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(57) ABSTRACT 

The present invention describes a system and method for 
accurately measuring the concentration of a substance 
Within a ?lter housing. A concentration sensor and a com 

munications device are coupled so as to be able to measure 

and transmit the concentration of a particular substance 
Within the ?lter housing While in use. This system can 
comprise a single component, integrating both the commu 
nication device and the concentration sensor. Alternatively, 
the system can comprise separate sensor and transmitter 
components, in communication With one another. In yet 
another embodiment, a storage element can be added to the 
system, thereby alloWing the device to store a set of con 
centration values. The use of this device is bene?cial to 
many applications. For example, the ability to read concen 
tration values in situ alloWs integrity tests to be performed 
Without additional equipment. 
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FILTER WITH MEMORY, COMMUNICATION AND 
CONCENTRATION SENSOR 

BACKGROUND OF THE INVENTION 

[0001] The use of Wireless communication has become 
prevalent, especially in the management of assets, particu 
larly those applications associated With inventory manage 
ment. For example, the use of RFID tags permits the 
monitoring of the production line and the movement of 
assets or components through the supply chain. 

[0002] To further illustrate this concept, a manufacturing 
entity may adhere RFID tags to components as they enter the 
production facility. These components are then inserted into 
the production ?oW, forming sub-assemblies in combination 
With other components, and ?nally resulting in a ?nished 
product. The use of RFID tags alloWs the personnel Within 
the manufacturing entity to track the movement of the 
speci?c component throughout the manufacturing process. It 
also alloWs the entity to be able to identify the speci?c 
components that comprise any particular assembly or ?n 
ished product. 

[0003] In addition, the use of RFID tags has also been 
advocated Within the drug and pharmaceutical industries. In 
February 2004, the United States Federal and Drug Admin 
istration issued a report advocating the use of RFID tags to 
label and monitor drugs. This is an attempt to provide 
pedigree and to limit the in?ltration of counterfeit prescrip 
tion drugs into the market and to consumers. 

[0004] Since their introduction, RFID tags have been used 
in many applications, such as to identify and provide infor 
mation for process control in ?lter products. US. Pat. No. 
5,674,381, issued to Den Dekker in 1997, discloses the use 
of “electronic labels” in conjunction With ?ltering apparatus 
and replaceable ?lter assemblies. Speci?cally, the patent 
discloses a ?lter having an electronic label that has a 
read/Write memory and an associated ?ltering apparatus that 
has readout means responsive to the label. The electronic 
label is adapted to count and store the actual operating hours 
of the replaceable ?lter. The ?ltering apparatus is adapted to 
alloW use or refusal of the ?lter, based on this real-time 
number. The patent also discloses that the electronic label 
can be used to store identi?cation information about the 
replaceable ?lter. 

[0005] A patent application by Baker et al, published in 
2005 as US. Patent Application Publication No. US2005/ 
0205658, discloses a process equipment tracking system. 
This system includes the use of RFID tags in conjunction 
With process equipment. The RFID tag is described as 
capable of storing “at least one trackable event”. These 
trackable events are enumerated as cleaning dates, and batch 
process dates. The publication also discloses an RFID reader 
that is connectable to a PC or an internet, Where a process 
equipment database exists. This database contains multiple 
trackable events and can supply information useful in deter 
mining “a service life of the process equipment based on the 
accumulated data”. The application includes the use of this 
type of system With a variety of process equipment, such as 
valves, pumps, ?lters, and ultraviolet lamps. 

[0006] Another patent application, ?led by JomitZ et al 
and published in 2004 as US. Patent Application Publica 
tion No. 2004/0256328, discloses a device and method for 
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monitoring the integrity of ?ltering installations. This pub 
lication describes the use of ?lters containing an onboard 
memory chip and communications device, in conjunction 
With a ?lter housing. The ?lter housing acts as a monitoring 
and integrity tester. That application also discloses a set of 
steps to be used to insure the integrity of the ?ltering 
elements used in multi-round housings. These steps include 
querying the memory element to verify the type of ?lter that 
is being used, its limit data, and its production release data. 

[0007] Despite the improvements that have occurred 
through the use of RFID tags, there are additional areas that 
have not been satisfactorily addressed. For example, there 
are a number of applications, such as integrity testing and 
protein monitoring, in Which real time monitoring of the 
concentration of a particular substance Would be extremely 
bene?cial. While RFID tags offer one embodiment of the 
present invention, solutions utiliZing Wired communication 
are also envisioned. 

SUMMARY OF THE INVENTION 

[0008] The shortcomings of the prior art are overcome by 
the present invention, Which describes a system and method 
for accurately measuring the concentration of a substance 
Within a ?lter element. In certain embodiments, a sensor, 
capable of measuring the concentration of a particular 
substance, and a communications device are coupled so as 
to be able to measure and transmit the concentration of a 
particular substance in the vicinity of a ?lter, While in use. 
This system can comprise a single component, integrating 
both the communication device and the sensor. Altema 
tively, the system can comprise separate sensor and trans 
mitter components, in communication With one another. In 
yet another embodiment, a storage element can be added to 
the system, thereby alloWing the device to store a set of 
concentration values. In yet another embodiment, the trans 
mitter components operate Wirelessly. 

[0009] The use of this device is bene?cial to many appli 
cations. For example, a neWly developed integrity test is 
based on the concept of adding a tracer gas to a carrier. 
Detection of this tracer gas gives higher sensitivity than a 
standard diffusion test. The ability to detect this gas and 
transmit the results outside the ?lter housing Would be 
greatly bene?cial. In another application, the ability to 
monitor the protein concentration Within the ?lter housing 
enables the operating conditions to be adjusted so as to 
maintain the protein concentration at the membrane surface 
for more reliable and reproducible performance. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a representative embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] FIG. 1 illustrates a representative ?ltering system 
in accordance With the present invention. The ?lter element 
10 is enclosed With a housing 20. The ?lter element can be 
simply a porous material, such as pleated paper. Altema 
tively, the ?lter element may be more complex; for example, 
comprising a frame, such as of plastic, and a porous mate 
rial. Located in close proximity of, and preferably af?xed to, 
the ?lter element 10 is a concentration sensor 30. This sensor 
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30 is capable of generating an output, Which varies as a 
function of the surrounding concentration of a particular 
substance. This output can be in the form of an analog 
voltage or current, or can be a digital value or pulse. In the 
preferred embodiment, the output varies linearly With the 
concentration, hoWever this is not a requirement. Any output 
having a knoWn relationship, such as logarithmic or expo 
nential, to the surrounding concentration, can be employed. 
In such a situation, a transformation of the output can be 
performed to determine the actual measured concentration. 

[0012] The concentration sensor 30 is preferably mounted 
on the doWnstream side of the ?lter element 10. In appli 
cations Where the concentration of interest is homogeneous, 
the location of sensor 30 is not critical, and can be anyWhere 
on the doWnstream side of the ?lter element, such as, but not 
limited to, the inner surface of the ?lter element or in the 
common outlet. In those applications Where the concentra 
tion is discrete and non-homogeneous, the concentration 
sensor may be located in proximity to the output of the ?lter 
element. In other embodiments, the concentration sensor 30 
can be located Within the common outlet. In some applica 
tions, the temperature of the ?lter element may exceed 1450 
C., therefore a sensor capable of Withstanding this tempera 
ture should be employed. Similarly, the temperature With the 
housing 20 may cycle from loWer temperatures to higher 
temperatures and back, therefore the sensor should be able 
to Withstand temperature cycling. There are multiple 
embodiments of this concentration sensor. For example, in 
certain applications, this sensor is a solid state device that 
uses a particular compound knoWn to interact With the 
desired gas. In one embodiment of a hydrogen sensor, a 
MOS diode is used, Where the metal alloy layer comprises 
a PdAg alloy, the oxide in SiO2 and the semiconductor is 
silicon. Hydrogen affects the junction betWeen the metal and 
oxide layers, thereby changing the characteristics of the 
diode. This junction variation can then be translated into a 
concentration level. In another embodiment, a metal oxide 
semiconductor thick ?lm device Where the oxide is SnO2 is 
utiliZed. The presence of oxidiZing gases near the sensor 
changes the resistance characteristics of the device, thereby 
alloWing the concentration of the gas to be determined. 
Alternatively, other sensors utiliZe infrared (IR) dispersion 
to detect particular substances. In these sensors, a beam of 
IR is transmitted toWard a receiver. The particular substance 
of interest, such as a gas, absorbs some of the IR radiation 
as it passes from the transmitter to the receiver. The amount 
of absorption is related to the concentration of the substance. 
IR and UV light can also be used, typically in conjunction 
With a ?ber optic cable, to measure solute concentration 
through the use of refraction. Another type of sensor is an 
af?nity-based sensor based on an optical, electrical or pieZo 
electric detection methodology. One such affinity-based sen 
sor utiliZes a microbalance on Which a suitable ligand is 
placed. The substance in question is attached to and adheres 
to the ligand. This results in a small increase in the mass 
located on the microbalance. This mass can then be con 
verted to a concentration rate, based on How rate. These 
examples are intended to be illustrative of some of the types 
of sensors that can be used; this is not intended to be an 
exhaustive list of all such suitable concentration sensors. 

[0013] A transmitter 40 is also located near, or integrated 
With, the sensor 30. In the preferred embodiment, the 
transmitter 40 and the concentration sensor 30 are encapsu 
lated in a single integrated component. Alternatively, the 
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transmitter 40 and the sensor 30 can be separated, and in 
communication With each other, such as via electrical sig 
nals. Various types of communication devices are possible. 
In one embodiment, Wireless communication is used, and 
the use of an RFID tag is preferred. An active RFID tag 
alloWs regular communication With the reader. Alternatively, 
a passive RFID tag can be used, Whereby the energy to 
transmit and sense the temperature is obtained from the 
electromagnetic ?eld transmitted by the RFID reader. In 
another embodiment, Wired communication betWeen the 
sensor and a control module outside the housing is used. 

[0014] Optionally, a storage element 50 can be used in 
conjunction With the transmitter 40 and the concentration 
sensor 30. This storage element 50, Which is preferably a 
random access memory (RAM) or FLASH EPROM device, 
can be used to store a set of concentration readings, such as 
may be generated by regular sampling of the sensor. 

[0015] This alloWs the rate at Which the transmitter 40 
sends data to be different from the rate at Which the 
concentration is sampled. For example, the concentration 
may be sampled 10 times per second, While the data is 
transmitted only once per second. 

[0016] In one embodiment, a Wireless receiver, 60, located 
outside the ?lter housing 20, is used to communicate With 
the transmitter. In the preferred embodiment, an RFID 
reader or base station is used. The reader can be con?gured 
such that it queries the transmitter at regular intervals. 
Alternatively, the reader can be manually operated so that 
readings are made When requested by the equipment opera 
tor. In another embodiment, the Wireless receiver 60 also 
includes a storage element. This reduces the complexity 
required of the device Within the housing. In this embodi 
ment, the Wireless receiver queries the Wireless transmitter/ 
concentration sensor at preferably regular intervals. It 
receives from the Wireless transmitter the current concen 
tration sensor measurement as determined at that time. The 
Wireless receiver 60 then stores this value in its storage 
element. The capacity of the storage element can vary, and 
can be determined based on a variety of factors. These 
include, but are not limited to, the rate at Which measure 
ments are received, the rate at Which the stored data is 
processed, and the frequency With Which this storage ele 
ment is in communication With its outside environment. 

[0017] As an example, consider a ?lter element having a 
Wireless transmitter 40, such as an RFID tag, coupled With 
a concentration sensor 30. In this embodiment, the RFID tag 
is passive, that is, it only sends data upon receipt of a query 
from the Wireless receiver, or base station. Upon receipt of 
that query, the transmitter transmits the value currently 
available from the concentration sensor 30. In one scenario, 
the Wireless receiver, Which is coupled to a computing 
device, such as a computer, then stores these values, option 
ally With an associated timestamp, such as in a log ?le. In a 
different scenario, if the Wireless receiver is separated from 
the computer, the receiver Will need to store a number of 
concentration measurements internally, until such time as it 
is connected to the main computing and/or storage device. In 
this case, a storage element needs to be integrated With the 
receiver. 

[0018] Mechanisms for transmitting Wireless signals out 
side the housing have been disclosed and are knoWn in the 
art. United States Patent Application Publication 2004/ 
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0256328 describes the use of an antenna to relay information 
betWeen transponders located on the ?lter housing to a 
monitoring and test unit external to the housing. 

[0019] Having de?ned the physical structure of the present 
invention, there are a number of applications in Which it is 
bene?cial. The folloWing is meant to illustrate some of those 
applications, hoWever it is not intended as a recitation of all 
such applications. 

[0020] In one embodiment, the present invention is used in 
conjunction With in situ Integrity Testing. This process 
alloWs the operator to certify the integrity of the ?lters 
Within the ?lter housing at the customer site Without addi 
tional equipment. In one embodiment, a tracer gas, such as 
helium or hydrogen, is added to a carrier and injected into 
the system. A sensor, preferably a solid state gas sensor 
capable of measuring concentrations of the tracer gas, is 
preferably positioned on the doWnstream side of the ?lter, so 
as to measure the breakthrough of the tracer gas. The sensor 
can optionally be protected by a hydrophobic ?lter to avoid 
fouling With protein and other materials. The concentration 
of tracer gas at a speci?c operating transmembrane pressure 
is indicative of bubble pointing speci?c pores in the ?lter. 
The concentration of tracer gas indicates the ?lter’ s integrity, 
and thus, pass/fail criteria can be established for each ?lter 
type. This test Will give a more sensitive indication of the 
bubble point and the presence of defects than a standard 
diffusion test. This test is applicable to any ?lter, but is most 
ideally suited to Normal FloW Parvovirus (NFP) ?lters. 

[0021] In a second embodiment, tWo gasses, in a knoWn 
ratio, are introduced into the ?lter housing. This embodi 
ment is described in greater detail in Us. Provisional 
Application Ser. No. 60/725,238, ?led Oct. 11, 2005. In the 
preferred embodiment, the ?lter element is Wetted With a 
suitable liquid, and the selected gasses have different per 
meability in that liquid. The gasses used can be of various 
compositions, including noble gasses, per?uorinated gasses, 
or carbon dioxide. Because of the difference in permeability, 
the gasses diffuse through the ?lter element at different rates, 
thereby creating a different ratio on the doWnstream side of 
the ?lter element. Based on this ratio, the integrity of the 
?lter element can be veri?ed. The use of one or more 

concentration sensors permits the monitoring of this doWn 
stream ratio. 

[0022] A second application of the present invention 
relates to protein monitoring. In this scenario, a sensor 
capable of measuring solute concentration, most preferably 
protein concentration, is used to control the ?ltration pro 
cesses. In this application, the sensor is preferably either an 
optical ?ber through Which an ultraviolet or infrared mea 
surement can be made; an a?inity based sensor based on an 
optical, electrical or pieZoelectric detection method or an 
affinity-based sensor using a microbalance and suitable 
ligand. In tangential ?oW ?ltration (TFF) applications, the 
sensor is located on the ?lter, preferably at the membrane 
surface physically integral With the ?lter at the outlet end of 
the How channel. The sensor is then capable of measuring 
the protein concentration at the membrane surface. Based on 
this reading, operating conditions, such as transmembrane 
pressure, can be adjusted so as to maintain the protein 
concentration at a particular level. This type of control is 
particularly Well suited for tangential ?oW ?ltration Where a 
concentration boundary layer is built on top of the ?lter 
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membrane. The membrane performance, both ?ux and siev 
ing, is determined by the Wall concentration of the deposited 
protein. Thus, by varying transmembrane pressure, the con 
centration of protein at the membrane Wall can be kept 
Within a speci?ed WindoW. 

[0023] In operation, the sensor 30 measures the concen 
tration. This value is then communicated outside of the ?lter 
housing by the transmitter 40. The external receiver 60 
receives this measured concentration value. Using a con 
ventional control loop employing an algorithm, such as 
proportional-integral-derivative (PID) or proportional-de 
rivative (PD), an updated desired transmembrane pressure 
can be calculated based on the current pressure and the 
received concentration measurement. This neW value is then 
applied to the system. By dynamically adjusting the pres 
sure, batch-to-batch variations can be easily accommodated. 

[0024] In one embodiment, a plastic ?lter housing is 
utiliZed, alloWing the Wireless transmitter to transmit pres 
sure data through the housing at any time. 

What is claimed: 
1. An apparatus for monitoring the concentration of a 

substance Within a ?lter housing comprising at least one 
?ltering element, comprising: 

said ?ltering element, de?ning an upstream side in Which 
un?ltered material exists and a doWnstream side into 
Which ?ltered material is passed, 

a concentration sensor located in said doWnstream side, 
and 

a transmitter, in communication With said sensor. 
2. The apparatus of claim 1, further comprising a storage 

element adapted to store measurements from said sensor. 
3. The apparatus of claim 1, Wherein said sensor is 

selected from the group consisting of a solid state gas sensor, 
an optical ?ber and an affinity based sensor. 

4. The apparatus of claim 1, Wherein said transmitter 
utiliZes Wireless communication. 

5. The apparatus of claim 4, Wherein said Wireless trans 
mitter comprises an RFID tag. 

6. The apparatus of claim 1, Wherein said concentration 
sensor and said transmitter are provided in a single enclo 
sure. 

7. The apparatus of claim 4, further comprising a Wireless 
receiver, adapted to receive signals transmitted from said 
Wireless transmitter. 

8. The apparatus of claim 1, Wherein said sensor is affixed 
to said ?lter element. 

9. The apparatus of claim 1, Wherein said ?lter housing 
further comprises an inlet and an outlet, Wherein said sensor 
is located in said outlet. 

10. The apparatus of claim 1, Wherein said sensor is 
embedded in said ?lter element. 

11. The apparatus of claim 3, Wherein based af?nity based 
sensor comprises a microbalance and a suitable ligand. 

12. A method of insuring the integrity of a ?ltering 
element Within a ?lter housing, 

locating a concentration sensor, in connection With a 
transmitter, on the doWnstream side of said ?ltering 
element; 

introducing a tracer gas into said ?lter housing; 
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monitoring the concentration of said tracer gas at the 
downstream side of said ?ltering element using said 
sensor; and 

comparing said concentration to a predetermined range to 
determine integrity of said ?ltering element. 

13. The method of claim 12, Wherein said monitoring step 
is performed at regular intervals. 

14. The method of claim 12, Wherein said transmitter 
comprises a Wireless transmitter and said method further 
comprises the step of Wirelessly transmitting said monitored 
concentration to a receiver located outside of said housing. 

15. The method of claim 12, Wherein said sensor com 
prises a solid state gas sensor. 

16. The method of claim 12, Wherein said sensor is 
protected by a hydrophobic ?lter. 

17. The method of claim 12, Wherein said transmitter 
utiliZes Wireless communication. 

18. The method of claim 17, Wherein said Wireless trans 
mitter comprises an RFID tag. 

19. A method of insuring the integrity of a ?ltering 
element Within a ?lter housing, 

locating tWo concentration sensors, in connection With at 
least one transmitter, on the doWnstream side of said 
?ltering element; 

introducing tWo gasses in a knoWn ratio into said ?lter 
housing; 

monitoring the concentration of said tWo gasses at the 
doWnstream side of said ?ltering element using said 
sensor; and 

comparing the ratio of said monitored concentrations to a 
predetermined range to determine integrity of said 
?ltering element. 

20. The method of claim 19, Wherein said monitoring step 
is performed at regular intervals. 

21. The method of claim 19, Wherein said transmitter 
comprises a Wireless transmitter and said method further 
comprises the step of Wirelessly transmitting said monitored 
concentrations to a receiver located outside of said housing. 
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22. The method of claim 19, Wherein said sensor com 
prises a solid state gas sensor. 

23. The method of claim 19, Wherein said sensor is 
protected by a hydrophobic ?lter. 

24. The method of claim 19, Wherein said transmitter 
utiliZes Wireless communication. 

25. The method of claim 24, Wherein said Wireless trans 
mitter comprises an RFID tag. 

26. A method of maintaining a protein concentration at the 
membrane surface of a ?ltering element Within a ?lter 
housing, comprising: 

locating a concentration sensor, in communication With a 
transmitter, to the membrane surface of said ?ltering 
element; 

monitoring the concentration of said protein using said 
sensor; 

comparing said concentration to a predetermined range; 
and 

adjusting the transmembrane pressure in response to said 
comparison. 

27. The method of claim 26, further comprising the step 
of transmitting said monitored concentration to a receiver 
located outside of said housing. 

28. The method of claim 26, Wherein said sensor com 
prises an optical ?ber through Which an IR or UV measure 
ment is made. 

29. The method of claim 26, Wherein said sensor com 
prises an affinity based sensor, based on an optical, electrical 
or pieZoelectric detection method. 

30. The method of claim 26, Wherein said transmitter 
utiliZes Wireless communication. 

31. The method of claim 30, Wherein said Wireless trans 
mitter comprises an RFID tag. 

32. The method of claim 29, Wherein said affinity based 
sensor comprises a microbalance and a suitable ligand. 

33. The method of claim 26, Wherein said adjustment is 
calculated using a PID loop. 

* * * * * 


