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(57) A fixed volume liquid transtfer device defined by a small bore tube having an open end for collection of liquids
and a plunger 1n the tube 1s disclosed. A piston 1s mounted around the open end and an air plug 1s mounted 1n the piston
adjacent the open end. Liquid 1n a test tube 1s transferred to a testing site by inserting the transfer device into the test
tube. As the piston contacts the liquid, the liquad 1s pumped 1nto the tube. As the transfer device 1s mserted further, the
air plug 1s actuated to balance air pressure across the piston. The device may then be withdrawn from the test tube and
transported to a test site. At the test site, the plunger 1s depressed to expel the liquid into a testing device.
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~ ABSTRACT

A fixed volume liquid transfer device defined by a small
pore tube having an open end for collection of liquids and a
plunger in the tube is disclosed. A piston is mounted around
the open end and an air plug is mounted in the piston adjacent
the open end. Liquid in a test tube is transferred to a test-
ing site by inserting the transfer device into the test tube.

As the piston contacts the liquid, the liquid 1is pumped into

the tube. As the transfer device is inserted further, the air

plug 1s actuated to balance air pressure across the pliston.

The device may then be withdrawn from the test tube and trans-
ported to a test site. At the test site, the plunger is de-

pressed to expel the liquid into a testing device.
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FIXED VOLUME LIQUID TRANSFER DEVICE AND
METHOD FOR TRANSFERRING LIQUIDS

Field of the Invention

The present invention relates generally to a fixed volume

liguid transfer device and to a method for transferring 1lig-

uids and, more particularly, to a microdispenser with a piston

for applying external pressure to liquid to fill the microdis-

penser 1in the process of transferring the liquid.

Background of the Invention

Metering and transferring of reagents or samples are gen-
erally 1mportant 1n conducting diagnostic tests, especially
those providing quantitative results. Apparatus or methods

that can easily and quickly deliver accurate amounts of fluid

or liquid are usually needed to achieve the desired assay per-
formance. There are currently several products designed to
serve this purpose. Among them, the Aqua-Cap’™ microdispenser
from Drummond Scilientific Company of Broomall, Pennsylvania 1is

one of the devices suitable for point-of-care testing.

The Aqua-Cap W microdispenser includes a plunger and a

disposable glass capillary tube containing a porous plug lo-

cated at a preset position. This product 1s a self-filling
device that takes up ligquid by capillary action. The liqguid
volume 1in the capillary 1i1s precisely controlled and maintained

by the porous plug, which becomes impermeable to alir when wet-

ted. Following the filling process, the microdispenser func-
tions exactly as a syringe 1n transporting and dispensing the

liguid.

Although manual pipeting 1s not requlired 1n using prior
art microdispensers such as the Aqua-Cap' microdispenser, it

is sometimes necessary to slant a tube contalning a liguid to

be transferred to facilitate the capillary filling. This as-
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sisting action, however, may not be acceptable in certain

sltuations, particularly when the liquid is biohazardous. To

avold possible contamination caused by accidental spills in

these cases, a liquid transfer device to take up a desired

e gty

amount of liquid effectively without slanting the tube is de-

sirable.

Summary of the Invention

The present 1nvention 1is a fixed volume liquid transfer

device known as a microdispenser used for quantitative deliv-
ery of aqueous liquids or fluids in specimen collection, diag-
nostic testing, environmental monitoring, or other analytical
measurements that require simple and rapid liquid transfer in
their procedures.

r—
e

The fixed volume ligquid transfer device consists of a mi-

crodispenser defined by a tube having a plunger extending into
the tube to dispense collected liquid. A porous plug or other

volume control device 1s mounted 1n the microdispenser at a

preset position below the plunger. The plug 1s formed of a
material that becomes i1mpermeable to air when 1t becomes wet
upon contact by the collected liqguid. The tube has an open

end for the collection of liquids.

The fixed volume liquid transfer device also includes a
piston. The piston has a centric hole 1nto which extends the
open end of the tube. The piston also 1ncludes an eccentric
hole. An air plug is mounted 1in the eccentric hole and has a

y—

tip that extends out of the eccentric hole beyond the piston.

In a first, static position, the air plug blocks passage of

air through the eccentric hole. In a second position of the
alir plug the eccentric hole 1s open allowiling the passage of

alr.

A .Mﬂmuwwﬂmmmm'd"m:
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To transfer liquid, the microdispenser is inserted open
end first into a test tube containing the ligquid. The diame-
ter of the piston 1is approximately the same as that of the
test tube. The microdispenser is pushed down into the test

tube. Once the piston contacts the liquid and insertion con-

tinues, a pumping action occurs which pumps or forces the lig-
uid 1nto the microdispenser through the open end. Air in the

tube above the 1liquid escapes through the porous plug and

around the plunger. Thus, capillary migration of liquid re-
lied upon by prior art microdispensers is not used as the

driving force in this filling process.

The tube fi1lls with liquid until the liguid contacts the

P

porous plug, wetting the plug and stopping the flow of liquid

into the microdispenser tube. As the piston engages the bot-
tom of the test tube, the tip of the air plug also engages the
bottom of the test tube moving the air plug to its second po-

P

sition. In the second position of the air plug the eccentric

hole 1n the piston 1s open and air on both sides of the piston
1s balanced. The microdispenser 18 then withdrawn from the
test tube and, due to the open eccentric hole in the piston,

alr pressure across the piston 1s balanced and a vacuum below

the piston 1s avoided. Thus, backflow of ligquid i1in the micro-

dispenser tube 1into the test tube 1s prevented.

The microdispenser 1s then transported to a test site and

the plunger is depressed to dispense the collected ligquid into

a testing device.

Brief Description of the Drawings

Other objects and advantages of the 1nvention will become
apparent upon reading the following detailed description and

upon reference to the drawings 1in which:
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FIG. 1 1s a partial cross sectional view of a fixed vol-

ume liquid transfer device constructed in accordance with the

principles of the present invention:

FIG. 2 1s an enlarged view of an air plug used in the

liquid transfer device of FIG. 1;

FIG. 3 1s an enlarged view of a piston used with the lig-

—

uild transfer device of FIG. 1:;

FIG. 4 1s a schematic view of the ligquid transfer device

positioned 1in a container of liquid to be transferred;

FIG. 5 1s a view similar to FIG. 4 with the liquid trans-

fer device 1n a liquid collecting position;

H

FIG. 6 1s a view to FIGS. 4 and 5 during withdrawal of

the liquid collection device from the container; and

FIG. 7 1s a schematic view of the ligquid transfer device

while 1t 1s dispensing the collected liguid.

Detailed Description of Illustrative Embodiments

Referring 1nitially to FIG. 1, there 1s 1llustrated a

fixed volume liquid transfer device 10 used for metering and

transferring reagents or other fluids or liquids. The liqgquid
transfer device 10 1s defined by three components, a microdis-
penser 12, a piston 14, and an alir plug 34. The microdispen-
ser 12 1s of the type disclosed 1n United States Patent No.
5,059,398, The microdispenser 12 1includes a disposable glass

capillary tube or transfer tube 16 with a first open collec-

tion and dispensing end 18 and a second open end 20 that wvents
alir in the tube 16. A plunger 22 1s positioned 1n the tube 16
for dispensing collected fluid or liquid by pushing a porous

plug 24 toward the first open end 18. The porous plug 24 1is
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of a material such as polyethylene or other plastic material

which has hydrophobic characteristics. Such material is

available from Porex Technologies of Fairburn, Georgia. The
plug 24 becomes impermeable to air when wetted by the col-
lected liquid and is at a preset position in the tube 16 cor-
responding to the volume of liquid desired to be collected.
When not wetted, the plug 24 freely passes air that flows
along the plunger 22 and out of the second open end 20.

The microdispenser 12 is a self-filling device that takes

up liquid by capillary action. It 1s sometimes necessary in

prior art microdispensers, however, to facilitate the capill-

lary filling by slanting the test tube containing the liquid

to be collected. This assisting action may not be acceptable
when the liquid 1s biohazardous. To avoid possible contamina-

tions caused by accidental spills, the liquid transfer device

10 uses a pumping action for liquid filling. The pumping ac-

tion 1s provided by the piston 14. As best seen in FIG. 3,

the plston 14 1s a disk of elasomeric or similar material of a

diameter and configuration approximately the same size as a

contaliner of liquid that is to be collected such as test tube

26 1n FIGS. 4-7. The piliston 14 includes a centric hole 28 ex-
tending through the piston 14. The first open end 18 of the

transfer tube 16 i1is 1nserted i1nto the centric hole 28 until it

1s adjacent a lower side 30 of the piston 14. The piston 14
also includes an eccentric hole 32. An ailr plug 34 1s posi-

tioned 1n the eccentric hole 32.

As best seen 1n FIG. 2, the air plug 34 1ncludes a head
36, a shoulder 38 and a tip 40. The eccentric hole 32 1s

i

stepped such that 1in a closed position of air plug 34, the

shoulder 38 engages a step 42 1n the eccentric hole 32 and

pri
p—

blocks the flow of air. In this closed position, the tip 40

v

of the air plug 34 extends out of the eccentric hole 32 beyond
the lower side 30 of piston 14 (FIGS. 1, 4 and 5). There 1is

_

also an open position of the air plug 34. In thlis open posi-

tion, the air plug 34 1s moved up and the shoulder 38 does not

bl I AR NS -t T TR bbbty 7 ycremm ras. g yeteny sburweap Sl e P A S ot e - i iy A AR A P



iy b e kb At e v At . Ak S i

CA 02305899 2000-04-17

engage the step 42 (FIGS. 6 and 7). In the open position of

the air plug 34, air can pass through the eccentric hole 32

palancing air pressure across the piston 14.

The operation of the fixed volume liquid transfer device
10 and the method of transferring liquids are illustrated in
FIGS. 4-7. A liquid 44 contained in the test tube 26 is to be
collected and transferred using the liquid transfer device 10.
To collect the liquid 44, the liquid transfer device 10 with
the air plug 34 in the closed position is inserted into the
test tube 26 (FIG. 4). As the device 10 is inserted into the
test tube 26, air 1in the test tube 26 passes up the transfer
tube 16, through the plug 24 and out of the second open end
20. Once the lower side 30 of the piston 14 contacts the 1lig-
uld 44, external pressure is applied to the liquid 44 causing
a pumping action that pumps the liquid 44 into the transfer

tube 16. Liquid fills the transfer tube 16 to the level de-

fined by the plug 24. Once the plug 24 is wetted, air cannot

pass through 1t and no further filling of the transfer tube 16

occurs. As this occurs, the tip 40 of the air plug 34 engages
the bottom of the test tube 26 moving the air plug 34 to the
second or open position (FIG. 5). In the open position of the

alr plug 34, air 1s balanced across the piston 14 and prevents

the backflow of the collected liquid 46 as the liguid transfer
device 10 1s withdrawn from the test tube 26 (FIG. 6).

The liquid transfer device 10 may then be moved to a test
slte or test device and the collected liquid 46 1s dispensed
by pressing the plunger 22 and the plug 24 down the transfer
tube 16 toward the first open end 18. Once the liguid is dis-

pensed, the liquid transfer device 10 can be disposed of in

the appropriate manner.

While the present 1nvention 1s susceptible to wvarious

modifications and alternative forms, a specific embodiment has

been shown by way of example 1n the drawings and will be de-

scribed 1n detail. It should be understood, however, that it
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1s not intended to limit the invention to the particular forms

disclosed, but on the contrary, the intention is to cover all

modiflcations, equivalents, and alternatives fall 1ng within

the scope and spirit of the invention, as defined by the ap-
pended claims:
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What 1s claimed 1is:
1. A ligquid transfer device, comprising:

a small bore tube having a first open end for col-

lection of liquids, and

a pilston mounted on said tube adjacent said first

open end.

2. The 1liquid transfer device claimed in Claim 1 further

comprising an alr plug mounted in said piston.

3. The 1liquid transfer device claimed 1in Claim 1 further

comprising a porous plug that is impermeable to air when wet-
ted, said plug mounted 1n said tube and spaced from said first

open end a distance defining a predetermined volume of liquid

to be transferred.

4 The liquid transfer device claimed in Claim 1 further

comprising a plunger mounted 1n said small bore tube.

5. The 1liguid transfer device claimed 1n Claim 1 wherein

sald piston 1includes a centric hole and an eccentric hole,

sald tube being located 1n said centric hole.

6 . The liquid transfer device c¢laimed 1n Claim 1 wherein
sald piston includes a centric hole and an eccentric hole, an
alr plug mounted in said eccentric hole, said air plug includ-

ing a tip extending out of said eccentric hole.

7 . A microdispenser, comprising:

a tubular body including a first open end for the

introduction of fluid into said tubular body, and
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a pilston having a first hole, said tubular body

mounted in said first hole with said piston adjacent

said flrst open end and at least partially encir-

cling said tubular body.

8 . The microdispenser claimed in Claim 7 wherein said piston
includes a second hole, an air release device moveably mounted
in saild second hole, said air release device including a tip

extending out of said second hole.

9. The microdispenser claimed in Claim 7 further comprising

a porous plug mounted in said tubular body.

10. The microdispenser claimed in Claim 7 further comprising

a plunger 1in said tubular body.

11. In a fixed volume liquid transfer device of the type in-

cluding a tubular body with a first open end through which

fluid flows into said tubular body, and a fluid volume control
device 1n said tubular body at a preselected position, the im-

provement comprising a piliston mounted on and encircling said

tubular body adjacent said first open end.

12. The 1mprovement claimed 1n Claim 11 further comprising an

alr plug mounted 1in sailid piston adjacent said open end, said

alr plug moveable relative to said piston.

13. The improvement c¢laimed in Claim 11 whereln said piliston

includes a centric hole and an eccentric hole, said tubular

body being in said centric hole, and an air plug mounted 1n

sald eccentric hole.

14. A method of transferring fluids from a test tube using a

micropipette having a tubular body, said tubular body having

an open end for receiving fluids, a plunger 1n said tubular

body and a device for controlling the volume of fluid intro-

duced into said tubular body, comprising:
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10

mounting a piston on said tubular body adjacent the
open end of said tubular body, said piston dimen-

sioned and configured substantially the same as the

1nside configuration of a test tube,

applying external pressure on said fluid in said
test tube by 1inserting said micropipette with said
piston 1nto a test tube containing fluid to be

transferred until sald piston engages a bottom of
sald test tube, and

I |

collecting fluid in said tubular body.

15. The method of transferring fluids claimed in Claim 14

further comprising,

pulling said micropilpette with sailid piston out o:
sald test tube.

1 1)

16. The method of transferring fluids claimed 1n Claim 15

further comprising,

pushing said plunger 1into said tubular body to dis-

pense the collected fluid out of said tubular body.

17. The method of transferring fluids claimed 1n Claim 14

further comprising providing an air plug in said piston, said
alr plug having open and closed positions; and engaging said
air plug with said test tube to actuate saild air plug to said

open position and balance air pressure across sald plston.
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