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1 METHOD OF TREATI NG | NNER SURFACE OF HI GH PRESSURE GAS VESSEL BA ND
OF THE INVENTION 5 1 FI ELD OF THE | NVENTI ON The present invention rel ates
to a method of treating an inner surface of a high-pressure gas 10
vessel , - and nore particularly to a nmethod in which an inner surface of a
hi gh- pressure gas vessel made of mangangse steel, chrone-nol ybdenum st eel
or the tike is wet-ground wth abrasivé including rust preventive and then
rinsed. 15 2 DESCRI PTION OF THE RELATED ART As such nmethod of treating an
i nner surface of a high-pressure gas vessel made of manganese steel, 20
chr onme- nol ybdenum steel or the like, there is knowm a nethod of
dry-grindi ng the ¥EFHQR OF [ RREARING WINMER hSURFACEgOEr HRGHNFREEEHRFent
al one, the maxi muminner surface roughness: Rmax of the vessel renmmins as
‘"large as 6 [err] or more. Then, when ga@AS$sVESREL out of 25 t he vessel

under hi gh pressure, cluster (or solid 2 particles) of the materi al
form ng the high-pressure

BACKGROUND OF THE INVENTION
1 FIELD OF THE INVENTION

The present invention relates to a method of
treating an inner surface of a high-pressure gas
10 ' vessel, and more particularly to a method in which an
inner surface of a high-pressure gas vessél made of
manganese steel, chrome-molybdenum steel or the like
is wet-ground with abrasive including rust preventive

and then rinsed.

15

2 DESCRIPTION OF THE RELATED ART

As such method of treating an inner surface of a
high—p*essure gas ;essel made of manganese steel,

20 chrome-molybdenum steel or the like, there is known a
method of dryv-grinding the surface. However, with the
drying-grinding treatment alone, the maximum inner
"-surfacé roughness: Rmax, of the vessel remaiﬁs as
large as 6)pm or.more. 'Then, when gas is taken out of

25 the vessel under high pressure, cluster (or solid
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vessel may be stripped off the inner wall surface of the vessel and this
stipped-off material may mx into the gas as dust. If this gas is used in a
CVD device 5 for instance, the contam nation of the gas with the dust
of nmetal cluster of nmanganese steel, chrone- nol ybdenumor the like wll
result in an electrical insulation or gonduction failure in the final
product manufactured by the CVD devi ce. Hence, there has 10 ‘been
the demand for an inproved treating nmethod capabl e of achieving greater

fi neness (snoothness) on the inner surface so as to restrict generation of
dust fromthe inner surface of the high-pressure gas vessel. 15

‘As one such nePabbiclend oforkhstPaterhal Lformams skhel highopprepgure

wet - gri ndi ng net hod foi treating the vessel .interior to a%g}eve maxi num

inner surface rouffifigS€s BFY3 er?ﬁr’cﬁp‘F‘Esgff t f tReeTast? ?‘fﬁ'é‘a%tHSd,
(e dust generatl phe gkt 182 Upes, o AP, e Sk et 1 a8he
Lo e ! ek L BB BT AR eSS R e
product of 25 fobUShs¥andls VaRSCbohtaMiNdeTBhEdA! the lgaktClWidiP PRe 3
dust of metal cluster of manganese steel, chrome-
molybdenum or the like will result in an electrical
insulation or conduction failufe'in the final product
manufactured by the CVD device. Hence, there has

10 been the demand for an improved treating method
capable of achieving greaﬁer fineness (smo&thness) on
the inner surface so as to restrict generation of dust
from the inner surface of the high-pressure gas
vessel.

15 As one such method, the convention has
contemplated use of the wet-grinding method for
treating the.vessel interior to achieve a maximum

“ inner surface roﬁghness of 3/nm or less. In the case
.i. of this method, the dust generation due to the

20 stripping-off of the cluster of the material forming
the high;pres;ure gas vessel may be restricted indeed.
Yet, with the reduction of the maximum inner-surface
roughness Rmax, the surface becomes more vulnerable to
oxidation, so that cluster of oxidati&n productlor

25 rust of the vessel forming material is likely to be



v

gener ated as dust. For this reason, the convention has al so suggested
use of abrasive containing rust preventive in conbination with the
wet-grinding nethod. In this case, it was believed that by a 5

wat er-rinsing operation for renoving the dust such as the grinding scraps,
fine rust-proof filmalone would remainpn the inner surface of the gas
vessel so as to prevent mxing of dust into the gas to be taken out from

t he vessel. 10 As a matter of fact, it has been found out that

t he above-described treatnment nmethod including the step of wet-grinding the
interior of the gas vesse] with abrasive including rust preventive and the
subsequent step &&eRERAEEY i3%i AYSthe vl thigerPgsons the copygption

compLetely DL overo 2108, Shaliet L e 5B £l o Bl g0
precent et Lol E iR O 91 45, LSS AT RSO0 gk Rl 20
ot o ol ybUenURGH R OF ASChAKE Al BOUIRS ERIPHPAAC et By aven
out of the Vesse”waé%%—rinsing operation for removing the dust such as
the grinding scraps, fine rust-proof film alone would
remain on the inner surface of the gas vessel so as to
prevent mixing of dust into the gas to be taken 6ut
from the vessel.

10 ~ As a matter of fact, it has been found out that
the above-described treatment method incfuding the
step of wet-grinding the interior of thé gas vessel
with ébrasive including rust preventive and the
subseqﬁent step of water-rinsing the vessel interior

15 cannot completely prevent mixing of dust into the gas
(see Fig. 1(B)).

Taking the above-described state of the art into
consideration, an object of the present invention is
to provide a further improved method of treating an

20 inner surface of a high~-pressure vessel made of
manganese steel, chrome-molybdenum steel or the like,
which method is capable af substantially cbmpletele

‘preéevention of mixing of dust into gas to be taken out

of the vessel.

25
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4 SUVVMARY OF THE | NVENTI ON The above-noted object is acconplished by.

t he

respective inventions defined in the appended clains 5 for a patent

appl i cation.

i nvention,

According to the characterizing features of the present

there is provided a nethod of treating an inner surface of a

hi gh-pressure gas vessel, the vessel bej ng made preferably of manganese 10
steel, chrome-nol ybdenum steel or the like, the method including the step
of wet-grinding interior of the vessel and the subsequent step of rinsing

t he vessel

interior; wherein; 15 said wet-grinding step is

effected to Obta'§%M%ER§hETVFﬁEe{NVE&?f%ﬁr a maxi mum i nner-surface
ess

roughness Rmax of

um or and sald step of rinsing the vessel

interior includes a step of an acid rinsing (pickling) step using an 20
acidic.rinsing (pickling) solution. Preferably, the acidic rinsing
(pickling) solution cophai B%ovRS id¥e@ChH) @c%owngekohbeIfQ ed?

sel ected fromthe group consisting of dlannnnlun1C|trate |un|j
phosphate and 25 respe&0tvéMiAvdnedensdiddOSEt €n the appended clalms

o

10

20

25,

for a patent application.

L one
rogen

According to the characterizing features of the

present invention, there is provided a method of

treating an inner surface of a high-pressure gas

vessel, the vessel being made preferably of manganese

steel, chrome-molybdenum steel or the like, the method

including the step of wét—grinding interior of the

vessel and the subsequent step of rinsing the vessel

interior;

wherein;

said wet-grinding step is effected to obtain in

the vessel interior a maximum inner-surface roughness

Rmax of 3 um or less; and

said step of rinsing the vessel interior includes

a step of an acid rinsing (pickling) step using an

acidic, rinsing (pickling) solution.

Preferably, the acidic rinsing {(pickling)

solution contains, as the acidic component thereof,

at least one selected from the gtoup consisting of

diammonium citrate, sodium dihydrogen phosphate and

sodium hydrogen diphosphate.



5 Functions and

to findings nmade
illustrated in 5
made of manganes
usi ng abrasive c
were found to be
in pure water us
Further, in the

manganese steel
decreased in gqua

adsorbed (or fixgghduBte@MByTRMEpAdsht USivehoOfs | i b 96 Re rdikiang f he

effects of the features will be described next. According
t hrough experinents conducted by the present inventors,

Fig. 1, in the case of a high-pressure gas vesse

e steel which was not treated by-the wet- grinding nethod
ontaining rust preventige, a variety of netal conponents

as

present in the order of 100 ppb (weight) in 10 t ot al

ed in arinsing operation of this vessel (see Fig. 1(D)).

case of another high-pressure gas vessel made al so of

but ich. was treat by the - i ndi ng_net hod, .t hough
ot 1y PpBedRhe ARG RGeS W Fhe Fad g I Th v

rinsing opersatigp.ef.ithigsuggsel still contained a variety of netal
conmponents i-n the order of a tewto several tens of ppb in total (see Fig.

1 (B)). The above-desgLiBediREPed MNndiSHY [ Ral€d Il ddh expe¥iGRGis

tnventors to an assunption that the dust such as grinding scraps Is

wet - grinding process and this fixedly adsorbed dust can hardly be renoved’
by the sbnpl e wakrgg-rinsingtBe case oFelAMi@h-piesishdle ghe WesgsRMOURHAUSE

may mx into

10

of manganese steel which was not treated by the wet-
grinding method using abrasive containing rust
preventive, a variety of metal components were found
to be present in the order of 100 ppb (weight) in
total in pure water used in a rinsing operation of
this vessel (see Fig. 1(D)). Further, in éhe case of
another high—pressure gas vessel made also of
manganese steel but which was treated by the wet-
grinding method,; though decreased in quantity to'some
extent, pure water used in the rinsing opersation of
this vessel still contained a variety of metal

components in the order of a few to several tens of

"ppb in total (see Fig. 1 (B)).

20

The above-described experiment results led the
present inventors to an assumption that the dust such
as grinding scraps is adsorbed (or fixed) in some
manner to a rust-proof film formed during the wet-
grinding proces; and this fixedly adsorbed dust can
hardly be removed by the simple water-rinsing

operation, so that the un-removed dust may mix into



6 the gas when it is taken out of the vessel under pressure. Then, the
inventors reasoned that the adsorbed dust could be renpved or desorbed from
the dust-proof filmby a rinsing operation using an acidic 5 rinsing
solution. To confirmthe validity of this assunption, the inventors
proceeded to conduct a further experlnegt i n which various kinds of acidic
rinsing solutions were used to rinse the inner surface of the manganese

steel high-pressure gas vessel which 10 had been subjected to the

wet - grinding operation with abrasive containing rust preventive Thi s
experinment revealed that this rjnsing nethod can effecgtivel vent nrxrng
of diJSt into thetyes §asevbes EYA}F YaksHeRtd 19 t 4f |s£ “f‘ﬂ& same
result as 15 above was alne nthe c 3se of a st|II |nrlar
experiment made &F%EHGh: pr 5"5 vER¥ER r?ard% T8 % %‘?%ﬂe%r%ﬁb& fum

t eel Mo f t d | id
igf}gonem T her e oAdsgred sof%;@?g?ect ] b EnSRA NS a8Lo b AFLC the |
(0] |arrm)n| umC|t ate
dlln 2F ¥ ngeiglsgggg@myéazgaeous ggﬂie Y Gt

di phosphate, the so 170N gi ves 1%t on t

rustoprogl il m gl ddifn g8 YEE38n | "G cHhbach e ahovaisey oot onis

provi des further dvanf ages of lowng mld rinsing work
envi ronnent assumption, the inventors proceeded to conduct a

further experiment in which various kinds of acidic
rinsing solutions were used to rinse the inner surface
of the manganese steel high-pressure gas vessel which
10 had been subjected to the wet-grinding operation with
abrasive containing rust preventive. Thisiexperiment
revealed that this rinsing method can effectively
prevent mixing of dust into the gas (see Fig. 1(A)).
Incidentally, substantially the same result as
15 above was obtained.in the case of a still further
similar eﬁperiment made on a high-pressure gas vessel
made of chrome-molybdenum steel.
Moreover,.if the acid rinsing liquid contains, as
the acid{c component thereof,.at least one selected
20 from the group consisting Qf diammonium citrate,
sodium dihydrogen phosphate and sodium h&drogen
diphosphate, the solution éives little disadvantageous
effect on the rust-proof film of the gas vessel inner
surface. The above selection -provides further

25 advantages of allowing mild rinsing work environment



7 and of facilitating a neutralizing operation to be carried out when this
‘acidic rinsing solution is disposed of. Anong t he above, di anmoni um
citrate is particularly preferred. Nanely, diamoniumcitrate 5

| acks any netal, phosphorous and sul fur conponents. Then, in case the

hi gh- pressure gas vessel is used in the sem -conductor industry, if any
portion of the acidic rinsing solution Lhoul d remain on the inner surface
of the vessel, the remaining solution, because 10 of the lack of
above-descri bed conponents, hardly affects the performance of the

sen conduct or device product. As described above, with the sinple addition
of rising step oPngh@f Miaeikitpkdegia mentapd iging pesationsppydieon
after the wet-grinding step of rendering the inner_ surface tQ the maxi mum
i nner - surface roGgfFesd RAEE el pladet erfit AdF valBEinghefalidsi PRerd s
achi eved an high-pressuge as vessel ﬁ?%%h an effectiveLéwresist

scrapi ng-of f of BREPRSES © l'ust ™% Pfie®26V¢: dippmopi .rF&&ga&F is
cort st on of {1 pRHIR6S 29,25p ek RkAL !, M af A LhE RS Lo
e L1 eCke, 309! BTy T BEoURBER! A O ¥ ompondiisse! by
Then, in case the high-pressure gas vessel is used in
the semi-conductor industry, if any portidn of the
acidic rinsing solution should remain on the inner
surface of the vessel, the remaining solution, because
10 of ﬁhe-lack.of above-described components, hardly
affects the pe-r'forma.nce of the semiconducl'tor device
product.
As described above, with the simple addition of
rising step of the inner surface with acidic rinsing
15 solution after the wet-grinding step of rendering the
inner surface po the maximum inner-surface roughness
Rmax to a predetermined value, there has been achieved
an high-pressure gas vessel which can effectively
resist scraping-off of the metal cluster from the
20 inner surface or corros}on of the surface so as to
restrict mixing of dust into the gas to be taken out
of the vessel.
"Incidentally, the ipner-surface treatment may be

"effected again after e.g. a periodic inspection of the

25 vessel by charging water into the vesseéel and then



8 discharging the water therefrom and then new gas will be charged

't her ei n. In such case too, according to the above-descri bed nethod of the
present invention, dust of netal cluster or the like or any other foreign 5
gaseous conponent will hardly mx into the newy charged gas, so that high
quality and purity of this new gas cangde maintained. Therefore, if this

gas is used for a CVD device or the like, there will hardly occur
el ectrical insulation or conduction failure in 10 t he pr oduct
manuf act ur-ed t he devi ce. Cbnsequently, it is possible to

constant| ro ducts o bly hi f Furth d
other ob fyf g éia%rh%g“q ¥ GHeSPLes R ANHE: U WIS RSO gre
appar ent ron1th detajled d ti
embodi nents of t |?R&§ﬁ?% k&nfﬁ gépgig%cg ?é ?he g§€%$paﬁ§?ﬁgdérgwt°
DESCRI PTI ON OF T P Fi

'1‘ Rt m@g@gmmg d19: tide | $ra3s@hPh RGN i,

results of an experine In a conparison experinment exa ﬁe <1>,

Fig. 21is a grap%ﬂ’co‘ﬁt“%erteaimél%s‘}fera%zzihe 11 KR [P lo M%Fé‘l&r{‘

a- corrparl son experil nment
5 gaseous component will hardly mix into the newly

charged gas, so that high quality and purity of this

new gas can be maintained. Therefore, if this gas is

used for a CVD device or tﬁe like, there will hardly

occur electrical insulation or conduction failure in

10 the product manufactured by the device.

Consequently, it is possible to constantfy provide
products of invariably high performance.

Further and other objects, features and effects of

the invéntion will become more apparent from the

15 following more detailed description of the embodiments

of the invention Qith reference to the accompanyihg

drawings.

DESCRIPTION OF THE PREFERRED EMBODIMENTS
20
Fig. 1 is a graph showing results of an
experiment conducted in a comparison experiment
.example <1>,
Fig. 2 is a graph showing results of an

25 experiment conducted in a-comparison experiment



9 exanple <2>, Fig. 3 is a graph showing results of an experinent conducted
in a conparison experinent exanple <3>, 5 Fig. 4 is a graph
showi ng results of analysis of an inner surface of a cylinder relating to

t he conparison experinent exanple <3>, Fig. 5 is a graph show ng results of
an experinment conducted in a conparison experinent 10 exanpl e <4>, Fig.
6 is aflowchart illustrating the invehtion's nethod of treating an inner
surface of a high-pressure gas vessel, Fig. 7 is a conceptual view of a
centrifugal 15 grinding machine, and Fig. 8 is a conceptual view of a
rotary grinding machirfe.< TAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS
20 Enbodi nents of A8 Sre ént invention will be described in particular

e erence, Lo { oA O T B, 4Rkl TSI ()T He
(refﬂTed to experiment conducted in a comparison experiment
example <3>,

5 Fig. 4 is a grapﬁ showing results of analysis of
an inner surface of a cylinder relating to the
comparison experiment example <3>,

Fig. 5 is a graph showing- results of an
experiment conducted in a comparison experiment

10 example <4>,

Fig. 6 is a flow chart illustrating the
invention's method of treating an inner surface of a
high—préssure gas vessel,

Fig. 7 is a conceptual view of a éentrifugal

15 grinding machine, and

Fig. 8 is a conceptual view of a rotary grinding

machine.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
20
Embodiments of the preseﬁt.invention will be
described in particular with reference to the
accompanying drawings. -
| In this method, first, a wet-grinding step is

25 effected on a high-pressure gas vessel (referred to



10 sinply as 'cylinder' hereinafter) made of manganese steel and having a
cylindrical configuration so as to render the un-treated, maxi mum

i nner-surface roughness (Rmax=12 [err] approxi mately) of the cylinder 5
into-a maxi mum i nner surface roughness: Rmax, of 3 [err] or |ess.
Thereafter, the cylinder is subjected tgga rinsing step and then to sone
subsequent steps. The wet-grinding step will be described in details. 10
This wet-grinding step is effected by using a wet-grinding machi ne
(so-called centrifugal grinding machine, see Fig. 7). In this nachine, a

plurality of cyllgq% §g1 each gggg datgg t@efgi%)a%%%5|ve 2 anga%

us
pr eventive are Suppo d ?’IOI’I zont a ese Cc ?I n&er f ar e

revol ved count er cl.Qekwi $& 2004t ik qaprgmm,]t tal,a éra%{‘{'&]\e §260 ¢

cylinder 1 being driven 1o rotate of spin W se a Its own axis,

thereby to effect ddigguet -ghiNdiAG tREL BEWON. Véxmﬁnhﬁn al}.QxVx‘?ege§QfﬁP§ge
wet - grinding machine in 20 operation, the centrifugal force

generated in asseouhin@@sWi (Hind:At€1 7 eyl WppRRxGRATRY y)NG ADERET ¥§14 nlg reach
cylinder to be displaced and concentv¥ated outwardly of the |ocus of the
revol uti os, and thHatioNREmainhateiiert hueFadOdLsughhéss ot Rhed, retatsl)ﬂ, to
or less. Thereafter, the cylinder is subjected to a
rinsing step and then to some subsequent steps.
The wet-grinding step will be described in
details. |
10 | This wet-grinding step is effected by using a.
wet-grinding machine (so-called centrifugéﬂ grinding
machine, see Fig. 7). 1In this machine, a plurality of
cylinders 1 eacﬁ,accommodating therein abrasive 2 and
rust preventive are supported horizontally, and these
15 cylinders 1 are revolved counterclockwise about a
common horizontal axis; while each cylinder 1 being
driven to rotate or spin clockwise about its own axis,
thereby to effect the wet-grinding operation.
With the above-described wet-grinding machine in
20 operation, the centrifugal force generated in
association with the revolution causes the abrasive 2
in each cylinder to be displaced and concentrated
outwardly of the locus of the revolution, and the
inner surface of the c¢ylinder 1 is rotated relative to

25 .this abrasive 2, so that the inner surface of the



25 this abrasive 2, so that the inner surface of the cylinder 1 is
‘abraded or ground through its contact wwth the abrasive 2. The abrasive 2
includes a first type abrasive which conprises ceranic abrasive constituted
fromb5 spherical ceramic grains of about 5 nmgrain size. This first
type abrasive is for use in a primary gggnding step for obtaining a maxi num
i nner-surface roughness (Rmax) of 3 to 5 [err] approximately and for

el imnating carbon scale present inside the cylinder. 10 The abrasive
2 further includes a second type abrasive which conprises ceranm c abrasive

having a higher alymna [err] _conte han the first, type abrasive used in
“the primary gri n&iygdngfeé'pa lfﬁi ?bé'@rca[ ?f]pérMiékér%u& t&6F FEPYACY
secondary gri ndi t f . obtai ning a maxi num i nner-surface
roughness (Rnax)ggﬁﬁl%ﬁgrr ﬁ%%ﬁgfoﬁrnately and also in a finishing grinding

ste repetition of t S i ngi f t @i nj q
p (repetiti he ::.) eg'zg’l[q{e” SLEPL T, 0P %'yfy\ﬁ?%@f eS;JEr'm

i nner -surface roughness (Rmax approxi matel y.

secondary and 20yhich f£8hpRiRE ¢ DHLAG cSIAPSasd vid NS0 ARY 14]NSEA T YSlePr 0Of
filmis formed inside the cylinder 1. Incidentally, in an experinental

operatiom carri egpghér iyal Nge Paasents rdwest 8rs abdet§ br wim t¢/PLiAbkaT e 2
was used in the anmount of 5 to 10 g per 1

This first type abrasive is for use in a primary

grinding step for obtaining a maximum inner-surface

roughness (Rmax) of 3 to 5/pm approximately and for

eliminating carbon scale present inside the cylinder.

i0 The abrasive 2 further includes a second type abrasive

which comprises ceraﬁic abrasive havingia higher

alumina (Alz03) content than the first type abrasive

used in the primary grinding step. This second type

abrasive 2 is for use in a secondary grinding step for

156 obtaining a maximum inner-surface roughness (Rmax) of

1/pm approximately and also in a finishing grinding

step (repetition of the secondary érinding step) for

obtaining a maximum inner-surface roughness {Rmax) of

0.8 fm approximately. With these secondary and

20 finishing grinding steps, a fine and dense rust-proof
film is formed inside the c&linder 1.

Incidentally, in an e;perimental operation

carried out by the present inventors, the first type

abrasive 2 was used in the amount of 5 to 10 g per 1

25 liter of water in the primary grinding step, and the



25 liter of water in the primary grinding step, and the 12 second
'type abrasive 2 was used in the ampunt of 10 to 20 g per 1 liter of water
in the secondary grinding step. Next, the rinsing step will be described in
S details. First, silica-alumna and pure water are charged into the
cylinder 1 ground and finished in the mabove- described manner. Under this
condition, the cylinder 1 is attached to a rotating device 8 (so-called
rotary 10 grinding machine (see Fig. 8)). Then, the cylinder 1 is
rotated on the machine at a low rotation rate to effect a primary rinsing

operation for renovin brasi ye _and/or, rust preventi rq@@ i hrsi.de the
cylinder 1. 15 secon %y?ﬁéféﬁFférf Fhég%ngﬁ eﬁ%it¥§ U jé@ie ggﬁég

secondary 1isningpergLion Iy gl et e ekAnGln Sthd a8ecBhably @Hlimtialy | S
rinsed with pure water to renove any dust adhering to.the rust-proof film
formed on the inngrosurface of the cylinder. 20 Then, the

cylinder 1 is further subjected to an acid rinsing step in which an acidic
rinsing solution comprjesiiNg fBQULr DndiKpadsedps «sial Ut ben @é sdirdbedi Um

citrate is used for renoving any dust which has
5 details.

| First, silica-alumina and pure water are charged

into the cylinder 1 ground and finished in the above-

described manner. Under this condition, the cylinder

1 is attached to a rotating device 8 (so-called rotary

10 " grinding machine (see Fig. 8)). Then, the cylinder 1
is rotated on the machine at a low rotatién rate to
effect a primary rinsing operation for removing
abrasive and/or rust preventive remaining inside the
cylinder 1.

15 Thereafter, the cylinder 1 is Subjected to a
secondary risning operation in which the inner surface

" of the cylinder is rinsed with pure water to remove
any dust adhering to the rust-proof film formed on the
inner surface of the cylinder.

20 _ Then, the cylinder 1 is further subjected to an
acid rinsing step in which an acidic rinsing solution
comprising about 0.1 % aqueous solution of diammonium
citr#te is used for removing any dust which has
:remained un-removed by the secondary rinsing step

25 ] described above.



remai ned un-renoved by the secondary rinsing step 25 .

13 After the acid rinsing step, the cylinder is subjected to an
after-rinsing operation using pure water again. This after-rinsing
operation is effected for preventing the acidic rinsing solution from5
remai ning on the inner wall surface of i®e cylinder. After the
above-descri bed grinding operations and rinsing operations, the cylinder
baked and then cool ed. Thereafter, the cylinder is subjected to various
post-treatment operations such as val ve 10 attachnment, valve
tightening, |eak inspec{jion, yacuum heating c]eaning, urgin er at
and so on, then, thepdﬁ??ﬁeﬂ‘les Ehy g(!\:d"\ﬁqtr}fJ g&e g X hdedtels

gas td bé'rea or use as a

gas cylinder. Sorreu%?%g@%hzggb%ﬁf{{@m%i Fi%gcowé'ﬁ%%%& d2ing pEf

t he cylinder treate

of the invention
experinments wll

escri ped | nner-sur

descri bed above.

is

i on

ar e

ace treating nethod

%A'eé a1 et ¥ripi s r%%@éPI‘Pi?nQYJ\é”Qﬁé?atio;[h'%eef?@@ééhson

escri bed next. <conpari son experi nent

exanpl e 1> This exper iy e WS £@NIuEt afe § @ ifd Ndi alli d Pesdadieeodf from
difference in the generation anount of netal dust that the pure-water

rinsing operati onr&fgid{¥eg on the inner wall surface of the cylinder.

10

15

25

After the above-described grinding operations and
rinsing operations, the cylinder is baked and then
cooléd. Thereafter, the cylinder is subjected to
various post-treatment operations such as valve
attachment, valve tightening, leak inspeétion, vacuum
heating cleaning, gas purging operation énd so on;
then, the cylinder is charged with gas to be ready for
use as a gas cylinder.

Some comparison experiments wefe condﬁcted to
compare the cylinder treated by the above-described
inner-surface treating method of the invention with a
variety of reference cylinders. These comparison

experiments will be described next.
<comparison experiment example 1>

This experiment was conducted to find out the
degree of difference in the generation amount of metal
dust that the pure-water rinsing operation and the

acidic solution rising operation can make.



25 acidic solution rising operation can make. 14 Specifically,
‘conpari sons were nade anong: (A) a cylinder treated by the inner-surface
treatment nethod of the present invention; (B) a cylinder treated with the
grindi ng operations, but without the acid rinsing 5 operation; (C a
cylinder treated with the acid rinsinglgperation al one; and (D) a cylinder
treated with neither the grinding operations nor the acid rinsing
operations. The results of the experinment are shown in Fig. 1. 10

As shown in Fig. 1, in the case of the cylinders not treated with the

wet - grindi ng opersgd ®gical yIniddwpdt i 38Rt wekeMBhaliedUsho MRS JEAPr at ed,
and this amount of netal dust could not be reduced by the acid rinsing

operation al one. cydirdder AdfatdBngy; thHe limner-sitfadastraftidit GdtHuder s
treated with the wet- grinding operations, with the acid liquid cleaning

operation, the ardfuntheofpoesertat bavert bdnduéB)caulcyliadeesttreatted twith
substantially 0 (zero) (weight ppb) (blow the detection limt). -
<conpari son expertiheerdrisding eoperfepansli ngut heishount thle dusid gemesiateed in
the cylinder in nitrogen gas purging operations carried
5 operation; (C) a cylinder treated with the acid
rinsing operation alone; and (D) a cylinder treated
with neither the grinding operations nor the acid
rinsing operations. The results of the experiment are
shown in Fig. 1;
10 As shown in Fig. 1, in the case of the cylinders
not treated with the wef—grinding opefations, a
significant amount of metal dust was generated, and
this amount of metal dust could not be reduced by the
acid rinsing operation alone. On the other hand, in
15 the case of the cylinders treated with the wet-
grinding operations, with the acid liquid cleaning
operation, the amouni of generated metal dust could be
restricted to substantially 0 (zero) {(weight ppb)
(blow thé detection limit).
20 |

<comparison experiment example 2>

Regarding the amount of dust genefated in the
cylinder in nitrogen gas purging operations carried

25 out one after another, comparisons were made between



25 out one after another, conparisons were -nade between 15 (A a
cylinder treated by the inner-surface treating nethod of the present

i nvention; and (B) a cylinder treated with the grinding operations, but
wi t hout the acid rinsing operation. The results are shown in Fig. 5

2. In the figure, there is also showmn aBsult obtained of a further

reference cylinder

met hod carr
generated 1
each gas pu
W t hout the

appr oxi mat e

(Aa) which was treated by the inner-surface treating

ied out in a clean area. As shown in Fig. "2, the anount of dust
0 in the gas purging operations gradually decreased after

rgi ng ?Rﬁratioq? weyer .0f the C¥£L

aci d

ly. ereas, in the"case of e cyl i1 nder treate

met hod of the invepLLeBg wilh Rfet

' h d .
siangcyoplenr At otr-ﬁx,'e?'ﬁé?h y’? hﬁﬁ%ebﬁgeﬁﬁ?‘éf ng %pgrfg'%i%éﬁé,
the dust anount W@\%tﬂgﬁr%qse&l%nbi(eggnkerl{ri]vm%éx(f:f %néi)(B) a cglbi.?dteﬁ-e
th _@'x{i ua}§g RSP GRET AblheNy i tRABudY

anmobunt was decreased fromthe initia st anount of abouf 106 units

b
M to

[err] units/cft apphaxi-AREShY. obErhRSbn.i NTAR resullthe a52S&nnl e Giher
reference cylinder treated wth the nethod of the invention effected in a

clean areg, the dust aRDERe WAgurdl! RAerdeqealed shold WIII/tCidbtAideRsS.

of a further reference cylinder (Aa) which was treated

by the inner-~surface treating method carried out in a

clean area.

10

20

25

As shown in Fig. 2, the amount of dust generated

in the gas purging operations gradually decreased
after each gas purging operation. Howevér, in the
case of the bylindef {B) without the acid rinsing
operation, in the third gas purging operations, the

dust amount was decreased only to 107 units/cft

approximately. Whereas, in the'case of the cylinder
({A) treated by the method of the invention, in the

third gas purging operation, the dust amount was

decreased from the initial dust amount of about 1086

units/cft-to 102 units/cft approximately. Further, in
the case of the other reference cylinder treated with
the method of the invention effected in a cleah area,
the dust amount was further decreased to 10 units/cft
or less.

Based on the above-described observations, the

lack of reduction in the dust amount in the case of



Based on the above-described observations, the 25 | ack of reduction in
the dust anmount in the case of 16 | ack of the acid rinsing operation
seens to be attributable to the fact that new dust was generated fromthe
inner wall surface of the cylinder with each another gas purgi ng operation.
And, the observations 5 suggest tRgt the acid rinsing operation could
restrict such generation of new dust fromthe inner wall surface of the
cylinder. Incidentally, the 'dust' as used herein refers to solid
conmponents di spersed in the nitrogen gas and 10 having a particle.

di t f O1 t t hi
xpori ment, (A) a-BYTH nRkr b By FOAP SRR CPEF RGO RLPRAR®  Fout Phg

nethod of the |nvgpti9p.a0fia G4 IHIE B LRER! LML NG, 0T Lading, o

operations, but w thout t e acid rinsing opération were conpar &

other to find out edbh! ehenqgdiershat URRTrddL "B SEHE e elRADL Y Mich jeach

characteristics thereof. results are shown 1 n

the conparison, ash8theli gag %Si-gﬂ'ﬁtg IJHet 8 h cylAﬁ@ertr\éeabgér%wthe
i nner-surface treatnent. Then, the i nner pressure of the cylinder was

rel eased 50 obser kaggesul taat @hanaelanrhhglﬂgl%be&atsaaceahnatbegsrheslde
t he cylinder.
such generation of new dust from the inner wall
surface of the cylinder.

Incidentally, the ’dust’ as used herein refers to

solid components dispersed in the nitrogen gas and

10 having a particle diameter of 0.1/pm or more.
<comparison experiment example 3>

In this experiment, (A) a cilinder treated by the

15 inner-surface treating method of the invention and a
cylinder (B) treated with the grinding operations, but

without the acid rinsing operation were compared to

each other to find out difference therebetween in
moisture adsorbing characteristics thereof. The

20 results are shown in Fig. 3. For the comparison, a
test piece was put into each cylinder treated with the
inner-surface treatment. Then, the inner pressure of

the cylinder was released to observe resultant change

- in the mqisture concentrations inside the cylinder.

25 As shown in Fig. 3, in the case of the cylinder



25 As shown in Fig. 3, in the case of the cylinder 17 wi t hout
‘the acid rinsing operation, although no noisture content apparently seened
to be adsorbed-on the inner surface under the high pressure condition,

noi sture content appeared and desorbed fromthe inner 5 surface with
the reduction of the inner pressure of #ﬂe cylinder. So that, this moisture
content may mx into the gas. On the ot hand, in the case of the
cylinder treated with the inner-surface treating nmet hod of the invention,

it is believed that the inner surface of the cylinder was nade

hi ghl i stant t t dsor pt A naly. l
ndi cted hat B GhPRrtagyh %é&&% By i Ensarer eloRby rdhd f aithoc

of phe i nvention_had obtalne geagggrgggig f%@ﬁéénggagﬁygdggg%é&x% tant

agai nst 15 nnl§iure ac sor |on ereto an analysis was na

the inner surfacg,Qf fﬁﬁéﬁy%hPQQEe dﬁﬁé?j@Hétﬂ?gh”%g%égﬁﬁéﬂébﬁdf%4699

nmet hod of the invention e result of the analysis is showmn in Fig

Wth this anal ysig, ;a8 gh0WbntdnZ0appeard@Saf@ntiec8Rdebinairot fiHie fRdeflense
rust preventive filmconstituted mainly fromiron oxi de was fornmed on the

i nner 5U_"5f ace. <G d S ORi EX PR hkMBFd d X910 €04> the inner pressure of
the cylinder._ So that, this moisture content may mix
into the gas. On the other hand, in the case of the
cylinder treated with the inner-surface treating
method of the invention, it is believed that the inner

10 surface of the cylinder was made highly resistant
against moisture adsorption. Accordingly, éhe results
indicated thét the cylinder treated by the inner-
surface treating method of the invention had obtained
fine and dense inner surface highly resistant against

15 moisture adsorption thereto.

Then, an analysis was made on the inner surface of
tﬁe cylinder treated by the inner-surface treating
method of the invention. The result of the analysis
is shown in Fig. 4, With this analysis as shown, it

20 was confirmed that a fine and dense rust preventive
film constituted mainly from iron oxide was formed on

the inner surface.

<comparison experiment example 4>

25



25 18 A conparison was nade between a cylinder (A) treated with the
inner-surface treating nethod of the present invention and a cylinder (B)
treated with the grinding operations, but without the acid rinsing 5
operation in order to find out difference therebetween in the stability of
sil ane gas when the silane gas was chajged into each cylinder. The result
of the conparison is showmn in Fig. 5. As shown in Fig. 5, in the case of
the cylinder 10 (B), an increasing tendency was observed in both di-
silane [err] and hydrogen [err] due to deconposition of the silane gas.

Further, generation of, su“gég S Al Sonahseryed, e Lher gf er%rléei-s (g“

belleved that the silane ga econposed by noisture content or

oxygen adsor bed qn.T TWf‘gh Serré agEnOf-Lheraybi '%Q—%%n@é tm'%%hghh%rf hand,
cylin

t he case of the , such i1 ncrease of di-silane [err] and hydrogen
[err] due to decogmﬁa Ofh¥¥nt {h SAAANE 8§§1ﬂﬁ§rthB)0Q,§%ra\t%@ A0, thde
generation anount of siloxane was 20 bel ow the detection limt.

Therefore, it nmayrbrRAigasSePRGdtEdns Pebsttabiithyudf chéang gRSrYaSing
mai nt ai ned high because of the acquired high resistance of the inner

surface aai nst MpéefatForwrin order to find out difference therebetween

in the stability of silane gas when the silane gas was

charged into each cylinder. The result of .the

comparison is shown in Fig. 5.

As shown in Fig. 5, in the case of the cylinder

10 (B), an increasing tendency was observed in both di-

silane (SizHs4 ) and hydrogen {(Hz) due to deéomposition

of the silane gas. Further, generation of siloxane

was also observed. Therefore, it is believed that the

silane gas was decémposed by moisture éontent or

15 oxygen adsorbed on the inner surface of the cylinder.

On the other hand, in the case of the cylinder (A),

such incfease of di-silane (SizHi) and hydrogen (H2)

dué to décomposition.of the silane gas was not

observed. Also, the generation amount of siloxane was

20 below the detection limit. Therefore, it may be

reasoned that the stability of silane_gas was

maintained high because of the acquired high

resistance ‘of the inner surface against moisture or

oxygen adsorption thereto.



oxygen adsorption thereto. 25 19 Sone ot her enbodi nents of the invention
W Il be specifically described next. (1) The material formng the

hi gh- pressure gas 5 vessel is not particularly limted in the present
i nvention. The vessel may be forned of chrone nol ybdenum steel or any other
ki nd of steel alloy conventionally used fgr form ng a hi gh-pressure gas
vessel, provided that the selected naterial is usable 10 for formng a
hi gh- pressure vessel which can satisfy the maxi muminner-surface roughness
(Rmax) requirenment of 3 [err]ntor | ess. (2) As to the aci di ¢ conmponent of

the acidic 15 rinsing s utlon odi_ um di ydro hat e . odi um
hydr ogen di phosphat e f%ég%frghtp osp 8§u?egoﬁte&t 9%%%?0968 g& a%

However , dlannonlg It %ﬁlﬁo%%@éy sl i phosphorous content nor
nmet al content S p erre parti cul ar. e 20 concentration of the

acidic rinsing solution may vary within a range of 1% or |ess which range
I's non- detrinental to the rust-preventive film However, the concentration

of about 0.1 %is pgnty curfel ndX&f £41 €8 A e nGh@anapéﬁ ofr G BYI Nh s
sufficient rinsing _

5 vessel is not particularly limited in the present
invention. The vessel may be formed of chrome
molybdenum steel or any other kind of steel alloy
conventionally used for forming a high-pressure gas
vessel, provided that the selected material is usable

10 for forming a high-pressure vessel which can satisfy

the maximum inner-surface roughness (Rmax) regquirement

of 3/pm or less.

{2) As to the acidic component of the acidic

15 rinsing solution, sodium dihydrogen phosphate or
sodium hydrogen diphosphate free from phosphorus

cohtent may be employed as well. However, diammonium
citrate containing neither phosphorous content nor

metgl content is preferredJio particular. The

20 concentration of the acidic rinéing solution may vary
within a range of 1% or less which range is non-
detrimental to the rust-preventive film. 'However, the
concentration of about 0.1 % is particularly preferfgd

as being capable of achieving sufficiept rinsing

25 effect while restricting the amount of the acidic



25 effect while restricting the amount of the acidic 20 solution to
be used. Further, those steps subsequent to the acid rinsing step nmay be
effected in any conventional manners. 5 The invention may be enbodied in

ot her specific fornms without departing fromthe spirit or essential
characteristics thereof. The present enb?ginents are therefore to be
considered in all respects as 10 illTustrative and not restrictive, the
scope of the invention being indicated by the appended cl ains rather than

t he foregoing description and all changes which cone within the neani ng and
range of equival enc ‘fg.rpq;claim% e therefore intended to be enbraced 15

t herein. 21 Wha” % Qi °'(§>e’|s"t o A nethod of treating an inner

surface of a high- pres§urendas Vessele 408 ;édiélgbtsg%lféﬁest%f ‘tRe acid

chargi ng abrasive (2) containing rust preventive

rinsing step may be effected in any conventional

manners.

[&4]

The invention may be embodied in other specific
forms without departing from the spirit or essential
characteristics thereof. The present embodiments are
therefore to be considered in all respects as

10 illustrative and not restrictive, the scope of the
invention being indicated by the appen&Ed claims
rather than the fbregoing description and all changes
which come within the meaning and range of equivalency
of the claims are therefore intended to be embraced

15 therein.



into the high-pr

essure gas vessel (1) nmade preferably of manganese steel

‘chrone- nol ybdenum steel ; and wet-grinding an inner surface of the vessel

(1); characteriz

of 3 [err] or less; and said step of rpfsing the vessel

; ized in'that 10 - said wet-grinding s fected
to obtain in the vessel interior a maxi muminner-surface Hﬂﬂﬂ@g ss ( Rmax

step of an acid
A et hod accordi
step, said high-
wi th the vesse
preventive, and
di rection about
driven to 25
opposite to said
characterized in
using a centrlfu
of clains

o

10

20

by

rinsing step using an acidic rinsing 15

ng to claim1, characterized in that in said wet- gr?nding

or

i

pressure gas 20 vessel (1) is supported horizontally, -
(1) accommodating therein said abrasive (2) containing rust

Yhied \isssdlaimpd difder this condition is revolved in

a horizontal revolution axis while the vessel (1) being
rotate and sﬁin about its own axis in a direction

one direction, A nmet hod accordin to claim

lthat % method ot Eﬁﬁ%f%&ﬁ &t i sy st rﬁlnﬁéhnn by

al r|nd|n mac hi
$Fe 1o}

ure gas vesse , f%cludlngrnﬁe eps

charging abrasive (2) containing rust preventive
into the high-pressure gas vessel (1) made preferably
of manganese steel or chrome-molybdenum steel; and

wet—grinding an inner surface of the vessel (1);

characterized in that

said wet-grinding step is effected to.obtain in
the vessel interior a maximum inner—surfacé roughness
(Rmax) of 3 jpm or less; and

said step of rinsing the vessel interior includes
a step of an acid rinsing step using an acidic rinsing

solution.

2. A method according to claim 1,
characterized in that
in said wet-grindiﬁg step, said high—ﬂressure gas
vessel.(l) is supported horizontally, with the vessel
(1) a;comﬁodating therein said abrasive (2) containing
rust preventive, and said vessel (1) under this

condition is revolved in direction about a horizontal

revolution axis while the vessel (1) being driven to .

rotate and spin about its own axis in a direction

accorplng to any one



through 3, 10 characterized in that said wet-grinding
step includes a primary grinding step using ceram c abrasive havi ng about:

5 mmgrain size as said abrasive (2), a secondary grinding i i
further cerami c abrasive having a higher 15 al um na CHmHHmmﬁ“H'ml _
hi s

ceram c abrasive used in said primary gripdi ng step, and a fimshing
grinding step conprising a repetition of said secondary grinding step. 20
5. A nmet hod according to claim4, characterized in that said prinmary
grinding step uses said abrasive (2) in the anount of about 5 to 10 g per 1
liter of water and sggdtse onggnx gkinging gteg uses said further 25
abrasive (2) in t RBPIFBURt “Bf aﬁou. T09t5%5 18 per 1 23 liter of water.
6. A nmet hod according to any one of clainms 1 through 5, 5
characterized in that said acidic rinsing solution contains, as the acidic

conponent thereof 3 at | gaghk+fB8 ggggghgﬂgfggnhgggmgﬁogg @qnsisting_of
di ammoni um citrate, sodium di hydrogen phosphate and sodi um hydrogen
di phosphat e. characterized in that

5 said wet~grinding step is carried out by using a

centrifugal grinding machine.

4. A method according to any one of claims 1
through 3,
10 characterized in that
sald wet-grinding step includes ; primary
grinding step using ceramic abrasive having about 5 mm
grain size as said abrasive (2), a secondary grinding
step using further ceramic abrasive having a higher
15 alumina content than said ceramic. abrasive used in
said primary grinding step, and a finishing grinding
step comprising a repetition of said secondary

grinding step.

20 5. A method according to claiﬁ'4,
characterized in that

said primary grinding step uses said abrasive (2)

in the amount of about 5 to 10 g per 1 liter of water

and said secondary grinding step uses said further

25 abrasive (2) in the amount of about 10 to 20 g per 1



10 7. A nmet hod according to claim4 or 5, characterized in that said
rinsing step includes a primary rinsing step in which Saldwﬁigi;a
gas vessel (1) after said 15 finishing grinding step is attache
rotary grinding machine which drives the vessel (1) to MIHW

thereof at a lowrotation rate with the2gessel (1) acco m‘"ﬂ@ﬂiﬁym
silica-al umina abrasive and pure water, so as to renopve abrésive

and/ or rust preventive renaining inside the vessel (1), and a secondary
rinsing step for rinsing the inner surface of the high-pressure gas vessel
(1) with pure water, 1o ng)ve dust adhering to a rust-proof filmformed on
the inner surface?! ter. A nethod according to claim 7,

characterized in that in said acid rinsing step, about 0.1 % aqueous
solution of diamoniumcitrate is used for renoving 5 dust whi ch has

remai ned un-reno (?ad by sal g‘gq.‘%r&(aara(céépgiﬁg q.‘toepa,@}nd(ﬁ1 i 14 ¢adh r|mr§g {o

the rust-proof film and said rinsing step fUrther i'ncludes an a
rinsing step using, s vgter again for preventing

5 : characterized in that
said acidic rinsing solution confains, as the
acidic component thereof, at least one selected from
the group consisting of diammonium citrate, sodium
dihydrogen phosphate and sodium hydrogen diphosphate.
10
. A method according to claim 4 or 5,
characterized in that
said rinéing step includes a primary rinsing step
in which said high-pressure gas vessel (1) after said
15 finishing grinding step is attached to a rotary
grinding machine which drives the vessel (1) to pin
‘about an axis thereqf at a low rotation rate with the
vessel (1) accommodating therein silica-alumina
abrasive and pure water, so as to remove abrasive
20 and/or rust preventive remaining iﬁside the vessel
(1), and a secoﬁdary rinsing step for rinsing the
inner surface pf the high-pressure gas vessel (1) with
pure water to move dust adhering to a rust-proof film
formed on the inner surface.

25



10 said acidic rinsing solution fromremaining on the inner surface of

the hi gh-pressure gas vessel (1).
—_—

o L

8. A method according to claim 7,
characterized in that
in said acid rinsing step, about 0.1 % aqueous
solution of diammonium citrate is used for removing
5 dust which has remained un~removed by said secondary
rinsing step and still adhering to the rust-proof
film; and
said rinsing step further includes an after-
rinsing step using pure water again for preventing
10 ' said acidic rinsing solution from remaining on the

inner surface of the high-pressure gas vessél (1).



