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ABSTRACT OF THE DISCLOSURE

A sporge is mude of a polyester polyurethane having
a density of 3 1o 4.5 Tboocu. fi o volume swell in water
of 20-50%¢ and u cell size of 100 10 5 cells per linear
inch. The sponge is prepared using three different sur-
factants and has an open cell structure.
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Ser. No. 92,250 tiled Nov. 23, 1970 and now abandoned.
The present invention relates to a hydrophilic poly-
urcthane foam in sponge form,

There are mary polyurcthang s on the market
for use as sponges. HowevTr, these sponges do not have

This application is a continuyinn-in-pari of application

the waier holding or wiping properties of celinjose ~

sponges. Also they are not hy hilic.

It is an object of the present invention to provide an
improved polyurethane sponge.

"Another object is to prepare a poliurethanc sponge
of improved water holding power. -

A further object is to prepare a non-shrinking poly-
urethane sponge.

An additional object is to prepare a polyurethane
sponge huving improved wiping propertiss.

Yet another object is to prepare a polyurethane sponge
which is soft when dry.

It has now been found that these and other objects
of the invention which will be revealed hereinafier can
be accomplished by preparing a polyurethane sponge of
specific composition which has the water holding. wiping
and other performance properties of a cellulose sponge,
but also is soft when dry.

All of the functions of the materials present in the
composition are essentinl.” Hence all of the materials
must be present or thty must be replaced by equivalent
materials. The physical properties of the sponge must
also he as described, or the gerformance will oot be
surtabfe,

The general description of the foam or sponge is that
it must be the reaction product of a prepolyiner of
toluene diisocyanate with polyethylene oxide and a linear
difunctional dicthylene glycol adipate polyester. The
polyurethane foam should have a density of 3.0 10 4.5
Ib./cu. ft. preferably being at Jeast 3.5 lb./cu. It it
should have a volume swell in water of 20-50% prefer-
ably at least 35%, have a mixture of cell sizes ranging
from very fine to coarse, ie. 100 cells per lincar inch
to 5 cells per lincar inch and it must include three
specific types of surfactant. preferably in a tot»? .mount
of 0.2 to 30% based on the polyurethar. o improve
the initial wetting of the foam or sponge. The cells are
open cells,

The starting polvester preferably has a molecular
weight of 1000-3500, most preferably 2000. The poly-
ester as stated in polymerized diethylene glycol adipate.

It is critical that the toluene diisocyanate employed
be the mixture of isomers containing 65% 2.4 isomer
and 35% 2.6 isomer since when the 8% 2.4 isomer and
205 2,6 isomer, such as that used in Elkins Pat. 2,965.-
584 under the trade name Helene TM, is employed in
the formulations of the invention the foam obtained is
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a non-poraus, closed cell foam. Such a non-porous foam
contains carbon Jioxide in the bubbles which gradually
leak out and the foam shrinks. In contrasts in the foams
of the invention the bubbles break but are strong enough
10 keep the structure (i.e. the foam is permanent) and
no shrinkage.

The toluene diisocyanate is reacted with a polyalkyl-
ene plycol of molecular weisht 500 1o 2000 to form 2
quast prepolymer. Preferably polyethylene glycol is used
le.g. prepared from ethylene oxide) but there can also
be used polypropylene glycol in the same moiecular
weight range. The toluene diisocyanate is used in an
amount sufficient to react with alt of the polyalkylene
giyeol and to have a slight excess of free isocianate.
The icocyanate <ontent of the quasi prepolymer is 3 to
I5C.

The quasi prepolynier is then reacted with the poly-
ester and free wiier 1o form the open cell foam.

As a foam stabilizer there is preferably used Span 60
which is sorbitan monostearate but there can also be
used sorbitan monopulmitate (Spaun 40) sorbilan_mono-
taurate (Span 20}, or sorbitan moooleate {(Span $0).
These surfactants are sorbitan monoesters of fatty acids
having 12 to 18 carbon atoms.

To obtain the desired large bubble formation there
is employed Tween 80 which is poiyoxyethylene sorbitan
monooleate (20 ethylene oxide units) but there can also
be emploved polyoxyethylene sorbitan monolaurate
{Tween 20} polvoxyethylene sorbitan monopalmitate
{Tween 40) or polyoxyethylene sorbitan monostearate
(Tween 60), in cach case there being 20 ethylere oxide
unils per molecule. These surfaciants are polyoxyethyl-
cne sorbitan monoesters of fatty acids having 12 to 18
carbon atoms and have 20 ethylene oxide units per
molecule.

To facilitate initial wetting there is used a surfactant
which does not react with isocyanates and which does
not affect foam stability. For this purpose there is em-
ployed lgepon AC-78 which is the coconwt oil acids
cster of sodium isethionate,

A preferred range of proportions is 65 to 180 parts
of the quasi prepolymer of the polyalkylene glycol and
toluene diisocyanate, 20 to 60 parts of diethylene glycol
adipate, 0.5 to 3 parts of the Span 20 or similar ma-
terial, 0.5 to 3 parts of Tween 80 or similar material and
2 to 20 parts of Igepon AC-78.

To carry out the foaming reaction there can be used
any of she conventional basic caralysts employed ia poly-
urethane foam technology, ie. N-methyl morpholine, N-
ethyl morpholine, trimethyl amine, triethyl amine, tributyl
amine and other trialkyl amines, 3-diethylaminopropion-
amide, triethylamine citrate, triethylene diamine, diethyl-
ethanolamine, N.N.N',N'-tetrabis (hydroxypropyl) ethyl-
ene diamine, N,N”-dimethylpiperazine, N,N - dimethyl-
hexahydroaniline, tribenzy! amine and sodium phenolate.
In the above preferred formutation the amine is used in
an amount of 0.1 to 4.0 part, but this can be varied.

Likewise tin compounds can be included such as stan-
nous octoate, stannous oleate, dibutyltin dilaurate, dibutyl-
tin diucetale, di-2-cthythexyliin oxide, octylstannoic acid,
dibutyltin diethoxide, tributyltin monolaurate, dioctyltin
dincetate, dibutyltin malente, trimethyltin  hydroxide,
trimethylttin chloride, as well as other tin compounds set
forth in Hostettler French Pat. 1,212,252, The amount of
tin compound used is not critical and can be varied as is
conventional in the art. In the preferred formulation it
is 0.01 to 1.0 part. Water is preferably used as the foam-
ing agent an is employed in amounts conventional in
the art, e.¢., 0.5 to 5.0 parts per 100 parts of polyurethane
forming materials.

Unless otherwise indicated af! parts and percentages are
by weizght.
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A typical preferred formuiation range is the reaction
product of 50-150 purts of polyethylene oxide of 500
2000 molecular weight with 15-30 parts of toluene di-
isocyanate, 20-60 parts of difunctional diethylene glycol
adipate of moleculur weight 1000-3500, 0.1-1.0 part of
DABCO (tricthylene diamine), 0.15-3 parts of N-methy!
morpholine, 0.01-1.0 part of a stannous ocloate, 0.5-3
parts of Span 20, 0.5-3 parts of Tween 80 and 2-20 parts
of Igepon AC-78.

A specific example of preparing a preferred sponge hav-
ing the above described properties is set forth below:

EXAMPLE 1

The quasi prepoiymer from 60 parts of polyethylene
oxide having a molecular weight of 1000 with 25 parts
of toluene diisocyanate (6572 2.4 iomwer, 2.6 isomer).
40 parts of dicthylene glycol adipate molecular weight
2000, 1.8 paris of water. (.3 parts of DABCO, .S purts
of methyl morpholing, (.1 part of stannous ocloate, I
part of Spur 60, 1 part of Tween X0 and 10 purts of
Igepon AC-78 were muxed 1o forin 1 foeaa i the shape
of a sponge having a density of 2.5 {b . cuft., a volume
swell in water between 20-50‘¢ and mixed cell sizes
ranging from 100 10 § ceils per lincor inch, The sponge
had the water holding and wiping properties of a cellulose
M:onge and was soft when dry. The spunge when dry did

ot shrink upon standing and the cells were of the open
type, i.e., when the foam was foumed the bubbles broke
but were strong enough to retuain the structure of the
sponge.
EXAMPLE 2

45.6 g. of a prepolymer made by reaction of 241 grams
of Carbowax 1540 {a polyetis lene oxide with a molecular
weight of 1000, and I25 g. of Hylene TM 63, (a1 mixed
toluene dilsocyaniute hining 6377 of the 24 bome, and
35% of the 2.6 isomer).

20.0 g. polyester F-15-22, a dicthylene ghycol adipate
polyester having a hydroayl number of 53,

0.7 E. Hzo

2.0 g. methy! morpholine

0.2 g. stannous octoate

0.2 g. Span 60

0.5 g. Tween &0

2.3 g, lzepon AC780 a cocunut wodd oster of sodiven
isethionate, made by GAF.

The foam prepared by this formulation had a density
. 3.7 tbs. per cubic foot and sweiled 10874 by volume
Mn immersed in waicr. It had both large ard small cells,
and formed profuse amounts of Luther when squeczed in

water. The cells in the foam were of the open cell wye.

If the Igepon AC-78 surfactant is replaced with a sur-
factant such as Triton X-100. the foam collupses during
formation. The Igepon AC-78 has no effect in the foam
formation, but is released when the foam is wet with
water. The Tween 80 is the foam stabilizer. which allows
the foam to form. If it is omilted, the foam collapses dur-
ing formation. The Span 60 creates the large cclls. Their
size and number depends on the amount added.

The formulation is a partial or quasi prepolymer formu-
lation. If the same composition is run as a one shat foam.
the foam is closed cell, shrinks and is unuseable, If the
TM-65 is replaced with 80:20 TDI, the foam is closed
cell even if a quasi prepolymer formulation is used.

3,806,474
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EXAMPLE 3

47 g. prepolymer (made from 60 puarts of Curbowux
1540 and 34 parts of TM 65)

0.9 £. H,;O

2.0 g. methyl morpholine

0.2 g. stannous ocioule

0.5 g. Tween 80

0.1 ¢. Span 60

2.5 g. Igepon AC-78

This formulution had a density of 3.1 Ib./per cubic
foot, and swelled 4595 by volume in water. The celly of
the foam were open cells.

What is claimed is:

L A lincar polyester based polyurethane sponge char-
acterizesd by having the waier holding and wiping propei-
ties of a cellulose sponge and abo being soft amd non-
shrinking when diy, said sponge having a density of 5.0
o 4.5 b “cudt. a solume swell in water of 20 0 307,
and mixed open ¢2ifs having ceil sizes ranging from 100
5 eolls per lincar inch and having dispersed through
the sponge 3 sutlavtanis, sad swrfaciants being (a) o
sorbitiunt morovster of u fatty avid having 12 to I8 carbon
atoms, (1) o poisunyethvicre sorhilin monoester of a
futty acid having 12 to 13 carbon stoms und 20 cthylene
R N O I L S A A T R
ester of sodium sethien eey sadd sporgs having been pre-
pared by reacting the diethylene zivea! adipate polyester
with the quast prepeiyme= af joeyaibyiene glyool aid ea-
coss toiuene dilsocvanate in the presence of said surfac-
tants and water. the aliylene units 0f waid polyathylene
glycol containing 2 10 3 varbon wtoms und the toluene
diizvocyunate vontamne 2 €540 ¢! the 2.4 isomer amd 35870
of the 2,5 isomar.

2. A sponge aceerdirg 1o cliain 1 wherein the polye.ter
has o molecular went ¢f (000 10 3300 and the po's-
alkylene glycol has a moleculur weight of $00 (o 2060,

3 A spone poeonding 10 SaTor 2 whercin () s sorhi-
tan monostearate. (h)y polhonsethylene sorbitan mono-
oleate amd the polva ke'ene zlyiiol is potvethylere plycsl.

4. A sponge aveonhing to clum 3 wherein the polvure-
thane is made from 635 10 150 parts Of the Quasi prepoly-
mer, 20 to 60t parts of the dicthylene glyeol adipate poiy-
ester and there are prewst i the sponge 0.5 10 3 parts
ol (2), 0.5 to 3 pasts of tb) und 2 10 20 paris of (c).

5. A process of preparing the sponge of ciaim 1 com-
prising reacting a quasi prepolymer of the polyalkylene
glycol aml toluene ditsocyanate with said polyester in the
prosence of water amd ~mfactaats (ad, (b). and (o).
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. Abundle (12) of hydrophobic membranes (18) made of hydrophobic plastic containing micropores of less than 10
microns in dxagneter is treated with an organic solvent containing monoester-type surface active agent to coat the micro-
pores, to permit aqueous liquid to easily flow through the micropores. The coated membranes (18) are not toxic and are
particularly compatible with blood, exhibiting very low hemolysis.
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WETTABLE HYDROPHOBIC HOLLOW FIBERS

Technical Field and Prior art

Hydrophobic membranes, and particularly microporous
menbranes, have proven useful in the field of blood
handling for oxygenation of blood, and alsoc for the
practice of membrane plasmapheresis in which plasma from
the blood passes through the membrane for collection,
while the cells are retained.

It would be desirable to make use of the known advan~
tageous fl&w;and diffusion characteristics of a hollow
fiber ﬁesign of membrane in which a bundle of hollow:
microporous hydrophobic fibers carry blood or other fluid,
while performing a separation process with respect to the
blood, for example, by allowing plasma to pass through the
micropores of the fibers. The blood cells, and in some
instances high molecular weight components of the plasma,
cannot pass through the micropores.

However, in the event that microporous hydrophobic
material is used, it is difficult to get blood or any
other aqueous solutions to flow through the micropores
because of their hydrophobic natunre.

In Lecnard U.S. patent application Serial No. 901,945,
filed May 1, 1978, corona treatment is used to provide a
hydrophobic microporous membrane with a hydrophilic outer
surface in which the micropores retain their hydrophobic
characteristic, )

It is taught in Japanese Patent No. 797153872 to
render porous, polypropylene membranes hydrophilic by
treatment with a water solution of sodium lauryl sulfate
or the like {Chemical Abstracts 92: 148121k (1980)).

U.S. Patent No. 4,087,567 teaches an anticoagulent
¢oating composition suitable for coating the interior sur-
faces of a blood microsample collection tube such as a

Mimosa 21:42:25
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capillary tube, typically made of glass. The coating
composition consists essentially of ethylene,diamihe
tetraacetate held in a matrix of polyvinyl pyrrolidone.

However, none of these systems are suitable for the
purpose of this invention of rendering hydrophilic with an
organic solvent bundles of hollow fibers or other membrane
made out of a hydrophobic plastic such as polypropylene,
particularly in a manner which is highly compatible with
blood, exhibiting very low hemolysis and essentially no
toxicity in the doses applied.

Description of the Invention

By this invention hydrophobic membrane, typically con-
taining micropores of less than 10 microns, can be
rendered hydrophilic to facilitate the flow of aqueous
liquids such as blood@ therethrough, with a separated
material passing through the micropores. This invention
is particularly contemplated for use in separation devices
containing bundles of hydrophobic, microporous hollow
fibers, but the invention is not intended to be limited to
such use, but can be used as desired in the medical or
other fields for generally improving the flow characteris-
tics of aqueous liquids through narrow flow channels
defined by hydrophobic plastic surfaces.

In acvcordance with this invention, one may apply to
the bores of a bundle of hollow fibers made of a hydro-
Phobic plastic such as polypropylene a solution of 0.3 to
14, and preferably 1.9 to 3.2, weight percent of a sur-
face active agent in a wvolatile organic soclvent. The
surface active agent consists essentially of a nonionic
ester of 2 carbochydrate moiety and an organic monoacid of
8 to 30 carbon atoms. Thereafter, the hollow f£iber is
dried to cause the surface active agent to coat the
surfaces of the fibers, including their micropores,
whereby aqueous liquids can easily flow therethrough.

Mimosa 21:42:25
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It has been found that this particular family of sur-
face active agents is particularly compatible with blood,

.with lower hemolysis, for example, than other candidate

surface active agents such as polyoxyalkylene glycol type
surface active agents.

It is preferred for the volatile organic solvent to be
a Freon~type material, i.e., a fluorochlorocarbon compound
of no more than about 3 carbon atoms. The specific sur-
face active agents of this invention exhibit improved
solubility in such organic solvent materials. It is also
understood that a minor amount of hydrogen may also be
present in the fluorochlorocarbon compounds utilized in
this invention if desired.

The surface active agents used in this invention also
exhibit improvements over surface active agents of the
polyoxyalkylene glycol type in that the surface active
agents of this invention are more efficient, more easily
metabolizad, and are subject to lower degree of toxic -
reaction. .

A specific example of -the surface active agent of this
invention which is'preferred is a mixture of monoesters of
sorbitan with capric, lauric, myristic, palmitic and/or
oleic acids. As a specific example, the mixture may
include the following typical weight percentages of mono-
esters, sold.as Span 20 by ICI Americas Inc.: sorbitan

_caprate 1.13%; sorbitan laurate 43.5%; sorbitan myristate

27.8%; sorbitan palmitate 19.2%; and sorbitan oleate

8.4%. However, other analogous esters can be used, pure
or mixed, preferably monoesters of carbohydrates such as
sorbitan, glucose, fructose, or other metabolizable carbo-
hydrates of preferably 5 to & carﬁon atoms. The organic

. monoacids used of 8 to 30, and preferably 10 to' 20, carbon

atoms, may be any appropriate monoacid which reacts with
the carbohydrate moiety to preferably form a monoester,

Mimosa 21:42:25
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i.e., one carbohydrate molecule reacted with one monoacid
molecule. The acids which may be used include those des-
cribed above or others such as tridecanoic acid, or mixed
acids such as linseed oil acids, to provide an appropriate
hydrophobic portion, combined with the hydrophilic
carbohydrate moiety to form the desired surface active
agent.

The volatile organic solvent utilized preferably is
selected from the group consisting of alcohols of no more
than 3 carbon atoms, for example, methanol, ethanol, or
isopropanol, ethers of no more than 4 carbon atoms, for
example diethylether, and fluorochlorocarbon compounds of
no more than about 3 carbon atoms, i.e., Freon-type
materials such as 1,1,2-trichloro-l,2,2-trifluorcethane.
The fluorochlorocarbon compounds of nco more than 3 carbon
atoms are preferred because of their high volatility and
low flammability. The vapors of the fluorochlorocarbon
compounds or other solvents may be recycled for condensa-
tion and reuse.

The hollow fibers treated in accordance with this
invention may preferably define micropores in their walls
of a size of typically no more than a 5 micron and
preferably 1 micron mean diameter, and preferably sized to
pernit blood plasma to flow therethrough, but to prevent
the passage of substantial nﬁmbers of blood cells
therethrough. To this end it is generally preferable for
the mean pore size to be no greater than 0.6 micron, and
typically no greater than 0.55 micron, down to 0.1
micron. Generally the pores are at least 0.05 micron in
diameter. .

Generally if the purpose of use of the treated hollow
fibers is to separate plasma from blood cells, the size of
the pores may be about 0.3 to 0.55 micron. At lower pore
sizes, particularly below 0.1 micron, plasma may be frac-
tionated, separating out lower molecular weight components

B o

from higher molecular weight components of the plasnha-
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While the hollow fiber may be made of polypropylene as
stated above, it may also be made of any hydrophobic
material as may be desired, for example polyethylene, or
copolymers containing polypropylene or polyethylene units
copolymerized with butadiene, divinylbenzene, styrene., or
other units, as well as other hydrophobic plastic
materials.

The bore diameters aof the hollow fibers are preferably
from 0.2 to 0.5 millimeter.

Description of the Drawings

- In the drawings, Figure 1 is a longitudinal sectional
view of a diffusion device in accordance with this inven-

tion.
Figure 2 is a greatly enlarged longitudinal sectional
view of a single, hollow fiber in accordance with this

invention.

Description of Specific.ﬂmbodiment

Referring to the drawings, Figure 1 shows a diffusion
device which can be used as a membrane plasmapheresis
device. The overall structure of the device may be in
accordance with conventional design for a hollow fiber
separation device {(e.g., a dialyzer), except as otherwise
described herein.

Hollow tubular casing 10 is shown to contain a bundle
12 of hollow, hydrophobic fibers made preferably of poly-
propylene or a hydrophobic copolymer thereof. As is ;;;—
ventional, casing 10 defines manifold end caps 14
surrounding an end mass of potting material 16, through
which the individual fibers 18 of bundle 12 penetrate to
provide flow communication between inlet 20 and outlet 22
through the bores 24 of hollow fibers 18. This serves
typically as the blood flow path through the smeparation
device. '

Mimosa 21:42:25
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Outlet port 26 communicates with the spaces within
bundle 12 but outside of the individual fibers 18, and s
also manifold spaces 28, 32. 1In-the case of an oxygena-~

L1

tor, inlet port 30 can be pravided to provide oxygen to
5 manifold space 32, where the oxygen flows bhetween the
individual, hollow fibers 18 to collect in manifold space
28 and to pass outwardly through port 26.
In the event that the device is a membrane plasma-
pheresis device, inlet port 30 is unnecessary, but may be

10 present as a second outlet. The product passing through
outlet port 26 is blood plasma, which passes through the
wall of hollow fiber 18 from bora 24 to the space between
the individual fibers 18, for draining out of outlet port
26, and also port 30, if desired.

15 Typically, the hollow fibers 18 contain a multitude of
micropores 34 man 1 micron in
size, and are preferably about 0.3 to 0.55 micron in the
case of membrane plasmapheresis.

After building of the separation device as shown in

20 Pigure 1, substantial difficulties may exist in passing

' agquecus solutions such as dblood through the micropores 34
of hollow fibers 18, because of the natural hydrophobic
nature of the material from which they are made.
Accordingly, an impure form of sorbitan fatty ‘acid esters

!25 (for example, Span 20 sold by ICI Americas) can be mixed

' in a proportion of, for example about 10 to 16.3 weight
percent in a reactor with the balance being
l,1.2-trichloro=-1,2,2~trifluvorcethane {(Freon 113) and
stirred or shaken to dissolve the Span 20 into the Freon

30 material. The mixture is then allowed to stand gquietly
until it fractionates into two separate fractions. The
lower fraction is a solution of Freon 113 and the purified ¥
sorbitan monoester mixture {hereafter called sorbitan
monolaurate), and is coliected for further use.

s
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The collected solution is further diluted with Freon
113 to a sorbitan monolaurate concentration of about 1.9
to 3.2 percent by weight. A bundle 12 of hollow fibers,
installed in-casing 10 and sealed with sealant 16 in con-
ventional manner, with the end caps 14 off, is positioned
to receive the diluted Freon solution of sorbitan mono-
laurate through port 26, with the solution passing into
bores 24 of the hollow fibers through micropores 34. The
hollow fibers are then allowed to drain by gravity, cen-
trifuged for final draining, and dried in an oven at about
135° F. Thus a film of sorbitan monoclaurate adheres to
the surfaces of each fiber 18 including the inner =urfaces
of micropores 34. Following this, end caps 14 may be :
applied to the device, and it may be sterilized by
treatment with ethylene oxide or other desired sterili-
zation technigque.

The resulting device readily receives blocd flow in a
uniform, complete manner through micropores of the
individual fibers 18 for membrane plasmapheresis, or blood
fractionation, or for other separation techniques with
other aqueotts solutions than blood. Such treatment with
blcod has been shown to be feasible without unacceptable
levela of hemolysis or other 111 effect.

The above has been offered for illustrative purposes
only, and is not intended to limit the scope of the inven-
tion of this application, which is as defined in the

claims below.
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THAT WHICE 1S CLAIMED IS:

l. The method of applying a hydrophobic membrane made
of hydrophobic plastic, containing micropores of less than
10 microns diameter, a solution of 0.3 to 14 weight per-
cent of a surface active agent in a volatile organic
solvent, said surface active agent consisting essentially
of a nonionic ester of a carbohydrate moiety and an
organic monocacid of 8 to 30 carbon atoms, and thereafter
drying said membrane to cause said surface active agent to
coat said micropores, whereby aqueous ligquids easily flow
through said micropores.

2. The method of Claim 1 in which said membrane is a
bundle of hollow fibers which define micropores in their
walls of a size to permit blood plasma to flow there-~
through but to prevent the passage of substantial numbers
of blood cells therethrough.

3. The method of Claim 2 in which said hollow fibers
are made of polypropylene.

4. The method of Claim 2 in which said volatile or-
ganic solvent is selected from the group consisting of
alcohols of no more than 3 carbon atoms, ethers of no more
than 4 carbon atoms, and fluorochlorocarbon compounds of
no more than 3 carbon atoms.

5. The method of Claim 2 in which the bore diameter
of said hollow £iber is from 0.2 to 0.5 mm. and said
hollow fibers define micropores in its wall of no more
than 1 micron diameter.
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6. The method of Claim 2 in which said surface active

agent is a monoester.

7. The method of Claim 6 in which said surface active
agent is sorbitan monolaurate.

5 8. The method of applying to the bores of a bundle of
hollow fibers made of hydrophobic plastic having micro-
pores less than 10 microns in diameter a solution of 0.3
to 14 weight percent of a surface active agent in a vola-
tile organic solvent consisting essentially of a fluoro-—

10 chlorocarbon compound of no more than 3 carbon atoms, said
surface active agent comprising a nonionic monoester of 3
carbohydrate moiety and an organic monoacid of 10 to 20
carbon atoms, and thereafter drying said bundle of hollow
fibers to cause said surface active agent to coat the

15 bores of sald fibers, whereby aqueous liquids easily flow
therethrough. :

9. The method of Claim 8 in which said hollow fibers
are made of polypropylene.

10. The method of Claim 9 in which said hollow fibers
20 define micropores in their wall of less than 0.05 to 0.6
micron mean diameter to permit blood plasma to £flow there-
through but to prevent the passage of substantial numbers
of blood cells therethrough.

1l. The method of Claim 10 in which said organic sol-
25vent is 1,1,2-trichloro~1,2,2-triflvorocethane.

12. The method of Claim 11 in which said surface

active agent'is a mixture of sorbitan monoesters,
dissolved in a solution concentration of 1.9 to 3.2 weight
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13. A membrane made of hydrophobic plastic having
micropores of no more than essentially 5 microns mean
diameter, said micropores being coated with a film of a
surface active agent consisting essentially of a nonionic
ester of a carbohydrate moiety and an organic moncacid of
8 to 30 carbon atoms. '

14. The membrane of Claim 13 in which said surface
active agent is a monoester.

15. The membrane of Claim 13 in which said surface
active agent is a mixture of monesters including sorbitan
monolaurate.

16. The membrane of Claim 13 which is made of poly;
propyYlene.

17. The membrané of Claim 13 which is a hollow fiber
defining micropores in its wall no more than 1 micron in
diametér and of a size to permit blood plasma to flow
therethrough but to prevent the passage of substantial
numbers of blood cells therethrough.

18. The hollow fiber of Claim 17 having a bore
diameter of 0.2 to 0.8 millimeter and defining micropores
in its wall of 0.05 to 0.6 micron mean diameter.

19. A bundle of the hollow fibers of Claim 18.

20. A bundle of hollow fibers made of hydrophobic
plastic and having micropores of a mean diameter of 0.1 to
0.6 micron, said micropores carrying a coating of a non-
ionic monoester of a carbohydrate moiety and an organie
monoacid of 10 to 20 carbon atoms.
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21. The bundle of Claim 20 in which said monoester is

sorbitan monolaurate.

i 22. The bundle of Claim 20 in which said hollow
fibers define micropores in their walls of a size to
5 permit blood plasma to flow therethrough but to prevent
the passage of substantial numbers of blood cells there-

through.

23. The bundle of Claim 22 in which said hollow

fibers are made of polypropylene.

10 24, The bundle of Claim 23 in which the bore diameter
of said hollow fibers is from 0.2 to 0.5 millimeter.

25. A membrane plasmapheresis device made from the

bundle of Claim 24.
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