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2000-29

A HYDROPHILIC POLYOLEFIN

Field of the Invention

The 1nstant invention is a hydrophilic polyolefin
article 1n which a hydrophobic polyolefin article is coated

with a mixture of surfactant and EVOH.

Background of the Invention

Hydrophilic refers to the ability to "wet-out" a liquid.
"Wet-out" refers to the ability to cause a liquid (e.q., én
aqueous solution) to penetrate more easily into, or spread
over the surface of another material. Generally, polyolefins
are consldered hydrophobic. Hydrophobic refers to the

lnabillity to "wet-out”" a liquid.

Various methods to make polyolefins more hydrophilic
generally include: coating with a surfactant (or surface
active agent or wetting agent); coating with a polymer (s),
the polymer(s) having different (i.e., better) surface active
properties than the polyolefin; surface activation (e.g., by
plasma treatment); surface roughing to increase surface area
(e.g., foaming the surface); and blending the polyolefins

“with another polymer(s), the blend having different (i.e.,

better) surface active properties than the polyolefin.
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bExamples of the foregoing are illustrated in Japanese Kokai
Nos.: 2-133608 (published May 22, 1990); 2-133607 (May 22,
1990); 3-55755 (March 11, 1991); 4-346825 (December 2, 1992);
and 5-106112 (April 17, 1993); and European Patent
Publication Nos. 498,414 A2 (August 12, 1992):; 034,802 Al

(January 18, 1993); and 203,459 A2 (December 3, 1986).

In the foregoing methods, the hydrophilicity of the

polyolefin may degrade over time. Accordingly, there is a

need for a permanently hydrophilic polyolefin.

summary of the Invention

The present invention is directed to a hydrophilic

polyolefin article comprising a polyolefin article having a

coating containing a surfactant and an ethylene vinyl alcohol

(EVOH) copolymer.

Detailed Description of the Invention

Polyolefins are a class or group of thermoplastic

polymers derived from simple olefins. Polyolefins generally

include polyethylene, polypropylene, polybutylene, polymethyl
pentene, and copolymers thereof. Polyolefins articles

generally include fibers and films, but also include

microporous films and microporous hollow fibers. Microporous
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Hydrophobic

surface energies

equlvalent to or less than the surface enerqgy of

polyethylene.

and then apply the EVOH. Preferably, the coating is added

s by weight EVOH. The
amount of surfactant is palanced so that the surfactant does

not cause wetting. Of the surfactants named herein, no more

than 0.9% should be use. Preferably, the range should be

from 0.7 to 0.9% by weight. The amount of EVOH is chosen to
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pore blockage is likely to occur.

Preferably, the range should be from 2.0 to 3.0% by weight.

After application, dny application method jis

appropriate, the alcohol/water portion is driven off,

e.qg.,

by drying including forced hot aijir dying, and the article 1s

ready for use.

The surfactant is any one capable of raising the surface

€nergy orf the polyolefin to about 48 dynes/cm. Those

surrfactants include, but are not limited to, polyethylene

glycol diolate, nonylphenoxypoly(ethyleneoxy) ethanol,

triethylene glycol divinyl ether,

Polyethylene glycol diolate 1s available as MAPEG DO400 from

PPG Industries, Inc. of Gurnee, IL. Triethylene glycol

divinyl ether is available as Rapidcure DVE-3 from ISP

Technologies Inc. of Wayne, NJ.

(ethyleneoxy)

The EVOH may be dly commercially available EVOH

copolymer. Preferably, the EVOH has about 38 mole % of

ethylene monomer.

Sultable EVOH copolymers include: Soarno]
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necessary or di

Q9 ' ' |
eSlirable, for example, air filtration, air

cleaning, water filtration, water cleaning, water
’

purification, medical equipment, separation equlipment
[ 4

semiconductor manufacture, battery cell separator

(particularly for batteries having aqueous based

electrolytes), ultrafiltration equipment and the 1like

the coating is
applied to one or preferably both surfaces of the microporous

polyolefin membrane. Such membranes are commercially

avallable from: CELGARD LLC, Charlotte, NC; Tonen KK, Tokyo

Japan; Asahi Chemical Industry Co., Ltd., Tokyo, Japan; Nitto

Denko Corp.,

Japan.

but are not limited, nickel metal hydride (NiMH), nickel

cadmium (NiCd), and Zlnc air batteries.

In such uses,

preferably about 50-90% (most preferably 60-80%) of the

Seéparator’s surface is coated. Partial coating is preferred

because it facilitates gas permeability. During the

‘recharging of alkaline secondary batteries, gases may be
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formed on the electrode surfaces, these gases must be able to

Permeate the separator to recombine.

With regard to the separation, filtration, cleaning, and

purification equipment,

as limiting the present invention.

The Gurley value is measured using a Model 4120 or 4150

Gurley Densometer from Teledyne Gurley, and is the time in

Seconds required to pass 10 cc of air through 1 in® of

membrane at a constant pressure of 12.2 in of water.

ASTM D726 (B) ]

The electrical resistance (0r resistivity) is measured

as follows: A R.A.I. AC Milliohm Resistance Meter, Model 2401

and R.A.I. test cell electrode (from RAI Research Corp.,

Hauppauge, NY) are used. A 31% by wt KOH solution is used to
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WEeL the sample. Samples should not be dry when tested. The

results, reported in milliohm-inch?.

EXAMPLES

Example 1

A solution of the coating was prepared by adding 2g

Soarnol K3835N resin to 3 60:40 2-propanol/water (1.e., 60 ml

2-propanol, 40 ml demineralized water). The EVOH was

dissolved by stirring at 70°C. MAPEG DO400 is added and

stirred for 10 minutes.

Example 2

Circular samples (55 mm diameter) of M1Croporous

polypropylene membrane (CELGARD® 2500, 2402, 2400, s« 2456)

was 1mmersed in the solution (Example 1) for up to 10 minutes

40-50°C with stirring. After removal from the solution,
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Example 3

The coated samples were tested as set forth in TABLE 1.

SAMPLE
ID

2500

2500
Coated
with
MAPEG
2500
Coated
wlth
Mixture
2402
Control
2402
Coated
wilth
MAPEG
2402
Coated
with
Mixture
2400
Control
2400
Coated
wilth
MAPEG
2400
Coated
with
Mixture
2456
Control
2456
Coated
wlth
MAPEG
2456
Coated
wlth
Mixture

Control
Lﬁ-_____

GURLEY

8.8

10.1

27

37.8

716.7

25.1

28

40.7

17.3

15.6

29.4

TABLE 1
COAT ¥ ADD ER
TIME ON
Dip 4.1 9.8 -
coat infinity |
Dip 15.6 5.5
coat
10 min 3.1 54 -~
| infinity
|
10 min 14,2 12.4
10 min 3.9 600-
infinity
10 min 13.2 9.7 |
10 min 13.2 9., 7-
infinity
10 min | 14.5 21.2
|

WATER
WETTARLE

NO

Instantly

NO

Instantly

NoO

Slowly

No

Slowly

Ll 20 e T
I IR e FIROLIMER .+ b GREIAE K. e 1 ot Wl N M PRI il v 1

PORE
WIDTH

0.0551

0.0499

0.0433

0.0440

PORE
LENGTH

0.2059

0.1376

UG.1228

0.1390
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Example 4

A coating of 3% Soarnol K3835N and 0. 7% Mapeg D0400. was

pattern coated on to a M1Croporous polypropylene membrane

(CELGARD 2502).

microliters of the coating solution at 2 distance of one half

1nch between drops. The coated membrane was air dried and

then dried in a hot alr oven (50°C) for 30 minutes. The

dried coated film had an ER of 46 milliohm/in? (due to ionic

conduction through the hydrophilic region) and gas flux of

l2cc/psi/min (due to gas flow through the hydrophobic

regions) .

Example 5

dynes/cm (as measured Py a Dyne test solution Kit from Pillar

Iechnologies, Inc. of Hartland, WI). The modified film was

then coated with a solution of 1.5% EVOH (EVAL F104) in 60/40

(50°C)

instantly.
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Example 6

The surface energy of polypropylene film was modified to

48 dynes/cm (as measured by a Dyne test solution Kit) by

coating film surface with 3 solution of 0.7% polyethylene

glycol diolate (Mapeg DO 400). The modified film was then

immersed in a solution of 2% Soarnol K3835N in 60/40 2-

propanol/water for 30 seconds and dried in a hot oven at 50°C

for 30 minutes. The final film was water wettable.

Example 7

Polypropylene hollow fiber membranes (HF X20-305 from CELGARD

LLC of Charlotte NC) were immersed in a mixture solution

(Example 1) of 0.7% polyethylene glycol diolate and 2%

Soarnol K3835N for 2 minutes. The fibers were dried 1n a hot

alr oven (50°C) for 30 minutes. The final fibers were water

wettable.

Example 8

An amount of 0.9% nonylphenoxypoly (ethyleneoxy) ethanol

(Igepal CO 660) was added to 2%
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TABLE 2

Coating of a Mixture of MAPEG DO 400 and Soarnol K3835N on

Control Polypropylene

Sample ID Gurley % of Weight ER (mOhm-in<) Water
Gain Wettability
Polypropylene 8.8 == 2.7 primed no
Control w/MeOH
Polypropylene 8.3 4.1 2.8-infinity ‘No
Coated with
0.7% MAPEG |
Polypropylene | 11.6 i 14.0 Infinite No
Coated with 2% *
Soarnol K3835
Double Coat 10.1 15.6 5.5 Yes
Single Coat 11.5 15.2 4.1 Yes
(mixture)
TABLE 3

Coating of a Mixture of Surfactant and Soarnol K3835N on

Polypropylene Film

Surfactant EVOH Weight Gain ER
(Soarnol) (%)
0.7% MAPEG D0400 | 2%

_15.6 5.5
0.9% IGEPAL 2% 12.6 17.3 4.4
C0660
0.9% IGEPAL 161
ALONE
TABLE 4

Coating of a Mixture of 0.7% MAPEG DO 400 and 2% Soarnol
K3835N

Welght Gain (%) Gurley (sec) Water Flux

(L/m*/hr)

Coated with 0.7% 3.1 13.4 32
MAPEG |
Coated with 13.6 20.2 119
Mixture
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With 2% Soarnol K3835N

Gurley (sec) Weight Gain (%) Water

Wettability
2500 9.1 19.2 | No |
Polymerization
with 20% DV-3
DVE-3 2500 11.1 24 .8 ves
Coated with 3
EVAL F104

Example 9

A sample coated as set forth in Example 1 was immersed

in at 31% KOH solution at room temperature for 3 months.

Every two weeks, the film was removed and dried in a hot air

oven (50°C) for 2 hours, at all times the KOH solution re-

wetted immediately the same.

Example 10

A solution of 3% Soarnol K3835N and 0.7% MAPEG D0400 in

60:40 propanol/water waS prepared. The solution was pumped

through the lumen side Of a LIQUI-CEL® membrane contactor

(50°C) for 12 hours.

(In commercial Operation, drying time

may be reduced to 5 minutes.) The contactors were very

hydrophilic. Water flow (from shellside) at various

“pressures 1s set forth in Table 6.




Contactor 2

CA

30

15
20
25
30
35

Pressure-in
(psi)

Contactor 1 | 5
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TABLE 6

Pressure-out Flow.
(psi) (cc/min)

0.5 440 |
1.5 940

 1.75 1240

1575
1800

0.5 500
1.7 1080
2.3 1400
3.4 1750
4.6 2180

6.5 2600

The contactors were then dried for 24 hours and left ‘at

room temperature for three weeks.

very hydrophilic.

Water

The contactors were still

flow

(from shellside) at wvarious

pressure 1s set forth in Table 7.

TABLE 7
Pressure-in Pressure-out Flow
(psi) (psi) (cc/m_.ji.n)
5 0.5 475

Contactor 1

Contactor 2

20 1275 1850

25 3.8 2000

30 4.8 2360

35 6.2 20600
IlIIIIIIEIIIIIIIIlIllIEIEIIIIIIIIIIIIIE!JIIIIII

10 T 17 1320

15 T2 1650

20 | 3.8 2000

25 4.9 2380

30 6.8 2652
7.7 1 2850

_13_
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the present

invention can be practiced other than as herein specifically

described.
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We claim:

A hydrophilic polyolefin article comprising
a polyolefin article having a coating containing a

surfactant and an ethylene vinyl alcohol copolymer.

polyethylene.

3. The article of Claim l, where said polyolefin is

selected from the group consisting of polyethylene,

polypropylene, polybutylene, polymethylpentene, and

Copolymers thereof.

4., The article of Claim 1 being a fiber.

5. The article of Claim 1 peing a film.

6. The article of Claim 1 being a microporous
membrane.

7. The article of Claim 1 being a microporous hollow
fiber.

....15...
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8. The article of Claim 1, where said surfactant

raises the surface énergy of the polyolefin to about 48

dynes/cm.

9. The article of Claim 1, where said surfactant 1s

selected from the group consisting of polyethylene glycol

diolate, nonylphenoxypoly(ethyleneoxy) ethanol, triethylene

glycol divinyl ether, and combinations thereof.

10. The article of Claim 1, where said coating

comprises about 10-18% by weight of said polyolefin.

11.

A battery comprising an anode, a cathode, an

electrolyte, and the article according to Claim 6.

_16_
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