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ENHANCED GALVANI C- CORRCOSI ON RESI STANCE 5 BACKGROUND Metal -coated netal (or
metal alloy) graphite conposite materials have been used in thernal
applications. Unfortunately, conventional methods for coating such netal

gr aphi te conposi te mat eri al s have di sadvantages. For instance, it has been
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surface graphite in the conposite material and the coating causes cracks in
the britgdle netal coating. Such BACKGROWNBair the performance of the netal
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Also, fibers protruding through the coating also provide a channel for gas permea-

tion through the composite.

15 Another problem of conventionally metal graphite composite materials is that
the difference in the thermal expansion coefficients between the surface graphite in
the composite material and the coating causes cracks in the brittle metal coating.
Such defects impair the performance of the metal graphite composite materials.

For the foregoing reasons, it would be advantageous to develop a metal-

20 coated metal graphite composite material that is hermetically sealed.

For the foregoing reasons, it would be advantageous to develop a metal-
coated metal graphite composite material that is impervious to chemicals. |

For the foregoing reasons, it would be advantageous to develop metal-
coated graphite material that is corrosion resistant.

25 For the foregoing reasons, there is a need to develop a method that
produces a metal-coated metal graphite composite material that is corrosion-
resistant.

For the foregoing reasons, there is a need to develop a method that
produces a metal-coated metal graphite composite material that is hermetically

30 sealed.



-2 SUMVARY The invention relates to a nethod that involves (a) renoving
graphite fromat |east one surface of a netal graphite conposite material;
(b) chemically cleaning or plasm etching the surface of the netal graphite
conposite material; (c) applying a 5 netal-containing material to the
surface of the chemcally cleaned or plasma etched netal graphite conposite

material, an formng an internedi ate |ayer; ( L3g a net al
ﬂve(; gﬁ{o%%s PO rusIitibdosdy

coating on t ernedi ate | ayer, and thereby fornmng a netal - coated netal
graphite conposite material. The inve@ion also relates to a netal - coated
nmetal graphite conposite material which can be made from such a nethod, 10
e.g., a metal-coated metal graphiteSUMMAMY te material conprising (a) a
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a metal coating on the intermediate layer.

15 DESCRIPTION OF THE FIGURES
These and other features, aspects, and advantages of the"bresent invention

will become better understood with reference to the following description-and
appended claims, where: |
Fig. 1 is a picture of an aluminum graphite composite material that is made’
20  in accordance to the invention; and
Fig. 2 is a picture of an aluminum graphite composite material made withou.’g
supplemental surface modifications (not in accordance to the invention), in which

fibers protrude a nickel coating.

25 DESCRIPTION
The invention relates to a method comprising (a) removing graphite from at

least one surface of a metal graphite composite material; (b) chemically cleaning or
plasma etching the surface of the metal graphite composite material; (c) applying a
metal-containing material to the surface of the chemically cleaned or plasma etched
30 metal graphite composite material, and thereby forming an intermediate layer; (d)
applying a metal coating on the intermediate layer, and thereby forming a metal-
coated metal graphite composite material. Preferably, the composite material

formed in step (d) of the method has a surface that is hermetically sealed or



coated nmetal graphite conposite material. Preferably, the conposite materi al
formed in step (d) of the nethod has a surface that is hernetically seal ed
or WD 2004/ 067796 PCT/ US2004/ 000897 -3 corrosion-resistant or both
hernmetically seal ed and corrosion resistant. The invention also relates to
a netal -coated conposite material conprising (a) a netal graphite conposite

substrate hayj east one surface that is substantj f of
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Advant ageodsly, use 0 ese I'n-plane orie S permts selection of a

coef f i ci encombinatinnsrofithedriegaivgeanbeesed wi de range of values. A desired

vol ume 15 The metal graphite composite material is preferably a metal matrix

composite that includes random in-plane discontinuous fibers. Use of random in-

plane discontinuous fibers permits a high fiber volume fraction in the metal matrix
composite (“inlplane” as used herein is understood as the X-Y plane, e.g., the
plane parallel to the bonded surface of a heat sink). Further, by using in-plane

20 oriented fibers, substantially all of the fibers can contribute to the control of the
coefficient of thermal expansion in the X-Y plane. Though Z-direction coefficient of
thermal expansion is not controlled by in-plane fibers, such control is generally
unnecessary for heat sink applications because the integrated circuit or other object

- is attached to an X-Y oriented surface of the heat sink.

25 Advantageously, use of these in-plane oriented fibers permits selection of a
coefficient of thermal expansion over a wide range of values. A desired volume
fraction of in-plane oriented fibers is selected to obtain a desired coefficient of
thermal expansion. By orienting substantially all of the fibers in the X-Y plane, a
very high volume fraction can be obtained. This permits selection of the volume

30 fraction over a wide range and a corresponding ability to select a wide range of
coefficient of thermal expansion values.

In one embodiment, the metal graphite composite material has a volume

fraction of random in-plane discontinuous fibers ranging from about 0.15 to about



fraction of in-plane oriented fibers is selected to obtain a desired
coefficient of thermal expansion. By orienting substantially all of the
fi‘lbers in the X-Y plane, a very high volunme fraction can be obtained. This
permts selection of the volune 30 fraction over a wide range and a
corresponding ability to select a wide range of coefficient of thernal
expansi on vaI ues. | n one enbodi nent, the netal graphit ite material
has a vol umeOPP4&8n of random i n- pl ane di sconti nquijﬁfgg@%iOWéngi ng from
about 0.15 to about WO 2004/ 067796 PCFEUS2004/000897 -4 0.6. In another
enbodi nment, a mnority of the random i n-plane discontinuous fibers are
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content that 1s at |east about 30 or at |least about 40 wt.% In one
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i ncor pdPat grhphite emmpch;ytemﬂtemeé hagaicarbion ibentangirg from@baphiQ wt.bdm abeutr enoved

from the b3l of ARSI FAME ol Botl BLAN Yotk LEENNAY Coiph enabl es

graphite to enove mat eri a conposite
mat eri al ofvaltidus duantiissi hnomembmﬁlmantetheléarbmrwnkentls at @aalmhoutﬂﬁ%\.n be

e b G B Bt OSSR e B R e, 20
t echni ques Exampleanf siifablel msitl grgphitecdompgsitsmatesiplpicag btaérm.mdl i) U(-:&S Nand
conbi nqt\il 0%3/855 466, incorporated herein by reference in its entirety.
Graphite can be removed from the metal graphite composite material by any
technique, which enables graphite to be removed from a composite material so that
a composite material of the invention can be made. For instance, graphite can be
removed by a technique selected from those such as oxidation techniques,

20  vibratory finishing techniques, plasma stripping techniques, glow discharge
techniques, mechanical blasting techniques, lapping technigues, and combinations
thereof. Vibratory finishing techniques generally involve the use of components and
abrasives that move relative to each other’s surfaces. Plasma stripping techniques
generally involve partially ionized gas (e.g. Ar) containing an equal number of

25 positive and negative charges, as well as some other number of non-ionized gas
particles, striking the surfaces of the components. Glow discharge techniques
generally involve the use of globally neutral regions, as well as regions containing
net positive and negative charge particles striking the surfaces of the components.
Most thin film processes use “plasma” and “glow discharge” interchangeably.

30  Mechanical blasting techniques generally involve the use of abrasive materials
such as glass beads, alumina powders, impinge under pressure on the surfaces of

components. Lapping techniques generally involve the use of liquid abrasive media



thereof. Vibratory finishing techniques generally involve the use of
conponents and abrasives that nove relative to each other's surfaces.

Pl asma stripping techniques generally involve partially ionized gas (e.g.
Ar) containing an equal nunber of 25 positive and negative charges, as well
as sone ot her nunber of non-ionized gas particles, striking the surfaces of

t he conponent %5 A ow di scharge techniques generally involve the use of
gl obal l'y neuty aﬁoo“foga?ﬁons, as well as regions containi nﬁCTlﬂgPMf%%ﬁi ve and
negative charge particles striking th-surfaces of the components. Most

thin filmprocesses use "plasma" and "gl ow di scharge" interchangeably. 30
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least 10% of residual graphite remains on or below the surface of the metal

graphite composite material. In another erhbodiment, less than 10% of residual

graphite remainé on or below the surface of the metal graphite composite material.

In another embodiment, substantially all of the graphite from the surface is

20 removed. In another emhodiment, one hundred percent of the graphite is removed

from the surface.

The metal graphite composite material can be chemically cleaned by any
technique that enables the metal graphite composite materiabl to be made in
accordance to the invention. Examples of suitable chemicals for cleaning a surface

25 of the metal graphite composite material include chemicals used in higher pH
alkaline chemical cleaning techniques. The metal graphite composite material is
generally cleaned by dipping and rinsing operations. In one embodiment, the metal
composite material is subjected to a plasma etching treatment instead of a
chemically cleaning treatment.

30 The metal-containing intermediate layer, e.g., a film, that is applied to a
surface of the chemically cleaned or plasma etched metal graphite composite
material can contain a metal that enables the production of a metal-coated metal

graphite composite material of the invention. Examples of suitable metal materials



graphite remains on or below the surface of the netal graphite conposite
material. |n another enbodi nent, substantially all of the graphite fromthe
surface is 20 renoved. In another enbodi nent, one hundred percent of the
graphite is renoved fromthe surface. The netal graphite conposite materi al
can be chemically cleaned by any technique that enables the nmetal graphite
conposite material to be nmade in accordance to the invention. Exanples of

suitabl e chem®RIWHFH il eaning a surface 25 of the netGTUSHO4LMNGT e conposi te

materi al include chem cals used in higher pH alkaline chem cal cleaning
techni ques. The netal graphite conposite material is generally cleaned by
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material having a surface that is hermetically sealed or corrosion-resistant or both
15 hermetically sealed and corrosion resistant. Examples of suitable techniques for
applying the metal-containing material to a surface of the chemicélly cleaned or
plasma etched metal graphite composite material include plating techniques, (e.g.,
immersion coating techniques, electroplating techniques), physical vapor deposition
' techniques, chemical vapor deposition téchniques, ion vapor deposition technigues,
20 and combinations thereof. These techniques are well known and known to the
skilled artisan. Preferably, the metal-containing material is added to a surface of a
metal graphite composite material by electroplating techniques.
The metal coating that is applied onto the intermediate layer can be made of
any metal that enables the invention to be practiced. Generally, the metal of the
25 coating will be selected from aluminum, copper, nickel, gold, silver, rhodium,
ruthenium, aluminum alloys, copper alloys, nickel alloys, gold alloys, silver alloys,
rhodium alloys, ruthenium alloys, and combinations of the foregoing. In one
embodiment, the metal coating applied on the intermediate layer includes muitilayer
coatings, e.g., a coating made of Ni and Au layers.
30 The metal coating that is applied by any technique that enables a suitable
metal to be applied onto a surface covered by the metal-containing material. The
metal coating is applied by a technique selected from plating techniques, e.g.,

electroplating, physical vapor deposition techniques, chemical vapor deposition



in accordance to the nethod of the invention and preferably forma conposite
mat erial having a surface that is hernetically seal ed or corrosion-resistant
or both 15 hernetically seal ed and corrosion resistant. Exanples of suitable
techni ques for applying the nmetal-containing material to a surface of the
chemcally cleaned or plasma etched netal graphite corrposi te materi al

i ncl ude pl at| ques, (e.g., imersion coating techniques
electroplatihgg? @ﬁﬂgaues) physi cal vapor deposition (f§§ “&ng chem cal
vapor deposition techni ques, ion vapoY-deposition techniques, 20 and

conbi nati ons thereof. These techniques are well known and known to the
skilled ar técﬂﬂut]ued?rkﬂf\mpabdi@posmbﬁté@hﬁhe&@ﬁﬁabmbmgtlmttber'eaﬂ Ass added to a
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seal ed 1g0at I E[]e%al is subjected to chemical cleaning or etchirng, e.g., before or after graphite
is removed from the surface and before the composite is subjected to chemical
cleaning or plasrha etching. The surface can be smoothened by a technique
selected from the group consisting of lapping techniques, ivadizing techniques,
peening techniques, and combinations thereof.

20 Once graphite has been removed from a surface of the metal graphite
composite material, the metal graphite composite material is chemically cleaned or
plasma etched with a suitable technique. Thereafter, an intermediate layer forms
by applying a metal-containing material to the surface of the chemically cleaned or
plasma etched metal graphite composite material. Finally, a metal coating is

25 applied on the intermediate layer, and the metal-coated metal graphite composite
material forms. The composite material formed by the method of the invention
preferably has a surface that is hermetically sealed or corrosion-resistant or both
hermetically sealed and corrosion resistant. Also, the composite material of the
invention is preferably also impervious to chemicals. Advantageously, the metal-

30 coated metal graphite composite material of the invention can be corrosion
resistant and/or hermetically sealed under various operating conditions. To test the
corrosion properties of a coated composite material, the coated composite material

of the invention can be salt sprayed according to military or ASTM standards. To



In use, a suitable netal graphite conposite material is selected for
treatnent. Gaphite is renoved fromat |east one surface of a netal graphite
10 conposite nmaterial. Advantageously, fibers which extend above the
surfaces and others on/in the netal surface are renpved in a controlled
fashion. The graphite present on the at |east one surface is generally
present in |less t about 60% of the total surface

enbodi nment , mozp%tgg‘{"sv Sone surface of the netal gr aphi '?%&@Ios%r({‘))g%ﬁ{; mat eri al

i s snoot hened before the netal graph+8e conposite 15 material is subjected
to chem cal cleaning or etching, e.g., before or after graphite is renoved
from t he suestédodennetidiyfacanpdsie ombgyiasoftthe irwelstiﬂ)bjoambed)laoedd:heséaiadi cl eani ng

or plasna e an be, s u sel ected
rom the. orBanPaaNIA R AESURHuRR e (SRR GRS el LS EA BEhi Cuee.
peeni ng t echaclgpdes, - and conblnatlons t hereof. 20 Cnce graphite has been
renoved froma rfa of the.netal hite rial, the netal
graphite conpos?‘tﬂéo‘WE%éer ﬁ)rgfeq?yvgﬂtéq;] %flalf) %%ﬁggprb(?eta'g‘fvﬁ ErEPEH8d with a
suitabl & tQﬁéthQiﬂéferré’d‘lﬁérgaiﬁé mmeomthéitvaﬁétﬁmat@ds@mw Therdfere, ¢ appl ying a
nmet al - contalnjggqnaterl to t urfa e of the chem call Qlean?d or

pl asma et ceHt é‘l""p&r‘)ﬁ gpaey ﬁ‘élfi@Pi%"m'fﬁdﬁaltheyd sgri coating is
25 appliedtﬁgvgggnga&ﬂ@ﬁaﬂu@ﬁﬁllayer and the netal -coated netal graphite
conposite material forns. The conposite material formed by the method of
the invention preferably has a surface that is hernetically sealed or
corrosion-resistant or both hernetically sealed and corrosion resistant.

Al so, the conposite material of the invention is preferably al so inpervious
to chem cals. Advantageously, the netal 30 coated netal graphite conposite
material of the invention can be corrosion resistant and/or hermetically
seal ed under various operating conditions. To test the corrosion properties
of a coated conposite material, the coated conposite material of the

i nvention can be salt sprayed according to mlitary or ASTM standards. To WD
2004/ 067796 PCT/ 1JS2004/ 000897 test for hermeticity, a conposite materi al

of the invention can be placed in a sealed chanber which is pressured with
a gas (e.g. He), and its | eakage rate can be checked.



Al t hough the present invention has been described in detail wth reference
to 5 certain preferred versions thereof, other variations are possible.
Therefore, the spirit and scope of the appended cl ai ms shoul d not be
limted to the description of the versions contained therein. -g WHAT IS
"CLAIMED I'S: 1. A nethod conpri sing: (gé_rennving graphite fromat |east one
surface of a netal graphite conposite material; 5 (b) plasma etching the
“surface of H yhite conposite material; (c) applying a

nmetal -co f ‘to the surface of the plasma etched netal graphite
conposite natefial , AansthbhebaRyisfngf M ng an internediate |ayer; 10 (d)
applying a netal coating on the internediate |layer, and thereby formng a
net al - coat ed néal GMYHIY grapbite fom at leastenasuriace offiemetaligbaphite a ai m 1,

wherein t%ggg@ﬁed& removed by a technique selected fromthe group
consi sting of oxidation techniques, vibratory finishing techniques, plasm

strip@ ng techfm)ques, gl ow di schar geldspednetohirgsthe Surfaee loéthiecaletdll asti ng
t echni que [ yes, and conbi nations thereof. 3. The nethod of

s, lapping techni S
Claim1, Wﬁgﬁoﬁﬂ@sgﬁ%gf@e material formed in step (d) has a surface

that is hernetigal | yoSgabPmetalCBRtRAThE dtEFhith M s@fadibfitheher meti cal Iy
seal ed and corrosion resistant. 4. The nmethod of Claiml1l, wherein in step

(c), the netal - coptasima eighedmetak @raphite composite msirriab@ndsthgrelyiformingt ai ni ng
material . _5. ; f CAaim4, wherein the zinc-containing material is
gt ol BRsf

a zincat 0d of daiml, wherein the nmetal coating in step (d)
is sH ected f(d)m t pplgingepmetal sbatingign tlie mtermeuiate layappand thereiyel , gol d,

S ver 2 ol U el Ly S U bRy RrarGRRPE 211 Ovs: i clel
2. The method of Claim 1, wherein the graphite is removed by a
technique selected from the group consisting of oxidaﬁon techniques, vibratory
finishing techniques, plasma stripping techniques, glow discharge techniques,
15 mechanical blasting techniques, lapping techniques, and combinations thereof.
3. The method of Claim 1, wherein the composite material formed in
step (d) has a surface that is hermetically sealed or corrosion-resistant or both
hermetically sealed and corrosion resistant.

4. The method of Claim 1, wherein in step (c), the metal-containing
20 material that is applied is a zinc-containing material.
5.  The method of Claim 4, wherein the zinc-containing material is a
zincate.
6. The method of Claim 1, wherein the metal coating in step (d) is

selected from the group consisting of aluminum, copper, nickel, gold, silver,
25 rhodium, ruthenium, aluminum alloys, copper alloys, nickel alloys, gold alloys, silver
alloys, rhodium alloys, ruthenium alloys, and combinations of the foregoing.
7. The method of Claim 1, wherein metal graphite composite
material has a carbon fiber content ranging from about 30 wt.% to about 40 wt.%.
8. The method of Claim 1, wherein the metal graphite composite
30 material is selected from the group consisting of aluminum graphite composite
~ materials, copper graphite composite materials, magnesium graphite materials,
aluminum alloy graphite composite materials, copper alloy graphite composite

materials, magnesium alloy graphite materials, and combinations thereof.




al I oys, rhodium alloys, ruthenium alloys, and conbi nati ons of the foregoing.
7. The nethod of Caim1l1, wherein netal graphite conposite material has a
carbon fiber content ranging fromabout 30 wt.%to about 40 wt.% 8. The
method of Claim1l, wherein the netal graphite conposite 30 material is

sel ected fromthe group consisting of q4gl.um num graphite conposite

materials, copper graphite conposite materials, nmagnesium graphite

TR er 1 A1 S, i NURebMocrantint ¢ GABRA i SoFTaLAltite E9BRBIGALYCY

graphite corrposute materials, nagnesi Gm Al |te mat eri a
conbi nat i Meatmmgrtbefmetahgrapbﬁe fmmpaatmmateﬁal © Mlmzatlonhgrmanng thesinefal( a) ,

raphite is m)vedb the t I a osite material to
gXI SI zat i grﬁ ﬁg'ﬂmﬁ%e pwgéqé r&pgﬁ{?rpghgglﬁﬁ@?' tﬁ'&ln&’? pxidge atﬁ

t enper at Usgmpbéie material én@r@ﬁé\Ve/?ﬂapahe%notﬁechompém megtapsi te material and
remove graphite fromthe conposite material. 5 10. The method of Caim?9,

wher eith the t etfper athe @eﬂpde@f Glaw ©, wherain thestemperature et lgastralwubf Caim 9,

wherein t?ﬁ% Xi mum tenperature is below the nelting tenperature of the
nmet al of tal graphite conposite material. 12. The nethod of Claim1l,

wherein the nme{fl - CTHY methdtDof @ik Balvharih tRAmakiPnum teinpRrdtade E®elBw a thin
filmof a zinc-containing nmateri al havi ng thickness that is |ess than about

1 mi cr on. theaneling terppadirgrof theymetal of iiemsial ararhiteeempesiia matariay nat eri al

i ed ) . D )
ongi ng from abut . D MEndEofCiEm 1, fhBteifufs REEoni e aERatiags
d ai ma, MW‘E!G\E(G’) fohms aﬂlmalfllmcnmal aimc-centajming matdrial Aavingdhickness thet isct ed from

t he group, ¢ SI st %lg I ating techniques, imrersion coating techniques,
physi cal (‘?éﬁ fb 'i'echnl ques, chenical vapor deposition techniques,

i on vapor depozastl OThd ﬁfeﬂfhdltbﬁ?»lalrﬁﬂdm@réhhﬂ%mm donedifig-materiailaspliegt hod of
Claim1, wherein the netal coating is applied to a zinc- 20 containing

i nt er medi Exdep®y) rmgrathim8limyet azineata hwmaéhlakrﬂerﬁwnsw fronaaboyt f ess ™ t han
about 1004 GH8f& to about 1 micron.

15 14. The method of Claim 1, wherein the metal coating is applied by a
technique selected from the group consisting of plating techniques, immersion
coating techniques, physical vapor deposition techniques, chemical vapor
deposition techniques, ion vapor deposition techniques, and combinations thereof.

15. The method of Claim 1, wherein the metal coating is applied to a zinc-

20 containing intermediate layer and the metal coating has a thickness that is less
than about 100 microns.

16. The method of Claim 1, wherein the metal coating applied on a zinc-
containing film and the metal coating is at least 1 about micron, or from about 1
micron to about 75 microns.

25 17.  The method of Claim 1, wherein the method further comprises
smoothening a surface of the metal graphite composite material before the metal
graphite composite material is subjected to chemical cleaning or etching.

18. The method of Claim 17, wherein the surface is smoothened by a
technique selected from the group consisting of lapping techniques, peening

30 techniques, and combinations thereof.



16. The method of Claim1l, wherein the netal coating applied on a zinc-
containing filmand the netal coating is at |east 1 about mcron, or from

about I mcron to about 75 microns. 25 17. The nethod of Claim 1, wherein

the nmethod further conprises snoothening a surface of the netal graphite ‘
- conposite material before the netal ﬂraphite conposite material is |
subj ected to chem cal cleaning or efl ing. 18. The nmethod of Caim 17, ‘
wherein the surface i s snoothened by a technjque selected fromthe group ‘

consi sting oft91 appimeta-seatedjuetal gispbite sgMposite ErataNa FOMPISING: conbi nat i ons
thereof. -117,19. 0 (R i NREBEL
conpri si ng: EEQ) aaﬁ‘g?%'ﬁ%arpgvgﬁitctﬁ &ﬂ%&nﬁggﬁtgﬁglﬂ]ﬁg%ﬂpﬁgﬁgwgg at Eieg{a%t one’
sur f ace is hulstantially ditest efigraphite; free of graphite; (b) a netal-containing

i nternedi ate J.ayer located on a. surfa f the .substrate: a c) a netal 1
coating on t KO i n?éPﬁ@gFa&é'ﬂ'%E&?mﬁﬁﬁwﬂ%caé Bﬁ?ﬁ%‘gﬁ?él is mde by
a et hogygsraet shatg: (1) rermoving graphite fromat |east one surface of a

metal graphite conposite material; (2) plasma etching the at |east one
surface of tK® nataetagFegiing en dwniptesmediatedayer.al ; (3) applying a

nmet al - cont ai j : r I: ched netal graphite
conposite ma'w @é’eﬁ{ﬁl}f'gﬁéﬁ#ﬁé&%bﬁ?@#% ﬁ%ﬁegﬂk ﬁi E%é@ncggﬁp gélﬁgyer ; and (4)
applying a ngtial esabving graphiteefromtat leastiont sutfaye of aanetal tvaphitfy forming the

nmet al - coat ed pet al araphi te conposite material. 20. The conposite nateri al
of O ai ROMPOsRMALHAL he netal -coated metal graphite conposite material

formed in st (4) has a surface tﬁgém%%t&ﬁﬁ@dé gﬁ%lagt SRS G of the

corrosion-resi'stant or both hermetically sea corrosion resistant.
metal graphite composite material,

(3)  applying a metal-containing material to the surface of the

plasma etched metal graphite composite material, and thereby forming
an intermediate layer; and
(4)  applying a metal coating on the intermediate layer, and thereby
forming the metal-coated metal graphite composite material.

20. The composite material of Claim 19, wherein the metal-coated metal

graphite composite material formed in step (4) has a surface that is hermetically
sealed or corrosion-resistant or both hermetically sealed and corrosion resistant.




