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[5 7] ABSTRACT 

An apparatus for the sterile material exchange in solu 
tions, which comprises a conventional membrane in 
form of a hose, a grid of synthetic material, and a hol 
low empty hose of synthetic material. The conven 
tional membrane is disposed between the grid of 
synthetic material and is received in the hose of 
synthetic material. Hose connections are carried by 
the hose of synthetic material and arecapable of being 
closed by a protection ‘cap. A sealing device closes 
jointly both the hoses, and both hoses permit an ac 
cess capable of closing by another protection cap to 
the membrane connection. In? one embodiment of the 
apparatus, the hoses are bent at substantially a right 
angle for insertion into the sealing or closing device. 

' The invention also includes the system of hoses being 
wound in a double spiral about two tubes of synthetic 
material. > 

11 Claims, 9 Drawing Figures 
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APPARATUS FOR STERILE MATERIAL 
EXCHANGE ' 

The present ‘invention relates to an apparatus for 
sterile material exchange, in ‘ general, and to such 
material exchange in solutions, in particular. ' 
No apparatus is known, which permits a convenient 

and sterile dialysis inv a technical measure. Known 
devices for themost different dialysis problems are al-‘ 
ways large and non-handy arrangements of com 
plicated combinations. All these arrangements are not 
provided as devices for a single use, rather for a plurali 
ty of or permanent applications. , ‘ ‘ ' 

The apparatus designed in accordance with the 
present invention is ‘ suitable for the insulation of 
macro-molecular substances from solutions, in particu 
lar of biological material mixtures, for example, the di 
alysis in enzyme preparations, the hemo-dialysis, the 
laboratory-like technical dialysis in biology, biochemis 
try'and medicine, for the concentration of solutions of 
any type by ultra-?ltration, as oxygen generator and 
generally for the gas exchange in solutions. 

For the heme-dialysis at the present time two dif 
ferent forms of dialysis are provided: The Kill-dialysis 
and the Coildialysis. It is attempted in both embodi 
ments, to distribute a smallest possible quantity of 
blood to a possible large face of an exchange mem 
brane available on the market, and to permit rinsing of 
this membrane on the other side by a rinsing liquid, the 
so-called dialysis liquid. 
The known oxygenerators are nearly always com 

plicated combined devices, which are used many times 
merely for reason of costs. 

Essential requirements for the dialysis and the gas _ 
exchange are: 

1. Separation of the material currents by a mem 
brane. ' 

2. A large exchange area at a small volume of the 
liquid to be dialyzed or provided for the gas exchange. 

3. A great effectiveness of the material exchange 
while possibly most intensive contact of both exchange 
media with ‘the exchange membrane and free selection 
of the current guide. ' 

4. For exchange problem the suitable exchange area. 
5. Possibly small loss of the substance to be treated 

upon termination of the exchange by remaining in the 
exchange unit. 

6. Low pressure loss in the device. 
7. Free selection of the flow cross-section and of the 

flow speed. 
8. The possibility, to vary the pressures on both sides 

of the membrane and to control thereby the ultra-?ltra 
tion. 

9. Free selection of the exchange membranes. 
l0. Possibility of sterilization. 
11. Small unit in comparison with the exchange ef 

fect. 
12. The apparatus ready for use should be trans 

parent, in order to make possible the observation of the 
exchange processes. 

All these requirements are not ful?lled by any of the 
known devices and apparatus. , 

It is one object of the present invention to provide an 
apparatus for sterile material exchange which operates 
with a conventional membrane. 

20 

25 

35 

45 

60 

65 

.2 
With this and other objects in view, which will 

become apparent in the following detailed description, 
the present invention, which is disclosed by example 
only, will be clearly understood in connection with the 
accompanying drawings, in which: 

FIG. 1 is one embodiment of the apparatus, designed 
in accordance with the present invention, shown by ex 
ample only; ‘ 

FIG. 2 is a section of the sealing device through 
which the hose of synthetic material is closed. 

FIG. 2A is a cross-section along section 2A of. FIG. 
2B. , 

FIG. 2B is a cross-section along section 28 of FIG. 
2A. 

FIG. 3 is an elevation of another embodiment of the 
hose-system; and , 

‘FIG. 4 is anelevation, partly. in section, of another 
embodiment of the apparatus, designed in accordance 
with the present invention. 

FIG. 4A is a cross-section along section 4A of FIG. 4. 
. FIG. 4B is a cross-section along section 4B of FIG. 

4A. ‘ ~ ' I v 

Referring now to the drawings,,and in particular to 
FIG. 1,the apparatus for the sterile material exchange 
in solutions of synthetic material is characterized by the 
feature, that a conventional membrane 1 in form of a 
hose is disposed between a grid 2 of synthetic material 
and is inserted into a hose 3 of synthetic material, 
which hose 3 has hose connections 4 closable with a 
conventional protection cap. Either both hoses are 
closed on both sides jointly by a sealing device 5, which 
permits an access 6 closable with. a protective cap to 
the membrane hose or two accesses 6a and 6b are pro 
vided only at one side of the apparatus, which accesses 
make possible the approach to a hose. 
The grid 2 of synthetic material can also be disposed 

between two foils 3a of synthetic material, which are 
then welded during the manufacture of the apparatus 
on both sides of the grid material to form a hose. 
The membrane, provided in accordance with the 

present invention, should permit for dialysis purposes 
the passage of small molecules from one solution into 
the other." Thereby the macromolecules should be 
retained. For this purpose many membranes are availa 
ble on the market, in particular products of cellulose 
regenerates or cellulose-derivates are suitable, for ex 
ample, the product marketed by the ?rm Bemberg of 
Wuppertal, Germany, under the name “Cuprophan”. 
For the gas exchange by the apparatus, designed in 

accordance with the present invention, any transparent 
material is suitable as a membrane, which retains 
liquids and dissolved material, preferably silicone 
rubber. 
The inner space should be ,as much as possible 

completely compressed thereby, so that the total width 
of the hose, a passage possibility for the gas or the solu 
tion in a narrow split is assured. Suitable grid mate-rials 
have, for example, a waffle~like structure, as the 
produce marketed under the name of “poly-net-grid 
material” by the firm Norddeutsche 'Seekabelwerke 
AG, Nordenham, Germany. 
The task of the grid synthetic material, to produce a 

rigid distance between the outer skin of the hose of 
synthetic material and the exchange membrane, so that 
a free flow cross-section for the rinsing liquid and the 
gas stream, respectively, is provided. 
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For the unit, it is in principle of no importance, 
whether the rinsing liquid and the gas, respectively, and 
the liquid to be treated flow in counter or parallel cur 
rent. Since, however, due to the structure of the unit a 
very intensive contact of both media with the exchange 
membrane, and which is obtained in particular over its 
entirev length, due to the greater effectiveness by the 
larger concentration gradients, countercurrent opera 
tion is more advantageous. The grid material and the 
exchange area are, as mentioned already, adjustable to 
a special exchange problem. This applies of course, 
also for the exchange membrane. Thus, one has three 
values to be varied independently from each other, 
with which values possibly speci?c information can be 
given about a product to be I treated and speci?c 
exchange effects can be obtained, respectively. 
The apparatus can be sterilized in the inner space 

andin the outer space and can therefore be applied for 
any type of the material exchange. ' 

Referring now to the drawings, FIG. 1 shows an em 
bodiment of the present apparatus by example only. In 
this embodiment the rinsing liquid and the gas, respec 
tively, enters at one end of the hose 3 of synthetic 

15 

20 

material and emerges on the other end. If the hose 3 of 25 
synthetic material is compressed from the outside, 
simultaneously the membrane hose 1 is formed to a 
very ?at, non-uniformly mounted ?at-hose by the grid 
2 of synthetic’ material engaging both sides. It is ar 
ranged, thereby, that the unit contains only a small 
quantity of liquid to be treated. In order to maintain the 
inner space in the membrane hose 1 at the ends as small 
as possible, itis inserted advantageously with the hose 3 
of synthetic material at a right angle into the closing 
device 5. If the exchange is terminated, the unit is 
suspended perpendicularly and the liquid to be treated 
can escape nearly completely. With a rinsing media in 
addition a washing can be performed and this washing 
process can be observed by the totally transparent unit. 
The pressure loss in the membrane hose 1, related to 
the solution, depends directly upon the length of the 
hose'and its free cross-section. Since both values are 
variable, the pressure loss can be maintained extremely 
low. Since the liquid to be treated can be fed by its 
gravity force, as well as by means of a pump through 
the membrane hose 1, also a higher pressure loss in the 
unit can be overcome. If the unit is very long, the pres 
sure loss caused thereby can be overcome by applica 
tion of a pump. By the driving force (gravity force, 
pump) as well as by throttling of the output, the 
passage-quantity and-speed in the pressure ratio in the 
unit can be varied and be adjusted to the product. The 
same applies for the flow conditions outside of the 
exchange membrane 1. The possibility exists, to adjust 
the passage quantity, the passage speed and the free 
cross-section of the outer flow space by suitable grid 
material 2 to the product to be treated. It is added, that 
the rinsing liquid and the gas, respectively, can press or 
suck through the hose 3 of synthetic material and, 
thereby, can exert an in?uence upon the effect of the 
ultra-?ltration by control of the pressure conditions 
within and without the membrane hose 1. 

Referring now again to the drawings, and inlparticu 
lar to FIG. 2, sealing devices are disclosed, by which 
the hoses of synthetic material are closed. These seal 
ing devices are advantageously machined of synthetic 
material or injection molded. The screws, with which 
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4 
the sealing device can be compressed can be formed of 
any suitable material, in particular metal or synthetic 
material. 

‘ In order to obtain a possibly hand and compact em 
bodiment of the exchanger, it is desirable, in particular 
in longer units, to wind up the hose system in form of a 
double spiral, in order to wind two tubes 8 of synthetic 
material and to tie the same rigidly. This embodiment is 
disclosed in FIG. 3 of the drawings. Upon termination 
of the exchange, the tying can be loosened and the unit 
“can be emptied and rinsed, respectively. 

Referring now to FIG. 4 of the drawings, a selected 
possibility of an embodiment of the present invention is 
shown, as an apparatus which has at one side only two 
accesses 6a and 6b, which make possible the access to 
the individual hoses. This embodiment has the ad 
vantage of greater handiness, in particular in longer 
units. 
The apparatus, designed in accordance with the 

present invention, ful?lls the above-stated require 
ments in a satisfactory manner. It is to be understood, 
however, that the used materials is physiologically per 
fect, and that the apparatus is provided for a sterile use. 
With the apparatus, designed in accordance with the 
present invention, it is possible to maintain sterile also 
the used rinsing solution. 

Since for an exchange process, it is of great~ im 
portance, how often the rinsing liquid and the gas, 
respectively, and the liquid to be treated is fed through 
the exchanger, a great advantage can be seen in the 
fact, that in the apparatus, designed in accordance with 
the present invention, .all parts can be varied as to size 
and form, for example, also the hose width and the hose 
length. By the great number of the parameter of the 
described unit, optimum conditions, often by a single 
passage only through the apparatus, can be determined 
by merely a few tests for any application, and a 
predetermined exchange with ?xed ?ow conditions can 
be selected. 

It is to be understood that also a plurality of units can 
be switched in series. , 
While we have disclosed several embodiments of the 

present invention, it is to be understood that these em 
bodiments are given by example only and not in a limit 
ing sense. - 

We claim: 
VI. A dialysis apparatus for sterile material exchange 

using at least one solution, comprising 
an inner permeable membrane in the form of a ho] 

low empty hose, ' 
a grid of synthetic material, 
a non-rigid outer hose of synthetic material, 
said grid of synthetic material being interposed 
between said inner and outer hoses, 

hose connections carried by said hose of synthetic 
material and adapted to be closed by a protection 
cap, 

c a closing device which set both said hoses, 
both said hoses permitting an access adapted to be 

closed by another protection cap to the membrane 
connection, and 

the ends of said inner and outer hoses being bent at . 
substantially a right angle for insertion into said 
closing device. 

2. The apparatus, as set forth in claim 1, wherein 
said access is disposed on both sides of said hoses. 
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3.‘ The apparatus, as set forth in claim 1, wherein 
two accesses are disposed on one side only. 
4. The apparatus, as set forth in claim 1, wherein 
said hose of synthetic material comprises two foils 
welded together. 

5. The apparatus, as set forth in claim 1, wherein said 
membrane comprises a material selected from the 
group consisting of a regenerated cellulose and a cellu 
lose derivate. 

6. The apparatus, as set forth in claim 1, wherein said 
membrane is permeable to gases and comprises silicone 
rubber. 
'7. The apparatus, as set forth in claim 1, which in 

cludes a grid of synthetic material comprising poly-net 
grid material. 

8. The apparatus, as set forth in claim 1, wherein one 
of said inner» and outer-spaces is sterile. 

9. The apparatus, as set forth in claim 1, wherein 
said hose of synthetic material has from both sides 

hose connections capable of being closed at both 
ends, and 

said hose connections close up also said hose mem 
brane. 

10. The apparatus, as set forth in claim 1, wherein 
said hose of synthetic material has at one side closa 
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6 
ble hose connections, 

one of said hose connections leads to said hose, and 
the other of said hose connections leads to said mem 

brane. 
l l. A dialysis apparatus for sterile material exchange 

using at least one solution comprising 
an inner permeable membrane in the form of a hol 

low empty hose, - 
a grid of synthetic material, 
a non-rigid outer hose of synthetic material, 
said grid of synthetic material being interposed 
between said inner and outer hoses, ' 

hose connections carried by said hose of synthetic 
material and adapted 'to be closed by a protection 
cap, 

a closing device which closes both said hoses, 
both said hoses permitting an access adapted to be 

closed by another protection cap to the membrane 
connection, and 

system of said hoses being wound in a double spiral 
about two tubes of synthetic material. ' 

the system of said hoses being wound in a double 
spiral about two tubes of synthetic material. 

* a: * * a: 


