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The invention relates to a micro flow filtration system preferably for increasing 

the concentration of a component contained in a small volume fluid sample. 

The system comprises a micro tangential flow filtration element having a sem-

20 ipermeable membrane capable for separating the fluid sample into a retentate 

stream and a permeate stream upon passage of the fluid sample. The fluid 

circuitry further comprises a pumping element, at least one element for obtain­

ing information about the properties of the fluid sample within the circuitry (e.g. 

two or more pressure sensors for obtaining information about the viscosity of 

25 the sample or the determination of the transmembrane pressure or an optical 

cuvette for obtaining information about the concentration of components of the 

fluid sample), a plurality of conduits connecting the elements to the circuitry 

and optionally a flow regulator. 

30 Flow filtration systems for filtrating a fluid sample using a semipermeable 

membrane for purposes of purification or concentration of components con­

tained in the fluid sample are well known in the state of the art. These systems 

are used to remove particulate or molecular contaminants in the case of a pu­

rification or are used to increase the concentration of a component in a fluid 
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for example for laboratory analysis. Such systems can also be applied to ex­

change the solvent containing a molecule or particulate of interest by diafiltra-

tion. The membrane of such filtration systems can be located in a normal ori­

entation to the flow direction of the fluid sample in a way that the membrane 

5 covers the complete diameter of the flow channel which is characterized as a 

normal flow filtration or dead-end filtration, or the membrane surface can be 

located essentially parallel to the flow of the liquid sample which is known as 

tangential flow filtration system (TFF-system). 

10 Tangential flow filtration systems have the advantage that due to the direction 

of the flow of the sample which is essentially parallel to the membrane surface 

an automatically sweeping and cleansing takes place so that often higher flux­

es and higher throughputs can be attained with such systems in relation to 

corresponding normal flow filtration systems. Further, a large fraction of sam-

15 pie flows continuously over the membrane surface so that a clogging, fouling, 

or a concentration polarization is discouraged in such systems. With respect to 

these and other advantages tangential flow filtration systems (TFF-system) are 

often used in biotechnological and drug manufacturing processes. 

20 During the passage of the fluid through the tangential flow filtration element 

having a semipermeable membrane the components of the solution that are 

smaller than the pore size of the membrane flow through the membrane as 

permeate stream while larger components are retained in a retentate stream. 

The retentate stream is recirculated in the flow circuitry and is pumped across 

2 5 the membrane again in a continuous fashion. Such TFF-systems are used to 

significantly reduce the volume of the sample solution as a permeate stream is 

withdrawn from the system. So, the sample solution becomes concentrated 

when the system is driven in a concentration mode. 

30 In other applications, the separation of two or more components in the solution 

such as a buffer has to be performed. Therefore, an exchange buffer solution 

(diafiltrate solution) typically but not obligatory not containing the component to 

be separated is added to the system so that one component is withdrawn as 
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permeate stream and exchanged by another component, i.e. by the exchange 

buffer solution, so that in the end, for example, one buffer is exchanged by 

another buffer. A diafiltration mode and a concentration mode can be per­

formed in the same system using special control strategies. 
c. 

The document WO 2006/026253 A2 describes a tangential flow filtration (TFF) 

process development device to transfer the results of a lab-scale TFF-system 

to an industrial-production-scale-system. The information and data relevant for 

"scaling up" to industrial scale processes are collected automatically. There-

10 fore, a fully automated TFF-system is provided capable of concentrating 0,5 I 

to 5 I batches of a reservoir to a minimum volume of approximately 20 ml or 

less than 20 ml. So, the minimal recirculation volume (also called minimal 

working volume) of the system is approximately 20 ml (or a little less). To 

achieve such minimal recirculation volume a special tank for storing the fluid is 

15 used. 

The tank for housing the reservoir has a mixing zone located at a downstream 

end of the reservoir. The inlet and outlet of the tank are positioned in the mix­

ing zone to enable a resulting volume for the concentrate of about 20 ml. Alt-

20 hough the reservoir's inlet and outlet is positioned at the bottom of the tank, 

the minimal value of the minimal recirculation volume is restricted to approxi­

mately 20 ml or a little less due to the relatively large scale of the tank with a 

maximum volume of 0,5 I to 2 I or 5 I. The minimum recirculation volume is in 

the range of 20 mi and may be reduced to approximately 15 ml or 10 ml with 

2 5 such a system but not to a lower value. So, the proposed system can not be 

used or optimized to receive an end volume of the concentrated solution of 

less than 10 ml at the end of the concentration process. 

Tangential flow filtration systems are often used in production processes of 

30 substances useful for biotechnological, chemical, therapeutical or diagnostic 

applications to increase the concentration of these desired substances. Be­

cause the start materials and solutions used in these production processes 

are often expensive and rare, in advance to the industrial scale process a lab-
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scale filtration process is installed using only smalt amounts and volumes of the solution 

and the samples. This is especially important if the components are proteins or the like 
which are sensitive of damages due to shear forces and other forces existing in large-scale 

devices. For example biotechnologicaliy produced proteins which have to be concentrated 

in a solution are extremely costly and on the other side extremely sensitive of damages due 
to the forces which arises in industrial scale process devices. Therefore, the risk to 

concentrate such proteins in a solution in industrial scale devices is high. Further, these 

proteins are often not available in a larger amount. 

So, there is a strong demand in the industrial process development for a flow filtration 
device being able to concentrate a component of a solution preferably by the factor of more 
than 10 and using a start volume that is at most 20 ml. 

Various embodiments seek to provide an optimized TFF-system being able to handle a 
start volume of a solution of at most 20 ml, preferably at most 10 ml, and to concentrate the 

components of the solution. The resulting volume of the concentrated solution at the end of 

the concentration process should preferably be at most 2 mi, particularly preferably at most 
1 ml, particularly preferably at most 100 pi. The filtration process should be fast and 

economical, repeatable and accurate. 

The problem is solved with a micro fluidic flow filtration system for increasing the 

concentration of components contained in a fluid sample with the features as disclosed 
herein. The problem is also solved with an integrated microfluidic element as disclosed 

herein. 

According to a first aspect, there is provided a microfluidic flow filtration system for 
increasing the concentration of components contained in a fluid sample having a fluid 

circuitry, 

the fluid circuitry comprising the following elements: 

- a tangential flow filtration element having a feed inlet, a retentate outlet, a permeate outlet 
and a membrane capable for separating the fluid sample into a retentate stream and a 

permeate stream upon passage of the fluid sample into the tangential flow filtration 

element through the feed inlet, 

- an element for pumping for creating and driving a fluid flow of the fluid sample through the 

fluid circuitry and the tangential flow filtration element, 

- at least two elements for obtaining information about the properties of the fluid sample 

within the fluid circuitry;and 
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a plurality of conduits connecting the elements to the fluid circuitry through which a fluid 

stream of the fluid sample is conducted; 

wherein 

- a minimal working volume of the circuitry being defined by the minima! fluid volume 
retained in the elements and the conduits, such that the fluid can be recirculated in the 

circuitry without pumping air through the circuitry, 

- the minimal working volume of the circuitry is at most 5 ml, 

- the functionality of at least two elements of the group of elements of the circuitry is 

integrated in an integrated microfluidic device, 

- the one integrated microfluidic element defines a volume element having a volume which 

is at most one fourth of the minimal working volume of the fluid circuitry, 

- the integrated microfluidic element integrates the functionality of at least two elements for 

obtaining information about the properties of the fluid sample, and 

- one element for obtaining information about the properties is an optical measuring 

element for determining the concentration of the components contained in the fluid 

sample and provides the functionality of a cuvette or a capillary channel element for 

determining the concentration, and 

- one element for obtaining information about the properties is a measuring element for 

determining the viscosity of the fluid sample and provides the functionality of at least two 

pressure sensor for determining the viscosity. 

According to a second aspect, there is provided integrated microfluidic element for a 
microfluidic flow filtration system for increasing the concentration of components 

contained in a fluid sample with a fluid circuitry having a minimal working volume of 

at most 5 ml, preferably for a system according to the first aspect 

wherein the integrated microfluidic element 

defines a volume element having a volume which is at most one fourth of the minima! 

working volume of the fluid circuitry of the micro flow filtration system, and 

provides the functionality of at least two elements of the group of elements of the 

fluid circuitry, 

wherein 
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the group of elements comprises a tangential flow filtration element, an element for 

pumping suitable for creating and driving a fluid flow and at least two elements for obtaining 

information about the properties of the fluid sample within the circuitry, 

wherein the integrated microfluidic element provides the functionality of at least two 

elements for obtaining information about the properties of the fluid sample, 

wherein 

one element for obtaining information about the properties of the fluid sample within the 

circuitry that is an optical measuring element for obtaining information about the 

concentration of the components contained in the fluid sample, the optical measurement 

element is a transparent cuvette, and 

one element for determining the physical properties of the fluid sample is an element for 

determining the viscosity of the fluid sample and is a pressure sensor. 

The micro flow fiitration system according to the disclosure for increasing the concentration 

of components contained in a fluid sample has a fluid circuitry in form of a loop in which the 
fluid sample or solution is recirculated. The fluid circuitry comprises a tangential flow 

filtration element (TFF-element), an element for pumping which is suitable for increasing 
and driving a fluid flow of the fluid sample through the fluid circuitry and through the 

tangential flow filtration 
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element, at least one element for obtaining information about the properties of the fluid 
sample within the circuitry, and a plurality of conduits connecting the elements to the fluid 

circuitry through which the fluid stream of the fluid sample is conducted. Optionally, the fluid 

circuitry comprises also a regulator element for regulation the pressure and/ or the flow in 

the circuitry. 

The fluid circuitry has a minimal working volume which is also called minimal recirculation 

volume. This volume is the amount of fluid which has to be retained in the fluid circuitry 

such that the fluid can be recirculated in the circuitry without pumping air through the 
circuitry, in other words, the elements of the fluid circuitry and the conduits connecting 

these elements have to be filled with a fluid in such a manner that a continuous fluid flow in 

the circuitry can be arranged. The minima! working volume depends on the elements used 
in the circuitry. For example, if tubings for transporting the fluid are installed in the circuitry, 

these tubings have also a non-negligible contribution to the minimal working volume. The 

minimal working volume of the circuitry of the micro fluid filtration system according to the 

disclosure is at most 5 mi. Preferably, the minimal working volume of the circuitry is even 
smaller, e.g. preferably at most 2mi, further preferably at most 1 ml, particularly preferably at 

most 100 pi. 

According to the disclosure the fluid circuitry contains also an integrated microfluidic device 

in which the functionality of at least two elements of the group of elements of the circuitry is 

integrated. So, the integrated micro fluidic device is an element or a component of the 

circuitry in which the function of at least two of the above mentioned elements of the 
circuitry is implemented. So, instead of the two separate elements, which are substituted, 

only one integrated micro fluidic element is arranged in the circuitry. Preferably, the 

integrated microfluidic element is arranged in the retentate circuitry of the fluid circuitry and 
not in the permeate circuitry. Especially in a concentration mode such positioning of the 

microfluidic element is advantageous because the functionality of two elements of the 

circuitry is provided in only one element and the working volume of the system is 

decreased or reduced. 
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The integrated microfluidic element defines a volume element having a vol­

ume. So, a discrete volume can be assigned to the integrated microfluidic el­

ement. The volume of the element is not larger than one fourth of the minimal 

working volume of the fluid circuitry. In a preferred embodiment this sub-

5 volume of the integrated microfluidic element is at most 20 % of the working 

volume of the fluid circuitry, preferably at most 15 % and further preferably at 

most 10 %. The smaller the sub-volume of the integrated microfluidic element 

is, the smaller is the influence to the total working volume of the system which 

means to the total working volume of the fluid circuitry. In a preferred embodi-

10 ment the volume of the integrated microfluidic element (sub-volume) is at least 

500 pi, preferably at most 200 pi. 

This has the advantage that the integrated microfluidic element can be of a 

smaller size than the two substituted elements. The integrated microfluidic 

15 element has a voiume that is smaller than the volume of the two substituted 

elements together with the conduits connecting these elements. So, the con­

tribution of the integrated microfluidic element to the minimal working volume 

is sufficiently smaller than the contribution of two separate elements of the 

fluidic circuitry and the conduit connecting these elements. Especially the fact 

2 0 that the connecting conduit and the substituted elements have to be connect­

ed together increases the contribution to the minimal working volume because 

also the fittings and tubings or fluidic channels to connect the conduit to the 

elements play a non-negligible role. 

25 So, using an integrated microfluidic element allows combining the functionality 

of two elements in one volume element. This has a positive influence to the 

minimal working volume which is reduced. Even very small amounts of fluid 

(less than 15 ml, preferably less than 5 ml) can be processed in the flow filtra­

tion system wherein in a concentration mode the concentration of the fluid can 

30 be raised by the factor of 100 and more. 

In a preferred embodiment of the microfluidic filtration system the circuitry fur­

ther comprises a reservoir element suitable for containing a fluid wherein the 
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reservoir element is integrated into the fluid circuitry loop. The reservoir ele­

ment has a reservoir inlet and a reservoir outlet both in connection to the cir­

cuitry. Preferably the inlet and the outlet of the reservoir are arranged at the 

bottom of the reservoir which can also be a tank or the like. This assures that 

5 the contribution of the reservoir to the minimal working volume of the circuitry 

is relatively small. 

Preferably the volume of the reservoir is at most 20 ml, in particular at most 

10 ml. During the disclosure it was recognized that the size of the reservoir can 

io be further reduced to a maximum volume of the reservoir of 5 ml. In a pre­

ferred embodiment the reservoir has a volume of at most 2 ml, very preferably 

of at most 1 ml. If very small solution volumes have to be processed the vol­

ume of the reservoir can be further reduced to a volume of at most 0,7 ml or 

preferably of at most 0,5 mi. Especially if fluid batches of approximately 0,5 ml 

15 or less have to be processed in the microfluidic filtration system, the integra­

tion of the functionality of at least two elements of the circuitry into an integrat­

ed microfluidic element plays an important roie. 

In a preferred embodiment the circuitry of the filtration system comprises an 

20 optical measuring element for obtaining information about the concentration of 

components contained in the fluid solution. This optical measuring element 

preferably comprises a cuvette or the like through which the fluid sample flows 

during the concentration process and which is transparent in such a manner 

that an optical measuring of parameters related to the concentration of one or 

25 more components contained in the fluid solution can be performed. 

in another preferred embodiment the circuitry comprises a measuring element 

for obtaining information about the viscosity of the fluid sampie and/or at least 

a valve element and/or a capillary channel element and/or a hollow fiber ele-

3 0 ment wherein these elements are also members of the group of the elements 

of the circuitry. The measuring element for obtaining information about the 

viscosity of the fluid sample usually consists of at least two pressure sensors 

whose results can be used to determine the viscosity of the fluid sample using 
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the Hagen-Poiseuille equation. During the development of the disclosure inves­

tigations have been performed which show that there is a linear dependency 

between the pressure difference at two points in the fluid circuitry and the vis­

cosity of the solution flowing through the circuitry. 

5 

The tangential flow filtration element of the circuitry comprises a feed inlet, a 

retentate outlet, a permeate outlet and a semipermeable membrane which is 

capable of separating the fluid sample into a retentate stream and a permeate 

stream upon passage of the fluid sample into the tangential flow filtration ele-

10 ment through the feed inlet. For the concentration process tangential flow fil­

tration elements can be used which are commercially available from a couple 

of manufacturers. An important criterion for choosing a fluid filtration element 

for a microfluidic flow filtration system to process even small volumes of a so­

lution is the contribution of the tangential flow filtration element to the minimal 

15 working volume. So, the surface area of the membrane and the volume of the 

tangential flow filtration element are important. The contribution to the minimal 

working volume of the flow filtration element should be as small as possible, 

preferably the minimal working volume of the TFF-element should be at most 

1000 pi, preferably at most 500 pi or further preferably at most 100 pi, particu-

20 larly preferably at most 20 pi. 

It is quite clear for a person skilled in the art that the element for pumping is a 

pump which is integrated in the circuitry. Here the known pumps can be used. 

For example, the pumping element can comprise a syringe or two or more 

2 5 syringes to assure a continuous flow of the fluid through the circuitry, alterna­

tively piston pumps or peristaltic pumps or gear pumps can be used. 

Preferably the element for obtaining information about the properties of the 

fluid is an element for obtaining information about the pressure and the flow 

3 o within the circuitry particularly preferably one or more pressure sensors. 
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Preferably, also one or more regulator elements for regulating the flow through 

the circuitry are integrated within the circuitry. Such regulator elements can be 

valves, adjustable pumping elements, and/or pressure regulators or the like. 

5 In a preferred embodiment the microfluidic flow filtration system is used for 

solutions in which the contained component is protein. Especially in the field of 

research where only small amounts of the components contained in the fluid 

are available for e.g. process development purposes, there is a need for an 

improved TFF system to perform e.g. concentration experiments with very 

10 small amounts of these compounds (e.g. less than 100 or even less than 20 

mg) under conditions resembling the technical process conditions with regard 

to e.g. mechanical stress. Although in some cases it is possible to supply such 

proteins in a sufficiently large amount such production requires a large effort of 

time and materials and leads to an extraordinary expense. 

15 

It is known that the concentration factor depends on the ratio of the sample 

volume and the minimal working volume of the circuitry or the microfluidic fiow 

filtration system. So, if only a small amount of fluid sample is available and the 

desired concentration factor is in range of 2 to 100 or more, the minimal work-

20 ing volume of the circuitry has to be significantly reduced. Preferably the min­

imal working volume is at most 1 ml, further preferably at most 500 |xl. In some 

cases the minimal working volume of the circuitry is at most 200 \i\, particularly 

preferably at most 100 ^l. Particularly, if the concentration factor is determined 

to be more than 50, the small amounts of the minimal working volume as men-

25 tioned before are preferred. 

In a preferred embodiment the working volume of the circuitry without the res­

ervoir is of special interest. Preferably this minimal working volume should be 

at most 900 M-I, further preferably at most 500 \x\ and also further preferably at 

30 most 350 \x\. Particularly preferably is a minimal working volume of the circuitry 

of at most 200 \i\, 150 pi, 120 pi, 100 \x\ or 90 ixl. Such small minimal working 

volume is preferred if the predetermined concentration ratio is more than 50 or 

100. 
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To arrange a micro flow filtration system with small minimal working volume 

the internal diameter of the conduits used in the circuitry is at most 1,5 mm, 

preferably at most 1 mm. For minimal working volumes of iess than 200 \x\ 

5 conduits which have an interna! diameter of at most 0,7 mm or particularly 

preferably of at most 0,3 mm are used. The conduits are preferably channels 

or passages in an element of the circuitry. They can also be a pipe or a tubing. 

These conduits connect the integrated microfluidic element of the circuitry with 

the other elements of the circuitry. Therefore, a rigid pipe as a conduit can be 

10 used. 

In a preferred embodiment of the flow filtration system according to the disclosure 

the system comprises a second reservoir which is located outside the cir­

cuitry but which is in fluid connection with the circuitry. The second reservoir 

is has a volume which is substantially larger than the volume of the circuitry itself 

or of a first reservoir element in the circuitry if present. So, the second external 

reservoir would be the main reservoir for the fluid solution containing the com­

ponent to be concentrated. Preferably this second reservoir outside the circuit­

ry has a volume which is at least 10 times larger than the volume of the reser-

20 voir element of the circuitry or of the circuitry itself, particularly preferably at 

least 20 times larger. 

The system according to the disclosure can be used for concentrating a com­

ponent contained in a fluid sample like a protein or a molecule or the like. Op-

25 tionally the system can also be used in a diafiltration mode, in this case the 

external second reservoir contains a solution with a buffer that should be used 

to exchange a buffer in the solution contained in the circuitry which also con­

tains the desired component. So, an exchange of the buffer can easily be per­

formed. It is evident that a diafiltration mode can also be supplied using only 

30 one reservoir in the circuitry. In such case, the circuitry is filled with the fluid 

sample and the reservoir is filled with the buffer solution. 
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in the field of biotechnology and process technology there are a lot of applica­

tions which require the determination of the concentration of components of 

the fluid sample, the formation of aggregates within the fluid sample and the 

viscosity of the fluid sampie using a flow through method. A typical example is 

5 the requirement that the concentration of proteins contained in the fluid sam­

ple should be measured online during the concentration process. So, the ac­

tual fluid parameters, i.e. viscosity, concentration, and aggregate formation 

have to be determined during the process. Based on these online-measured 

parameters, the system can be controlled respectively. Essentia! process pa-

10 rameters for the concentration and purification process wiii change during the 

process. This leads to the resulting knowledge that the concentration and the 

rate of aggregate formation of the proteins and the viscosity of the solution 

have to be measured in real time so that an optimal concentration process can 

be performed by adjusting the relevant process parameters. 

15 

In the development of the subject matter of the disclosure it has been identified 

that for the determination of the concentration using photometric methods can 

be applied. For this photometry technique preferably a cuvette is used through 

which the fluid sample flows without diluting the sample. For an optica! meas-

2 0 urement of the absorption a light source is used which is transmitting light 

through the cuvette. In a preferred embodiment light crosses the cuvette per­

pendicular to the flow direction. Performing the photometric measurement us­

ing the cuvette preferably an ultraviolet radiation is used to determine the con­

centration of compounds contained in the sample (e.g. of proteins). For this 

2 5 online determination of the concentration good results could be achieved us­

ing a radiation of light with a wave length of 280 nm± 10 nm. 

For measuring the appearance of aggregates in the sample fluid, the ratio be­

tween the absorption values at the wavelength of 280 ± 10 nm and at a wave 

3 0 length larger than 290 nm (e.g. 320 - 330 nm) is preferred. 

In addition, the viscosity of the fluid sample can be measured using a pressure 

sensing element comprising two pressure sensors at the inlet and at the outlet 
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of the capillary, respectively. These pressure sensors detect a difference of 

pressures between the pressure sensor at the inlet and the pressure sensor at 

the outlet during the flow of the sample through the cuvette. This measure­

ment is performed using a known geometry of the cuvette and a predeter-

5 mined (constant) fiux or flow through rate. Based on the change of the pres­

sure during the flow through the cuvette, the viscosity of the fluid sample can 

be calculated based on well-known equations like the Hagen-Poiseuille equa­

tion. The viscosity is proportional to the measured pressure difference. 

10 in a preferred embodiment, the integrated microfluidic element according to 

the disclosure comprises and combines these two functionalities of the two 

pressure sensors and the cuvette. So, the integrated microfluidic element can 

be used to determine the viscosity, the concentration of the compound, and 

the formation of aggregates in the fluid sample in real time and online in one 

is element, in addition to this advantage the minimal working volume of this inte­

grated microfluidic element is substantially smaller than using three separate 

components and conduits for connecting these components. 

In the context of the disclosure it was recognized that measuring the viscosity 

20 and the concentration of the sample fluid in the fluidic circuitry in parallel and 

within the same microfluidic element leads to a couple of difficulties. To de­

termine the viscosity a pressure drop along a capillary has to be detected, in 

typical lab-scale systems or industrial-production-scale-systems such meas­

urements are not possible due to the large volumes of the fluid samples to be 

2 5 transported through the fluidic system and due to the large diameters of the 

tubes and fluid conduits. So, the overall pressure and the pressure differences 

within such systems are too low to allow a precise viscosity determination 

based on pressure drop measurements. During the disclosure it was recog­

nized that for a precise viscosity measurement the capillary has to be very 

3 0 small in diameter (smaller than 0.5 mm) and preferably with a relatively short 

length (less than 200 mm), as the diameter has the largest influence on the 

pressure drop. Therefore, variances in the channel diameter have a significant 

impact on the precision of the measurement of the pressure drop. To deter­
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mine a high variation of the viscosity a high pressure range must be handled 

in the system. Typical pressures that occur in such channels are in the range 

of 100.000 Pa to 500.000 Pa, preferably up to 1.000.000 Pa. Therefore, the 

channel has to be stable with respect to high pressures. So, the material of the 

5 channel, which is preferably a capillary, is preferably metal. Investigations of 

the inventors have shown that also glass is a suitable material for this pur­

pose, especially if the walls of the glass channels have a sufficient thickness. 

Fluidic channels made of glass, like it is used for cuvettes for example, can be 

produced with a very high precision and therefore reduce variances in the 

io channel diameter which is positive with respect to the pressure measurement. 

On the other hand the relatively small diameter shows additional advantages 

for the optical measurement in a transparent capillary when measuring the 

concentration. Especially in the case of high concentrations to be determined 

is the small diameters have a positive effect because the optical density of the 

sample significantly increases with increasing sample concentrations. This 

causes high absorption values that are very complicated to be measured. To 

reduce the absorption measured through the channel or cuvette and to simpli­

fy the absorption measurement, the optical path length of the light beam pass-

20 ing through the sample have to be reduced. The reduction of the cuvettes di­

ameter reduces the optica! path length and therefore reduces the absorption 

to be measured. Therefore, a suitable material for a transparent channel or 

capillary is glass. To fulfill the requirements regarding the pressure in the 

channel or capillary with respect to the viscosity measurement, the walls have 

2 5 to have a sufficient thickness to be stable enough. Despite the thickness of the 

walls an optical measurement of the concentration remains possible with a 

reduced optical path length. 

Although channels with small diameters tends to be blocked or clogged by 

30 aggregates typically formed in filtration processed it was realized that a trans­

parent channel made of glass having a small diameter can be used for meas­

uring the viscosity via pressure drop measurement and for optically measuring 

the concentration in the sample. So, such transparent capillary, in combination 
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with the two pressure sensors, can be used in an integrated microfluidic ele­

ment. 

in another alternative or cumulative preferred embodiment, the integrated mi-

5 crofluidic element according to the disclosure comprises and combines the 

functionality of the micro tangential flow filtration element (TFF-element) and at 

feast one element for obtaining information about the properties of the fluid 

sample within the circuitry. Preferably, elements for obtaining information 

about the properties of the fluid sample within the circuitry are pressure sen-

10 sors to measure the pressure of the fluid sample in the circuitry and, based 

thereon, can be used to determine the viscosity of the fluid sample. So, in this 

preferred embodiment a micro TFF-element is combined with at least one 

pressure sensor, further preferred with two pressure sensors. 

15 Preferably the TFF-element comprises a TFF-housing which can be a filter 

cassette. The TFF-housing is part of the housing of the integrated microfluidic 

element. In this case the TFF-housing is integrated in the housing of the mi­

crofluidic element. Preferably the membrane of the TFF-element is disposable. 

The membrane can be exchanged in the case that the membrane is ciogged-

20 up. If the efficiency of the TFF-element is dropped to a predetermined thresh­

old value an exchange of the membrane becomes necessary. To design the 

TFF-eiement with a disposable membrane has the advantage that the filter 

cassette itself (TFF-housing) can remain unchanged in the fluid circuitry so 

that the connections to the connected conduits do not have to be touched es-

25 pecially not to be opened. Further, if the TFF-element is integrated in the mi­

crofluidic element together with two pressure sensors, the sensors remain at 

their iocation, especially in their position in the housing of the microfluidic ele­

ment. So, neither the sensors themselves nor their electrical connections are 

influenced if only the membrane of the TFF-element is exchanged in case of 

30 clogging. Further the size and especially the volume of the fluidic channels of 

a TFF-element comprising pressure sensors can be reduced because the 

channels connecting the filter cassette and the pressure sensors can be short. 

14 



In a further preferred embodiment this integrated microfluidic element also 

contains the functionality of the pressure regulator element so that in addition 

the pressure in the circuitry can be controlled and adjusted. So, not only the 

functionality of two elements is integrated within the integrated microfluidic 

5 element according to the disclosure, but the functionality of three (or even 

more) elements. 

In another preferred embodiment of the integrated microfluidic element ac­

cording to the disclosure, it comprises the functionality of a capillary or a capil-

10 iary channel and of the two pressure sensors. 

The disclosure is illustrated in more detail hereafter based on particular 

embodiments shown in the figures. The technical features shown therein can be 

used individually or in combination to create preferred embodiments of the 

15 disclosure. The described embodiments do not represent any limitation of the 

disclosure defined in its generality. 

Fig. 1 shows a schematic view of a filtration system; 

20 Fig. 2 shows a flow filtration circuitry according to the invention with an 

integrated microfluidic element; 

Fig. 3 shows another schematic view of a fluidic circuitry for the de­

termination of viscosity according to the invention; 

25 

Fig. 4 shows an integrated microfluidic element comprising the func­

tionality of two pressure sensors and a measuring element for 

detecting the concentration and viscosity; 

Fig. 5a, b shows two embodiments of another microfluidic element com­

prising the functionality of measuring the pressure in the circuit­

ry and filtering the fluid sample. 

15 
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Fig. 1 shows a state-of-the-art microfluidic flow filtration system 100 having a 

circuitry 1. The circuitry 1 comprises a reservoir element which is a reservoir 2, 

a container or a tank containing the fluid sample, an element for pumping 

5 which is a pump 3, three pressure sensors 4, 5, 39, a cuvette 6, a tangential 

flow filtration element 7, a pressure regulator 8 and a valve 9 which is a T-

shaped conjunction to withdraw fluid from the circuitry 1. Each functionality of 

the circuitry 1 is implemented by one single element like the reservoir 2, the 

pressure sensors 4, 5 or 39 or the cuvette 6. Because each of the elements 

10 and also the conduits connecting these elements have a contribution to the 

minimal working volume of the circuitry, the minimal working volume is rela­

tively large. In the state of the art the minimal working volume of the fluid cir­

cuitry 1 is at ieast approximately 20 ml. Normally the minimal working volume 

is in the range of some 100 ml. 

15 

Fig. 2 shows a micro fluid filtration system 100 according to the invention with 

a circuitry 1 for and by a plurality of conduits 24. The fluid circuitry 1 shown in 

Fig. 2 also comprises a reservoir 2, a pump 3 which is implemented by a 4-

port-valve (valving apparatus) 10 and two syringes 11 that serve as a piston 

20 pump. 

The micro tangential flow filtration element 7 comprises a feed inlet 12, a re­

tentate outlet 13, a permeate outlet 14 and a semipermeable membrane 15. 

The membrane 15 is capable of separating the fluid sample into a retentate 

2 5 stream and a permeate stream upon passage of the fluid sample into the tan­

gential flow filtration element 7 through the feed inlet 12. The permeate stream 

withdrawn from the circuitry 1 via the permeate outlet 14 is collected in a per­

meate chamber 16. The permeate chamber can be iocated on a balance 17 to 

weight the amount of the permeate stream and to control the flow through the 

30 membrane 15 and to measure the amount of withdrawn fluid. The retentate 

stream flows through conduit 24, through the reservoir 2, the valving appa­

ratus 10, the integrated microfluidic element 20 into the TFF-element 7. This 
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circuitry is called retentate circuitry in which the microfluidic element 20 is lo­

cated. 

The circuitry 1 according to the invention also comprises a valve 9 with a T-

5 shaped conjunction and an outlet port 18. The outlet port 18 is used to with­

draw fluid from the circuitry 1. particularly to withdraw the concentrated fluid at 

the end of the concentration process. The fluid is conducted to a collection 

reservoir 29. 

10 The pressure regulator 8 is a regulator element for regulating the pressure 

(and thereby the fluid flow) in the fluid circuitry 1. The pressure regulator 8 is 

controlled by a control unit 19 which is fed by the pressure values measured 

within the circuitry 1. These pressure values are detected by pressure sensor 

39 and at least one pressure sensor which is integrated within the integrated 

15 microfluidic element 20. 

The integrated microfluidic element 20 defines a so-called volume element 

which is a separate and discrete element. The microfluidic element 20 has a 

volume in which fluid of the fluid circuitry is contained during its flow through 

20 the microfluidic element 20. The volume of element 20 is at most 25 % of the 

working volume of the complete fluid circuitry 1. It could be shown that the 

microfluidic element 20 is one of the major elements of the fluid circuitry. 

Therefore, reducing its volume has a direct and positive influence to the com­

plete fluid circuitry and its minimal working volume. So, preferably the working 

25 volume of the microfluidic element 20 is at most 20 % of the minimal working 

volume, further preferably at most 15 %. It can also be shown that the positive 

influence is increased if the volume of the microfluidic element 20 is at most 

10 % of the minimal working volume. During investigations within the frame of 

the invention positive effects of the volume of the volume element 20 have 

30 been determined if the volume of the microfluidic element 20 is at most 400 pi, 

preferably at most 50 pi. Nevertheless this allows processing of small fluid 

samples and in case of a concentration mode achieving high concentration 

rates. 

17 
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The circuitry 1 comprises the integrated microfluidic element 20 instead of the 

separated elements of the pressure sensors and the cuvette (which has here 

the functionality of a capillary with a different diameter compared to the diame-

5 ter of the conduits before and after the integrated pressure sensors, respec­

tively) which are signed by the reference numbers 4, 5 and 6 respectively in 

Fig. 1. In the embodiment shown in Fig. 2 the integrated microfluidic element 

20 is a viscosity module 21 capable to measure the viscosity of the fluid sam­

ple contained in the circuitry 1. The dimensions of the viscosity moduie 21 are 

10 significantly reduced with respect to the overall dimensions of the separated 

elements of two pressure sensors and a cuvette. An important role piays the 

fact that the conduits 24 between the elements can be shortened with so that 

the minimal working volume of the circuitry 1 can be reduced in total. 

is Fig. 3 shows a schematic principal view of a reduced circuitry 1 which com­

prises a reservoir 2, a pump 3, a pressure regulator 8 in form of a hose clamp 

22 and a viscosity module 21 which is an integrated microfluidic element 20 or 

an microfluidic module. The microfluidic element 20 comprises the functionali­

ty of two pressure sensors and a cuvette. The viscosity module 21 further al-

20 lows to determine the concentration and aggregation of compounds contained 

in the fluid sample by an optical measurement using the integrated transparent 

capillary 28 providing a cuvette function and to determine the viscosity by 

measuring a pressure gradient or difference using two pressure sensing ele­

ments, for example in form of pressure sensing modules 26, 27. 

25 

The viscosity module 21 shown in Fig. 3 has two tube fittings 23 for connect­

ing to the conduits 24 which are tubes 25 in this example. Between the two 

pressure sensing modules 26, 27 the capillary 28 is arranged which is directly 

connected to the pressure sensing modules 26, 27. 

30 

The volume or minimal working volume of the viscosity moduie 21 is formed 

by the effective volume of (or in) the pressure sensing modules 26, 27 and by 

the effective volume of the capillary 28. To vary the volume of the viscosity 

18 
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module 21 (being the integrated microfluidic element 20) the volume of the 

capillary 28 or the volume of the fluidic connection to the pressure sensing 

modules 26 can be changed. 

5 To reduce the minima! working volume of the viscosity module 21 and so also 

the minimal working volume of the circuitry 1 and to enable viscosity determi­

nation, the internal diameter of the capillary 28 is preferably in a range be­

tween 100 ^im and 500 jim. Particularly preferred is an internal diameter of the 

capillary 28 between 100 Lim and 250 jxm. The internal diameter is understood 

10 as the diameter of the capillary 28 if the capillary has a circular cross section. 

If the capillary is not round, the internal diameter is to be understood as the 

dimension which is parallel to the optical measurement direction (arrow 34). 

So, a radiation or light beam which is transmitted by a source 31 passes 

through the capillary 28 along the internal diameter and is received by an opti-

15 cal detector 32. The width of the capillary which is perpendicular to the optical 

measurement distance 34 is not relevant for the optical measurement (as long 

as it is not too small to allow the light beam to pass through the cuvette). 

According to the invention the capillary 28 is preferably implemented in such a 

20 manner that the fluidic resistance of the capillary 28 and the fluidic length are 

adjusted in a way that establishes a pressure gradient along the capillary 28 

which is substantially high. A pressure gradient or pressure difference is un­

derstood as substantially high if the pressure gradient along the capillary is at 

least in the range of approximately 0,05 bar per mPa sec (milli Pascal se-

25 cond). 

Fig. 4 shows a detailed view of an integrated microfluidic element 20 accord­

ing to the invention. The microfluidic element 20 is a viscosity module 21 

which comprises the functions of two pressure sensing modules 26, 27 and 

30 the function of a cuvette 6 which is integrated as a capillary 28. 

The upper picture in Fig. 4 shows a top view of the viscosity module 21. It is 

clearly shown that the width w of the transparent capillary 28 is wider than the 

19 
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width of the connecting conduits 24. This arrangement is used to calculate the 

viscosity on basis of measuring a pressure difference with the two pressure 

sensing modules 26, 27. 

5 The lower picture of fig. 4 shows a side view of the viscosity module 21. It is 

clearly shown that the height h of the cuvette element 6 (capillary 28) is small­

er than the height of the connecting conduits 24 (which are preferably pipes) 

and the fittings 23 respectively. An optical measuring unit 30 comprises a light 

emitting source 31 arranged above the capillary 28. The light emitting source 

10 31 can be every source emitting an electromagnetic radiation which can be for 

example visible light or invisible light like ultraviolet light. A respective optical 

detector 32 is arranged below the capillary 28, preferably below the viscosity 

module 21, so that a radiation transmitted from the optical source 31 along the 

optical measurement direction 34 passes through the transparent capillary 28 

15 of the viscosity module 21 and reaches the detector 32. This allows an online, 

real-time monitoring of the concentration of components or aggregates con­

tained in the solution which flows in an unidirectional manner through the cir­

cuitry 1 and the viscosity module 21. 

20 The figures 5a, b show two other embodiments of an integrated microfluidic 

element 40 which provides and contains the functionality of the tangential flow 

filtration element 7 and of the two pressure sensors 5 and 39 shown in Fig. 1 

or Fig. 2, respectively. 

25 The upper picture of Fig. 5a shows a schematic cross-sectional side view of 

the first embodiment of the integrated microfluidic element 40 which includes 

the functions of the flow filtration element 7 and of two pressure sensors 5, 39 

according to Fig. 2. The integrated microfluidic element 40 comprises a hous­

ing 50 in which a capillary channel 44 is formed. The capillary channel also 

30 comprises the feed inlet 12, the retentate outlet 13 and the permeate outlet 14. 

The housing 50 of the microfluidic element 40 forms a TFF-housing 51 of the 

tangential flow filtration element 7. In a preferred embodiment the TFF-

housing 51 can be part of the housing 50 of the microfluidic element 40. The 

20 
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integrated microfluidic element 40 comprises two pressure sensing modules 

26, 27 each located at an end of the filtration element 41. The filtration ele­

ment 41 comprises the feed inlet 12 followed by a filtration chamber 42 con­

taining the membrane 15 which is located above a support structure 43. The 

5 membrane 15 is sealed by a sealing 45 so that fluid flowing through the per­

meate outlet 14 have to pass the membrane 15. Preferably the membrane 15 

of the tangential flow filtration element 7 is disposable. So, in case of clogging 

or after a predetermined process time the efficiency of the membrane may be 

reduced. Then, only the membrane has to be exchanged. The TFF-element 7 

i o and the microfluidic element 40 remain unchanged. Especially the connections 

to connecting conduits do not have to be exchanged or renewed. Additionally, 

replacing the membrane 15 only does not influence the pressure sensing 

modules 26, 27. Only the sealing 45 sealing the membrane 15 to the housing 

50 will also be renewed. 

15 

The permeate outlet 14 of the filtration chamber 42 is located at the end of the 

chamber 42 which is essentially perpendicular to the flow direction. At the end 

of the chamber 42 also the retentate outlet 13 is positioned so that a part of a 

fluid flow through the filtration element 41 leaves the chamber at this end. In 

20 flow direction before and behind the filtration chamber 42 a channel 44 is im­

plemented in the microfluidic element 40. In this channel 44 the two pressure 

sensing modules 26 and 27 respectively are arranged. So, the pressure differ­

ence between the two pressure sensing modules 26, 27 can be used to calcu­

late the transmembrane pressure in the microfluidic element 40. The filtration 

25 chamber 42 can further be complemented with a turbulence promotor. 

The lower picture in fig. 5a shows a cross-sectional top view along the line A-A 

of the upper picture, it is clearly seen that the capillary channels 44 at the two 

ends of the microfluidic element are relatively small, in the area of the pres-

30 sure sensing modules 26, 27 the capillary is widened. The filtration chamber 

42 is further widened in respect to the capillary channel 44 and the sensing 

modules 26, 27. Between the sensing modules 26, 27 and the filtration cham­

ber 42 the capillary channels have their (normal) width. 

21 
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Fig. 5b shows another embodiment of an integrated microfluidic element 40 

comprising a filtration element 41 and two pressure sensing modules 26, 27. 

The upper picture shows a cross sectional side view of the integrated microflu-

5 idic element 40; the lower picture shows a cross-sectional top view along the 

line A-A. The difference between the two embodiments in the figures 5a and 

5b is that in the embodiment shown in fig. 5b the feed inlet 12 and the reten­

tate outlet 13 are located at the upper side of the microfluidic element 40. So, 

the flow is deflected two times during passage of the microfluidic element 40. 

10 The pressure sensing modules 26 and 27 are located at the feed inlet 12 and 

at the retentate outlet 13, respectively, so that the pressure of the fluid is 

measured before and after the fluid passes the filtration chamber 42. 

The construction of the filtration element 41 of Fig. 5b itself is similar to the 

15 construction of the filtration element 41 according to fig. 5a with respect to the 

arrangement of the membrane 15 and the permeate outlet 14. The cross sec­

tional top view clearly shows that the capillary channel 44 is also widened in 

the area of the pressure sensing module 26, 27. 

20 The two embodiments of the microfluidic element 40 shown in the figures 5a 

and 5b have the advantage that the construction of the element is cheap and 

easy to perform. Due to the fact that only small pieces have to be arranged 

together, the pieces can be manufactured with a high accuracy so that very 

small volumes of the filtration chamber 42 can be achieved. Further, due to 

25 the not needed fittings and conduits between the filtration element 41 and the 

pressure sensing modules 26, 27 the minimal working volume can be reduced 

further. 

So, using these alternative embodiments of an integrated microfluidic element 

30 or module 40, which contains at least two functionalities of the elements com­

prised in a fluidic circuitry, especially for concentration or purification of com­

ponents contained within the fluid sample within this circuitry, allows to reduce 

the minimal working volume of the circuitry 1. Merging the functionality of at 
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ieast two circuitry elements results in a compact component or module with a 
small and reduced minimal working volume that is optimized for concentrating 

small amounts of fluid, preferably of less than 20 ml. 

23 



Microfluidic flow filtration system for increasing the concentration of 

components contained in a fluid sample having a fluid circuitry, 

the fluid circuitry comprising the following elements: 

- a tangential flow filtration element having a feed inlet, a retentate out­

let, a permeate outlet and a membrane capable for separating the flu­

id sample into a retentate stream and a permeate stream upon pas­

sage of the fluid sample into the tangential flow filtration element 

through the feed inlet, 

- an element for pumping for creating and driving a fluid flow of the fluid 

sample through the fluid circuitry and the tangential flow filtration el­

ement, 

- at least two elements for obtaining information about the properties of 

the fluid sample within the fluid circuitry; and 

- a plurality of conduits connecting the elements to the fluid circuitry 

through which a fluid stream of the fluid sample is conducted; 

wherein 

- a minimal working volume of the fluid circuitry being defined by the 

minimal fluid volume retained in the elements and the conduits, such 

that the fluid can be recirculated in the fluid circuitry without pumping 

air through the fluid circuitry, 

- the minimal working volume of the fluid circuitry is at most 5 ml, 

- the functionality of at least two elements of the group of elements of 

the circuitry is integrated in one integrated microfluidic element, 

- the one integrated microfluidic element defines a volume element 

having a volume which is at most one fourth of the minimal working 

volume of the fluid circuitry, 



- the integrated microfluidic element integrates the functionality of at 

least two elements for obtaining information about the properties of 

the fluid sample, 

and 

- one element for obtaining information about the properties is an opti­

cal measuring element for determining the concentration of the com­

ponents contained in the fluid sample and provides the functionality of 

a cuvette or a capillary channel element for determining the concen­

tration, and 

- one element for obtaining information about the properties is a meas­

uring element for determining the viscosity of the fluid sample and 

provides the functionality of at least two pressure sensor for determin­

ing the viscosity. 

Microfluidic flow filtration system according to claim 1, wherein the 

measuring element for determining the viscosity is at least one element 

for determining pressure in combination with a capillary channel ele­

ment. 

Microfluidic flow filtration system according to claim 1, wherein 

- the cuvette or the capillary channel element is a transparent capillary. 

Microfluidic flow filtration system according to claim 1, wherein the inte­

grated microfluidic element provides the functionality of at least one el­

ement for determining pressure, preferably a pressure sensor, and the 

tangential flow filtration element. 

Microfluidic flow filtration system according to any of the preceding 

claims, wherein the integrated microfluidic element having a housing 

and the tangential flow filtration element having a TFF-housing which is 

part of the housing of the microfluidic element, 

25 



wherein preferably the membrane of the tangential flow filtration element 

is disposable. 

Microfluidic flow filtration system according to any of the preceding 

claims, wherein the circuitry further comprises a reservoir element suita­

ble for containing a fluid, the reservoir element being integrated in the 

fluid circuitry has at least a reservoir inlet and reservoir outlet both in 

connection to the circuitry, which is a reservoir or a tank containing the 

fluid sample, wherein the reservoir element is also a member of the 

group of elements of the circuitry. 

Microfluidic flow filtration system according to the preceding claims, 

wherein the volume of the reservoir is at most 10 ml, preferably at most 

1 ml, particularly preferably at most 0.7 ml and also particularly prefera­

bly at most 0.5 ml. 

Microfluidic flow filtration system according to any one of the preceding 

claims, wherein the circuitry further comprises 

- at least a valve element; and/or 

- a hollow fiber element; and/or 

- a regulator element for regulating the flow of the fluid through the fluid 

circuitry, which is preferably is a pump, and/or 

- a pressure regulation element for regulating the pressure of the fluid 

in the fluid circuitry, which is preferably a valve, and/or 

- an element for determining pressure data which is one or more pres­

sure sensors; and/or 

- an optical detection element, 

wherein these elements are also members of the group of elements of 

the circuitry. 



Microfluidic flow filtration system according to any one of the preceding 

claims, wherein the minimal working volume of the fluid circuitry is at 

most 1 ml, preferably at most 500 jil, further preferably at most 200 jil 

and particularly preferably at most 100 j^L 

Microfluidic flow filtration system according to any one of the preceding 

claims, wherein the conduits have an internal diameter of at most 1.5 

mm, preferably of at most 1 mm, particularly preferably of at most 0.7 

mm or also particularly preferably of at most 0.1 mm wherein a conduit 

is preferably a channel, or a passage in an element of the circuitry, or a 

pipe, or a tubing. 

integrated microfluidic element for a microfluidic flow filtration system for 

increasing the concentration of components contained in a fluid sample 

with a fluid circuitry having a minimal working volume of at most 5 ml, 

preferably for a system according to any one of the preceding claims, 

wherein the integrated microfluidic element 

defines a volume element having a volume which is at most one fourth 

of the minimal working volume of the fluid circuitry of the micro flow filtra­

tion system, and 

provides the functionality of at least two elements of the group of ele­

ments of the fluid circuitry, 

wherein 

the group of elements comprises a tangential flow filtration element, an 

element for pumping suitable for creating and driving a fluid flow and at 

least two elements for obtaining information about the properties of the 

fluid sample within the circuitry, 

wherein the integrated microfluidic element provides the functionality of 

at least two elements for obtaining information about the properties of 

the fluid sample, 

wherein 
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one element for obtaining information about the properties of the fluid 

sample within the circuitry that is an optical measuring element for ob­

taining information about the concentration of the components contained 

in the fluid sample, the optical measurement element is a transparent 

cuvette, and 

one element for determining the physical properties of the fluid sample is 

an element for determining the viscosity of the fluid sample and is a 

pressure sensor. 



12. Integrated microfluidic element according to claim 11 wherein it com­

prises the functionality of the tangential flow filtration element and of two 

elements for obtaining information about the properties of the fluid sam­

ple, which are preferably pressure sensors, and preferably but not man-

5 datory in addition the functionality of the pressure regulator element. 

13. integrated microfluidic element according to claims 11 to 12 wherein it 

comprises the functionality of a capillary or capillary channel and of two 

elements for obtaining information about the properties of the fluid sam­

ple, which are preferably pressure sensors. 
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