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a non-porous, closed cell foam. Such a non-porous foam 
contains carbon Jioxide in the bubb!c:s which gradually 
leak out and the foam shrinks. In contrasts in the foams 
of the in\'ention the bubble') break but are strong enough 

5 to keep the ~tructure (i.e. the foam is permanent) and 
no !!ihrinkage. 

The toluene diisocyanate is reacted with a polyalkyl­
enc ~!}col of mn!~cu!ar weight 500 to '!OIJO lo form :t 
qua-.i prepolymer. Preferably polyethylene glycol is U'iCd 
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ABSTRACT <ff THE DlSCLOSl"RE 

S Claim!> 

A srorg.: j-; m;,Je of a polye,ter polyurethane ha\'in!;: 
a <len,ity of 3 tu 4.5 lh.: .:u. ft.. a \Olume :.\\ell in water 
of ZO-.SO';' ~111<l ~1 ~ell ~ile uf I 00 to 5 cells per lim:ar 
inch. The ~ronge i-; rrep;ireJ u~ing three tlifTercnt sur· 
fa~tants and has a11 open cell stru.:ture. 

10 I e.g. prepared from ethylene oxide) but there can abo 
be used polypropylene glycol in the l>ame molecular 
"ei!?ht range. The toluene diisocyanate is used in an 
amounr sufficient to react with all of the polyalkylene 
gi>.:ol and to ha\'e a slight excess of free iso.:~ anate. 

This :ippli.::ition j, a -.on1in11;uion-in-ran o! ::ipr!k:ltion 
Ser. :-.:o. 9Z.Z50 tiled Nov. 23. 1970 and now abandonctf. 

The pre-.ent invention relates to a hydrophilic poly­
urethane foam in sf)\mge rorm. 

There are rn:il"y pol} urcth::ine s on the market 
for uc;e as \.nonl!~ Howcve • l e')e spon;;es do not have 
the water holding or wiping properties of cellulose 
sponges. Al~o they are not hydrophilic. 

Jt is an object of the present invention to provide an 
improvclf polrureth:me <.ronge. 

·Another object is to prepare a pol} urethane sponge 
of improved :\\-.liter hohling power. 

A further object is to prepare a non-shrinkir.g poly­
ureth:ine sponge. 

An additional object is to prepare a polyurethane 
sponge having impro\·ed wiping properties. 

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

It ha'> now been found that these and other object" 
of the invention which will be revealed hereinafter can 
be accomplbhe<l by preparing a rolrurethane sponge of 
specific composition \\hich ha" the water holding. wiping 
and other performance properties of a cellulose sponge, 
but also fa soft when dry. 

All of the functions of the materials present in the 
composition are eo;-;ential. · Hence nll of the materials 
must be present or they must be replaced by equivalent 
m:uerials. The physical prorerties of the sponge most 
al<:o he n" described, er the i;;ctfotro.a~ ~ttl \\<lt.. llc:. 
i;uira6fe. 

The i;cncr::il de-.cription of the foam or sponge is th:it 
it must be the reaction product of a prepolymer of 
toluene diisocyanate with polyethylene oxide nnd a linear 
difllnctional diethykne ]!ly.:ol adipatc polye'iter. The 
pol;urelhane foam ~hould .have a density of J.O to 4.S 
lb.!cu. ft.. preferably being at least 3.5 Jb.lcu. ft., it 
~hould have a •iolume swell in water of 20-50% prefer­
ably at least 35~, ha\'c a mixture of cell sizes ranging 
from very fine to coar<:e, i.e. 100 cellc; per linear inch 
to 5 cells per linear inch and it must incluJe three 
specific types of <;urfactant. rrefer:ihly in a t<W·' _.mount 
of 0.2 to 30% based on the polyurethar. co impro"e 
the initial wetting of the foam or sponge. The cells are 
open cells. 

The starting pol!·esler preferably has n molecular 
weight of 1000-3500, mo-;t preferably ::?flOO. The poly· 
ester as stated in polymerized diethylene glycol adipate. 

It is critical that the toluene diisocy:inate employed 
be the mixture or isomers containing 65% 2.4 isomer 
and 35% 2.6 isomer since when the 80% 2.4 isomer and 
20% 2,6 isomer, suc-h as th;1t U'\ed in Elkins Pat. 2.965.· 
S84 under the trade name Hdene TM. is employed in 
the formulations of the ime11uon the foam obtained is 

1,; The i':A>cyanate ".:Ontent of the quasi prcpolymcr is 3 to 
15'.C. 

The qi.a'>i prepolyi.1er is then reacted with the poly· 
ester anJ free water to form the open cell foam. 
A~ a fo:1w st:ibilizcr there is prderably used Span 60 

2,; \\ hi.:h i:. i.orbitan monostearate but there can also be 
u~d sorbilan monopalmitate (Span 40) :.OJ~-... 
h1ur:1t.: 1 Span :?OJ. or sorbitan mooolcate {Span 80 l. 
Tile~ surfactants arc sorbitnn monocsters of fatty acids 
having 12 to 18 carbon atoms. 

2;; To obtain the desired large bubble forma1jon there 
is employeJ Tween 80 which is poiyoxyethylene sorbitao 
monooleate (20 ethylene oxide units) but there can also 
be emplo)ed polyoxyethylenc sorbitan monolaurate 
(Tween 20) polyoxyethylene sorbitan monopalmitate 

:m <Tween J!)) or polyoxyethylenc sorbitan monostearatc 
(Tween 60), in each case there being 20 ethyler.e oxide 
unit-. pt:r molecule. The.,e surfactants are polyoxyethyl­
cne sorbitan mono~sters of fatty acids having 12 to 18 
carbon atoms an<l have 20 ethylene oxide units per 

:i;; molecule. 
To facilitate initial wetting there is used a surfactant 

which does not react with isocyanates and v.hich does 
not affect foam stability. For this purpose there is em· 
ployed lgepon AC-78 which is the cocC'lnut oil acid~ 

.10 ester of sodium isethionate. 
A preferred range of proportions is 65 to 180 parts 

of the quasi prepolymer of the polyalkylene glycol and 
toluene dii">ocyanate, 20 to 60 parts of diethylene glycol 
aJipate. O.S to 3 parts of the Span 20 or similar ma· 
terial, 0.5 to 3 parts of Tween 80 or similar material and 

4.:; 2 to :?O parts of Ib-epon AC-78. 
To carry out the foaming reaction there can be used 

<>ny oi \he com1enlional b:>Sk car:dysts employed ia poly· 
urethane foam technology, i.e. N-methyl morphotine, N· 

;;o ethyl morpholin.e. trimethyl amine, tricthyl amine, tributyl 
amine and other trialkyl amines, 3-diethytaminopropion· 
amide. triethylamine citrate, triethylenc diamine, die1hyl­
eth:molamine. N.N.N',N'-tetrnbis ( hydroxypropyl) ethyl­
ene dinmine, N,N' • dimethylpiperazine, N,N - dimethyl­
hexah>·droaniline, tribenzyl amine and sodium phenolate. 

;;:; In the above preferred formulation the amine is used in 
an amount of 0.1 to 4.0 part. but this can be varied. 

Likewise tin compounds c:in be included such as stan­
nous octoate. stannous oleate. dibutyltin dilaurate, dibutyl-

GO tin diu..:ctalc, <li·~-cthylhcx}<liin OAi<lc. octylstannoic acid. 
Jibutyltin diethoxide, tributyltin monolaurate, dioctyltin 
Jiacetale. dihutyltin malcnte, trimethyltin hydroxide, 
trimethyltin chloride, as well as other tin compounds set 
forth in Ho'ltettler French Pat. 1,212,252. The amount of 

G.i tin compound u~·~d i<: not critical anJ can be varied as is 
conventional in the art. In the preferred formulation it 
is 0.0 I to 1.0 part. Water is preferably used as the foam­
ing agent and is employed in amount" conventional in 
the art. e.r; .• 0.5 lo 5.0 parts per 100 parts of polyurethane 

iO forming m:llcri:ils. 
Unless otherwb,c indicated all parts and percentages are 

by weight. 
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A typical preferred formuiation range is the reaction 
product or 50-150 parts of rolyeihykne oxide of 500-
2000 mo!e<:ular weight with 15-30 parts of toluene di· 
isocyanate, 20-60 parts of difunctional die1hylene g!)'col 
adipate of molecular weight 1000-3500, O.!-J.O part of .-, 
DABCO (triethylene diamine). 0.15-3 parts of N-meth}I 
morpholine, 0.01-1.0 part of a stannous octoate, 0.5-3 
parts of Span 20, 0.5-3 parts of Tween 80 and :!-20 parts 
of Jgepon AC-78. 

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

EXAMPLE I 

The quasi prepolymer from 60 pans of polyethylene 
oxide having a molecular weight of 1000 v.ith 15 p:1rt<. 1.; 
of toluene diisocyanate ( 65% 2.4 j,omcr. 2.6 i .. omcr J. 
40 parts of c.fie1hylene glycol adipale molecul:1r \\ ci!!hl 
2000, J.8 parh of water. 0.5 rarh of O.\BCO. 1.5 p:1rts 

4 
EXA~1PLE 3 

47 g. prepol}mcr (made from 
1540 :int.I 34 part~ oi ·1 ~1 65) 

0.9 g. HP 
1.0 g. meth)·l morpholinc 
0.2 g. stannous octoate 
0.5 g. Tween 80 
0.1 S· Span 60 
2.5 g. Jgcpon AC-i8 

60 p;1rts of C.1rbow;;x 

This formulation had a density of 3.1 Jb.iper cubic 
foot, and ~welk<l 45% h~· vol11m•: in \i :!!o:r. The ;:db ot 
the foam were open c.:lls. 

\\'h:ll i~ claimeJ i~: 
l. A !in..::.r polye,ter bascJ polyurethane )ponge char-

:1..::..:r11c,I by h;1\ini; the \\i1\er holding anJ \\ipini; rrt)p;;r­
iie' vf :1 ..:..:llulo-e ~J'llll(!C a~1.I al•o bcin~ '>Oft .rnd 110;1-
~hrinJ..ing \\hen llr y, ~;1id 'puni;e h;•\lllg a d.;r;,ity of .di 
to.-l.5 lb :cu.ft.. :1 'Illume -.\1cll in ''ati:r of ::!11 10 511'. of methyl morpholine. 0.1 part oi ,i;mnous o.:l<.lale, I 

part or Span 60. I p:i.rt of T" e.:n 80 :inJ 10 part.. of 
lgepon AC-i8 were ml\.:d It• h•rm ·: f,·,11>1 i!1 1h..: ,f:,1r..: 
of a sponge having a Jcn,itr of J.5 lti. · .:u.h .. :1 \O!ume 
swell in water between :!('-50'; :1ml mi.\ed cell ~i.rc-. 
ranging from I 00 10 5 eel~ .• per linC':1r in..:h. The ~rtm;-.: 
had the w;iter holding and wiping rropertie~ of a ccllukN: 

:!11 ar.d miwJ ori:n e::lh h.11in~ .::::i ~i1e .. r;ingi:ii; from IOO 
10 5 c..:lh p.::· fir>c;ir ind. :ir.,: h;n ing di,r.:r,ed Lhrnu!_:h 
th.: ~r•.m::e J '"r 1.1..:!;1•ii... ';.i,1 'ti' 1;1..:;:inh t•,·ing 1 :11 ;t 
~orhi1;1n mor:oi:~:cr ,,; ;1 fa!ty :i;;iJ !;.o\iai:: I::! to I~ c;1rbon 
~1tl)t"U""• il"'J .. l roi>~l\}Clh\i~:·c ">Olhil=tti lllOllOl"'l~:· O~· a 

:!."• fatty a..: id h:l\iti;: l:? to IX ,;1rroa .. 1,•ni- and .:!O o:th~lenr: 
\. pnge anJ was soft when c.Jry. ·1 he :opuni;e when drr diJ 
"'rl'ot shrink upon standing and the edh w.:rc of the or.:n 

type, i.e., when the fo<lm wa'i fo;1meJ the tiubti:e-. 1-r.;>ke 

•.•I .... ~ 1' ... ... I I I ~ : I.).~ oh."' I "' 

c'tl!r u~· ,0Jil11n 1 .~thH.•!l 11 l'. ··"'a.J ~f'\l••g..; h~n ing b::~n prt: · 
rared by re:1c1ing the t!i.:th_. !::r.c ~iyi:.1! :1.lipat.: rulye,tcr 
\\ith th~ qu~~~i r:~r-u:y::; ...... ;.-:.f i-..•:y..;:t .. .;h::~-.: g.;;._vj ~uu c.'\"" but were strong enough to retain the strur;ture of the 

sponge. 
EXAMPLE 2 

45.6 g. of a prepolymer made hy rc:ic:tion of :?..; I gr~'m' 

30 cr:s-. toluene Jih.01:yana:c in the pr.: .. cnc~ of s~id -.urfac­
tanto; :1nu w:11cr. the ;1lt..} !enc unih o:· •;ii,! rtll) .ii l.} knc 
!!ly.:ol cor.1:1i11i'lt: '.! to ~ ,·;:: Ji,111 atom-. and !!;.: 1oluc•1c 
dij,,1,,;yanale ..:on!.11:1!: ~~ 1-:-·:. r.;; 1hc 2.4 j,om·~r :.:>,! .i5'~ of Carbowax 1540 (a polyetil; kne oxide with a molc..:ular 

weight of 1000. anJ 1:!5 g. of H)l..:ne T!\I 65. (:1 mixcJ ::.; 
toluene diisoqan:1tc h:ning f•5'i oi ;~:.: .'.:..l i•t'fll\:;. ;:nj 
35% of the 2.6 i~omer). 

of the ~. 5 i~orr::::r. 
.?. :\ -ponce a..:..:l.·rJir::: Ill d::ir~l 1 \\h·:n;in 1h;:: ro!•.;:: .:n 

h.1'> a ml1l.:•~1lar \1.;:1,_::{ t-f [1 11111 to ~5t1U and the· ro'}­
..dli.} lenc gly.:ol h.I'> a n:l•:o.:.:u:ar \\Cigh; oi 500 It> :?.1J110. 

20.0 g. polyester F--15-2:?. a dit•thyknc ~!~col adipatc 
polye-.tc1 having a hydroxyl r;uml•cr of 55, 

0.7 g. H20 

"J. :\ 'ro!~~~ ~h.:\.ord;;,:~ h' ~ .. i·•t1 2 ·-.,h~r\,:'i!l la 1 !' ,c,;-.~~'i· 
tan mono'>tcar:1tc. I h) pol} O\) dhylcnc ~ori'itan monu­

!il ofci1te arhl the poh~t ~·.\:=~~ ~l:·~'>I i" p~lhc.:ih~lcrc yfy...:·,L 
2.0 g. mcth;:! morpholine 
0.2 g. litannous oc:toutc 
0.2 g. Span 60 
0.5 !_:. Tw.:en 80 
2.5 g. Jgeron .-\C -71\. a co..:t.ru11 ; .. ;.i ;;,:er l>f ,o,l111•n 

bethionate, made by GAF. 

4. A spon!!e a..:;;ordin;.: to d.11m .3 \\h:rcin th·; pol~t:~.:­
lh:inc j, m:nle frc>m 1>5 Lo ) l\IJ p.1rh t>f the q1 .. 1~i pn:pol:. -
mer, :?O to 60 poirt.. ol th·: .li.:thvl..:ric 11iv.:.,I :1dir:itc ''oi\·. 
e'Ler and thr:re are rit· ., :a i ·1 t.h::: 'P;)~i:c ll . .'i io J p .• ri~ 

.;:; of (a), 0.5 to 3 p;1rt-.of ct-1 and:! Lo 20 parisof (c). 

The foam prepareu by thh formulation had •1 density 
. · .i.7 lbs. per cubic foot an<l ::,\\cllel' 108":":, br volume 
~n immersed in water. It haJ hoth large a1~d small cells. 
and formed profuse amounts of lather when squeezed in 
water. The cell-. in !he fo:!m were of the: O\ll!t\ ci.:.ll \~)\~. 

,jl) 

lf the lgepon AC-78 surfa..:tant i<> replaced \\ith a sur­
factant such as Triton X-100. the: foam coil:ip-.::s during 
formation. The lgepon AC-78 has no effect in the fom11 5,; 
formation, but is released when the foam is wet with 
water. The Tween 80 is the foam <,tabilizer. which allow<; 
the fo11m to form. If it is omitted, the foam collapses dur-

5. A rr-01.·.:, .. t>i rn:p.;ri;11: tho: 'PVll!_!C ol ,,;;;1im 1 com· 
pri .. ing reacting a qu;i,j pr<"pOI} mer of the pol}:tlkylcne 
gl}.:o! and Wlucne ,!ji,u..:~an:ite \\ilh ,.,,,j,~ polyc~t.:r in 1hr.: 
prc-,r.:n.:e uf ~;1:cr :ind ,111f,1l.Wllh (:11, (h). and(..:). 

:2.96.'i.5~:.i 

3.079,350 
3,00:?,937 
::!,9lll.700 
:'!.950,:?6:! 
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ing formation. The Span 60 creates the large cells. Their 
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The formulation is a partial or quasi prcpol)mer formu­
lation. If the same composition is run a<; a one <;hot foam. 
the foam is clo,c<l cell, shrinks anJ is unus.:able. If the 
TM-65 is replaced with 80:20 TD!. the fo:im is clo,ed 
cell even if a quasi prcpolymer formulation is used. 65 

C. W. IVY, As~i">tant Examiner 
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WETTABLE HYDROPHOBIC HOLLOW FIBERS 

Technical Field and Prior Art 
Hydro~hobic membranes, and particularly mi.croporous 

membranes. have proven useful in the field of blood 
S handling for oxygenation of blood, and also for the 

practice of membrane plasmapheresis in which plasma from 

the blood passes throa9h the membrane for collection, 

while the cells are retained. 
It would be desirable to make use of t.he known advan-. 

10 tageo~s flow.and diffusion characteristics of a hollow 

fiber design of membrane in which a bundle of hollow· 

microporous hydrophobic fibers carry blood or other fluid, 
while performinq a separation process with respect to the 
blood. for example, by allowing plasma to pass throu9h the 

15 micropores of the fibers. The blood cells, and in some 
· instances high molecular we~ght components of the plasma, 

cannot pass through the micropores. 
However, in the event that m.icroporous hyd.rophobic 

materia1 is used, it is difficult to get blood or any 
20 other aque~us solutions to flow through the micropores 

because of their hydrophobic nature. 

In Leonard U.S. patent application Serial No. 901,945, 
filed May 1, 1978, corona treatment is used to provide a 

byd.rophobic microporous membrane with a hydrophilic outer 
25 surface in which the micropores retain their hydrophobic 

characteristic. 
It is taught in Japanese Patent No. 79/153872 to 

render porous, polypropylene membranes hydrophil.ic by 

treatment wit.h a water solution of sodium 1aury1 sulfate 
30 or the like (Chemica.l Abstracts 92: 148121.k (1980)). 

U.S. Patent No. 4,087,567 teaches an anticoagulent 

coating composition suitable for coating the interior sur­
faces 0£ 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.diamine 
tetraacetate hel.d in a matrix of polyvinyl pyrroli~one. 

However, none of these systems are suitable for the 

5 purpose of this invention of rendering hydrophilic with an 
organi~ solvent bundles of hollow £ibers or other membrane 
made out of a hydrophobic plastic such as polypropylene, 
particul.arly in a manner which is highly compatibl.e with 
blood. exhibiting very low hemolysis and essentially no 

10 toxicity in the doses applied • 

. Description of the :Invention 
By 1:.his invention hydrophobic membrane, typically con­

tainins micropores of less. than 10 microns, can be 

rendered hydrophi~ic to facilitate the flow 0£ aqueous 
15 liquids such as bl.ood therethrough, with a separated 

material passing through the micropores. This invention 
is particularly contemplated for use in separation devices 
containing bundles of hydrophob:ic, microporous hol.l.ow 
fibers, but the invention is not intended to be 1imited to 

20 such use, but can be used as desired in the medical or 
other £ie1ds for general.l.y improving the flow characteris­
tics of aqueous liquids through narrow fl.ow channels 
defined by hydrophobic plastic surfaces. 

In accordance with this inventionr one may apply to 
25 the bores of a bU:nclle of hollow fibers made of a hydro­

phobic p1astic such as polypropylene a solution of 0.3 to 
l.4, and preferabl.y 1.9 to 3.2, weight percent of a sur­

face active agent in a volatile organic sol.vent. The 

surface active agent consists essentially of a nonio~ic 
30 ester of a carbohydrate moiety and an organic monoacid of 

8 to 30 carbon atoms. Thereafter, the hollow fiber is 
dried to cause t.he 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 a9ents is particularly compatible with blood, 
-with lower hemolysis, for examp1e, than other candidate 
surface active agents such as polyoxyalkylene glycol type 

:S 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 a.bout 3 carbon atoms. The specific sur­
face active agents of this invention exhibit improved 

10 solubility in such organic solvent materials. It is also 
understood tbat a minor amount of hydrogen may also be 
prese~t in the £luorochlorocarbon compounds uti.l.ized in 

this invention if aesired. 
The surface active agents used in this invention also 

15 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 
metabo1izad, and are subject to 1ower degree of toxic ~ 

react.ion. 
20 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, pal.mitic and/or 
oleic ~cids. As a specific examp1e. the mixture may 
incluqe the following typical weight percentages of mono-

25 esters, so1d.as Span 20 by ICI Americas Inc.: sorbitan 
caprate l.ll: sorbitan laurate 43.51; sorbitan myristate 
21.si1 sorbitan pa1mitate 19.2ar and sorbitan o1eate 
S.4t. However, other analogoas esters can be used. pure 
or mixed, preferably monoesters of carbohydrates such as 

30 aorbitan. g1acose, fructose, or other metabolizable carbo­
hydrates of preferably S to 6 carbon atoms. The organic 
JllOnoacids used of 8 to 30. and prefer~bly 10 to·20, carbon 
atoms, may be any appropriate monoacid which reacts with 

the carbohydrate moiety to preferably form a monoester. 
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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 trideca.noic acid,. or mixed 
acids such as linseed oil acids, to provide an appropriate 

s hydrophobic porti.on, combined with the hyd.rophi.lic 
carbohydrate moiety to form the desired surface active 

agent. 
'l'he volati1e organic solvent utilized pre£erably is 

selected from the group consisting of alcohols of no more 

J.O than 3 carbon atoms. for example, methanol. ethanol, or 
isopropano1, ethers of no more than 4 carbon atoms, for 
example diethylether, and fluoroch1orocarbon compounds of 
no more than about 3 carbon atoms, .i.e., Freon-type 
materials such as l,1,2-trich1oro-l,2,2-trifluoroethane. 

15 The fluoroch.lorocarbon compounds of no more than 3"carbon 
atoms are preferred because of their high volatility and 
low fl.a.mmabi.l.ity. The vapors of the £J.uoroch1orocarbon 
compounds or other solvents may be recyc1ed for condensa­
tion and reuse. 

20 The hollow fibers treated in accordance with this 
invention ma.y preferably define :micropores in their walls 
of a si~e of typically no more than a 5 micron and 
preferably l. micron mean diameter. and preferably sized to 
pendt b1ood p1a.sma to £1ow theretbrougb, but to prevent 

25 the passage of substantial number~ of blood cells 

therethrough. To this end it is senerally preferable for 
the mean pore size to be no greater than 0.6 micron, and 
typicall.y no greater than 0.55 m:icron, down to 0.1 
micron. General.ly the pores are at least 0.05 micron in 

30 diameter. 
General.ly if the purpose of use of the treated hollow 

fibers is to separate plasma ~rom 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-

35 tionated, separating out lower molecular weight components 
£rom higher molecular weight components of the plas~a. 
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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 po1yethylene, or 

copolymers containing polypropy1ene or polyethylene units 

s copolymerized with butadiene, divinylbenzene,_ styrene, or 
other units, as wel1 as other hydrophobic plastic 
materials. 

The bore diameters of the hollow fibers are preferably 

from 0.2 to 0.5 millimeter. 

10 De•cription of the Drawinqs 
· In the drawings, Figure l is a longitudinal sectional 

view of a diffusion device in accordance with this inven­

tion. 
Figure 2 is a greatly enlarged longitudinal sectional 

15 view of a single, hollow fiber in accordance with this 
invention. 

Description of Specific Embodiment 
Referring to the drawings, Figure 1 .shows a diffusion 

device which can be used as a membrane plasmapheresis 

20 device. The overa11 structure of the device may be in 
accordance with conventional desi9n for a hollow fiber 
separation device {e.g •• a dialyser), except as otherwise 
described herein. 

Hollow tubular c:asi~g 10 is shown 
25 12 of hollow. hydrophobic fibers made 

to contain a bundle 
preferably of poly--.. 

As is con-propylene or a hydrophobic copolymer thereof. -venticnal, casing 10 defines manifold end caps 14 

surrounding an ~nd mass of potting material i6, t.hroggh 
which the individual fibers 18 of bund1e 12 penetrate to 

30 provide flow communicat~on between inlet 20 and outlet 22 

throu9h the bores 24 of hollow fibers 18. This serves 
typically as the blood flow path through the separation 
device. 
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Outlet port 26 communicates with the spaces within 

bundle 12 but outside of the individual. fibers 18, and 

also manifold spacea 28, 32. In·the case 0£ an oxygena­

tor, in1.et port 30 can be provided to provide oxygen to 

S manifold apace 32, where the oxygen flows between the 

individua1, hol1ow fibers 18 to collect in manifold space 

2S 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 tbrough the 

wall of hollow fiber 18 from bora 24 to the space between 

the individual fibers is, 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 which are typically less-.than 1 microzi"i;; ---=----·-. .... ··--··· 
size, and are preferably about 0.3 to 0.55 mi~ron in the 

case of membrane plasmapheresia. 

After bui1ding of the separation device as sh_ow.n in 

20 Figure i. aubstantia1 di.fficu1ties may exist in passing 

aqueous so1utions such as blood through the micropo~es 34 

of hollow fibers 18, because of tbe 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 IC.I Americ:a.s) can be mixed 

in a proportion of, for example aboqt 10 to 16.3 weight 

percent in a reactor with the balance being 

l,l.2-trichloro-1.2~2-trifluoroethane (Freon 113) and 

stirred or shaken to dissolve the Span 20 into the Freon 

30 material. 'l'he mixture is then allowed to stand quietly 

until it fractiona.t.es into two separate fractions. The 

lower :fract~on is a soiution of Freon 113 and t.he purified 

sorbitan monoester mixture {hereafter called sorbitan 

monolaurate), and is collected for further use. 
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The collected solution is furtber diluted with Freon 

113 to a sor~itan monolaurate concentration of about 1.9 

to 3.2 percent by weigbt. 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 boll.ow fibers through micropores 34. The 

hollow fibers are then allowed to drain by· gravity, cen-

10 trifuqed for final draining, and dried in an oven at about 

15 

135° F. Thus a film of aorbitan monolaurate adheres to 

the surfaces of each fiber 18 including the inner surfaces 

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 technique. 

The resulting device readily receives blood flow in a 

uniform, complete manner through·micropores of the 

individua2 fibers 18 for membrane plasmapheresis, or blood 

20 fractionation, or £or other separation techniques with 

other aqueous solutions than blood. Such treatment with 

blood has been shown to be feasible without unacceptable 

levels of hemolysis or other ill ef£•ct. 

The above has been offered for illustrative purposes 

25 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 WHICH IS CLAIMED IS: 

1. The method . of apply.ing a hydrophobic membrane made 
of hydrophobic plastic, containing micropores of less than 

10 microns diameter. a solution of 0.3 to 14 weight per-
. 5 cent of a ~urface active agent in a volatile organic 

solvent, said surface active agent consisting essential.ly 
of a nonionic ester of a carbohydrate moiety and an 
organic monoacid 0£ 8 to 30 carbon atoms, and thereafter 
drying said membrane to cause said surface active agent to 

l.O coat said micropores, whereby aqueous liquids easil.y flow 
through said micropores. 

2. 'l'he method of Claim l. in which said membrane is a 
bundle of hollow fibers which define micropores in their 
walls of a size to permit blood plasma to flOY there-

15 through but to prevent the passa9e of substantia1 numbers 
of b1ood eel.ls therethrough. 

3. The method of Claim 2 in Which said hollow fibers 

are made of po1ypropylene. 

4. 'l'he method of Claim 2 in which said volatile or-
20 9anic solvent is selected from tbe 9roup consisting of 

alcohols of no more than 3 carbon atoms, ethers of no more 
than 4 carbon atoms, and f1uoroohlorocarbon compounds o.£ 

no more than 3 carbon atoms. 

5. The method of C1aim 2 in which the bore diameter 
25 of said hollow fiber is from 0.2 to 0.5 mm. and said 

hollow fibers define microporea in its wall of no more 

than 1 micron diameter. 
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6. The method of C1aim 2 in which said ~urface active 

agent is a monoester. 

7. The method of Claim 6 in which said sur£ace active 

agent is aorbitan monolaurate. 

5 8. '!'he met.hod of a.ppl.ying to the bores of a bundle of 

hollow fibers ma.de of hydrophobic piastic 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 at~s, said 

surface active agent comprising a nonionic monoester of a 
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 

1sbores of said fibers, whereby aqueous liquids easily fiow 
therethrough. 

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

are made ~ polypropylene. 

10. 'l'he method of Claim 9 in which said hollow fibers 
20define 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. 

ll. 'l'he method of Claim 10 in which said organic sol-
2Svent is 1,1,2-trichloro-1,2,2-trifluoroethane. 

12. The method of Claim 1.1 in which said surface 

activ~ agent is a mixture of sorbitan :monoesters, 

dissolved in a solution concentration of 1.9 to 3.2 weight 
percent. 
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13. A membrane made of hydrophobic plastic having 
micropores of no more than essentially 5 microns mean 
diameter, said microporea being coated with a ~ilm 0£ a 
surface active agent consisting essentially of a nonionic 

s· ester of a. carbohydrate moiety and an organic monoacid of 
8 to 30 carbon atoms. 

14. The membrane of Claim 13 in which said s1lrface 
active agent Ls a monoester. 

15. The membrane of Cl.aim 13 in which said surface 

10 active aqent is a mixture of monesters including sorbitan 
monolaurate. 

16.. The membrane of Claim l.3 which is made of pol.y­
propylene. 

17. The membrane of Claim 13 which is a hell.ow fiber 
1.5 defining micropores in its wall no more than l micron in 

diameter and of a size to permit blood pl.aama to flow 
therethrough but to prevent the passage of substantial. 
numbers of blood cells therethrough. 

J.B. The bol.J.ow fiber of Claim J.7 having a bore 
20 diameter 0£ 0.2 to 0.8 millimeter and defining micropores 

in its wall. of 0.05 to 0.6 micron mean diameter. 

19. A bundl.e of the bo11ow fibers 0£ C1aim 18. 

20. A bundle of boll.ow fibers made of hydrophobic 
plastic and having Jllicropores of a mean diameter of 0.1 to 

25 0 .. 6 micron, said ndcropores carrying a coating of a non- > 

ionic monoester of a carbohydrate moiety and an· organic 
monoaeid of 10 to 20 carbon atoms. 
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21. The bundle of Claim 20 in which said monoester is 

sorbitan monolaurate. 

22. The bundle of Claim 20 in Which said hollow 

fibers define mieropores in their walls of a size to 

S permit blood plasma to flow therethrough but to prevent 

the passage of substantial numbers of blood cel1s 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 o.s millimeter. 

25. A .membrane p1asmapheresis device made from the 

bundle of Claim 24. 
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