprises at least one passagsway for
having a thermal fransfer medium flow therathrough.

7. The apparatus of claim 8, wherain the thermal transfer medium comprised a thermal
transfer liquid. ‘

8. The apparatus of claim 6, comprising a system in fluid communication with the at least
one passagesway for circu!ating the thermal transfer medium through the passageway.

g. A method for thawing frazen biclogical material, comprising:

introducing the frozen biological material inic a vessel;

causing thermat transfar batween an upper portion of the vesse! and medium exterior
to the upper portion of the vessel, comprising heating the upper portion of the vessel;
causing thermai transfer betweean an upper middle portion of the vesse! and medium
axierior fo the upper middle portion of the vessel;

causing thermal transfer between a lowet middie portion of the vessel and medium
exterior to the lowsar middle portion of the vessel; '

causing thermal transfer between a lower portion of the vessal and medium exterior
fo the iower portion of the vessel;

monitoring temperature of the biological material at different levels in the vessel
adiusting the thermal transfer between the upper portion of the vessel and the
mediurn exterior to the upper portion of tha vessel! at least partially in response 1o the
monitoring of the temperature of the biological material;

the adjusting of the thermal transfer between the upper porfion of the vessel and the
mediurm exierior to the upper portion of the vessel being performed indepandently of
the adjusting of the therma! transfer between the upper middie portion of the vesssl
and the medium exterior {o the upper middie portion of the vessel;

the adjusting of the tharmal fransfer betwsan the upper portion of the vessel and the
medium exietior to the upper portien of the vessel being performed independently of
the adjusting of the thermal transfer between the lower middle portion of the vessel
and the medium exierior {0 the lower middle portion of the vessel; and
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the adjusting of the thermal transfer betwean the upper portion of the vesse! and the
medium exterior to the upper portion of the vessel baing performed independently of
the adjusting of the thermal transfer between the lowar porfion of the vessel and the
medium exterior io the lower portion of the vessel; and
adjusting the thermal transfer betwsen the upper middle portion of the vessel and the
medium exterior io the upper middle porfien of the vesse! at least padially in
response 1o the monitoring of the temperature of the biological material;
the agjusting of the thermal transfer between the upper middle portion of the vessal
and the medium exterior to the upper middie poriicn of the vessel being performed
independently of the adjusting of the thermal transfer between the upper portion of
the vessel and the medium axterior to the upper portion of the vaessal;
the adjusting of the thermal iransfer between the upper middie portion of the vessal
and the medium exterior to the upper middie portion of the vessal being performed
independently of the adjusting of the thermal transfer betwsen the lower middle
portion of the vessel and the medium axderior to the lower middie portion of the
vessal and
the adjusting of the thermal transfer betwsen the upper middie pomon of the vessel
and the medium exterior to the upper middie portion of the vessel being performed
independentty of the adjusting of the thermal transfer between the lower portion of
the vessel and the medium axterior to the lower poriion of the vessel; and
adjusiing the tharmal transfer betwsen the lower middie portion of the vessel and the
medium exerior {o the lower middie porfion of the vessel at least partiaily in
response to the monitoring of the temperature of the biological material;
the adjusting of the thermal transfar between the lower middle portion of the vessel
and the medium exterior to the lower middie portion of the vessel being performed
independently of the adjusting of the thermal fransfer between the upper portion of
the vessel and the medium exterior to the upper portion of the vessal;
the adjusting of the thermal transfer between the lower middie portion of the vessel
- and the medium axterior to the lower middie poriion of the vessel being performed
independently of the adjusting of the thermal transfer betwesn the upper middis
portion of the vessel and the medium exterior to the upper middle portion of the
vasgel and
the adjusting of the thermal fransfer between the lower middie poriion of the vessel
and the mediurn exterior 1o the lower middie poriion of the vessel being performed
independently of the adjusting of the tharmal transfer between the lower portion of
the vessel and the medium exterior to the lower portion of the vessel; and
adjusting the thermal transfer between the lower portion of the vessel and the
medium exterior to the iower portion of the vessel at least partially in rasponss to the
monitoring of the temperature of the biological material;
the adjusting of the thermal transfer between the lower portion of the vessel and the
medium exierior to the lower portion of the vassel being performed independently of
the adjusting of the tharmal fransfer betwesn the upper porticn of the vesssl and the
meadium exterior to the uppar portion of the vessel;
the adjusting of the thermal transfar between the lower portion of the vessel and the
medium extsrior to the fower portion of the vessal being performed independently of
the adjusting of the thermal fransfer between the upper middie poriion of the vessel
and the medium exterior io the upper middle portion of the vessel, and
the adjusting of the thermal transfer between the lower portion of the vessel and the
medium exterior to the lower portion of the vessa! being performed indspendently of
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the adjusting of the thermal transfer between the jower middle portion of the vessel
and the madium exterior to the lower middle portion of the vessal,

10. The method of claim 9, wherain:

the causing of the thermal transfer between the upper portion of the vessel and
the madium exterior to the upper portion of the vessel comprises heating the
upper portion of the vessel; and thereafter, the adjusting of the thermal fransfer
betwaen the upper portion of the vessel and the medium exterior to the upper
portion of the vessel comprises at least reducing the heating of the upper portion
of the vessal. '

$1. The method of claim 9, wherain:

the causing of the thermal iransfer between the upper middie portion of the
vessal and the medium exterior fo the upper middle portion of the vessal
comprises heating the upper middle poriion of the vessel; and thereafier, the
adjusting of the thermal fransfer between the middle portion of the vessel and the
medium exterior o the upper middie portion of the vessel comprises cooling the
upper middie portion of the vessal,

12. The method of ciaim 8, whersin:

the causing of the thermal transfer between the lower middie portion of the
vessel and the medium exterior to the lower middle portion of the vessel
comprises healing the lower middle portion of the vessel; and

thereafier, the adjusting of the thermal transfer between the lower middie portion
of the vessel and the medium exterior fo the lower middle portion of the vessel
comprises cooling the fower middle portion of the vessel.

13. The method of claim 8, wherein;

the causing of the thermal transfer between the lower portion of the vessel and
the medium exterior to the lower portion of the vessel comprises healing the
lower portion of the vessel; and thereafter, the adjusting of the thermal transfer
between the lower portion of the vessel and the medium extetior fo the lower
portion of the vessel comprises cooling the fower portion of the vessal.

14, The method of clalm 8, wherein:

the adjusting of the thermal transfer betwean the upper portion of the vessal and
the medium exiaerior {0 the upper poriion of the vessel comprises aufomatically
adjusting the thermal transfer between the upper portion of the vessel and the
meadium exterior to the upper portion of the vessel,

the adjusting the thermal transfer between the upper middie poriion of the vessal
and the medium exterior o the upper middie partion of the vessel comprises
automatically adjusting the therma! fransfer between the upper middle portion of
fhe vessel and the medium exterior o the upper middie portion of the vesssl;
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the adjusting the thermal transfer betwaen the iower middie portion of the vessel
and the medium sxierior to the lower middie porfion of the vessel comprises
‘automatically adjusting the thermal transfer betweasen the lower middie portion of
the vassel and the medium exterior to the lowar middie portion of the vesset; and
the adjusting the thermal transfer betwaen the lowsar portion of the vesseal and the
medium -exterior fo the lower portion of the vessel comprises automatically
adiusting the tharmal transfer between the lowsr poriion of the vessel and the
meadium extarior to the lower portion of the vessal.

15, The method of claim 9, wheareir:

ai least the adjusting of the thermal fransfar betwesn the upper portion of the
vassel and the medium axterior to the upper portion of the vessel is computer-
implemented,; ‘

at least the adjusting of the thermal ransfer between the upper miadie portion of
the vesssl and the medium exisror to the upper middie portion of the vessel s
computar-implemanted; _

at isast the adjusting of the tharmal transfer batwesn the lower middie portion of
the vessal and the medium exterior to the jower middie portion of the vessel is
computer-implemanted; and

at least the adjusting of the tharmal transfer betwsen the lower portion of the
vassel and the medium extericor to the lowser poriton of the vessel is computer-
implemanied.

18. An apparatus for thawing frozen biological products comprising:

at ieast one vesssl;

one ar more stirring means,

a plurality of thermal fransfer means surrounding the vessel; and
at least one meaans for temperature confrol.

17. The apparatus of claim 18, wherein the plurality of thermal fransfer means are
vartically positioned from the bottom fo the top of the vessel.

18. The apparatus of claim 18, wherein the temperatures of the plurality of tharmal
transfer means are independently controfied.

19. The apparatus of claim 1, further comprising a plurality of thermocouples,

20. The apparatus of ciaim 18, wherein the plurality of thermocouples are vertically
positionad from the bottom {o the fop of the vessal.

241, The apparatus of claim 20, whersin the infernal temperature of the vessel is
measured using the plurality of verfically arranged thermocouples.

22, The apparafus of claim 18, wherein the temperature of thermal transfer means is
moduiated by thermoelectric, Peltier, or iquid media.

23, The apparatus of claim 22, wherain the temparature of thermal transfer means is
muadulated by liquid media.

24, The apparafus of claim 23, wherein the licuid media comprises ethylene giycol.
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25. The apparatus of claim 19, wherein there are at least four thermal transfer means
and at least four thermocoupies; and wherein the thermal transfer means and
thermocouptes are vertically positionad within thethawing vessel.

26. The apparatus of claim 21, wherein the temperaturas of the plurality of thermal
transfer means are raised 10 not more than about 10 °C above the melting point for'the
biological product until melting is completed, and wherein the temperature is maintained
at about 2 °C after melting is completed.

27. The apparatus of claim 21, wherein the femperatures of the plurality of thermal
transfer means are raised to not more than about § °C when a temperature of less than
about 2 °C is measured; and wharein the temperatures of the plurality of thermal fransfer
means ars lowered io aboul 4 °C when a temperature greater than about 10 °C is
measurad.

28, A process for thawing a frozen biological product comprising:

{a) introducing the frozen biologicat products into a vessel comprising one or
more slirring means, a plurality of thermal fransfer means; a plurality of
thermocouples; and a means for temperature coritrol;

(b) continuously measuring the temperature at & piuraiity of leve!s within the
vessel using the plurality of thermocouples;

(¢} heating the thermat fransfer maans adjacent to the frozen biotogical products
at the same fime mixing the contants of the vessel;

(d) cooling the thermal transfer means adjacent io the thawed biological products
at the same fims mixing the contents of the vessel; -

{e} heating and/or cooling the thermal transfer means to compensaie for the
addition of additional frozen biclogical product and the thawing of the bioiogical
nroduct.
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THASWING VESSEL FOR BIOLOGICAL PROBDUCTS

ABSTRACT

Described herein are devices and methods for thawing frozen hiological products efficiently

withcut harming the products.

(No Suitable Figure)
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