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Metal materia1 having formed thereon chromium oxide passive 

f~lm and method for producing the same, and parts contacting 

5 w.i th f 1uid ~nd system for supplying fluid and exhausting gas 

TQcbnigal Fjeld of the lnyentton 

The present invent~on relates to metallic material on which 

a chromium-oxide passi.vation fi1m is formed and a method for 

10 manufacturing the same, and a fluid supplying/ exhaust system. 

Backgrggnd Art 

In semiconductor manuf actur~.ng technology, gases w1 th a hard 

corrosive action such as hydrogen chloride or hydrogen bromide 

15 or gases with a hard decomposing action such as s·11ane. diborane. 

phosph1.ne or the like have been usec:l. Since the gases hard in 

eorros.i.v:l.ty eas:1.l.y eo:r::r:ode usual.1y used stain1ess steel. (SUS 

316L) to result 1n metal contamination due to corrosion on a 

semi.conductor subst:rate, a semiconductor with high reliabil.i ty 

20 has been difficult to manufacture. 

Moreover1 since the gases with 'the nard decomposing action 

AT"A .dAnnmposP..d easily due to nickel hard in catalytic aotion 

on the stainless stee11 and desired gases-are difficu1t to 

supply with a desired concentration. the semiconductor high in 

25 reliabil.ityhas been difficult tomanufactu:r:e. In recent years. 

a technology for :fo.c11l.u9 a ch.t·u1111w11-ox:i.tl.e pet.sl:i.lvet.L.Lo;u :e.:tl.lu b.a.s 

been introduced in o:r:de:r: to solve the problems described above. 
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However, a development of the metalli.o material, and a surface 

treatment technology pr1or to oxidizing treatment or vlll:ious 

. technologies such as a technology for supplying an oxidizin~ 

atmosphere such as temperature and a component ratio in 

5 . oxidizing gases have been required in order to form the 

chromium-oxide pass.ivation film. Therefore, it has been 

impossibl.e to fo.rm. the ohromj_um-oxide pact;ivation fi~ onto the 

opti.ona1 metallic material and pa:r:ts inexpensiveJ.y. 

Moreover, although it' has been a techno;togy coating chromium 

10 for impro.veJ11ent o~ coi:rosion resistance according to the prior 

art, l.t .nas Deen not exceJ.J.ent since it is poor in adhesion .. 

moreover. chromium has a 1arge internal. stress. oraok is caused, 

so that corrosion is caused at an interface between the metall1.c 

material. and the coat film. Although a crack~free chromiwn 

15 . . coating. teohnoJ.ogy has been devel.oped in ord~r to so.l ve these 

crack. tracture due to clistortion at procesaing are caused since 

a fi1m th~ckness is thicken excessive1y. thereby corrosion 

bei.ng caused. 

Moreover. there has been prob1em that although a dua1-1aye:r:s 

20 chl:om.1wn coat.1.ng techno1ogy has been developed in order to sol.ve 

t:n1.s :fracture clue to 41.stort:l..on a tll:Ls tecllnoJ.ogy al.so J.s 

different each other in coating processes and resul.ts· 1n an 

·.increase j_n cost, so that it is poor in productivity. 

Moreover~· there has been a technology that heat treatment is 

25 perfo:rmed after metal coating. However, there have been 

1u:ulJl.1;9u$ .111 tbese ·techno1ogi.es tl"'.ldt va..ca.nci.es ( pi.11 holes) ex.i.s L 

on the surface after coating; the coat film is peeled off, or 
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the film obtain~d "after heat treatment is a composite-oxide f il.m 

or has a property of ceramic, and $.l.uce the metal. material. of 

the substrate layer is contact with corrosive gases when 

vacancies exist, corrosion progresses on the .interface between 

5 the meta1 of the substrate laye~ and the coat film, and the 

desired corrosion resistance can not be obtained because of the 

oompoa.1.t•-ox.ide f'ilm. furthe.:angJ:"o •. it is poor in workabi..lity 

because of the p~operty of ceramic. 

The object of the invention is to provide metallic materia1 

10 on whicli ·the chromium-oxide passivation film high in 

producti v.1 ty .is formed and a method for manufacturing the same 

by forming the chromium-oxide passivat1on fi1m oxcc11ent ~n 

corrosion resistance inexp~nsive1y and in a short t.tm.e. 

The object of the invention 1.s to provide the parts contacting 

15 with fluid and a flul.d supplying system capable of supp.lying 

safely fluid hard in corrosivity by forming the cbromium-oXide 

£i1m axoo11ent ~n eorros~on ~esistance without conta~nins an 

oxide film of other metal. 

20 Disglosu:c.e Qf the Invention 

The metal.l.ic materi.a.l according to the invention on which the 

oh.rom:i.um-ox:lde passivation is fome.t.'i onmpr1 sitP.:A t.hP. pas::si VA ti.on 

film consisting of the chromium oxide obtained by oxidizing the 

chromium coat on the metallic material o:f which surface 

25 roughness (Ra) is· not more than 1. Sim. 

A method ~or manufacturing tlle lueL~l.1.i..c; lW:lL~.t:.l.ul. d.C(.;uL·u.Lng 

to the invention on which the chromium-oxide passivat~on is 
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formed comprises a step of forming the passivation . film 

~onsisting of the chrom:i..um oxide by a.ppl.ying J:11:u:a.L L.rea.tment :Ln 

an oxidizing atmosphere after coating chromium on the metall.ic 

material of which surface roughness {Ra) of a coat surface is 

5 not mo.re than 1. 5im. 

Parts contacting with fluid and a fluid supp1ying I exhaust 

$y~tem according to the i.nVOUt~oD arc chorneteri~ed by that 

these are constituted by the metallic material on which the 

chromium-oxide passivation film having the passivation film 

10 oonsisting·of tbe chromium oxide obtained by ox1d1zing the 

chromium coat are formed on the metallic material of which 

sur~ace roughness (Ra) i.a not more. than l.Si.m. 

Br,ef Qesgtjptjon of the prawings 

15 Fig. 1 is a schematic view of a gas suppl.y:lng system used in 

a chromium-oxid.e passivation film according to the invention. 

F~g. 2 ~s a view showing a ~esu1t by evaiuating ohromium­

oxide passivation film after oxidi.zing treatment by 

photoe1ectron spectroscopy. 

20 Fig. · 3 is: a view showing ·results by evaluating surface 

roughness (Ra) aepenaence of corrosion resistance of the 

chromium-oxide passivation film according to t.he :i.nvAnt:i nn hy 

SEM observation. 

Fig. 4 is a view shewing results by SEM observation of the 

25 sampl.e· after corrosion test by chlorine gas of sampl.e by using 

ci mt:S tl1uU. .ro.c 1llClnu:Cac Luri.l"lg \.he olu·o11U.u111-c:ud.~ pcw:.;.lvull.uu f il.lu 

according to the invention and sample which oxidizing treatment 
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is not g~~en, and sample after cleaning with ultra pure water 

after corrosion test. 

(Bx;glanations of Cbaracters) 

101 flow-rate adjustment device 

5 102 fluid control. valve 

103 reaetl.on chamber 

Best Mod,e for Car,x:ying out the Inyention 

This invention c~prises a step of forming a passi.vation ~1lm 
.. 

10 consisting of chrom1wn oxide excellent in corros1.on resistance 

on an opt1ona1 meta111c material by g1v1ng heat treatment in 

an oxidizing atmosphere on a s::11l"faee. obtained by ooa.ti.ng 

chromium onto _the meta1lic material (for examp1e, copper 

material) of which surface roughness (Ra) is not more than 

15 I.Sim. 

In the 1nvent1on, a contact ab111~y ot an 1nterface between 

the metallic .material and a coat film is improved by coating 

Chromi.um onto the metallic material of wh.1.ch surface roughness 

(Ra) is not Plore than 1. Si, in addition, to strengthen·a coupling 

20 force of the _interface by applying heat treatment to sol.ve the 

poorness or the conventional. a.dhes:Lon, and 111 adul L.lu.1.1, Llle 

chromium-oxide passivation film excellent in corros~on 
.. 

resistance can be formed by .. applying oxidi.zing treatment. 

This invention comprises a step of forming the passivation 

25 .·film eonsisting of the ·sealed chromium oxide excellent in 

oorro:s.ion resistanoe by a.pplying heat treatment in the 

oxidizing gas atmosphere on the surface 0£ the.metall.ic material. 

•·. 
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on which chromium is coated. According to the inven:t:ion, the 

probl.em of inter:face aorros.i.01) ut1used due to tile presence O:t' 

vacancies {pin holes) can be solved. in add.iti.on. t:hA 

chromium-oxide passi.vation film excellent· in corrosion 

5 resistance can be formed by applying oxidizing treatment. 

In this invention, definition of the metallic material •. 

de:fin:i.tion of the Ghapc of the paz:ts and preci.5e control. uf l:he 

oxidizing atmosphere are not required, and it becomes possible 

to form the chromium-oxide passivation film onto the optional 

10 metallic ma:ter1al and the parts inexpensiveJ.y as compared to 

a chromium-oxide passivation treatment of the prior art. 

Defin.iti.on of the metal1.io material and tho shape of the parts 

and precise control of the oxidizing atmosphere are not required. 

whereby improvement in productivity can be realized. 

15 Al.though there have been problems in the conventional 

cnromium-o:xide passivation treatment technology that there is 

a prob1em in product~on cost and product~vity ~s poor, ·cincc 

the concentration of the oxidizing gas is low as is 10 ppm to 

several hundreds PPm. moreover, the range of the concentrati.on 

20 also· i.s narro:w and so use of speo:lal parts for an oxidizing-gas 

supp1y1.ng system and a special. dilut1ng technology are required 

in order to control the concentrat:1 on pr~otsely and mon.:i tor for 

control of the concentration also is requi.red i~ treatment 

temperature. the range of the forming conditi.on for formation 

25 of the chromi.um-oxi.de passivation f1.1m can be set widely 

acco.i:U..i.uy l.u Lbe J:>.E."e::stmt invent.1.on, whereby t:he c:nro:miwn-oxide 

passivation treatment inexpensive and high in productivity can 
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be reaJ.ized. 

The ohromi.um-ox:Lde passivation .C3.l.lll exoeJ.J.ent 1.n corrosion-. 

resistance becomes possible to form on the. optiona1 mAta.11ic 

inater:ial and the parts inexpens1vely and in a short ti.me 

5 accordi.ng to the invention, the fluid supplying system .oapab1e 

of supplying fltiid with the hard corrosive action i.n safety can 

he. constructed. 

Embod:iments 

to Although a forming technology of a chromium-oxide passivation 

f1lm as we~i as the parts contacting with fluid and a fluid 

sn:ri:p lying I exhaust system according to the .inveQ.tion wil.1 be 

described w~th reference to the draw.:Lngs as described beJ.ow. 

the invention should not be 1imited to these embodiments. 

15 Although a chromium.,coat_film used for ~h.i.s experiment is 

depos1t:ea by a p1ai:ing metJlod. in addition thereto. deposition 

may be pf\T'fnnnE\d by coati.ng teohnol.ogi.e.s such as an i.on·· p1o.ting 

m_ethod, HIP method. a sputte:ring method. Deposition may be 

performed by two-steps fo:rming method which is designed to form 

20 by the sputtering method initially and then to form by the­

pl.at~ng method thereon. 

Moreover. baking is prefe't"Rhly· performed once at 1ow 

temperature of 100 12c tQ 200 szc in high ... pur1.ty inert gas 

atmosphere (the concentration bf moisture is not more than 10 

25 ppm-) and then heat treatment is performed, when forming the 

chrom~um-ooat f~1m by d w~l-Lype p1at1ng metnod. 

Moreover, an annealing processin~ is preferably performed 
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a~ter heat treatment. 

Moreover, au.cton.i.te system .sto. . .inl.ess sL~~1 (SUS316L) was used. 

for the metallic mater1al to be oxidized. 

(Embodiment l) 

5 Fig. 1 j_s a schematic view of a gas supplying .system performing 

treatment for the chrom.1.umwoxide passivation film according t;o 
. . 

1".hA i.nventi.on - AJ:gon is i.ntroduocd as a.n. inert ga=:ii a.nd o~ygtm 

as an ox:i.di.zing gas for dilut.ion in the gas suppl.ying system. 

The chrom.ium-oxide passivation film was formed using this gas 

10 supplyi.ng system.· 

:tn tl'l..1.s embodiment. an influence of the surface roughness (Ra) 

of the meta11io mAt:aria1 to be ox1.di.:p;ed was ccarched by 

corrosion test with chlorine gas. Oxidizing conditions are 500 -

2c, 30 min, oxygen of 50 t (diluted. by argon). 

15 Fig. 2 shows a. result measured by evaluating chrom.ium-ox1.de 

passi.vat:Lon :f.1.lm by ESCAJ.00, maa.e by Sllimazu Seisakusyo after 

oxidizing treatmAn~. 

From the results, it was verified that the chromium-oxide 

passivati.on film of substanti.a1ly 100 %' has been :formed. which 

20 is approXi.mately 30 nm from the outermost surface~ 

The corros.i.u.u. Le==s·t is pe:r~ormed under the condi -c1on o~ seal.ing 

ohlorine i:Jas of 100 % under not more .than 5 Kgf/t"!m2 at 100 ac 

for 24Hr through an accelerated test .. Surface observation was 

performed by JSM-6401F, made by Nippon Oensi Kabusikikaisya 

25 after oxidiz:ing ..:treatment. 

F:i.g. 3 =-hows resu.l ts after the oo:r.;.i:;u:ilon test. From tne 

results, it was not verified that corrosive products exist in 



the case of the surface roughness (Ra) of not more than 1. Sim .. 

whereac the corrosive products have beeu scattered i.n the case 

of not less than 2im. It is ~uessed that adhesion of the 

interface between the metallic material and the ohromi.um-coat 

5 film deteriorates, so that clearance corrosi-on is caused as the 

surface roughness (Ra) becomes large. 

From the results as doacribed Qbove, it is gues~~d that i:he 

chromium-oxide passivation film having corrosl;.on resistance. 

wh~ch is excellent in adhesion of the interfa~e between the 

10 metallic material and the oh.romimn-coat film can be formed when 

the surface roughness {Ra) of not more than l.5im. 

Mnr$Over. the chromium-oxide passivat~on film further 

exc~l.J.ent in durabi.lity can be formed by aL.J.owing to coat a metal. 

on the metallic mat.erial to be oxidized in pretreatment for 

15 forming the ehromium-eoat film to ·improve adhesion onto 

chromiwn and 'to prevent crack and fracture due to distortion. 

Mo:r.eover. the more ol.ose-grained and t.i.ght ohromiwn-ox:Lde 

passivation £ilm can be formed by dop1.ng w.ith hydrogen into the 

oxidiz.1ng gas. 

20 (Embodiment 2) 

The acceierat:ed corrosion test of the sample on which 

oxidi.zing · treatment . was given in the same oond:Lt:ion as 

Embodiment 1 and the samp1e on which oxi.dizing treatment was 

not given was performed under the c~ndition of sealing ohlo.rine 

·26 gas of 100 % under not more than S Kgf/cm2 at 100 ac for 24Hr. 

Fi.g. 4 shows tb.e x·esul L:.-:1 by SEM obse.rvat1.on after the corros1on 

test by JSM-6401F, made bv N.i-ppon Dens1. Kabusikikaisya after 
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ox1.d1.zing treatment, as wel.l as the_ results by SEM observation 

of thA sample after cleaning with ul tro pure wa te:c- a.rteJ:.· 

corrosion test. 

From the results, it was not verified that corrosion ex~st 

5 for the sample on which oxidizi~g treatment was given, whereas 

1.he corros1.ve produci:s n.ave been scattered for the sample on 

which oxidizing treatment. was not g1ven. 

Moreover, it has been guessed from the results that SEM 

observation was performed after cleaning the sample after 

10 corrosion t~st w~th uitra pure water to remove the corros1ve 

produc·Ls uJ:; Lb~ l.J.ke that changes was nol: ooservea for the sample 

on whioh oxidizing treatment was g.1.ven, whP.T"P.inS there were the 

vacancies (the pin holes) of a diameter of approxim.ately O. lim 

on the site where the c9rrosive products were removed for the 

15. sample on which oxidizi.ng treatment was not given, and thi.s was 

COJ.".1;(.H;jJ.uu cuul..rJ.bulet1 ·to ·the pin ho1es ex1.st1ng at"tel: pl.at1.ng. 

It has been found by these experil'ilents that there are the 

vacancies on the coat film used for the p~ior art. and oorrosi.on 

caused by the vacancies is progressing, however, the vacanc:Les 

20 are f il.led according to the i.nvention, whereby the 

chromium-oxide passivation .CJ.1m wh.1.ch 1.s oJ.ose-gi'a.J.n~d i:211\l 

excellent :tn corrosion resistance can be formed on the outermost 

surface. 

25 A."m>;l.iOability fgr the Indust.q 

Acoord~ng tQ the present ~nvent~on, the pnssivat~on f~1m 

consisting of chromium oxide excellent .1n corrosion resistance 
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onto ~ne optional metallic mater1al can be formed. 

Aocording to the pre$cnt invention, the oonve11t.Luna1 prob1em 

of interface corros~on caused due to the presenQe of the crack. 

fracture due to distortion and the vacancies (pin holes) or the 

5 like can be solved, in addition_, the chromium-oxide passivation 

film exce.l1ent in corrosion .resistance can· be formed by_ applying 

oxj di 7::1.ng .treatment. 

According to the present invention, def ini ti.on of the meta11i.o 

material, definition of the shape of· the parts and prec.ise 

10 control of the oxidizing atmospne:re are not required. and .tt 

beco~es poss1.ble to t·orm the chromium-oxide passivation fi.lm 

onto the opti.onal mAT..~11i.o ~ater:tal and parts :i.nexpensivel.y a.s 

compared to a Chromium-oxide passivati.on treatment of the prior 

art, and definition of the metallic material and the shape of 

15 the parts and precise control of the oxidizing atmosphere are 

not x·e'd,u.i.c:ed, whereby lmprovemen"t in prod.uctivity is :realized. 

According to the invention, thA f.luid supp1ying system capab1e 

of suppl.y1ng fluid with the hard corrosive action in safety can 

be constructed. 

,, 
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.1If111, I~~ II(~ 11111111111 
. s * 

What is claj,med is.., 

1. Motal.J.:io mo.ter:i.o.l. provided wi. th a. chr01\l.luLll-ox.1.de passi. vation 
. . 

£1.lm comprising a passivation film consistinq of chromium oxi.de 

obtained by oxidizing a ohroniiwn coat on the metallic material 

5 of which sur£ace ;roughness . (Ra) · is not more than 1. Sim. 

2 •. The metallic material provided with the ohxomium-oxide 

passivati.o:n fi.1m aceord.ing to ol.allll l, wherein. p.in ho1es o:f said 

chromium-oxide passivation film are tilled. 

3. A method for manufacturing metallic material on which·a 

10 chromium--oxide passivation film is formed .. comp.rising the step 

Of ; 

fn1"11'1ing the pa.ssivat.:i.on fi.l.m cona:i.st;Lng 0£ Ohromi.um ox:Lde by 

appl.ying heat -treatment in an oxidizing atmosphere after 

coating chromium on metallic mater.1.a.1 of which surface 

15 roughness (Ra) of a coat surface is not more than 1.Sini •. 
-

4. :ear'ts contacting wii:h :t.iuics. and. a fluid supplying I exhaust 

systP.mr r.nm~ri~ing meta11ic material. hav~ng a ahrom~um-oxide 

passivation film according to claim 1. 
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