
Patent Claims 

1. 	Micro flow filtration system for performing a fluidic process, such as con- 

centrating of components contained in a fluid sample or for exchanging 

the solvent of the sample fluid, the system (49-comprising: 

- a fluid channel (2)-having two ends (4g, 11-rand being formed by 

conduits L4,54-allowing a bidirectional flow of the fluid sample through 

the channel (2); 
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	- a tangential flow filtration module 1@r)-(TFF-module) having a first fluid 

port+14), a second fluid port-(4-53, a permeate outlet 46-1-and a semi-

permeable membrane 47-1-capable of separating the fluid sample into 

a retentate stream flowing through one of the ports 44,461-and a 

permeate stream upon passage of the fluid of the sample through the 
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	 semipermeable membrane '474-and through the permeate outlet-464; 

at least two pairs 4,--94-of piston pumps (-6j-having each two piston 

pumps-frig, each piston pump having a piston swept volume forming a 

reservoir 71-8, 	 19g-being able to contain a fluid, the piston pumps f6-) 

being capable to drive a fluid flow; 
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	- the volume of the piston pumps L64.-of one pair (-8-)-of piston pumps 

8b)  is larger than the volume of the piston pumps 4-1of the other 

pair49) of piston pumps49a43-b), 

- a control unit for controlling the piston pumps-L€), 

wherein 
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	- the TFF-module (24-is located in the fluid channel L-24-so that one 

conduit 4)--is connected to the first fluid port 02E4 and the other con-

duit L54-is connected to the second fluid port (-  5)  to allow a fluid flow-

ing through the channel (24-to pass through the TFF-module-f3-); 

- at each of the ends 0-6, 11) of the channel (-24-one piston pump (-6-)-of 
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	 each pair L-8,-91-of piston pumps is arranged in such a manner that 

the piston pumps C--are fluidically connected, wherein all piston  

pumps are arranged on the same side of the 

brane of the TFF-moduie; 

- the control unit is arranged and adapted to control driving of the pis- 
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ton pumps of each pair (8 	ofpiston pumps :(4"fr,-• -synchronously 

and/or to control the switching and/or the switching time for switching 

from one pair (-64of piston pumps {6a 	?-tothe other pair (-9-)-of pis- 

ton pumps 	and 
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	 - the system is arranged and adapted such that the confroF Lind defines 

a regulation that during the fluidic process at least for a period of time 

only one of the pairs 	of piston pumps (6-)-is used to drive the flu- 

id flow through the fluid channel-(-24. 

2. Micro flow filtration system according to claim 1, characterized in that the 

	

io 	piston pumps (-64-at the end of the fluid channel (-2-,are fluidically con- 

nected in parallel. 

3. Micro flow filtration system according to claim 1, characterized in that 

the piston pumps)-at the end of the fluid channel (-2 -are fluid-

ically connected in series and 

	

is 	 p-r-e-fes-6-1--at least two of the piston pumps (-6} located at one 

end of the fluid channel (42)---are combined in an integrated piston 

pump (-64)-having at least two piston pump chambers (-51, 	fluidi- 

cally serial connected and having at least two pistonsm')-ar-

ranged in such a manner that at least one piston being able to move 

20 	 in at least two piston pump chambers and being able to 

  

drive the fluid out of at least one of the at least two piston pump 

chambers-(64.  

4. Micro flow filtration system according to claim 3, characterized in that the 

integrated piston pump (6-64-comprises an integrated piston 	having 

25 	 at least a primary piston 	and a secondary piston (84-)—which are 

p-r-e-fece-4y—coupled to another, wherein the primary piston (-6;4-and a 

secondary piston (-64*are able to move synchronously in at least one 

chamber (-6-14-and 	at the end of the movement path in a 

chamber 	--the secondary piston (64 beingable to move further in 

30 	 another chamber (62--of the integrated piston pump{-6-9-). 

v. 	Micro flow filtration system according to any one of the preceding claims, 

characterized in that the volume of the piston pumps (-64 of the first pair 
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(44-of piston pumps 	is at least three times larger than the vol- 

ume of the piston pumps i-54of the second pair f94of piston pumps49a, 

9b), preferably  

6. Micro flow filteration system ccomiino to any one of the preceding 

	

s 	claim .characterized 	the volume of the piston pumps of  the first 

pair o` iston pumps is  at least five times larger  than the volume of the 

piston pumps of the second pair of piston pumps  

7. Micro t 
	

system according to any one of the preceding 

claims, 	 ed in that the volume of the piston pumps of the first 

	

10 	pair of piston pumps is at least ten times larger than the volur e of the 

piston Dumps of the second pair of piston pumps 

8. Micro flow filteration system according to ny one of the preceding 

claims, characterized in that the volume of the piston pumps of the first 

pair of piston pumps is at least 25 times larger  than the volume of the 

	

15 	:;iston..!umps of the second wait of piston taumps 	 ref- 

9. flow filteration system according to any one of the preceding 

claims, characterized in that the volume of 	piston pumps cf the first 

pair of piston pumps is  at least 100 times larger than the volume of the 

	

20 	piston pumps of the second pair of piston pumps. 

Micro flow filtration system according to any one of the preceding claims, 

characterized in that the system (-1' -comprises a balance 	for 

weighting the permeate withdrawn from the TFF-module-131. 

7.11  Micro flow filtration system according to any one of the preceding claims, 

	

25 	characterized in that the system (-17i-comprises in the fluid channel or in 

the TFF-module (7.4-at least one pressure sensor (22, 23,-244-for moni- 

toring and measuring the pressure in the system-*„ prefer 	at least 

two or more pressure sensors 	 located on opposite sides of 

the TFF-module (-59--which can be used to determine the trans- 

	

30 	membrane pressure across the semipermeable membrane-47* 
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Micro flow filtration system according to any one of the preceding claims, 

characterized in that the system (*comprises an optical measuring de-

vice (-2-64-for acquiring the concentration of the components contained in 

the fluid sample, wherein the optical measuring device 	refe4-s- giy 

	

5 	comprises a cuvette 004 integrated in the fluid channel-(2). 

Micro flow filtration system according to any one of the preceding claims, 

characterized in that the control unit 	is adapted to synchronize the 

stroke of the pistons of the piston pumps (-64-of the same pair (-3--g)-of 

piston pumps (-64-such that the piston swept volume of the piston pumps 

	

10 	(-6-)-is synchronously adapted. 

Micro flow filtration system according to any one of the preceding 

claims, characterized in that the control unit 	controls the piston 

pumps (-64-of one pair 484.14-of piston pumps (-64-in such a manner that 

the fluid flows back and forth through the TFF-module (-34-from one pis- 

	

is 	 ton pump (-6+-to the other piston pump (-64-of one pair (8, 9)  of piston 

pumps-E3}. 

Flow filtration method for concentrating a component contained in a 

fluid sample using a tangential flow filtration module--02), the method 

comprising the following steps: 

	

20 	 providing a micro flow filtration system 	 according to any 

one of the preceding claims comprising 

a fluid channel (2)  having two ends 	;  and being formed by 

two conduits (7453-allowing a bidirectional flow of the fluid sample 

through the channel-(-2-); 

	

25 	 a tangential flow filtration module (*having a first fluid port 	 (1-44, a 

second fluid port-(-1r4), a permeate outlet 0-04-and a semipermea-

ble membrane 47-)-capable of separating the fluid sample; 

at least two pairs (-3,44-of piston pumps-0-), each piston pump-(-6) 

forming a reservoir (-1-&-1-0)-being able to contain a fluid; 

	

30 	 a control unit (80)--for controlling movement of the pistons of the 

piston pumps-04; 

wherein 

- the TFF-module (3)-is located in the fluid channel (-2:t-so that one 
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conduit (-4 -is connected to the first fluid port 04)-and the other 

conduit 5-is connected to the second fluid port-(1-5); 

at each of the ends (--14-4-1-of the channel (2)-one piston pump-(5) 

of each pair (-5-„--6)—of piston pumps (-54-is arranged in such a man- 

	

s 	 ner that the piston pumps (6) are connected fluidically, wherein all  

piston Dumps are arranged on the same side of the semipermea-

ble membrane of the TEE-module; 

- the piston pumps (-6-Fof a first pair €84-of piston pumps have a larg-

er volume than the piston pumps 1-54-of a second pair (-94-of piston 

	

10 	 pumps-44; 

the control unit 	is arranged and adapted to control of moving 

the pistons of the piston pumps of each pair (7544-of piston pumps 

synchronously and/or to control the switching and/or the switching 

time for switching from one pair (-8-)-of piston pumps (-8a-,-814t)-to the 

	

is 	 other pair (94-of piston pumps (-9e, 9PS), 

- filling at least one piston pump (6)-of the first pair (-3)-of piston pumps 

with a fluid; 

moving the piston of the first piston pump 	of the first pair (8-)-of 

piston pumps controlled by the control unit (\80)  in a first direction to 

	

20 	 reduce the piston swept volume to drive the fluid sample from the first 

piston pump (4a9-through the fluid channel (-24-and to pass the TFF-

module -)-thereby increasing the concentration of the components in 

the fluid sample in the system 04-and withdrawing an amount of fluid 

in a permeate stream; 

	

25 	 - moving the piston of the second piston pump 44- -of the first pair 

of piston pumps controlled by the control unit (24)-in the first direction 

to enhance the piston swept volume to allow fluid to enter the piston 

pump ( \ after passage through the fluid channel-(-24; 

- moving the piston of the second piston pump (-20-and the piston of 

	

30 	 the first piston pump e)--of the first pair (3)-of piston pumps con- 

trolled by the control unit (86)-in a second direction opposite to the 

first direction to drive back the fluid sample from the second piston 

pump (1t-)-through the TFF-module (734-into the first piston pump+8a); 

determining if the volume of the fluid sample in the system 4-1)  has 

	

35 	 been reduced below a predetermined value or if an predetermined 
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time interval after starting of the process has been reached; 

repeating the steps of moving the first and second piston pumps-(-8a, 

84) of the first pair of piston pumps (-8-controlled by the control unit 

f:8-04 in the first and second direction until the predetermined value or 

the predetermined time interval has been reached, thereby driving the 

fluid back and forth through the IFF-module-(-2-); and 

if the volume of the fluid sample in the system el)-has been reduced 

below the predetermined value or if the predetermined time interval 

after starting of the process has been reached, using the piston 
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pumps (-„ca,--gb-yof the second pair (9;--of piston pumps according to 

the steps above thereby establishing a continuous bidirectional flow 

of fluid in the channe1+2-). 

42,16r  Flow filtration method according to the preceding claim, characterized 

in that moving the piston pumps (5, 9)  of the first pair (B-hof piston 

is 	 pumps and of the second pair :9-).-of piston pumps is controlled by the 

control unit 	in such a manner that the fluid is driven with a constant 

pressure through the TFF-module. 

17. Flow filtration method according to claim 11 15  or 4-216, characterized in 

that the volume of the piston pumps (64-of one pair (-84-of piston pumps 
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	 (-8, 22,-)--is at least three times larger than the volume of the piston 

pumps of another pair of piston pumps,  

18. Flow filteration method accordinp to claim characterized in that 

the volume of the piston pumps of one pair of oaaton pumps is, furthor 

rat4y-at least five times larger  than the volume of the piston pumps 

25 	 of another pair of piston pumps.  

19. Flow filteration 	 rdinc to claim 15 a 

the volume of the piston pumps of one pair of piston pumps  

y at least 25 times larger than the volume of the Paton, 

her pair of piston pumps.  

30 	 , Flow filteration method according to claim 15 or 16, characterized in 

that the volume of the p 'GI n sumps of one air 	piston rum rs is;-a4-so 
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parti 	 -S. 4y at least 100 times larger than the volume of the 

piston pumps l51-of another -pair (-61-of piston pumps-(rda,-9-h). 

Flow filtration method according to any one of the claims -11 	15  to 

1-34320, characterized in that the volume of the fluid sample in the sys- 
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tem (14-is determined by weighting the permeate withdrawn from the 

TFF-module4131, 	i-using a balance+214. 

Flow filtration method according to any one of the claims  —11--i  Eito 

1-421,  characterized in that the volume of the fluid sample in the system 

is determined by measuring or determining the piston stroke length 

	

10 	_Micro flow filtration system or flow filtration method according to any 

one of the preceding claims, characterized in that the piston pumps 41 

are motor driven and arefarahly-the system (14-comprises for each pis- 

ton pump (4)-or piston pump pair 	a motor 424' -for driving the piston 

pump-6d. 

	

is 	(:.__Flow filtration method according to any one of the claims 44-15  to 

1-623, characterized in controlling the flow from the first piston pump (43-, 

9a1-to the second piston pump 	ca13)-of a pair (-8.1)-of piston pumps 

by monitoring the actual pressure of the fluid in the system (1.\-+?; 	-ably 

the transmembrane pressure. 

	

20 	Flow filtration method according to any one of the claims 14-15  to 

1,724, characterized in 

controlling the flow from a first piston pump to a second piston pump 

of a pair R,-91-of piston pumps by an incrementally driven motor, 

p-peterably a stepping motor 424-to drive the piston pumps (6)-and 

	

25 	 controlling the increments moved by the motor-424. 
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