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ABSTRACT OF THE DIS CLOSURE |
A vehicle power supply unit is provided, w}nch mcludes a part made of
~ degradable plastic, Wthh may be a battery case of a secondary battery, and may bea
separator of a fuel cell when the degradable plastlc is made conductive. A condition
- 1n w}nch the de gradable plasnc is decomposed is different from a condmon in which

- itis actually used in a velnc]e
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VEHICLE POWER SUPPLY UNIT

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The invention relates to a vehicle power supply unit including a plastic
part.
2. Description of Related Art

[0002] An insulating material mainly made of plastic is conventionally used
for forming a part used 1n a vehicle power supply unit for an electric vehicle or the
like.

[0003] Also, some plastics are made conductive and used as conductive
materials. For example, Japanese Laid-Open Patent Publication No.2000-17179
discloses a fuel cell including a separator made of conductive plastic (resin). Also, a
secondary battery whose battery case is made of plastic 1s known.

[0004] As is widely known, various environmental measures are taken for
disposing of regular vehicle parts. Likewise, when disposing of a plastic part for use

in electric vehicles, such as a plastic separator of a fuel cell, some environmental

-~ measures need to be taken. However, when disposing of such a plastic part of a

vehicle power supply unit, the following problem is concerned. That 1s, when plastics
(waste plastics) are buried in the ground together with other waste materials, they
remain undecomposed semi-permanently in the ground. Also, when the plastics are
burnt using an incinerator, or the like, the useful life of the incinerator reduces owing

to high energy required for burning the plastics, or toxic substances are released into

the air, thus damaging the environment.

SUMMARY OF THE INVENTION

[0005] It is therefore an object of the invention to provide a vehicle power

supply unit which does not cause an environmental problem when and after being

disposed of.
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‘{0006]. A Veh‘de power supply unit accordmg to a first aspect of the
invention includes a part made of degradable plastic. Made of degradable plastlc the

| part is decomposed nto carbon dioxides and water by microorganisims, light, or the

like. 'I'herefore it resolves the problem that a plastic part 1S not decomposed after
bemg dxsposed of and thus remams as a waste senn-permanently

[0007] Accordmg toa further aspect of the invention, it is preferable that

| the pan made of de gradable plastlc is a separator of a fuei cell. When the separator of

the fuel cell is formed of de gradable piastxc it prevems an emvrronmental problem

B whlch may otherwxse be caused when a convennonal separator formed of non-

' degradable matenal s dlsposed of

. [0008] | * Accordin gtoa further aspect of the mventlon it is prcferable that '
the part formed of de gradable pIast:c 1S a battery case of a secondary battery. When

~ the battery case of the secondary battery 1s formed of degradable plastic, it achleves

the same effects and advantages as those obtamed when the separator of the fuel cell
is formed of de gradable plastic. |

[0009]  Accordin g to a further aspect of the mventlon it 1s preferable that
the degradable plasnc has a conduchvrty When the de gradable plastichas a
conduct:wrty, it may be used for forming a separator of a fuel cell.
| [0010] Accordin g to a further aspect of the invention, it is preferable that a
condition in which the degradable plastlc 1S decomposed 1S dlfferent from a condition
in Wthh the degradable plastlc isusedina vehlcle Thus, the degradable plastzc 1S

- not decompos_ed into pieces during usage.

BRIEE DESCR] ONMHE DRAWINGS .
(0011} | The foregoing and/or further objects, features and advantages of

the mvention will become more apparent from the following description of preferred

embodiments with reference to the accompanying d]ra\';srmgs,,'r in which like numerals
are used to represent like elements and wherein:
~ FIG.1lisan exploded perspective view showing a cell of a fuel cell system as

a power supply unit according to one embodiment of the invention.

- DETAILED DESCRIPTION QOF PRE ‘RRED EMBODIMENTS
[0012]  Hereafter, a vehlcle power supply unit accordmg to a preferred

embodlment of the invention will be explained with reference to FIG. 1. The vehicle
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: 3
power supply unit xncludes a part. Wthh is formed of degradablc plastlc Some

examples of the degradable plas’dc are hsted below -
[0013] '

1. PhotOde gradable plastic '

~The photodegmdable plastic is one type of plastic Wthh 1S decomposed by

lights (ma:mly ultraviolet i ghts) More spemﬁcally, the photodegradable plastic 1s

decomposed mto a low-molecu}ar-we;ght compound by hghts. In some cases, it is

also decomposed ‘into a 1ow¥-moiecule-wei ght compound by oxyg'en water, or the like. '

. Then the low-molecni e-wei ght compound 18 completcly decomposed into carbon

dioxide gas and water by rmcroorgamsms and is thus returned to the nature. That is,
the photodegradable plasnc includes a certam chemlcal compound (e g.a carbonyl

group) whach 1s decomposed by ghts. Meanwhﬂc photode gradable plasuc 1S

classified mto a photosensmve functional group introduction type in which the certain

compound 18 mtroduccd mto a polymer, and a photosensitive reagent addltlon type 1n

"which a certain additive is used.

[0014]  Examples of photodegradable plastic of the photosensitive

functional group mtroducnon type are an ethylene-carbon monoxide copolymer and a

vinyl ketone copolymer (e.g., methyl vinyl kctone ethyl vinyl ketone). They are -

decomposed in apprommately 20 to 24 hours when exposed to ultraviolet li ghts and

in approxnnately in 2 to 8 weeks when exposed to lights in the natural environment.
[0015]  Inthe meannme, aromatic ketone, such as bcnzophenone, ' .

acetophenone, and anthraquinone, may be used as a photosensitizer used for obtaining
the photodegradable plastic of photosmﬁtive reagent addition type.
 [0016] o "
2. Biodegradable plastic

‘The biodegradable plastic 1S a plasﬁc which is decomposed by nnci'oorganisms
and is thus returned to the ecological cycle. Namely, it is eventually decomposed mto '
carbon dlomde gas and water. The bxodegradablc plastxc can be broadly classified
into the following three groups A, B and C. .
A) High polymer produced 'by mMICroorganisms
For example, a hydroxybutyrate-based polyester mdy be used.
B) Natural high polymer materia;l\such as starch, cellulose and chitin ,
This 1s a biodegradable plaetic that 1s mainly made of natural hi gh polymcr material,

such as starch extracted from a crop, such as a corn, a potato, a wheat, and a sugar
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cane, cellulose extracted from a plant, chitin extracted from a shell of crab, shrimp, or

 the like.

C) Degradable synthenc plastic;
For example, polycaprolactone may be used.

\ [0017] When the part used i in the vehicle power supply unit 1s formed of
such degradable plastic, the part is returned to the nature after being disposed of.

Thus, the environmental problems described above, which may .otherwise be caused

~ when chsposm g of the part, can be prevented. In the case of a vehicle power supply

unit, the degradable plastic can be used for fomnn ga separator ofa fuel cell, a battery .
case of the secondary battery, and so on. '

[0018] A fuel cell system 101s consumted of a plurahty of cells stacked

| 'therem As shown 1n Fig 1 each cell of the fuel cell system 10 includes a permeable

membrane/electrode assembly (MEA) 11, ditfusion layers 12, 13 as porous carbon

membranes located in both sides of the membrane/electrode assembly 11, and

~ separators 14, 15 Funher seal frames 16 17 are interposed. Genera]ly, the

separators 14 15 are provided by a plate made of carbon, metal or conductive resin,

with passages formed thereon for deliverin g gas or coolant. When forming a separator

with a degradable plastic, it is therefore necessary to make the degradable plastic \

conductive. ‘ | \ . .

[0019] Inthe fellowiria four examples of a method for obtaining a
degradable plasuc having a conducﬂvny are described.

1. Mlxmg a surface-active agent or an antistatic agent into the de gradable plastic, or
applying the surface-active agent or the antistatic agent to the surface of the
degradable plastic. ‘ - .

2. Mixing a conductivity imparting agent (this 1s also referred to as‘ a conductive
filler) into the degradable plastic.

For example, conductive metal powder or conductive metal fiber such as tlaky
graphite, carbon-based powder, carbon-based fiber, sﬂyer, copper and nickel may be
used. - | | -

3. Forming a metallized film on the degradable plastic molded product.

For example, the film -may be made of oxidized tin. | \

4. Newly designing the degradable plastic.

A conductive high polymer may be synthesized by changing the chemical structure

thereof. |
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[0020] When the part in the‘ 'vehiele power supply tmits is formed of the |
polymenc matenal of the various degradable plastlcs described above, e,nstmg -
molding dev1ces may be used such as an extruder, an injection molding device, and a
blow moldm g device Wthh are generally used for molding thermoplastic that 1S
produced mn the petrochenncal mdustry Also, when a separator of a fuel cell 1S
formed of the conductwe and degradable plastxc the polymeric matenal of the
respecnve degradable plastics and the conducuwty imparting agent (€.g., ﬂaky

graphlte carbon powder, earbon fiber) are mixed by means of a twm-screw extruder

. or the hke and the resuttant nnxture 18 then mt:roduced into the moldmg devme to be

formed into a desired shape '

- [0021} | Heremafter one example of a method for formm g a separator of a
fuel cell from conductive and de gradable plastlc will be descnibed. In this method, the
separator is formed usin g three materials 1,2, and 3 accordmg to a procedure 4.

1. Degradable plastic - .

Starch extracted from a corn is used as the biodegradable plaatic which is decomposed
by nﬁet'oorganisms. ' .

2. Conductivity imparting agent

Flaky graphite (carbon black) is used as the conductivity impartin g. agent. Hete flaky
graphlte having a grain size smaller than several micrometers is preferably used.

While the amount of the conductnnty imparting agent to be added 1s set to 20 wei ght
percent or lower in this example it is not necessanly set to 20 percent or lower as

long as a desired conductivity can be imparted to the separator. N evertheless, it 1S

- preferable, in terms of the disposability of the separator, that the amount of the |

conductivity imparting agent is made as small as possible, since it remains even after
the plastic has been decomposed. .
3. Water

Water 1s added to when mixing the degradable plastic and the conductivity imparting

agent so that the mixture has a liquid form which is suitable for use in conventional

molding devices, such as an extruder, injection molding device, and blow molding

device, which are generally used for molding thennOplastlc
4. Manufacturing procedure

Starch extracted from a corn, carbon black, and water are mixed by the two-screw

extruder at a temperature of 100 °C under a pressure of 30 kgf/cm2. The resultant
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6 .
mixture having a liquid form is then delivered into the molding device (e.g., extruder,
injection molding de\}ice, biow moldin g device) to form a Separator.

[0622] : Ner{t, a fuel cell including the ‘separator manufactured as des cribed
above was _niade and a power gerx_eration test was performed with the fuel cell. The
result of the test indicates tﬁat_the separator has a desired conductivity and a necessary
level of operation 'stability and mechanical strength under the operating 'temperature

thereof Subsequently, the fuel cell was drsassembled and the separator was taken |

out The separator was then placed in a condmon thatt causes decomposﬂron ﬂlereof |

‘(heremafter wﬂl be referred to as “a decomposmg condition” where appropriate), and

, it was confirmed, as a result, that the separator 1S decomposed under the decomposing

condition. Meanwhﬁe this decomposin g condition may be created by using, for
example, activated sludge, soil, or certain enzymes (e.g., amylase and lipase secreted
from cell bodies can be effecnveiy used as enzymes for decomposing starch) and
xmcroorgamsms Among these optlons when enzymes and microorganisms are used |
the decomposmon of the separator 1s completed within a relatively short time (several
days to several weeks). Althou 1gh carbon black remains even after the separator has
been completely decomposed 1t may be reused.

[0023]  Inthe case where such a de gradabie plastic part 1sused in a vehlcle

- power supply unit, not to mention, it is necessary to arrange the power supply unit in a

vehicle so that the part is not placed in the above-described decomposing condition.

Namel‘y, the condition in which the degradable plastie part is decomposed is required

1o be different from the condition in which it is actually used in the vehicle. In the

case of a part formed of photode gradable plastic, for example, it is necessary to

dispose the power supply unit within a casmg, or the like, So that the part is not

. eXposed to hghts Also, in the case of a part made of biodegradable plasnc it 1S

necessary to dispose the power supply umt within a casmg, or the like, so that the part

' jsisolated from nncroorgamsms Thus, since a fuel cell stack is normally disposed in

a casmg, the above requirement is fulfilled. |

[0024]  According to the vehicle power supply unit of the abov e-illustrated
embodiment, a degradable plastic is used, whrch 1s decomposed into carbon dioxide
and water by lights, microorganisms, and so on. Therefore, it solves the problem that
plastic is not decomposed semi-permanently after being disposed of.

[0025] Also,‘ according to the vehicle power supply unit of the above- '

illustrated embodiment, a separator of a fuel cell is formed of such a degradable



10

CA 02421540 2003-03-11

.7.

- plastic, which prevents the envifOnmentaI problem which may be caused after a
- separator made of hon—deg;radable piastic is disposed of. Moreover, while the

_~degxadable plastic is used for forming the separator of the fuei cell in the above-

illustrated embodlment, it may also be used for formmg a battery case of a secondary

battery In this case, too the same effects and advantages can be obtamed

[0026] | Also accordm g to the vehlcle power supply unit of the above-

' lllustrated embodxment since the degradable plastlc is made conductive, it can be

) used for fonmng a separator of a fuel cell, or the hke which 1s reqm:red to be

- conducnve

[0027] Also accordm g to the vehlcle power supply unit of the above~

' ﬂlustrated embodlment the condition in which the degradable plastic is decomposed

 differs from the condmon in which 1t 1s actually used in the vehicle. Therefore, there

is no possibility that the degradable plastic is decomposed into pieces during usage.
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WHAT IS CLAIMED IS:

1. A vehicle power supply unit including a plastic part, wherein:
the part comprises a photodegradable plastic that is decomposable by light and
an electrical conductivity imparting agent, wherein the electrical conductivity imparting agent
comprises 20 percent or less of a weight of the part, and
the part i1s placed, while the vehicle power supply unit is used in a vehicle, in a
condition that is different from a condition in which the photodegradable plastic 1s

decomposed.

2. The vehicle power supply unit according to claim 1, wherein the part made of the
photodegradable plastic is a separator of a fuel cell, and the photodegradable plastic i1s made

conductive.

3. The vehicle power supply unit according to claim 1, wherein the part made of the

photodegradable plastic is a battery case of a secondary battery.

4. The vehicle power supply unit according to claim 1, wherein the photodegradable

plastic 1s conductive.

5. The vehicle power supply unit according to claim 1, wherein the photodegradable
plastic is a chemical compound having a carbonyl group, the chemical compound being

decomposable by lights.

6. The vehicle power supply unit according to claim 1, wherein the photodegradable

plastic 1s decomposable by ultraviolet lights.

7. The vehicle power supply unit according to claim 1, wherein the photodegradable

plastic is decomposable in approximately 20 to 24 hours when exposed to ultraviolet lights,
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and decomposable in approximately in 2 to 8 weeks when exposed to lights in the natural

environment.

8. The vehicle power supply unit according to claim 1, wherein the photodegradable

plastic is decomposable into a low-molecule-weight compound by oxygen and/or water.

9. The vehicle power supply unit according to claim 1, wherein the photodegradable
plastic is of a photosensitive functional group introduction type in which a chemical

compound having a carbonyl group is introduced into a polymer, the chemical compound

being decomposable by lights.

10. The vehicle power supply unit according to claim 9, wherein the photodegradable
plastic of the photosensitive functional group introduction type is selected from the group

consisting of an ethylene-carbon monoxide copolymer and a vinyl ketone copolymer.

11. The vehicle power supply unit according to claim 10, wherein the vinyl ketone

copolymer 1s methyl vinyl ketone and/or ethyl vinyl ketone.

12. The vehicle power supply unit according to claim 1, wherein the photodegradable

plastic is of a photosensitive reagent addition type in which an additive 1s used.

13. The vehicle power supply unit according to claim 12, wherein the photodegradable

plastic of the photosensitive reagent addition type has aromatic ketone as a photosensitizer.

14. The vehicle power supply unit according to claim 13, wherein the aromatic ketone

is benzophenone, acetophenone and/or anthraquinone.
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