
US 20210069607A1 
IN 

( 19 ) United States 
( 12 ) Patent Application Publication ( 10 ) Pub . No .: US 2021/0069607 A1 

Khan et al . ( 43 ) Pub . Date : Mar. 11 , 2021 

( 54 ) SPRAY DRIER ASSEMBLY FOR 
AUTOMATED SPRAY DRYING 

filed on May 7 , 2013 , provisional application No. 
61 / 856,957 , filed on Jul . 22 , 2013 , provisional appli 
cation No. 61 / 408,438 , filed on Oct. 29 , 2010 . 

( 71 ) Applicant : Velico Medical Inc. , Beverly , MA ( US ) 

( 72 ) Inventors : Abdul Wahid Khan , Murrysville , PA 
( US ) ; Dennis Brian Hubbard , JR . , 
Lancaster , MA ( US ) 

Publication Classification 
( 51 ) Int . Ci . 

B01D 1/18 ( 2006.01 ) 
B01J 2/04 ( 2006.01 ) 

( 52 ) U.S. CI . 
CPC . B01D 1/18 ( 2013.01 ) ; BOIJ 2/04 ( 2013.01 ) ( 73 ) Assignee : Velico Medical Inc. , Beverly , MA ( US ) 

( 21 ) Appl . No .: 17 / 075,196 

( 22 ) Filed : Oct. 20 , 2020 

Related U.S. Application Data 
( 60 ) Continuation of application No. 15 / 603,699 , filed on 

May 24 , 2017 , now Pat . No. 10,843,100 , which is a 
continuation of application No. 13 / 953,198 , filed on 
Jul . 29 , 2013 , now abandoned , which is a continu 
ation - in - part of application No. 13 / 660,387 , filed on 
Oct. 25 , 2012 , now Pat . No. 8,601,712 , which is a 
division of application No. 13 / 284,320 , filed on Oct. 
28 , 2011 , now Pat . No. 8,533,971 . 

( 60 ) Provisional application No. 61 / 706,759 , filed on Sep. 
27 , 2012 , provisional application No. 61 / 820,428 , 

( 57 ) ABSTRACT 

A spray drier system is provided for spray drying a liquid 
sample such as blood plasma . The spray drier system may 
include a spray drier device adapted to couple with a spray 
drier assembly . The assembly may include an enclosure 
mounted to a frame . The assembly may receive a flow of 
drying gas which is directed by the enclosure shape towards 
a spray drying head mounted within the enclosure to the 
frame . Flows of a liquid sample may be further received by 
the head , which aerosolizes the liquid sample . Aerosolized 
liquid sample and drying air may be mixed within a drying 
chamber of the enclosure to produce dried sample and 
humid air . The dried sample and humid air may also be 
separated in a collection chamber of the enclosure , with the 
humid air exhausted from the enclosure . 
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SPRAY DRIER ASSEMBLY FOR 
AUTOMATED SPRAY DRYING 

RELATED APPLICATION ( S ) 

months if stored at colder than -25 ° C. If thawed , European 
standards dictate that the plasma must be transfused imme 
diately or stored at 1 ° C. to 6 ° C. and transfused within 24 
hours . If stored longer than 24 hours , the plasma must be 
relabeled for other uses or discarded . 
[ 0005 ] Notably , however , FFP must be kept within a 
temperature - controlled environment throughout its duration 
of storage to maintain its efficacy , which adds to the cost and 
difficulty of storage and transport . Furthermore , FFP must be 
thawed prior to use , resulting in a delay of 30-45 minutes 
before it may be used after removal from cold storage . 
[ 0006 ] Accordingly , there is a need to develop alternative 
techniques for storage of plasma . 

SUMMARY 

[ 0001 ] This application is a continuation application of 
U.S. application Ser . No. 15 / 603,699 , filed on May 24 , 2017 
entitled “ Spray Drier Assembly For Automated Spray Dry 
ing ” , is a continuation application of U.S. application Ser . 
No. 13 / 953,198 , filed on Jul . 29,2013 entitled “ Spray Drier 
Assembly For Automated Spray Drying ” , which claims the 
benefit of priority of U.S. Provisional Patent Application No. 
61 / 706,759 , filed on Sep. 27 , 2012 and entitled , “ Automated 
Spray Drier System , U.S. Provisional Patent Application 
No. 61 / 820,428 , filed on May 7 , 2013 and entitled , “ Func 
tionally Closed System Equivalence For Aerosoling And 
Drying Gas , " and U.S. Provisional Patent Application No. 
61 / 856,957 , filed on Jul . 22 , 2013 and entitled , “ Spray Drier 
Assembly For Automated Spray Drying ” and this applica 
tion is a continuation application of U.S. application Ser . No. 
13 / 953,198 , filed on Jul . 29,2013 entitled “ Spray Drier 
Assembly For Automated Spray Drying ” , which is a Con 
tinuation - In - Part of application Ser . No. 13 / 660,387 , now 
U.S. Pat . No. 8,601,712 , filed Oct. 25 , 2012 , granted Dec. 
10 , 2013 , entitled “ System And Method For Spray Drying A 
Liquid ” , which is a divisional application of U.S. application 
Ser . No. 13 / 284,320 , now U.S. Pat . No. 8,533,971 , filed on 
Oct. 28 , 2011 , granted Sep. 17 , 2013 , entitled : System And 
Method For Spray Drying A Liquid ” , which claims the 
benefit of provisional application No. 61 / 408,438 , filed Oct. 
29 , 2010 , entitled “ Spray Dried Human Plasma , the entirety 
of each of which is hereby incorporated by reference . 

GOVERNMENT SUPPORT 
[ 0002 ] This invention was made with Government support 
under contract HHS0100201200005C awarded by the Bio 
medical Advanced Research and Development Authority 
( BARDA ) . The Government has certain rights in the inven 
tion . 

BACKGROUND 

[ 0007 ] In an embodiment , a spray drier assembly is pro 
vided for spray drying a liquid sample . The spray drier 
assembly includes an enclosure having a first end and a 
second end and a drying gas inlet adjacent to the first end 
adapted to receive a flow of drying gas . The spray drier 
assembly further includes a spray drying head within the 
spray dryer assembly enclosure and positioned within the 
path of the flow of drying gas . The spray drying head is 
adapted to receive a flow of aerosolizing gas and a flow of 
liquid sample , output an aerosolized flow of liquid sample , 
and expose the aerosolized flow of liquid sample to the 
drying gas passing therethrough . The spray drier assembly 
enclosure also includes a drying chamber positioned 
between the spray drying head and the second end of the 
enclosure adapted to receive the aerosolized flow of liquid 
sample and drying gas and separate the aerosolized flow of 
liquid sample into a dried powder suspended in humid air . 
The spray drier assembly enclosure also includes a collec 
tion chamber including a first filter adapted to separate the 
dried powder from the humid air and an exhaust port 
allowing the humid air to exit the second end of the 
enclosure . The spray drier assembly also includes a second 
filter , disposed between the drying gas inlet and the spray 
drying head . 
[ 0008 ] In an embodiment , the spray drier assembly may 
further include a removable drying gas inlet cover that 
inhibits contaminants from entering the spray drier assembly 
through the drying gas inlet . In a further embodiment , the 
spray drying head may include a plurality of fins , spaced 
apart by respective openings , where the plurality of fins are 
adapted to direct the flow of drying gas . The plurality of fins 
may extend outwards from a circular nozzle positioned at 
about the center of the spray drying head . The plurality of 
fins may be oriented at a non - zero angle with respect to a 
surface normal extending outwards from the circular nozzle 
in the plane of the spray drier head . The plurality of fins may 
alternatively or additionally be tilted at an angle such that a 
surface normal to the plane of the fins points out of the plane 
of the spray drying head . 
[ 0009 ] In an embodiment of the spray drier assembly , the 
spray drying head may be adapted to direct the flow of 
drying gas exiting the spray drying head in a helical path . 
[ 0010 ] In an embodiment of the spray drier assembly , the 
drying gas inlet may be adapted to receive the flow of drying 
gas parallel to a longitudinal axis of the enclosure . In an 
alternative embodiment , the drying gas inlet may be adapted 
to receive the flow of drying gas perpendicular to a longi 
tudinal axis of the enclosure . 

[ 0003 ] Making up about 55 % of the total volume of whole 
blood , blood plasma is a whole blood component which 
holds blood cells in suspension . Blood plasma further con 
tains a mixture of over 700 proteins and additional sub 
stances that perform functions necessary for bodily health , 
including clotting , protein storage , and electrolytic balance , 
amongst others . When extracted from whole blood , blood 
plasma may be employed to replace bodily fluids , antibod 
ies , and clotting factors . Accordingly , blood plasma is exten 
sively used in medical treatments . 
[ 0004 ] To facilitate storage and transportation of blood 
plasma until use , plasma is typically preserved by fresh 
freezing . Fresh - Frozen blood Plasma ( FFP ) is obtained 
through a series of steps involving centrifugation of whole 
blood to separate plasma and then freezing the collected 
plasma within about 8 hours of drawing the whole blood . In 
the United States , the American Association of Blood Banks 
( AABB ) standard for FFP is up to 12 months from the date 
of preparation when stored at -18 ° C. or colder . FFP may 
also be stored for up to 7 years if maintained at -65 ° C. or 
colder from preparation until the time at which it used . In 
Europe , FFP has a shelf life of only 3 months if stored at 
temperatures between -18 ° C. to -25 ° C. , and for up to 36 
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[ 0011 ] In an embodiment of the spray drier assembly , the 
drying gas inlet may be adapted to receive the flow of drying 
gas at different rates and different temperatures when it is in 
fluid communication with the spray drier device . 
[ 0012 ] In an embodiment , the spray drier assembly may 
further include a frame positioned within the enclosure and 
extending from the first end of the enclosure to the second 
end of the enclosure . The spray drying head may be attached 
to the frame adjacent to the first end of the enclosure . The 
frame may direct , in part , the flow of the drying gas . The first 
filter may be attached to the frame . 
[ 0013 ] In another embodiment , a spray drier assembly is 
provided for spray drying a liquid sample . The spray drier 
assembly may include a spray drier assembly body enclos 
ing a frame . The frame may define a first body portion , a 
second body portion , and a third body portion , where the 
first and second body portions are separated by a first 
transition zone and the second and third body portions 
separated by a second transition zone . The spray drier 
assembly may also include a spray drying head having a 
body . At least a portion of the body may be positioned within 
the first transition zone . The spray drying head is adapted to 
receive a flow of aerosolizing gas and a flow of liquid 
sample and output an aerosolized flow of liquid sample . A 
drying chamber may also be positioned within the second 
body portion of the spray drier assembly body , where the 
drying chamber is adapted to receive the aerosolized flow of 
liquid sample and a drying gas and output dried sample 
powder and humid air . A collection chamber may also be 
positioned within the third body portion of the spray drier 
assembly body , where the collection chamber receives the 
dried powder and humid air in a first portion and includes a 
filter adapted to separate the dried powder and humid air . 
[ 0014 ] In an embodiment of the spray drier assembly , at 
least one of the flow of drying gas , the flow of aerosolizing 
gas , and the humid air is adapted to urge the dried powder 
from the drying chamber to the collection chamber . 
[ 0015 ] In a further embodiment of the spray drier assem 
bly , the spray drier assembly is adapted for thermal com 
munication with at least one heat source , where the at least 
one heat source is positioned outside of the spray drier 
assembly and wherein the at least one heat source is adapted 
to heat the spray drier assembly by electromagnetic radia 
tion . In a further embodiment , the spray drier assembly is 
adapted for thermal communication with at least two of the 
heat sources , where the first heat source heats the drying 
chamber to a first temperature and the second heat source 
heats the collection chamber to a second temperature dif 
ferent than the first temperature . 
[ 0016 ] In an embodiment of the spray drier assembly , a 
width of the frame may decrease within the first and second 
transition zones as compared to the first , second , and third 
body portions . 
[ 0017 ] In a further embodiment of the spray drier assem 
bly , the spray drying head may further include an outer wall , 
a center portion , and a plurality of fins extending from the 
center portion to the outer wall . The plurality of fins may 
define a plurality of openings extending through the thick 
ness of the spray drying head . In a further embodiment of the 
spray drier assembly , the center portion of the spray drying 
head may be circular and the plurality of fins may extend 
radially outward from the center portion . The plurality of 
fins may extend outward from the center portion at a 

non - zero angle with respect to a surface normal extending 
outward from the center portion in the plane of the spray 
drying head . 
[ 0018 ] In a further embodiment of the spray drier assem 
bly , the center portion of the spray drying head includes a 
first inlet that is adapted to receive the flow of liquid sample , 
a second inlet that is adapted to receive the flow of aero 
solizing gas , and an egress port in fluid communication with 
the first inlet and the second inlet . The liquid sample and the 
aerosolizing gas may contact one another upon exit of the 
egress port to form the aerosolized flow of liquid sample . In 
an embodiment , the egress port may be adapted to direct the 
flow of liquid sample and the flow of aerosolizing gas so as 
to meet and output the aerosolized flow of liquid sample 
directed parallel to a longitudinal axis of the spray drier 
assembly . In an embodiment , the portions of the spray 
drying head body including the first and second inlets are 
positioned outside of the first transition zone . In a further 
embodiment , the portions of the spray drying head body 
including the first and second inlets are positioned within of 
the first transition zone . In an embodiment of the spray drier 
assembly , the filter may be attached to the frame . The filter 
may include a frame having first and second opposing edges 
defining an opening , a filter member positioned within the 
opening , a fold which brings the first opposing edges into 
contact , and a hermetic joint sealing the contacting first 
opposing edges together . The second opposing edges define 
an aperture . Dried powder and humid air may enter the first 
filter through the aperture . 
[ 0019 ] In an embodiment of the spray drier assembly , the 
filter may further include first reinforcing ribs spanning the 
lateral distance between the first opposing edges and second 
reinforcing ribs spanning the lateral distance between the 
second opposing edges . 
[ 0020 ] In another embodiment , the collection chamber 
may further include a second portion , separate from the first 
portion and in fluid communication with the first portion via 
the filter . The second portion may further contain a desic 
cant . The collection chamber may further include a one - way 
valve adapted to permit the humid air to exit the collection 
chamber . The one - way valve may be adapted for fluid 
communication with a vacuum source for urging the humid 
air to exit the collection chamber via the one - way valve . The 
one - way valve may be further adapted for fluid communi 
cation with a filter possessing a Bacterial Filtration Effi 
ciency ( BFE ) of 10 or more . 
[ 0021 ] In a further embodiment , a spray drier assembly is 
provided for drying a liquid sample . The spray drier assem 
bly may include a spray drying head positioned within an 
enclosure . The spray drying head may be adapted to receive 
a flow of aerosolizing gas and a flow of liquid sample and 
output an aerosolized flow of liquid sample . The spray 
drying head may include an outer wall , a center portion ; and 
a plurality of fins extending from the center portion to the 
outer wall , the plurality of fins defining a plurality of 
openings extending through the thickness of the spray 
drying head . The spray drier assembly may also include a 
drying chamber formed within the enclosure and adapted to 
receive the aerosolized flow of liquid sample and a flow of 
drying gas from the spray drying head and output dried 
sample powder and humid air . The spray drier assembly may 
also include a collection chamber formed within the enclo 
sure , the collection chamber having a integrated filter 
adapted to separate the dried powder and humid air . 
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[ 0022 ] In an embodiment of the spray drier assembly , the 
collection chamber may further include an inlet port for 
receiving the dried powder and humid air , an exhaust port 
for conveying humid air out of the enclosure , and a first 
chamber and a second chamber . The first chamber may be 
defined by a first wall of the enclosure and a first side of the 
filter and the second chamber may be defined by a second 
wall of the enclosure and a second side of the filter . The first 
chamber may be contiguous with the inlet port and adapted 
to retain the dried powder and allow transmission of the 
humid air to the second chamber through the filter . The 
second chamber may be contiguous with the exhaust port . 
[ 0023 ] In an embodiment of the spray drier assembly , at 
least one of the flow of aerosolizing gas , the flow of drying 
gas , and the humid air is adapted to urge the dried powder 
from the drying chamber to the collection chamber . 
[ 0024 ] In a further embodiment , the spray drier assembly 
may include a one - way valve positioned in the inlet port , the 
one - way valve permitting flow of the humid air and dried 
powder from the drying chamber to the collection chamber 
and inhibiting flow of the humid air and dried powder from 
the collection chamber to the drying chamber . 
[ 0025 ] In a further embodiment , the spray drier assembly 
may include a one - way valve positioned in the exhaust port , 
the one - way valve permitting flow of the humid air from the 
collection chamber and inhibiting flow of the humid air into 
the collection chamber . 
[ 0026 ] In another embodiment , the collection chamber 
may further include a second portion , separate from the first 
portion and in fluid communication with the first portion . 
The second portion may further contain a desiccant . 
[ 0027 ] The collection chamber may further include a 
one - way valve not positioned at the inlet port or the exhaust 
port and adapted to permit the humid air to exit the collec 
tion chamber adapted to permit the humid air to exit the 
collection chamber . The one - way valve may be adapted for 
fluid communication with a vacuum source for urging the 
humid air to exit the collection chamber via the one - way 
valve . The one - way valve may be further adapted for fluid 
communication with a filter with a Bacterial Filtration 
Efficiency ( BFE ) of 106 or more . 
[ 0028 ] In an embodiment of the spray drier assembly , the 
collection chamber may further include a plurality of spacers 
adapted to inhibit contact between the second side of the 
filter and the second wall of the enclosure within the 
collection chamber . The spacers may be selected from the 
group consisting of ribs and raised bumps . 
[ 0029 ] In a further embodiment , a spray drier assembly is 
provided for spray drying a liquid sample . The spray drier 
assembly may include a spray drier assembly body having a 
first end and a second end , a source of drying gas in fluid 
communication with the first end of the spray drier assembly 
body , and a spray drying head enclosed within the spray 
dryer assembly body . The spray drying head may include an 
aerosolizer for aerosolizing a flow of liquid sample received 
at the spray drying head . The spray drier assembly may be 
adapted to output the aerosolized flow of liquid sample and 
expose the aerosolized flow of liquid sample to the flow of 
drying gas . The spray drier assembly may also include a 
filter , disposed between the drying gas inlet and the spray 
drying head and a drying chamber positioned between the 
spray drying head and the second end of the spray drier 
assembly body . The drying chamber may be adapted to 
separate the aerosolized flow of liquid sample into a dried 

sample powder suspended in humid air . The spray drier 
assembly may also include a collection chamber having a 
first filter adapted to separate the dried powder from the 
humid air and an exhaust port allowing the humid air to exit 
the second end of the spray drier body . The spray drier 
assembly may additionally include a second filter disposed 
between the drying gas inlet and the spray drying head . 
[ 0030 ] In an embodiment of the spray drier assembly , the 
aerosolizer may provide ultrasonic waves in a wavelength 
and frequency sufficient to aerosolize the flow of liquid 
sample . The aerosolizer may also include one or more of an 
ultrasonic atomizing transducer , an ultrasonic humidified 
transducer , or Piezo ultrasonic atomizer . 
[ 0031 ] In an embodiment of the spray drier assembly , the 
drying gas may travel in a flow to direct the transfer of dried 
liquid sample or the humid air . The flow of drying gas may 
also travel through one or more filters to remove contami 
nants from the flow of drying gas . 
[ 0032 ] The spray drier assembly so configured may pos 
sess a variety of advantages . In one aspect , the frame may 
provide structural support to the enclosure and further 
provide a mechanism for channeling the flow of drying gas 
through the assembly . In another aspect , one or more filters 
may be provided with stand - offs to prevent the enclosure and 
the filter member of the filter from contacting one another , 
beneficially inhibiting undesirable pinch - off ( i.e. , obstruc 
tion ) of gas flow from occurring within the filter . In a further 
aspect , the spray drier assembly may include a head con 
figured to direct the flow of drying gas within a drying 
chamber of the assembly , increasing the length of the flow 
path of the aerosolized plasma and drying gas and reducing 
the time to dry the plasma for a given chamber size . 
[ 0033 ] In an embodiment , the spray drier assembly may be 
adapted for thermal communication with at least one heat 
source , wherein the at least one heat source is positioned 
outside of the spray drier assembly and wherein the at least 
one heat source is adapted to heat the spray drier assembly 
by electromagnetic radiation . 
[ 0034 ] In an embodiment , the spray drier assembly may be 
adapted for thermal communication with at least two of the 
heat sources , wherein the first heat source heats the drying 
chamber to a first temperature and the second heat source 
heats the collection chamber to a second temperature dif 
ferent than the first temperature . 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0035 ] The foregoing and other objects , features and 
advantages will be apparent from the following more par 
ticular description of the embodiments , as illustrated in the 
accompanying drawings in which like reference characters 
refer to the same parts throughout the different views . The 
drawings are not necessarily to scale , emphasis instead 
being placed upon illustrating the principles of the embodi 
ments . 

[ 0036 ] FIG . 1A is a schematic illustration of an embodi 
ment of a spray drier system of the present disclosure , 
including a spray drier device 102 and a spray drier assem 
bly ; 
[ 0037 ] FIG . 1B is a schematic illustration of a plurality of 
the spray drier systems of FIG . 1A for use with a pooled 
liquid source ; 
[ 0038 ] FIGS . 2A and 2B are schematic illustrations of the 
spray drier assembly of FIG . 1A ; 
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are 

[ 0039 ] FIGS . 3A - 3B are perspective and cut - away views 
of embodiments of a spray drying head of the spray drier 
assembly of FIGS . 2A - 2B ; 
[ 0040 ] FIGS . 4A - 4B schematic illustrations of 
embodiments of additional fin configurations for embodi 
ments of the spray drier assembly head ; 
[ 0041 ] FIGS . 5A - 5B are perspective and cut - away views 
of an alternative embodiment of the spray drier assembly 
head ; 
[ 0042 ] FIG . 6 is a schematic illustration of an alternative 
nozzle for the spray drier assembly head ; 
[ 0043 ] FIG . 7A - 7B are schematic illustrations detailing 
embodiments of a collection chamber of the spray drier 
assembly of FIGS . 2A - 2B ; 
[ 0044 ] FIGS . 8A - 8D are schematic illustrations of an 
embodiment of a filter of the spray drier assembly of FIGS . 
2A - 2B ; 
[ 0045 ] FIG . 8E is a schematic illustration of an alternative 
embodiment of a filter frame for use in the filter of FIGS . 
8A - 8D . 
[ 0046 ] FIGS . 9A - 9B is a schematic illustration of a first 
alternative embodiment of the collection chamber of FIGS . 
2A - 2B ; and 
[ 0047 ] FIGS . 10A - 10B is a schematic illustration of a 
second alternative embodiment of the filter of the collection 
chamber of FIGS . 2A - 2B . 

DETAILED DESCRIPTION 

[ 0048 ] Embodiments of the present disclosure are directed 
to systems and methods for spray drying a liquid sample . In 
certain embodiments , the liquid sample is plasma obtained 
from a blood donor . However , it may be understood that the 
disclosed embodiments may be employed to spray dry any 
mixtures of solid particles in a continuous liquid medium , 
including , but not limited to , colloids , suspensions , and sols . 
[ 0049 ] In general , a spray drier system is provided for 
spray drying a liquid sample such as blood plasma . In an 
embodiment , the spray drier system of the present disclosure 
includes a spray drier device and a spray drier assembly . The 
spray drier device is adapted , in an aspect , to receive flows 
of an aerosolizing gas , a drying gas , and plasma liquid 
sample from respective sources and couple with the spray 
drier assembly . The spray drier device may further transmit 
the received aerosolizing gas , drying gas , and plasma to the 
spray drier assembly . Spray drying of the plasma is per 
formed in the spray drier assembly under the control of the 
spray drier device . 
[ 0050 ] In certain embodiments , the spray drier assembly 
includes a sterile , hermetically sealed enclosure body and a 
frame to which the enclosure body is attached . The frame 
defines first , second , and third portions of the assembly , 
separated by respective transition zones . A drying gas inlet 
provided within the first portion of the assembly , adjacent to 
a first end of the enclosure body . 
[ 0051 ] A spray drying head is further attached to the frame 
within the transition zone between the first and second 
portions of the assembly . This position also lies within the 
incipient flow path of the drying gas within the assembly . 
During spray drying , the spray drying head receives flows of 
an aerosolizing gas and plasma and aerosolizes the plasma 
with the aerosolizing gas to form an aerosolized plasma . 
Drying gas additionally passes through the spray drying 
head to mix with the aerosolized plasma within the second 
portion of the assembly for drying . In the second portion of 

the assembly , which functions as a drying chamber , contact 
between the aerosolized plasma and the drying gas causes 
moisture to move from the aerosolized plasma to the drying 
gas , producing dried plasma and humid drying gas . 
[ 0052 ] In alternative embodiments , the aerosolizing gas 
may be omitted and the spray drier assembly head may 
include an aerosolizer that receives and atomizes the flow of 
plasma . Examples of the aerosolizer may include , but are not 
limited to , ultrasonic atomizing transducers , ultrasonic 
humidified transducers , and piezo - ultrasonic atomizers . 
Beneficially , such a configuration eliminates the need for an 
aerosolizing gas , simplifying the design of the spray drier 
device and assembly and lowering the cost of the spray drier 
system . 
[ 0053 ] The spray drying head in an embodiment is adapted 
to direct the flow of drying gas within the drying chamber . 
For example , the spray drying head includes openings 
separated by fins which receive the flow of drying gas from 
the drying gas inlet . The orientation of the fins allows the 
drying gas to be directed in selected flow pathways ( e.g. , 
helical ) . Beneficially , by controlling the flow pathway of the 
drying gas , the path length over which the drying gas and 
aerosolized blood plasma are in contact within the drying 
chamber is increased , reducing the time to dry the plasma . 
[ 0054 ] The dried plasma and humid drying gas subse 
quently flow into the third portion of assembly , which 
houses a collection chamber . In the collection chamber , the 
dried plasma is isolated from the humid drying gas and 
collected using a filter . For example , the filter in an embodi 
ment is open on one side to receive the flow of humid air and 
dried plasma and closed on the remaining sides . The humid 
drying gas passes through the filter and is exhausted from the 
spray drier assembly . 
[ 0055 ] In alternative embodiments , the filter is adapted to 
separate the collection chamber into two parts . The first part 
of the collection chamber is contiguous with the drying 
chamber and receives the flow of humid drying gas and dried 
plasma . The dried plasma is collected in this first part of the 
collection chamber , while the humid air passes through the 
filter and is exhausted from the spray drier assembly via an 
exhaust in fluid communication with the second part of the 
spray drier assembly . 
[ 0056 ] After collecting the dried plasma , the collection 
chamber is separated from the spray drier assembly and 
hermetically sealed . In this manner , the sealed collection 
chamber is used to store the dried plasma until use . The 
collection chamber includes a plurality of ports allowing 
addition of water to the collection chamber for reconstitution 
of the blood plasma and removal of the reconstituted blood 
plasma for use . The collection chamber is further attached to 
a sealed vessel containing water for reconstitution . 
[ 0057 ] When handling transfusion products , such as blood 
plasma , the transfusion products must not be exposed to any 
contaminants during collection , storage , and transfusion . 
Accordingly , the spray drier assembly , in an embodiment , is 
adapted for reversible coupling with the spray drier device . 
For example , the spray drier assembly is coupled to the 
spray drier device at about the drying gas inlet . Beneficially , 
so configured , the spray drier assembly accommodates 
repeated or single use . For example , in one embodiment , the 
spray drier assembly and spray drying head is formed from 
autoclavable materials ( e.g. , antibacterial steels , antibacte 
rial alloys , etc. ) that are sterilized prior to each spray drying 
operation . In an alternative embodiment , the spray drier 
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head and spray drying chamber is formed from disposable 
materials ( e.g. , polymers ) that are autoclaved prior to each 
spray drying operation and disposed of after each spray 
drying operation . 
[ 0058 ] Reference will now be made to FIG . 1A , which 
schematically illustrates one embodiment of a spray drier 
system 100. The system 100 includes a spray drier device 
102 configured to receive a spray drier assembly 104. A 
source of plasma 112 , a source of aerosolizing gas 114 , and 
a source of drying gas 116 are further in fluid communica 
tion with the spray drier assembly 104. During spray drying 
operations , a flow of the drying gas 116A is drawn within the 
body of the assembly 104. Concurrently , a flow of a blood 
plasma 112A and a flow of aerosolizing gas 114A are each 
drawn at selected , respective rates , to a spray drying head 
104A of the assembly 104. In the spray drier assembly 104 , 
the flow of blood plasma 112A is aerosolized in the spray 
drier head 104A and dried in a drying chamber 104B , 
producing a dried plasma that is collected and stored for 
future use in a collection chamber 104C . Waste water 122 
removed from the blood plasma during the drying process is 
further collected for appropriate disposal . 
[ 0059 ] The spray drier device 102 further includes a spray 
drier computing device 124. The spray drier computing 
device 124 is adapted to monitor and control a plurality of 
process parameters of the spray drying operation . The spray 
drier computing device 124 further includes a plurality of 
user interfaces . For example , one user interface may allow 
an operator to input data ( e.g. operator information , liquid 
sample information , dried sample information , etc. ) , com 
mand functions ( e.g. , start , stop , etc. ) . Another user interface 
may display status information regarding components of the 
spray drier device ( e.g. , operating normally , replace , etc ) 
and / or spray drying process information ( e.g. , ready , in 
process , completed , error , etc. ) . 
[ 0060 ] The spray drier device 102 is in further communi 
cation with a Middleware controller 150. The spray drier 
device 102 records one or more parameters associated with 
a spray drying operation . Examples of these parameters 
includes , but are not limited to , bibliographic information 
regarding the blood plasma which is spray dried ( e.g. , lot 
number , collection date , volume , etc. ) , bibliographic infor 
mation regarding the spray drying operation ( e.g. , operator , 
date of spray drying , serial number of the spray drier 
assembly 104 , volume of dried plasma , etc. ) , process param 
eters ( e.g. , flow rates , temperatures , etc. ) . Upon completion 
of a spray drying operation , the spray drier device 102 
communicates with the middleware controller to transmit a 
selected portion or all the collected information to the 
middleware controller 150 . 
[ 0061 ] For example , a spray drying system 100 may be 
housed in a blood bank facility . The blood back facility 
receives regular blood donations for storage . Liquid plasma 
is separated from whole blood donations , dried using the 
spray drying system 100 , and subsequently stored until use . 
The middleware controller 150 comprises one or more 
computing devices maintained by the blood bank for track 
ing stored , dried blood . Beneficially , by providing a spray 
drying system 100 capable of relaying information regarding 
dried plasma to a middleware controller 150 of the blood 
center in which it is housed , information regarding the stored 
blood is then automatically conveyed to the blood center . 
[ 0062 ] In an alternative embodiment , illustrated in FIG . 
1B , a plurality of spray drier systems 100A , 100B , . . . 100N 

can be used in combination with a pooled plasma source 
112 ' . In general , the pooled plasma source 112 ' is a bulk 
source of blood plasma having a volume larger than one 
blood unit , as known in the art ( e.g. , approximately 1 pint or 
450 mL ) . Two or more of the spray drier systems 100A , 
100B , . . . 100N can operate concurrently , each drawing 
blood for spray drying from the pooled plasma source 112 ' , 
rather than a smaller , local blood source . 
[ 0063 ] The spray drier systems 100A , 100B , . . . 100N in 
a pooled environment can operate under the control of a 
computing device 124 ' . The computing device 124 ' is similar 
to computing device 124 discussed above , but adapted for 
concurrent control of each of the spray drier systems 100A , 
100B , . . . 100N . The spray drier computing device 124 
further communicates with a remote computing device 150 , 
as also discussed above . 
[ 0064 ] The use of a pooled plasma source 112 ' , provides 
advantages over a smaller , local plasma source , such as 
plasma source 112. When pooled prior to drying , the pooled 
liquid plasma can be treated for pathogen inactivation with 
UV light , a chemical , and the like . The pooled liquid plasma 
is dried using one or more spray drying systems 100 of the 
present invention and then the dried plasma can be collect in 
a single collection chamber or a plurality of collection 
chambers . If the pooled plasma is dried for human transfu 
sion , then each collection container can be configured with 
an attached rehydration solution . If the pooled plasma is to 
be used for fractionation purposes , then it is collected in a 
configured without the rehydration solution . Further 
embodiments of a spray drier device 102 for use with the 
disclosed spray drier assembly 104 may be found in U.S. 
patent application Ser . No. 13 / 952,541 , filed on Jul . 26 , 2013 
and entitled “ Automated Spray Drier , ” the entirety of which 
is hereby incorporated by reference . 
[ 0065 ] FIGS . 2A and 2B illustrate embodiments of the 
spray drier assembly 104 in greater detail . As illustrated in 
FIG . 2A , the spray drier assembly 104 includes a frame 202 . 
An enclosure or body 204 having first and second ends 
208A , 208B further extends about and encloses the frame 
202. Thus , the body 204 adopts the shape of the frame 202 . 
The enclosure 204 may further include a dual layer of film 
sealed together about the periphery of the frame 202 . 
[ 0066 ] In certain embodiments , the frame 202 may define 
a first portion 206A , a second portion 206B , and a third 
portion 206C of the assembly 104. The first portion of the 
assembly 206A is positioned adjacent the first end 208A of 
the body 204. The third portion of the assembly 206C is 
positioned adjacent to the second end 208B of the enclosure 
204. The second portion of the assembly 206B is interposed 
between the first and third portions of the assembly 206A , 
206C . 

[ 0067 ] The frame 202 further defines first and second 
transition zones 210A , 210B between the first , second , and 
third portions of the assembly 206A , 206B , 206C . For 
example , the first transition zone 210A may be positioned 
between the first and second portions of the assembly 206A , 
206B and the second transition zone 210B may be posi 
tioned between the second and third portions of the assem 
bly 206B , 206C . In certain embodiments , the frame 202 may 
narrow in width , as compared to the width of the surround 
ing assembly within the transition zones 210A , and / or 210B . 
The relatively narrow transition zones 210A , 210B help to 
direct the flow of drying gas 116A through the assembly 202 . 
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[ 0068 ] In further embodiments , the body 204 may include 
a drying gas inlet 212 , adjacent to the first end 208A . The 
drying gas inlet 212 may be adapted to couple with the spray 
drier device 102 to form a hermetic and sterile connection 
that allows the flow of drying gas 116A to enter the assembly 
104. In one embodiment , illustrated in FIG . 2A , the drying 
gas inlet 212 is positioned within the first portion of the 
assembly 206A , at about the terminus of the first end of the 
body 208A . In this configuration , the flow of drying gas 
116A is received within the assembly 104 in a direction 
approximately parallel to a long axis 250 of the assembly 
104 . 
[ 0069 ] In an alternative embodiment , illustrated in FIG . 
2B , the body 204 may include a drying gas inlet 212 ' . The 
position of the drying gas inlet 212 ' is moved with respect 
to drying gas inlet 212. For example , the drying gas inlet 
212 ' may be positioned within the first portion of the 
assembly 206A and spaced a selected distance from the 
terminus of the first end of the enclosure 208A . In this 
configuration , the flow of drying gas 116A may be received 
within the assembly 104 in a direction that is not parallel to 
the long axis 250 of the assembly 104. For example , in a 
non - limiting embodiment , the flow of drying gas 116A is 
received within the assembly 104 in a direction that is 
approximately perpendicular to the long axis 250 of the 
assembly 104 . 
[ 0070 ] In certain embodiments , the spray drier assembly 
104 may further include a removable cover 218. The cover 
218 may be employed prior to coupling of the spray drier 
assembly 104 with the spray drier device 102 in order to 
inhibit contaminants from entering the spray drier assembly . 
In certain embodiments , the cover 218 may be removed 
immediately prior to coupling with the spray drier device 
102 or frangible and penetrated by the spray drier device 102 
during coupling with the spray drier assembly 104 . 
[ 0071 ] The drying gas 116A received by the assembly 104 
is urged to travel from the first portion 206A , through the 
second portion 206B , to the third portion 206C , where it is 
removed from the assembly 104. As the drying gas 116A 
travels within the first portion of the assembly 206A towards 
the second portion of the assembly 206B , the drying gas 
116A passes through a first filter 220A which filters the 
drying gas 116A entering the assembly 104 in addition to 
any filtering taking place within the spray drier device 102 
between the drying gas source 116 and the drying gas inlet 
212. In certain embodiments , the first filter 220A is a 0.2 
micron filter having a minimum BFE of 10 % . The filter 220A 
further helps to ensure the cleanliness of the flow of drying 

chamber 104C , or both for heating the flows of aerosolizing 
gas 114A and / or drying gas 116A therein . 
[ 0073 ] In an embodiment , during primary drying , the flow 
of drying gas 116A received by the spray drier assembly 104 
may possess a temperature between about 50 ° C. and about 
150 ° C. and a flow rate of between about 15 CFM to about 
35 CFM . The flow of aerosolizing gas 116A can possess a 
flow rate of between about 5 L / min and about 20 L / min and 
a temperature between about 15 ° C. to about 30 ° C. ( e.g. , 
24 ° C. ) . The flow of liquid sample 112A may possess a flow 
rate of between about 3 ml / min to about 20 ml / min . As the 
plasma is dried , the flow of the aerosolizing gas 114A , the 
flow of drying gas 116C , or both may direct the flow of the 
dried sample 230 through at least a portion of the spray drier 
assembly 104 ( e.g. , the drying chamber , the collection 
chamber , or both ) . 
[ 0074 ] In an embodiment , the assembly 104 may further 
include a spray drying head 104A , a drying chamber 104B , 
and a collection chamber 104C in fluid communication with 
one another . The spray drying head 104A may be mounted 
to the frame 202 and positioned within the first transition 
zone 210A . So positioned , the spray drying head 104A is 
also positioned within the flow of drying gas 116A traveling 
from the first portion of the assembly 206A to the second 
portion of the assembly 206B . The spray drying head 104A 
may be further adapted to receive the flow of plasma 112A 
and the flow of aerosolizing gas 114A through respective 
feed lines 214 , 216 and output aerosolized plasma 230 to the 
drying chamber 104B . 
[ 0075 ] In further embodiments , the drying chamber 104B 
and collection chamber 104C may be positioned within the 
second and third portions of the assembly 206B , 206C , 
respectively . The drying chamber 104B inflates under the 
pressure of the flow of drying gas 116A and provides space 
for the aerosolized blood plasma 230 and the flow of drying 
gas 116A to contact one another . Within the drying chamber 
104B , moisture is transferred from the aerosolized blood 
plasma 230 to the drying gas 116A ( i.e. , primary drying ) , 
where the drying gas 116A becomes humid drying gas 234 . 
The aerosolized flow of blood plasma 230 and the flow of 
drying gas 116A are further separated , within the drying 
chamber 104B , into dried plasma 232 and humid drying gas 
234. In certain embodiments , the dried plasma 232 may 
possess a mean diameter of less than or equal to 25 um . 
[ 0076 ] The humid air 234 and dried plasma 232 are further 
drawn into the collection chamber 104C through an inlet 
port 222A of the collection chamber 104C , positioned within 
the second transition zone 210B , connecting the collection 
chamber 104C and the drying chamber 104B . The collection 
chamber 104 includes a second filter 220B which allows 
through - passage of the humid gas 234 and inhibits through 
passage of the dried plasma 232. As a result , the humid gas 
234 passing through the filter 220B is separated from the 
dried plasma 232 and exhausted from the collection bag 
104C through an exhaust port 222B of the collection cham 
ber 104C that forms the second end 208B of the body 204 . 
For example , a vacuum source ( e.g. , a vacuum pump ) may 
be in fluid communication with the exhaust port 222B of the 
collection chamber 104C to urge the humid gas 234 through 
exhaust port 222B . Concurrently , the dried plasma 232 is 
retained in a reservoir 228 of the collection chamber 104C . 
The collection chamber 104C is subsequently hermetically 
sealed at about the inlet and exhaust ports 222A , 222B , and 
detached ( e.g. , cut ) from the spray drier assembly 104 , 

gas 116A . 
[ 0072 ] This process of drying the plasma as it travels 
through the spray drier assembly 104 may be referred to 
herein as primary drying . Secondary drying , which further 
removes moisture from the dried plasma 230 collected 
within the collection chamber 104C , is discussed in greater 
detail below . In another embodiment , the flows of aerosoliz 
ing gas 114A and / or drying gas 116A used during primary 
and / or secondary drying can be supplied by a plurality of 
heating devices in thermal communication with the spray 
drier assembly 104. Examples of the heating devices may 
include , but are not limited to , devices that employ energy 
such as electromagnetic , radiofrequency , radiation , micro 
waves for heating . In this manner , the plurality of heating 
devices may emit electro - magnetic radiation that passes 
through the walls of the drying chamber 104B , the collection 
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allowing the collection chamber 104C to subsequently func 
tion as a storage vessel for the dried plasma 232 until use . 
[ 0077 ] With reference to FIG . 7A , the collection chamber 
104C further includes a plurality of one - way valves 702A , 
702B positioned at about the inlet port 222A and the exhaust 
port 222B , respectively . The one - way valve 702A may 
function to permit gas flow from the drying chamber 104B 
to the collection chamber 104C and inhibit gas flow from the 
collection chamber 104C to the drying chamber 104B . The 
one - way valve 702B may function to permit gas flow from 
the collection chamber 104C while inhibiting gas flow into 
the collection chamber 104C via the exhaust port 222B . 
[ 0078 ] In a further embodiment , if desired , secondary 
drying can be performed in the collection chamber 104C by 
maintaining the flow of drying gas 116A across the dried 
plasma 232 once it has been collected in the collection 
chamber 104C . In the case of secondary drying , some of the 
parameters for flow rates and temperatures of the drying gas 
can be changed from those specified above for primary 
drying . For example , the flow of drying gas 116A my 
possess a temperature between about 35º C. and about 80 ° 
C. and a flow rate of between about 10 CFM to about 35 
CFM . The flow of aerosolizing gas 114A can possess a flow 
rate of between about 0 L / min and about 20 L / min and a 
temperature between about 15 ° C. to about 30 ° C. ( e.g. , 24 ° 
C. ) . 
[ 0079 ] The collection chamber 104C may be further con 
figured for use in rehydrating the dried plasma 232. For 
example , the collection chamber 104C may include a rehy 
dration port 224 , a plurality of spike ports 226 , and a vent 
port 228. The rehydration port 224 may be used to commu 
nicate with a source of rehydration solution , allowing the 
rehydration solution to come in contact with the dried 
plasma 232 within the collection chamber 104C to form 
reconstituted plasma . The reconstituted plasma may be 
subsequently drawn from the collection chamber 104C 
through the spike ports 226 . 
[ 0080 ] Vent port 228 may adapted to allow venting of the 
flow of humid drying gas 234 during secondary drying . For 
example , in certain embodiments , during primary drying , 
the vents 702A , 702B may allow for gas flow as discussed 
above and the vent port 228 may be closed . During second 
ary drying , after primary drying is completed , the vents 
702A , 702B may be sealed and the vent port 228 opened . 
The vent port 228 may be further placed in fluid commu 
nication with a vacuum source ( e.g. , a vacuum pump ) for 
secondary drying . The vacuum source may be In further 
embodiments , a filter ( e.g. , 0.22 um or better ) may be inline 
with the vent port 228 . 
[ 0081 ] In yet another embodiment , illustrated in FIG . 7B , 
a desiccant 710 can be placed within a pouch or tube 712 of 
the collection chamber 104C to facilitate drying . For 
example , the desiccant or similar substance can be placed in 
contact with the dried sample . In another example , the 
desiccant or similar substance is not placed in contact with 
the dried plasma but rather in fluid communication with the 
dried plasma ( e.g. , on either side of the filter within the 
collection chamber 104C , in a separate pocket or port ) . For 
example , a breakable seal 714 may be interposed between 
the pouch and the remainder of the collection chamber 
104C , allowing a user to bring the desiccant 710 into fluid 
communication with the dried plasma when desired ( e.g. , 
after the collection chamber 104C has been sealed and 
removed from the spray drier assembly 104 ) . Beneficially , 

use of desiccant 710 within the collection chamber 104C 
may allow for further moisture removal from the dried 
plasma over the duration of storage and increase the shelf 
life of the dried plasma . 
[ 0082 ] The spray drying head 104A will now be discussed 
in further detail with respect to the embodiments of FIGS . 
3A - 3B . A spray drying head 300 includes a body 302 having 
an outer wall 302A and a center portion 302B . The body 302 
further includes a plurality of tabs 310 extending outwards 
from the body 300. The tabs 310 may be adapted secure the 
spray drying head 300 to the frame 202 by a weld or other 
securing mechanism . 
[ 0083 ] In an embodiment , a plurality of fins 304 extend 
between the outer wall 302A and center portion 302B , 
defining openings 306 there between , which extend through 
the thickness of the spray drying head 104A . The openings 
306 provide passageways for drying gas 116A impinging the 
drying head 104A to pass through the drying head 104A . As 
discussed in greater detail below , the plurality of fins 304 
may further direct the flow path of the flow of drying gas 
116A into the drying chamber 104B . 
[ 0084 ] In certain embodiments , the outer wall 302A and 
center portion 302B are concentric . In further embodiments , 
the outer wall 302A and center portion 302B are generally 
circular . However , it may be understood that embodiments 
of the spray drying head 300 may adopt any shape capable 
of performing the functions of the spray drying head 300 , as 
necessary . 
[ 0085 ] The spray drying head 300 is further illustrated in 
FIG . 3B in cut - away . The center portion 302B includes a 
nozzle 308 having a plasma inlet 312 adapted to couple with 
the plasma feed line 214 and direct the flow of plasma to a 
distal nozzle tip 314. An aerosol gas tubing support 316 is 
further provided for supporting the aerosol feed line 216 . 
The terminus of the aerosol feed line 216 is received at an 
aerosol gas inlet port 320 in communication with an annular 
opening 322. The flow of aerosolizing gas 114A passes 
through the annular opening 322 and exits the spray drying 
head at the distal nozzle tip 314. So configured , the flow of 
plasma 112A and flow of aerosolizing gas 116A meet as each 
exits the distal nozzle tip 314 to form aerosolized plasma 
230. In an embodiment , the aerosolized plasma 230 is 
directed parallel to the axis 250. So configured , the plasma 
inlet 312 and the aerosol gas inlet port 320 may each be 
positioned within the spray drier assembly body 304 . 
[ 0086 ] In certain embodiments , the plurality of fins 304 
extend radially outwards from the center portion 302B of the 
spray drying head 300. FIGS . 4A and 4B illustrate alterna 
tive embodiments of configurations of the plurality of fins 
304. For example , as illustrated in FIG . 4A , the plurality of 
fins 304 may extend outward from the center of the frame 
302B at a selected angle a with respect to a surface normal 
400 extending from the frame center 302B in the plane of the 
head 300. In certain embodiments , angle a may range 
between about 20 degrees to about 60 degrees , preferably 
about 45 degrees . In other embodiments , illustrated in FIG . 
4B , the plurality of fins 304 are tilted such that a surface 
normal 402 to the plane of each of the plurality of fins 304 
points out of the plane of the spray drying head 300 . 
[ 0087 ] By adjusting the orientation of the plurality of fins 
304 , the spray drying head 300 modifies the laminar flow of 
the drying gas 116A passing there - through to create a helical 
flow path . The helical flow path may possess any number of 
rotations . For example , the drying gas 116A may be directed 
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in a helical flow path having a selected number of revolu 
tions through the length of the drying chamber 104B ( e.g. , 
1/4 revolution , 1 revolution , 5 revolutions , 15 revolutions , 25 
revolutions , etc. ) . 
[ 0088 ] Directing the drying gas 116A in a helical flow path 
is believed to provide benefits to the spray drying process . 
For example , in an embodiment the helical flow path may 
increase the length of contact between the spray drying gas 
116A and the aerosolized liquid sample 230 ( e.g. , aero 
solized blood plasma ) . The increased length of contact may 
reduce the time required to achieve a given level of dryness 
in the resultant dried plasma 232 . 
[ 0089 ] An alternative embodiment of the spray drying 
head 300 is illustrated in FIGS . 5A - 5B . The spray drying 
head 500 differs from spray drying head 300 with the 
addition of integrated inlet ports for both the flow of plasma 
112A and aerosolizing gas 114A to the spray drying head 
500. The head body 302 and nozzle 308 remain otherwise 
unchanged . A plasma manifold 502 is provided to couple 
with the plasma feed line 214 to deliver the flow of plasma 
112A to the nozzle 308. The plasma manifold 502 is further 
in fluid communication with a plasma port 506. An inner 
plasma feed line ( not shown ) connects the plasma port 506 
with an inner plasma feed line attachment point 510 , similar 
to plasma inlet 312. An aerosol manifold 512 is further 
adapted to communicate with aerosol gas feed line 216 to 
deliver the flow of aerosolizing gas 114A to the nozzle 308 . 
The flow of aerosolizing gas 1144 passes through the 
annular opening 322 and exits the spray drying head at the 
distal nozzle tip 314. So configured , the flow of plasma 112A 
and flow of aerosolizing gas 116A meet as each exits the 
distal nozzle tip 314 to form aerosolized plasma 230. In an 
embodiment , the aerosolized plasma 230 is directed parallel 
to the axis 250 . 
[ 0090 ] The embodiment of the spray drier head 500 may 
help to further maintain a sterile environment within the 
spray drier assembly 104. Connection points , such as the 
plasma manifold 502 and the aerosolizing gas manifold 512 
provide possible points of entry for contaminants into the 
spray drying assembly 104. However , in the embodiment of 
spray drier head 500 , when the head 500 is secured in place 
to the frame 202 , the plasma manifold 502 and the aero 
solizing gas manifold 512 are positioned outside of the first 
transition zone 210A in a region 260 of the spray drier body 
202. The region 260 of the spray drier body may be 
hermetically sealed from the first , second , and third portions 
of the spray drier body 206A , 206B , 206C . Accordingly , any 
contaminants which collect on the plasma manifold 502 and 
the aerosolizing gas manifold 512 may be isolated from the 
flows of liquid sample 112A , aerosolizing gas 114A , and 
drying gas 116A . 
[ 0091 ] As a result , the need to draw the plasma feed line 
214 and aerosolizing gas feed line 216 into the spray drier 
assembly 104 within the first or second portion 206A , 206B 
may be eliminated . Rather , the plasma feed line 214 and 
aerosolizing gas feed line 216 may be drawn into the spray 
drier assembly 104 within a region 260 of the spray drier 
assembly . 
[ 0092 ] FIG . 6 is a schematic illustration of a further 
embodiment of a nozzle 600 which is adapted to aerosolize 
a flow of liquid sample 112A without use of an aerosolizing 
gas . The nozzle 600 includes a channel 602 for conveying 
the flow of plasma 112A to a distal tip 604 including an 
ultrasonic transducer . The ultrasonic transducer receives 

electrical input which is converted into vibratory motion . 
The transducer may be an ultrasonic atomizing transducer , 
an ultrasonic humidified transducer , or a piezo - electric ultra 
sonic atomizer . The wavelength and frequency of the vibra 
tional motion causes the flow of liquid sample 112A con 
veyed to the tip 604 to form standing waves 606. When the 
vibrational amplitude of the tip 604 is appropriately 
selected , the plasma is ripped apart such that chunks of fluid , 
i.e. , aerosolized plasma 230 , are formed . Beneficially , by 
removing the need for use of an aerosolizing gas , the spray 
drying head 104A and spray drier device 102 are simplified , 
reducing the cost of the spray drier device 102 and assembly 
104 . 
[ 0093 ] The discussion will now turn to the filters 220A , 
220B . In certain embodiments , the filters 220A , 220B may 
be constructed in the same manner . One example of a filter 
bag design which may be employed for both filters 220A and 
220B ( collectively 220 ) is illustrated in FIGS . 8A - 8D . The 
filter 220 may include a filter frame 802 having first oppos 
ing edges 804A and second opposing edges 804B . The edges 
804A , 804B may be contiguous and define an opening 806 
( FIG . 8A ) . A filter member 810 may be positioned within the 
opening 806 and secured to the frame 802 ( e.g. , filter - frame 
weld zone 812 ) or other mechanism for forming a hermetic 
seal between the filter member 810 and the frame 802 along 
the opposing edges 804A ( FIG . 8B ) . In certain embodi 
ments , the filter member 810 may be a 0.2 um filter having 
a minimum BFE of 106 . 
[ 0094 ] As further illustrated in FIG . 8C , a fold 814 is 
introduced into the frame 802. In certain embodiments , the 
fold 814 is positioned at approximately the middle of a long 
axis of the frame 808. In other embodiments , the fold 814 is 
offset from this midpoint , as necessary . The portions of the 
frame 802 on each side of the fold 814 are urged together 
such that the first edges 804A are brought into contact with 
each other . The first edges 804A are further hermetically 
sealed together by a weld ( e.g. , filter - filter weld zone 816 ) or 
other mechanism for hermetically sealing surfaces together . 
The second opposing edges 804B remain unsealed from 
each other . This arrangement provides a filter 220 with a 
filter mouth 820 adjacent to the second edges 804B . 
[ 0095 ] When the filter 220 is employed as the first filter 
220A , it is mounted to the frame 202 within the first portion 
of the assembly 206A at supports 822. The flow of drying 
gas 116A entering the first portion of the assembly 206A 
from the drying gas inlet 212 , enters the filter mouth 820 and 
exit through the filter member 810. Contaminants within the 
flow of drying gas 116A that are unable to pass through the 
filter member 810 are retained by the filter 220A . 
[ 0096 ] Similarly , when the filter 220 is employed as the 
second filter 220B , it is mounted to the frame 202 within the 
third portion of the assembly 206C at supports 822. The flow 
of dried plasma particles 232 and humid gas 234 entering the 
collection chamber 104C , enter the filter 220B through the 
mouth 820. The dried plasma particles 232 are inhibited 
from passing through the filter member 810 , allowing the 
filter member 810 to store the dried plasma particles 232 
within the reservoir 228 defined by the fold 814 and sealed , 
opposing edges 804A of the filter frame 802 . 
[ 0097 ] In an alternative embodiment , illustrated in FIG . 
8E , the filter 220 is formed from a frame 850. The frame 850 
is similar to frame 802 discussed above , with the addition of 
a first and second plurality of ribs 852 , 854 spanning the 
opening . Beneficially , the first and second plurality of ribs 
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852 , 854 provide additional support to the filter member 810 
and act to inhibit rupture of the filter member 810 during 
spray drying operations . 
[ 0098 ] The first plurality of ribs 852 may span the shortest 
spaced opposing sides of the frame 850 ( e.g. , sides 804A ) , 
while the second plurality of ribs 854 may span the longest 
spaced opposing sides of the frame 850 ( e.g. , sides 804B ) . 
For example , as illustrated in FIG . 8E , four of the first 
plurality of ribs 852 and one of the second plurality of ribs 
854 is provided . However , it may be understood that greater 
or fewer of first and second plurality of ribs 852 , 854 may 
be employed in the frame 850 , as necessary . The filter 220 
is otherwise formed from frame 850 as discussed above with 
respect to frame 802 . 
[ 0099 ] In other embodiments , the filter 222B is different 
than the filter 220 discussed above . In one embodiment , a 
collection chamber 104C ' employs an inline filter that is 
introduced parallel to the sidewalls of the collection cham 
ber 104C ' , as illustrated in FIG.9A - 9B . With reference to the 
exploded view of FIG . 9A , the collection chamber 104C ' 
includes two collection chamber walls 902A , 902B , a filter 
member 904 , and a frame 906. The frame 906 is a portion 
of the frame 202 and includes an opening 910 dimensioned 
to receive the filter member 904 , where the frame 906 and 
the filter member 904 are hermetically sealed together . The 
collection chamber walls 902A , 902B further enclose the 
frame 906 within the collection chamber 104C " and is 
hermetically sealed to one another about the periphery of the 
frame 906 . 
[ 0100 ] The collection chamber 104C ' so constructed is 
illustrated in cross - section in FIG . 9B . It may be observed 
that the filter member 904 separates the area enclosed by the 
collection chamber walls 902A , 902B into two chambers , 
920A and 920. The inlet port 222A of the collection chamber 
104C'is in fluid communication with the chamber 920A . The 
flow of dried plasma particles 232 and humid drying gas 234 
entering the collection chamber 104C ' flow into the first 
chamber 920A . Filter member 904 inhibits the dried plasma 
particles 232 from passing through the first chamber 920A 
and into the second chamber 920B , while the humid drying 
gas 234 freely passes through the filter 904 into the second 
chamber 920B . Accordingly , the dried plasma particles 232 
are retained for storage within the first chamber 920A , while 
the humid drying gas 234 exits the collection chamber 104C " 
via the exhaust port 222B . 
[ 0101 ] FIGS . 10A - 10B illustrate alternative embodiments 
of a collection chamber 104C " . The collection chamber 
104C " is adapted to inhibit contact between the filter 904 at 
least one of the collection chamber wall 902A and the 
collection chamber wall 902B . With reference to the 
embodiment of FIG . 10A , the collection chamber 104C " is 
similar to collection chamber 104C ' , with the addition of a 
spacer frame 930 mounted to the frame 906. The spacer 
frame 930 includes a periphery 932 enclosing the opening 
910 and plurality of ribs 934 spanning the periphery 932 . 
With reference to FIG . 10B , a plurality of standoffs 936 are 
secured to the collection chamber wall 902B and replace the 
ribs 934. Beneficially , both the ribs 934 and standoffs 936 
provide an offset distance between the filter member 904 and 
collection chamber wall 902B which allows a clear path for 
airflow between the filter member 904 and exhaust port 
222B during inflation of the collection chamber 104C " . It 
may be understood that , in alternative embodiments , the ribs 
934 and / or standoffs 936 may be adapted to provide an offset 

distance between the filter member 904 and the collection 
chamber wall 902A , or to provide an offset distance between 
the filter member 904 and both the collection chamber wall 
902A and the collection chamber wall 902B . 
[ 0102 ] The terms comprise , include , and / or plural forms of 
each are open ended and include the listed parts and can 
include additional parts that are not listed . And / or is open 
ended and includes one or more of the listed parts and 
combinations of the listed parts . 
[ 0103 ] One skilled in the art will realize the invention may 
be embodied in other specific forms without departing from 
the spirit or essential characteristics thereof . The foregoing 
embodiments are therefore to be considered in all respects 
illustrative rather than limiting of the invention described 
herein . Scope of the invention is thus indicated by the 
appended claims , rather than by the foregoing description , 
and all changes that come within the meaning and range of 
equivalency of the claims are therefore intended to be 
embraced therein . 
What is claimed is : 
1. A spray drier collection chamber for use with a spray 

drier assembly for drying plasma wherein the spray drier 
assembly having a drying gas , an aerosolizing gas and a fluid 
liquid sample , wherein the spray drier assembly comprises 
a drying chamber adapted to receive aerosolized flow of the 
liquid sample and drying gas to separate the aerosolized flow 
of liquid sample into a dried powder suspended in humid air , 
wherein the spray drier collection chamber comprises : 

a . an intake port ; 
b . an outer wall having an intake point at one 
c . an exhaust port at another end of the outer wall ; and 
d . a filter , wherein the perimeter of the filter is positioned 

in a sealing arrangement with an interior surface of the 
collection chamber and is adapted to separate the dried 
powder from the humid air , and forms a pouch - shape 
and the exhaust port allowing the humid air to exit the 
second end of the enclosure , wherein the spray drying 
collection chamber can be sealed and detached from the 
drying chamber . 

2. The spray drier collection chamber of claim 1 , wherein 
the inlet port has a sealing region at which the collection 
chamber can be sealed and separated from the drying 
chamber . 

3. The spray drier collection chamber of claim 1 , further 
comprising a detachable , sealing mechanism . 

4. The spray drier collection chamber of claim 3 , further 
comprising a detachable sealing mechanism positioned to 
seal the collection chamber and separate it from the drying 
chamber . 

5. The spray drier collection chamber of claim 1 , wherein 
the intake port and exhaust port may be sealed by a thermal 
weld . 

6. The spray drier collection chamber of claim 1 , further 
comprising one or more ports for accessing the collection 
chamber . 

7. The spray drier collection chamber of claim 1 , further 
comprising a rehydration fluid in communication with the 
dried powder with a reversible barrier therebetween . 

8. The spray drier collection chamber of claim 7 , wherein 
the revisable barrier comprises a valve . 

9. The spray drier collection chamber of claim 1 , further 
comprising a rehydration fluid in communication with the 
dried powder with a frangible closure therebetween . 
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10. The spray drier collection chamber of claim 1 , 
wherein the drying gas travels of the spray drier assembly in 
a flow to direct the transfer of dried liquid sample or the 
humid air from the drying chamber to the collection cham 
ber . 


