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- METHOD AND SYSTEM FOR ASSESSI NG THE OPERATI NG CONDI TI ON CFwXﬁERESSURE
REGULATOR I N A CORROSI VE GAS DI STRI BUTI ON SYSTEM
FI ELD OF THE | NVENTI ON The present invention relates to a nethod
for detecting mal functions or failures in pressure regul ators
used in corrosive gas distribution systens 5 and a nethod for
preventing such mal functions or failures.
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gas is storedraguwidtomergseédcinedornosive gas distribution systems

5 and a method for preventing such malfunctions or

failures.

BACRGROUND OF THE INVENTION
Gas distribemtion systems, including inert and non-

inert gas distribution systems, are used in a wide range

10 of applications. Inert gases are not usually a problem
for the various pafts of a gas distribution system.
However, non-inert gases, i.e., gases which may have a
reaction with their environment, including reactive
gases or corrosive gases, generate several problems

15 related to their handling or.trahsportation,
particularly corrosive gases which may be very
aggressivéifor their environment such as pipelines,
valves, pressure regulators, etc. For example,
corrosive HBr gas is used in the manufacture of

20 semiconductors. 1In many manufacturing facilities, the
corrosive HBr gas is stored in cylinders located in a
cyiinder cabinet outside the manufacturing facility. A
gas distribution system is then provided to_traﬁsport

the corrosive gas to the appropriate place within the

25 manufacturing facility.



cylinder cabinet outside the manufacturing facility. A gas
distribution systemis then provided to transport the corrosive gas
to the appropriate place within the 25 nanufacturing facility.

- 2- The gas distribution systens typically include many
conponents for gas flow control, e.g., pressure regul ators and nass
flow controllers. A statistical anal ysis of the origin of the
failures in the corrosive 5 gas distribution systens reveal ed that these
conponent s are the nost frequent |ocations of mal functions or
failures. The general features of such a pyessure regul ator val ve are
illustrated in FIG 1 and include an inlet 22, an outlet 24 and a

di aphragm 26. A restricted 10 orifice 28 is provided in the di aphragm and

defines a seathadlyad ROERLILILibh s o PORRLL 1 $PLAE0u3E ARHY
provided with a poppet cap 40 is designed to engage the seat 30°to

t hereby contr donorietd aftérthesf Fovwt bowtedl, e.q. f herdestrécted orifice
28. A pressure adjustnment knob 15 36 connected to a load spring 38 is
al so provi ded tegyulator=féredt nasds usloentontrd hveps esArsciepst bdar 20.
analysis of the origin of the failures in the corrosive
5 gas distribution systems revealed that these components
are the most frequent locations of malfunctions or
failures. The general features of such a pressure
regulator valve are illustrated in FIG. 1 and include an
inlet 22, an outiet 24 and a diaphragm 26. A restricted
10 orifice 28 is provided in the diaphragm and defines a
seat 30. A poppet 32 biased by a poppet spring 34 and
provided with a poppet cap 40 is designed to engage the
seat 30 to thereby control or regulate the flow through
the restricted orifice 28. A pressure adjustment knob
15 36 connected to a load spring 38 is also provided to
effect adjustment of the preésure regulator 20.

When the pressure regulator malfunctions or fails,
it is of EZurse necessary to réplace the pressure
regulator. The malfunction or failure of the pressure

20 regulator, as well as the subsequent replacement
process, can lead to undesirable contamination of the
process gas and possible failure of other components of
the system. In addition, productivity losses in the
manufacturing line inevitably result whenever a‘pressure

25 regulator malfunctions, fails or fequires replacement.

Further, in some instances the malfunction or failure of



When the pressure regulator malfunctions or fails, it is of course
necessary to replace the pressure regul ator. The nmal function or
failure of the pressure 20 regulator, as well as the subsequent

repl acenent
process gas and possible failure of other conponents of the system

addi ti on,

repl acenent .

process, can |lead to undesirable contam nation of the

productivity | osses in the manuf acturing line inevitably
result whenever a pressure 25 regulator malfunctions, fails or requires

In

Further, in sone instances the mal function or failure of

- 3- _ the pressure regulator can result in the | eakage of
corrosi ve gases, thereby causing significa’t safety and envi r onnent al
probl ens. One of the mgjor causes of the aforenentioned 5

mal function or failure of the pressure requl ators, corrosi on of
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One of the major causes of the aforementioned
malfunction or failure of the pressure regulators is the
corrosion of and/or the deposition of corrosion products
on the area of the poppet 32 at which the pressure drop
occﬁrs (i.e., in the area of the restricted orifice 28).
Since the space between the outer surface of the poppet
32 and the seat 30 is on the order of a few microns, the
outer surface of the poppet 32 must be-very smooth to
achieve proper leak tightness and to control secondary
gas flow. The presence of even a slight amount of
corrosion and/or deposition on the outer surface of the
poppet 32 can prevent achievement of the necessary leak
tightness and can result in fhe occurrence of a

secondarngas leak when the regulator is in the closed

TR

position.

This type of internal leak in the pressure
regulator can also arise due to corrosion of the poppet
spring 34. .Such corrosion can weaken the spring force
of the poppet spring 34 and thereby inhibit the poppet
32 from fully engaging the seat 30 to close the
restricted orifice 28. .

In addition to the aforementioned internal leaks;

pressure regulator malfunction or failure can result

1 The poppet



achi eve proper leak tightness and to control secondary gas flow. The
presence of even a slight anmount of corrosi on and/ or deposition on the
outer surface of the 15 poppet 32 can prevent achievenent of the
necessary | eak tightness and can result in the occurrence of a
secondary gas | eak when the regulator is in the cl osed posi tion.
This type of internal leak in the pressure 20 regulator can also arise
due to corrosion of the poppet spring 34. Such corrosion can weaken
the spring force of the poppet spring 34 and thereby inhibit the
poppet 32 fromfully engaging the segt 30 to close the

restricted orifice 28. 25 I'n addition to the aforenentioned

i nt ernal | eaks, pressure regul ator mal function or failure can result

- 4- froprent extalrigakseaktat That ke &dler @urt@sidfe g fMbwing
t hrough the pressure regul ator can cause pitting corrosion (i.e.;
tiny hol es) i nthheudhapgifeaagmeXsnfe tfegrulator pagSsdes el 20. This
external |eak can cause the 5 | eakage of corrosive gas directly to the
surroundi ng  corresiioror(isrg., tiny holes) in the diaphragm 26 of the
pressure reqgulator 20. This external leak can cause the
5 leakage of corrosive gas directly to the surrounding
environment.

It has been found that one of the major causes of
corrosion in the gas distribution system which
contributes to the aforementioned internal and external

10 leaks of the pressure regulator is attributable to the
cylinder exchange process. That is, when the cylinder
containing the corrosive gas is empty, it is necessary
to replace it with a full cylinder. If proper
procedures are not followed during the replacement

15 process, moisture from the atmosphere can invade the gas

distribution systenm, therebf eventually leading to the

presence of corrosion in the lines.

Y

l!‘
To avoid the potentially serious problems that can

result from the malfunction or failure of a pressure

20 regulator in a corrosive gas distribution system, the
pressure regulators in the gas distribution system are
typically replaced at specified intervals of time. The
hope is that by replacing the pressure regulators at
scheduled intervals, it will be possible to avoid

25 situations in which the regulators fail. However, as

can be appreciated, the regulators may experience



It has been found that one of the major causes of corrosion in the

gas distribution system which contributes to the aforenentioned

i nternal and external 10 | eaks of the pressure regulator is attributable
to the cyl i nder exchange process. That is, when the cylinder
containing the corrosive gas is enpty, it is necessary to replace it
with a full cylinder. |If proper procedures are not followed during
the replacement 15 process, noisture fromthe atnosphere can invade the
gas di stribution system thereby eventually leading to the

presence of corrosion in the |lines. -5~ To avoid the potentially
serious problens that can result fromthe malfunction or failure of a

pressure 20 regulator in a corrosive gas distribution system the
pressure regul aodirod it hergobeml StHdtbUitomeysteigmi®icant thami cal ly

repl aced at specified intervals of tinme. The hope is that by

replaci ng the pxeesittes] ) echilpdloy Sraising thes qlweshd et ity etlvat sthet w | be
possible to avoid 25 situations in which the regulators fail. However,
as can beegpprednizs edi 11 hia i egut xinorto negp bxpenehce Moreover,

corrosion problens that are nore significant than )
scheduled replacements oftentimes result in the

5 replacement of pressure regulators which are not
malfunctioning or on the verge of failure.
Consequently, costly replacements are made regardless of
whether they are necessary.

»
OBJECT AND SUMMARY OF THE INVENTION

10 In view of the foregoing disadvantages and
drawbacks associated with known non-inert, including
corrosive gas, distribution systems, it would be
desirable to provide a mechanism for identifying
malfunctioning pressure requlators in a non-inert gas

15 distribution system or for éccurately predicting the
breakdown of pressure regulators prior to complete
failure. h&n accordance with one aspect of the present
invention, a method of detecting malfunctions or
failures of pressure regulators in a non-inert gas flow

20 system, particularly a corrosive gas flow system, while
in use includes the steps of flowing a non-inert or
corrosive gas through a gas flow system which is
provided with a pressure regulator, determining an
operating output pressure of the pressure regulator in

25 the gas flow system while the non-inert or corrosive gas



expected, thereby raising the possibility that the regulators wll

fail prior to replacenent. Moreover, schedul ed repl acenents oftentines
result in the 5 replacenent of pressure regulators which are not

mal functi oning or on the verge of failure. Consequently, costly

repl acenents are nmade regardl ess of whet her they are necessary.

OBJECT AND SUMVARY OF THE | NVENTI ON 10 In view of the foregoing

di sadvant ages and dr awbacks associated with known non-inert, including
corrosive gas, distribution systens, it would be desirable to provide
a mechani smfor identifying mal functi@u ng pressure regulators in a
non-inert gas 15 distribution systemor for accurately predicting the
breakdown of pressure regulators prior to conplete failure. In

accordance W t B s0Fa RSRRE ttfoddle tHeSHtem, cdrb@iddudly andEdichgf
detecting nal functions or failures of pressure regulators in a

non-inert gas thewoutfput pyséssmrast ithd Pressumorrapiletgasit [tve syst em
whi |l e in use includes the steps of flowing a non-inert or

corrosive gas tbseugle ofjashd | mm-sisgmmathiadriasive gagprbldvwiethwgudh a
pressure regul ator, determ ning an operating output pressure of the
pressure regul &her Systeas, amd Jrisernigvi ngy Sthem el $kendre ?v‘grﬁi nert or

corrosive gas . .
5 malfunction or a failure of the pressure regulator when

a pressure differential between the operating output

pressure of the pressure regulator while the ron-inert

or corrosive gas is flowing through the system and the

output pressure of the pressure regulator in the absence
10 of gas flow exceeds a predetermined value.

Throughout this specification, the terms non-inert
gases, reactive gases or corrosive gases will be used
alternatively to designate the same type of gases which
are capable of having a reaction, usually a chemical

15 reaction, with their environment such as pipes, valves,
pressure regulators or the like.

In accordance with a preferred embodiment, the
existence{%f a malfunction of the pressure regulator is
identified when the pressure differential exceeds a

20 first predetermined value, and the existence of a
failure of the pressure regulator is identified when the
pressure differential exceeds a second predetermined
value that is greater than the first predetermined
value. In particular, a malfunction of the preésure

25 requlator is identified when the pressure differential

is between about O.s kgf/cm? and 1.0 kgf/cm?’. Further,



is flow ng through the system continuously neasuring t he out put
pressure of the pressure regulator in the absence of the non-inert or
corrosive gas flow through the system and determi ning the existence
of a 5 malfunction or a failure of the pressure regul ator when a
pressure differential between the operating output pressure of the
pressure regul ator while the non-inert or corrosive gas is flow ng

t hrough the system and the out put pressure of the pressure regul ator
in the absence 10 of gas flow exceeds a predeterm ned val ue.

Throughout this specification, the ternms Tbn-inert gases, reactive
gases or corrosive gases will be used alternatively to designate the
sanme type of q:ses whi ch are capabl e_of having a reactign, usyally a
chemi cal 15 THese¥1BREnGR REt AefPLLNGPr SANERT BRERSHECpFRESIaFaFydS

pressure regul ators or accordance with ge referred

he. | ik |
enbodi ment, t K CeTRING i§P8hc§h8fpﬁeﬁﬁPFﬁn%ffgﬁr8? tfe pregEGRESFequl at or

S [ dentéﬂ%xﬁgag\gﬁg EEQ g%?i?‘%e differential exceeds a 20 first

predet erm ned va _ ence of a failure of the pressure

regul ator is identi%ﬁegcgggggbgg vith ?gégﬁéyrgsﬂéééeB?”Ehg:p??gg% > a

second predeterm ne reater n the
predetermgied jhyent¥8hYea hBtRBA! bEULSEes8i B! EHBCLEAPARE nbNEREETIWE
of a component, such as a valve, a mass flow controller
or a similarly designed component, in a gas flow systen
includes flowing gas through a line of a gas flow system
which contains such a component for regulating flow
10 through the line, monitoring an output pressure adjacent
an outlet of the component during flow of gas through
the line and in the absence of gas flow through the line
and determining the operating condition of the component
on the basis of changes in the outlet pressure of the
15 component in the absence of gas flow through the
component.

In accordance with the preferred embodiment; the
existence bf an external leak in the component is
determined when the outlet pressure decreases during the

20 absence of gas flow through the line. If the pressure
differential between the outlet pressure of the
component when gas is flowing through the line and the
outlet pressure of the component in the absence of gas
flow exceeds a first predétermined value, it is

25 determined that the component is malfunctioning. On the

other hand, if the pressure differential between the



25 regul ator is identified when the pressure differential IS

bet ween about 0.5 kgf/cnierr] and 1.0 kgf/cnierr]. Further,

-7- the existence of a failure of the pressure regulator is

determ ned when the pressure differential is greater t han about 1.0
kgf/cnferr]. I n accordance with anot her aspect of the present

5 invention, a nethod of assessing the operating condition of a
conmponent, such as a valve, a nass flow controller or asimlarly
desi gned conmponent, in a gas flow system i ncl udes fl ow ng gas through
aline of a gas flow system whi ch congai ns such a conponent for
regulating flow 10 through the line, nonitoring an output pressure

adj acent an outlet of the conponent during flow of gas through

the line and isuthetapsessaref ofashkl camphnenghwhiea biase 1s floaiidg

determ ning the operating condition of the conponent on the basis of
changes in thetbnblgh phesdine ehd lthe v8tlednporssurienofthé&éhgbsence of gas
fl ow t hrough the conmponent . In accordance with the
preferred enbodbmpanenthén the aksensscefofagn fdgMeegiesdsalR iSP

conponent is determ ned when the outl et pressure decreases during the
predetermined value which is greater than the first

5 predetermined value, it is determined that the component
has failed.

According to a more general aspect, the invention
relates to a method of assessing the existence of an
external leak insa component having at least an open

10 position where gas flows and having at least one closed
position where gas does not flow, comprising the step of
determining a decrease of the outlet pressure of the gas
from the component, which is in closed position, while
the gas under pressure is present on the inlet side of

15 said compcnent, compared to the pressure of the gas when

the component is in open position.

B;EEF DESCRIPTION OF THE DRAWING FIGURES

The foregoing features of the present invention, in

addition to others, will become more apparent from the
20 detailed description set forth below considered in

conjunction with the accompanying drawing figures in
which like elements are designated by like reference
numerals and wherein:

FIG. 1 is a schematic illustration of the various

25 parts of a pressure regulator;



20 absence of gas flow through the line. [If the pressure

differential between the outlet pressure of the conponent when gas is
flowi ng through the line and the outl et pressure of the conponent in

t he absence of gas fl ow exceeds a first predeterm ned value, it is 25
determ ned that the conponent is malfunctioning. On the ot her hand,

If the pressure differential between the out | et
pressure of the conponent when gas is flow ng through the Iine and the
outl et pressure of the conponent in the absence of gas fl ow exceeds a
second predeterm ned value which is ggeater than the first 5
predeterm ned value, it is determ ned that the conponent has fail ed.
According to a nore general aspect, the invention relates to a nethod

of assessing the exFgtenge i¢f adlkchemat@¥t eNNakthadkonn oF @OKRGNENIwWhAVI Ng

at | east an open 10 position where gas flows and having at |east one

cl osed

determ ning a decrease of the outlet pressure of the gas

paistrabutiiene syatethiodnicatpolra®WingC @Mer ipHeRgubize relge adfor

fromthe

conponent, whidépisted dnoFad.pasition, while t he gas under pressure
Is present on the inlet side of

10

15

20

25

FIG. 3 is a graph illustrating the changes in
pressure with respect to time during certain operating
conditions of the pressure regulator illustrated in
FIG. 1; ° ) -

FIG. 4A is a graph illustrating changes in output
pressure of the pressure requlator shown in FIG. 1 with
respect to the number of cylinder changes in a properly
operating pressure regulator;

FIG. 4B 1is a graph illustrating changes in output
pressure of the pressure regulator shown in FIG. 1 with
respect to the number of cylinder changes in a
malfunctioning pressure regulator; and

FIG. 4C is a graph illuétrating changes in output
pressure of the pressure regulator shown in FIG. 1 with
respect téEthe number of cylinder changes in a failed

pressure regulator.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

FIG. 2 generally illustrates various features
associated with a corrosive gas distribution system
incorporating the features of the present invenﬁion.
The gas flow distribution system illustrated in FIG. 2

is useful in the context of delivering corrosive HBr gas



15 sai d conponent, conpared to the pressure of the gas when t he
conponent is in open position. BRI EF DESCRI PTI ON OF THE
DRAW NG FI GURES The foregoing features of the present invention,
in addition to others, will beconme nore apparent fromthe 20

detail ed description set forth bel ow considered in conjunction with

t he acconpanying drawing figures in which |ike elenents are
designated by |ike reference nuneral s and wherein: FIG 1
is a schematic illustration of the various 25 parts of a pressure

regul at or; -9-

FIG 2 is a schematic illustration of a §ég‘flom/ di stribution system

i ncorporating the pressure regul ator depicted in FIG 1,

FIG 3 is a graphy i {Lystoathlgot NRaiiADges L £ c?%%é%?reﬁ$&£@e£eSP€Ct to

time during certaln operating condi tion ressure regulator

illTustrated ins to b&l&ddirstood that théGedfulssacfreRd prbyshtating
changes i n out put pressure of the pressure regulator shown in FIG

with invention which are described in more detail below are
equally applicable to any other type of corrosive gas or
5 non-inert distribution systems which employ pressure
regulators that are subject to malfunction or failure.
As illustrated in FIG. 2, a cylinder 42 of
corrosive HBr gas is connected to the gas distribution
system for purpoges of providing a supply of HBr gas.

10 The cylinder 42 is designed to be replaceable so that
when the cylinder is emptied, another full cylinder can
be connected to the system. The gas distribution system
also includes several high pressure valves 44, 46, 48,
several low pressure valves 501, 502, 503, 504, 505,

15 506, a low pressure air control valve 52, pressure
sensors 54, 70 which measure the pressure of the
corrosive gas HBr before and after the pressure
regulatorléa, a vacuum generator 56, a flow meter 58, a
deep purge or cross purge unit 60, several check valves

20 621, 622, 623, several filters 641, 642 and a mass flow
controller 66. A source of N, 73 is provided and is
connected with the distribution system by way ¢f a house
line 72. The source 73 can be a liquid nitrogen storage
with an evaporator or an on-site N, plant or N, gas in a

25 cylinder, or any other N, generator means. A N, purifier

is also connected to the incoming N, line 72 to deliver



100 respect to the nunber of cylinder changes in a properly

operating pressure regul ator; FIG 4B is a graph illustrating
changes i n out put pressure of the pressure regulator shown in FIG 1
W th respect to the nunber of cylinder changes in a 15

mal f uncti oni ng pressure regul ator; and FIG 4C is a graph

il lustrating changes in output pressure of the pressure regul ator
shown in FIG 1 with respect to the nunmber of cylinder changes in a
failed pressure regul ator. 20 DETAI LED DESCRI PTI ON OF THE
PREFERRED ENMBODI MENT FIG 2 genktally illustrates various
features associated with a corrosive gas distribution system

i ncorporating the features of the present invention. The gas fl ow

di stribution sPStEmMRYNLSE ref il trRIFgh purity Ny ssusetmlired bye tbent ext of
delivering corrgsive HBr gas

-10- t o SFAHATGh e t'The RIRFERAG indusdy « y. Thoveaeious tparts s
to be understoo that the ur.es of thetPresen i nvention which are
described in ay; leon system described above are

interconnected with appropriate tubing (e.g., SUS 316L
5 EP tubings and SUS 316L BA tubings) having different

size diameters as illustrated in FIG. 2. The gas

distribution system also includes a pressure regulator

68 which can be of the general form illustrated in

FIG. 1 for reducing the pressure in the cylinder 42 to
10 the working pressure.

The various high or low pressure valves, whether
two port or three port valves, control the various gas
flow in two directions (on or off) while the check
valves allow the gas to flow only in one direction. The

15 deep purge unit DPU 60 comprises two pigtails 601, 602
which are connected to the valve 80 of the cylinder 42
and which assist in the gas purging procedure during the
HBr cylinéér exchange. (The deep purge unit, DPU, can
be replaced by a cross purge unit.) The vacuum

20 generator 56 evacuates gas from the system to a gas
abatement device 151 through the line 78. The flow
meter 58 measures the nitrogen flow rate in the system.
The operation of the system shown in FIG. 2 involves
three basic steps, namely the initial dry down étep, the

25 HBr flow step, and the cylinder exchange simulation.

Each of these steps is described below.



equal ly applicable to any other type of corrosive gas or 5 non-i nert

di stribution systens which enpl oy pressure regul ators that are
subject to mal function or failure. As illustrated in FIG 2, a
cylinder 42 of corrosive HBr gas is connected to the gas distribution
system for purposes of providing a supply of HBr gas. 10 The cylinder 42
I s designed to be replaceable so that when the cylinder is enptied,
anot her full cylinder can be connected to the system The gas

di stribution system al so i ncludes several high pressure valves 44,

46, 48, several |ow pressure valvesB91, 502, 503, 504, 505, 15

506, a | ow pressure air control valve 52, pressure sensors 54, 70

whi ch neasure the pressyre of the corrosive gas HBr before and after
the pressure 1.  FBEuFRLSLag8 A%y We¥Hum generator 56, a flow neter 58, a

625 Soveral fi1terObBAns $he ARaeihel B A2 SilirBenree ASource
o N 7S o raHC il 18, sag, SHNSHOE i B iy g0 ogtem by
Tna 25 oyl Thaor Byf BRICHER s Bl Do P Mglfide 070
purifier 5 uh$talBPuU§ORBREEHRA VA V1% d REPHHI sWskich] drid'&n? to deliver

moisture level of the purge N, is measured by a

hygrometer 707 attached to the end of the line 74. When

the moisture content in the N, reaches the required

value, the N, flqw stops. The purified N, (about 20 ppb

10 H,0) is necessary only for the initial dry down of the
complete line. For purging of the deep purge unit 60
and the cylinder valve 80 during the cylinder change, a
purified high grade N, is sufficient. A purified low
grade N, is used for other purposes like pneumatic valve

15 operation and dilution of corrosive gas before being
sent to the gas abatement dévice 151.

2. HBr flow
Duri;% the HBr flow, (or any other non-inert gas or
corrosive gas or reactive gas), the valves 44, 48, 503,

20 505 and 506 remain closed. The opening of the cylinder
valve 80 initiates gas flow from the cylinder 42 to the
system through the deep purge unit 60. The input
pressure (P) of the gas (cylinder pressure) is measured
by the pressure sensor (PS) 54. The pressure sénsor 70

25 indicates the output pressure from the regulator 68.

The mass flow controller 66 controls the gas flow rate.



high purity or ultrahigh purity N2 as required by the st andar ds of

the electronic industry. The various parts of the gas distribution
system descri bed above are i nterconnected with appropriate tubing
(e.g., SUS 316L 5 EP tubi ngs and SUS 316L BA tubings) having different
size dianeters as illustrated in FIG 2. The gas di stribution system
al so includes a pressure regul at or 68 which can be of the general
formillustrated in FIG 1 for reducing the pressure in the cylinder
42 to 10 the working pressure. The various high or |ow
pressure val ves, whet her two port orlihree port valves, control the
vari ous gas flowin tw directions (on or off) while the check

val ves al |l ow t he gas to flow only in one direction. The 15 deep purge
unit DPU 60 coftpPRSe¥1iho picgrsitireto®ressyre and fligw Fagee fdemisedced to
the valve 80 of.the_cyl inder 4 . and which assist in the gas purging
procedur e duri%ﬁetﬁss aba%eﬂﬁP%C9FWﬁ&§rlé%cﬁgﬁﬁﬁgh(fﬁé ded® gérge unit,
DPU, can a CLOSS r uni_t. e vacuuym. 20
generator 56 e§ggﬁé§§§ %%% %ﬁgﬁFtﬁ rgygﬁeﬁﬁfov 56%32%4 anda%&&&%ﬁﬁtt@€Vice

151 through thgpliggs78n Eg%eEEQWection W%%e%ri%rn%%§%%%%rﬁgg %btro gn flow

rate in the system operation of the systemshown i°n fa
i nvol ves s abitefeh@sigevitepgsinanely the initial dry down step, the 25

HBr flow step, and the cylinder exchange sinulation. Each of these
steps is descrgbed b¢lowWder exchange simulation
This simulates the actual cylinder exchange in the
corrosive gas system. During the cylinder exchange
simulation, the gylinder valve 80 and valves 46, 502,

10 503, 504 and 506 remain closed. The opening of the
valve 505 activates the vacuum generator 56 and then,
opening of the valve 48 causes the removal of the HBr
gas, which remained in the deep purge unit 60, the
various cylinder valves, etc., the gas being sent to the

15 gas abatement device 151. Then the purge gas (N,) is
introduced into the line disposed between the valves 44
and 48 by closing the valve 48 and opening the valve 44.
Next, dep%éssurizing the same part of the line is
obtained by closing the valve 44 and opening the valve

20 48. (This procedure, known as cycle purge, is carried
out several times). Then, the cylinder valve 80 is
disconnected from the deep purge unit 60 and tpe_opening
of the valve 44 creates a N, flow from the pigtail bleed
601 to the atmosphere during the times the cylinder 42

25 is disconnected from the deep purge unit 60. After

about 2 minutes (the actual time needed to exchange a



-12- 1. The initial dry down During the initial dry

down, the cylinder valve 80 and val ves 48, 501, 504, 505 and 506
remain closed. N err] gas flows through the purifier 75, valve 44,
deep purge 5 unit (DPU) 60 and valve 46 to the systemand the

noi sture | evel of the purge N err] is neasured by a hygroneter 707
attached to the end of the line 74. \Wen the noisture content in the
N err] reaches the required value, the Nerr] flow stops. The purified
Nlerr] (about 20 ppb 10 Herr]O is necessary only for the initial dry
down of the conpl ete line. For purgtfAg of the deep purge unit 60

and the cylinder valve 80 during the cylinder change, a purified high

i i.Ci LA j fi | N2 i df th
e on | 1 Ko iy oA Sxﬁéia%eé’%pozﬁva%nc%ﬁ%r?%% W2 ofe Ez?ee%??%g%i%egas
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PTom & 261N to snd Hlep Gifife A3 €00 STEMAPLEE Sotosapericl (|
corrosive gas jQft HRAUH Ve 3 hetémyfx?éé&esvéfve@s f&éﬁ%ﬁéﬁbﬁtéﬁ 204, 506

remai n closed. The opening of the cylinder val ve rat es gas

fGBOWT];’er'm t htep@ddémﬁre 4hd® fdeused tSYSddNd NEaIGhet her degp purge unit
) e inpu

5 beginning. The HBr flow can thereafter start again.
With reference to FIG. 3, it has been found that in
a pressure regulator such as that illustrated in FIG. 1
which is in good operating condition (i.e., the pressure
regulator is free of internal and external leaks), the
10 output pressure P; is constant or substantially constant
with time so long as gas is flowing through the gas
distribution system. If the gas flow stops as a result
of, for example, the closing of a valve downstream of
the pressure regulator, the output pressure Py of the
15 pressure regulator increases slightly in comparison to
that which is reached when gas is flowing and then once
again remains constant or substantially constant with
respect tsttime. However, if corrosion of the poppet 32
and/or the deposition of corrosion products on the
20 poppet 32 occurs, and/or if the spring force of the
poppet spring 34 weakens due to corrosion resulting from
the flow of the highly corrosive gases, the output
pressure of the regulator in the absence of gas flow
increases gradually due to the fact that the poppet
25 cannot tightly engage the seat 30 and completely close

the restrictor orifice 28. If the maximum pressure



pressure (P) of the gas (cylinder pressure) is neasured by the

pressure sensor (PS) 54. The pressure sensor 70 25 I ndi cat es the out put
pressure fromthe regul at or 68. The mass flow controller 66 controls
the gas flow rate. - 13-

A gas with a constant pressure and flowrate flows to t he gas

abat enent device 151 through the line 78. Ni trogen gas fl ows through
the valve 504 and dilutes the HBr gas in the connection 747 prior to
entering the gas 5 abat enent devi ce 151. 3. Cyl i nder exchange
simul ation This sinulates the agdual cylinder exchange in the
corrosive gas system During the cylinder exchange sinmul ation, the

cylinder valve 80 and valves 46, 502, 10 503, 504 and 506 renni n cl osed.
The openi ng of rkhghed durvdly/er rtadiH RS ddie oGl Pegrrarediterd Xy and
then, openi ng of the valve 48 causes the renoval of the HBr

gas, which rempine@hieh the deeEitioge amithebGegdiator canvine oesseyeidnder
val ves, etc., the gas being sent to the 15 gas abat ement device 151.
Then the purgebgatheNfolrlgwirsy expresdsitaroduced into the |ine di sposed

bet ween the val ves 44 and 48 by closing the valve 48 and opening the
val ve 44. ‘ AP = Py - Pg.
5 It has been discovered, therefore, that the

operating condition of the pressure regulator can be
assessed by continuocusly measuring the output pressure
of the pressure regulator when gas is flowing through
the system and im the absence of gas flow through the

10 system, and monitoring the pressure differential AP that
exists between the output pressure of the pressure
regulator when gas is flowing through the system and the
output pressure of the pressure regulator in the absence
of gas flow.

15 To determine the specific parameters for assessing
the operating condition of fhe pressure regulator, tests

were performed to measure the pressure differential AP

&

¥
of the pressure regulator in connection with three gas

distribution systems, each designed in the manner
20 illustrated in FIG. 2. In addition to the components of
the gas distribution system described above, each system
was provided with a pressure sensor 70 positioned
immediately downstream of the pressure regulator 68 to
continuously measure the output pressure of the~pressure
25 regulator 68. The three systems were operated so as to

simulate conditions which would likely result in three



Next, depressurizing the sane part of the line is obt ai ned by cl osing
the val ve 44 and opening the valve 20 48. (This procedure, known as

cycle purge, is carried out several tines). Then, the cylinder valve
80 is di sconnected fromthe deep purge unit 60 and the opening

of the valve 44 creates a N err] flow fromthe pigtail bleed 601 to
the atnosphere during the tinmes the cylinder 42 25 I s di sconnected from
the deep purge unit 60. After about 2 mnutes (the actual tine
needed to exchange a -14-
cylinder) the valve 80 of the cylinder 42”#8reconnected to the deep
purge unit 60. Then, the atnDspherlc intrusion into the cylinder

valve is rean sanme c dure that_is_u t he HB

iV he ‘o e %dneoret ¢ g aire et e LoIoye the TE

Wth reference

regul at or suchﬁgoqﬁ$ Yl?? rat%gggggéé%gm%%gﬁﬁa{ whi cnm?gf?%ggggéfng

operating condilldiifle &re %f&efeéﬁaﬂe failed GEELELPS L8ghigecpf internal
ak%g te’he 9

and external | out put pressure err] iIs constant or
substantially constay each o Eﬂettﬁ@eé%é%%fﬁgﬁé i snfievtDg1tarpugh
t he gas distribution system |If the gas flow stops as a result

5 down procedure was performed. That is, a He leak test
was initially carried out and all three systems were
then purged with purified N, supplied from the house line
72. The usual range of flow rate for purging is between
about 0.5 to aboyt 10 standard liter per minute or SLM;

10 where 1 SLM = 0.167 x 10* m’/s. The first test system
was purged at 1 SLM with purified N, (<20 ppb H,0) while
baking at 70-80°C. 1In contrast, the second and third
systems were purged with purified N, (<20 ppb H,;0) at
room temperature at the rate of 1 SLM. The moisture

15 level of the purging N, was monitored by a hygrometer 707
allowing down to approximateiy 20 ppb H,0 concentration
measurement (e.g., an electrolytic hygrometer like those
sold by Mﬁico, Inc.) and connected to an output line 74
of each system. After several days (i.e., 1-2 days) of

20 purging, the moisture level of the N, gas reached 100 ppb
at the end of the lines. The purging was then stopped
and a flow of pulsed HBr gas, controlled by the
pneumatic valve 52, was introduced into each of the
three test systems. During this pulsed HBr gas'flow,

25 the output pressure of the pressure regulator 68 of each

test system was recorded constantly by the pressure



of, for exanple, the closing of a val ve downstream of the pressure
regul ator, the output pressure Plerr] of the 15 pressure regulator

i ncreases slightly in conparison to that which is reached when gas is
fl ow ng and then once again remai ns constant or substantially
constant with respect to tinme. However, if corrosion of the poppet 32
and/ or the deposition of corrosion products on the 20 poppet 32 occurs,
and/or if the spring force of the poppet spring 34 weakens due to
corrosion resulting from the flow of the highly corrosive gases, the
out put pressure of the regulator in-the absence of gas flow

I ncreases gradually due to the fact that the poppet 25 cannot tightly
engage the seat 30 and conpletely close the restrictor orifice 28. If
the maxi num pr&¥3@e@itter 70 both in the puesstae diff ige o losv taid) ini e

period is represented by Plerr then the condition of the regul ator
can be neasure8he abswl%@ﬁ (ﬁaﬁ)vﬁ exﬁh@sgaﬁw .flow rate was between
[err]P = P[err has been di scovered, therefore, that

P
t he oper a#oﬁg %Bﬁ‘éatrdoﬁ%mt H@’H’r‘é‘beiﬁre Regg R iguge @ad 3900

standard cubic centimeter per minute.

5 As noted above, the process of exchanging a full
gas cylinder for an empty gas cylinder, if not properly
controlled, can be a major cause of the introduction of
corrosion in the gas line due to the intrusion of
moisture from the atmosphere. 1In order to simulate this

10 cylinder exchange in each of the three test systems, a
pigtail bleed of the deep purge unit 60 was disconnected
from the cylinder valve, exposed to the ambient air for
about two minutes and connected again to the cylinder
every day. After the simulated cylinder exchange

15 procedures were carried out for the three test systems,
each system was subjected to a purging procedure. The
purging procedure following the cylinder exchange for
the thirds%est system was different from the purging
procedure used in connection with the first and second

20 test systems as described in more detail below.

In the case of the first test system, the part of
the system connecting the deep purge unit 60 to the high
pressure valves 44, 46, including the cylinder valve 80,
was purged cyclically with N, for five times in order to

25 remove atmospheric contaminants introduced during the

cylinder exchange. After this N, purge, the same part of



assessed by continuously neasuring the output pressure of the pressure

regul ator when gas is flow ng through the systemand in the absence of
gas flow through the 10 system and nonitoring the pressure differenti al
[err] P that exi sts between the output pressure of the pressure

regul ator when gas is flowi ng through the systemand the out put
pressure of the pressure regulator in the absence of gas flow. 15
To determine the specific paraneters for assessing t he operating
condition of the pressure regulator, tests were perforned to neasure
the pressure differential AP of thgégfessure regul ator in connection
with three gas di stribution systens% each designed in the manner 20

illustrated in FIG 2. 1In addition to the conponents of t he gas

di stribution %&%g%ggﬁfwa%eg;ﬂi%v%%r%%h W t?/&go for £R3 R \éihsd%q\ wth a

pressure sensor I one dirate wnstream o e pressure

regul ator 68 poger to GFRAULHMOUIMGVEEASY &IiemAtRYs Pressy e of the

pressure 25 regulator 68. The three systens were operated so as to
sinulate cond;&b@aauw A svaiddbtldK toy wfieSWize RneNi®Rrusion of
a

-16- different conditions of the pressure regulator --
moisture to the system after the cylinder exchange and
5 thereby reduce the potential for corrosion within the
first test system.

In the case of the second test system, the purging
procedure after the simulated cylinder exchange was the
same as that used in connection with the first test

10 system. The only difference between the first and
second systems involved the initial dry down described
above in which the first system was dried down with
baking while the latter was not.

The N, cycle purge after the simulated cylinder

15 exchange for the third test system was carried out in
the same manner as that for the first and second test
systems. ‘%pwever, the HBr purge after the N, cycle purge
was not doﬁé. Therefore, the removal of contaminants
that were introduced into the system during the cylinder

20 change was not as efficient as in the case of the first
system or the second system and so the extent of
corrosion within the third system was significantly
higher than in the case of the first and second systems.

After the foregoing operations were carried out for

25 the three test systems (between twelve and twenty-four

times as shown in FIGS. 4A, 4B, 4C), the pressure



~properly operating pressure regulator, a malfunctioning pressure

regul ator and a failed pressure regul ator. In each of the three
test systens, an initial dry 5 down procedure was perforned. That is, a He
| eak test was initially carried out and all three systens were

then purged with purified N2 supplied fromthe house line 72. The
usual range of flow rate for purging is between about 0.5 to about 10
standard liter per mnute or SLM 10 where 1 SLM = 0.167 x 10[err]
mMerr]/s. The first test system was purged at 1 SLMwith purified
N[err] (<20 ppb Herr]O while baki nggat 70-80[err]C. In contrast,
the second and third systens were purged with purified N err] (<20 ppb
Herr]O at roomtenperature at the rate of 1 SLM The npisture 15

| evel of the pregubhgtdfess] foss eaehi kgsedmbyasa Byghdmeter Té result

al l owi ng down to approximately 20 ppb Herr] O concentration

measur enent (eof).that ekemfinakybincclygrdigetdentikéetihdd€Eferencesolith by
MEECO, Inc.) and connected to an output |ine 74 of each system After
several days (the.exteptdafskostosion dper enghet Hefferentr dnlitvell dfryt he
N2 gas reached 100 ppb . at the end of the |ines. The purging was then
st opped 3P a2 Rf oRMEF 1pgl PEQCRBRrgas aseeRLAGPHeWibR the three

pneumati c valve 52, was introduced into each of the three test
systens. DuriFGEERRS- puFEeIPHBESYRE FREWLatos frpRetBet Sdrshr £88% e of the

ressure regul ator 68 of .each test ,system.was recorded constantly b
Fhe pressurg system exhlb?%ed no corr051o% or dep051t§on of corroélogl y

products on the poppet. Further, the poppet spring
remained substantially corrosion free.
As measuredsby the pressure sensor 70, the pressure
10 differential AP of the regulator 68 for the first test
system fluctuated only very slightly, and remained small
and nearly constant with the number of cylinder change
simulations as illustrated in the graph of FIG. 4A.
Even after twenty-four cylinder exchange simulations,
15 the pressure regulator 68 exhibited no abnormality and
the pressure differential AP.was always less than about
0.5 kgf/cnm?.
The ﬁiessure differential AP of the pressure
regulator 68 for the second test system fluctuated
20 significantly, and gradually increased to about
0.9 kgf/cm® with the number of cylinder exchange
simulations as illustrated in the graph of FIG. 4B.
After twenty-one cylinder exchange simulations, the
pressure differential AP was less than 1.0 kgf/émﬁ
25 Although the pressure regulator 68 was still deemed

usable, the high value of the pressure differential AP



-17- transmtter 70 both in the presence of gas flow and in

t he absence of gas flow. The gas flow rate was between 100 standard
cubic centinmeter per mnute and 1000 standard cubic centineter per

m nut e. 5 As noted above, the process of exchanging a ful

gas cylinder for an enpty gas cylinder, if not properly controlled,
can be a major cause of the introduction of corrosion in the gas line
due to the intrusion of noi sture fromthe atnosphere. In order to
sinmulate this 10 cylinder exchange in each of the three test systens, a
pigtail bleed of the deep purge unit 60 weo-di sconnected fromthe
cyl i nder val ve, exposed to the anbient air for about two m nutes and
connected again to the cylinder every day. After the sinulated

cyl i nder exchaf@feous0.pr beddamds amst ethemrhiighl Blutctfwrt tdres tir erhd est

syst ens, each system was subjected to a purging procedure. The
purgi ng proce®FES$OFodiLf§erratégli ABeindkeabagether onset ofhe third test
systemwas different fromthe purging, . procedure used in connection
with the first® UEtoRB- 28PoReskaByBRrE BN astBESPEREEUTPNTABR AT A

bel ow. 6s £id t?ﬁ case of %he first test system the part  of

the system contecti ™y THE G8ER BuFGEtufYETE® ¥8St ReURfgho have Bimgsure

R R L L o i R O e % T H
introduced durdflg fd6pet which would tend to inhibit the leak tight
closure of the restricted orifice 28 through engagement
of the poppet 32 on the seaf 30 of the pressure
regulator. Alsosobserved with respect to the pressure
-10 regqulator 68 from the second test system was corrosion
on the poppet spring 34 which would tend to inhibit or
reduce the rebound ability of the poppet spring 34 in
‘the absence of gas flow. This deposition of corrosion
products on the poppet 32 and corrosion on the poppet
15 spring 34 were deemed to be the causes of the observed
fluctuations in the_pressure'differential AP with
respecé tq time as illustrated in the graph of FIG. 4B.
The ﬁ%essure differential AP of the pressure
regulator 68 from the third test system fluctuated
20 greatly and exceeded 1.0 kgf/cm? after only eleven
cylinder change simulations as depicted in the graph of
FIG. 4C. Here, the pressure regulator 68 failed (AP >
1.0 kgf/cm?) much earlier than in the case of the
pressure regulator for the first system. Upon ‘
25 examination, it was observed that the pressure regulator

68 from the third test system exhibited a heavy



cylinder exchange. After this N2 purge, the same part of

- 18- the systemwas cycle purged with HBr for five tines in

order to further renove any contam nants. This procedure was adopt ed
to mnimze the intrusion of noi sture to the systemafter the
cyl i nder exchange and 5 thereby reduce the potential for corrosion
within the first test system In the case of the second
test system the purging procedure after the sinulated cylinder
exchange was the same as that used in connection with the first test
10 system The only difference betweerr2tlhte first and second
systens involved the initial dry down descri bed above in which the
first systemwas dried dom with baking while the latter _was not.
The N err] cyci%P%%¥5é°§fP§rCPH€°§PHBIEF@G“E%FiﬂBthelsopp8§cﬁ§n68dfor t he
third test systemwas carri.ed ou e_sane_nan as .t hat. %pr t he

first and secdH%PY%s?Orroslogygfgﬁbg PBRB@E&?PFﬁ%gF%?'pESSQ 8ft &P e
AN R O e G S LR L g

28 through full engagement of the poppet 32 with the

5 seat 30 of the pressure regulator. This heavy

deposition of corrosion products on the poppet 32 and

the heavy corrosion of the poppet spring 34 were deemed

to be the cause of the failure of the pressure regulator

of the third test system through internal leak.

10 Based on the foregoing, it was discovered that the
variation in pressure differential AP with respect to
time depends quite strongly on the purging procedure
associated with the cylinder exchange (i.e., with the
corrosion level in the system, particularly the pressure

15 regulator). For a corrosion free line, it was found
that the pressure differential AP is quite small, on the
order of less than 0.5 kgf/cm’, and does not fluctuate
with time.' For a failed pressure regulator due to
corrosion and/or deposition of corrosion products on the

20 poppet 32, and/or due to the corrosion of the poppet
spring 34, the pressure differential AP is quite large,
on the order of greater than 1.0 kgf/cm?, and qradually
increases with time. Thus, the pressure differential AP
can be regarded as an arbitrary unit for the indication

25 of the operating condition of the pressure regulator in

the following manner.



20 change was not as efficient as in the case of the first system

or the second system and so the extent of corrosion within the third
systemwas significantly hi gher than in the case of the first and
second systens. After the foregoing operations were carried out

for 25 the three test systens (between twelve and twenty-four
tinmes as shown in FIGS. 4A 4B, 4C), the pressure

-19- regul ator 68 for each system was exam ned. The result of
that exami nation clearly identified differences in t he extent of
corrosion due to the different initial dry22- down and purgi ng
procedures associated with the three 5 systens. The pressure regul ator
fromthe first test syst em exhi bi ted no_corrosion_or deposition of
corrosion pr o¥ftieds AFn <t Re Sp&Ffdcn” Fyrd hépest het pbhpetuapei ng

remai ned subst ant i alkynC@in@si @hef Heulator is furAt iMany edby the
pressure sensor 70, the pressure 10 differential AP of the regul ator 68

for the first test POTMaNystem fluctuated only very slightly, and remined

smal | and nearly constant with the nunber of cylinder change
sinmulations as illugtrated_in 393 rapg%of .G .4A., Even after
twenty-four cyIinde?’51 cﬁéﬁ@&g'iﬁﬁ?afi st f:kgfme and

5 . fluctuates greatly with time, the regulator is

not functioning normally, indicating the onset

of a malfunction.

When AP > 1 kgf/cm? and increases gradually,
the regulator has failed due to an internal
10 leak. r

When the output pressure in the absence of gas
flow decreases gradually, even very slightly,
it indicates a leak to outside, i.e., an

external leak.

15 Thus, in accordance with the present invention, the
operating condition of a pressure requlator in a
corrosive gas distribution system with respect to the
presence q? absence of internal or external leaks can be
assessed by (continuously) monitoring or measuring the

20 output pressure of the pressure regulator in the
presence and absence of gas flow through the systemn.
Knowing the output pressure of the pressure regulator
when gas is flowing through the system and coméaring
that pressure to the output pressure of the regqulator in

25 the absence of gas flow to determine the magnitude of

the pressure differential allows the operating condition



15 the pressure regul ator 68 exhibited no abnormality and t he

pressure differential [err]P was al ways | ess than about 0.5
kgf/cmferr]. The pressure differential [err]P of the pressure
regul ator 68 for the second test systemfluctuated 20 significantly, and
gradual ly increased to about 0.9 kgf/cnerr] with the nunber of
cyl i nder exchange sinmulations as illustrated in the graph of FIG 4B.
After twenty-one cylinder exchange simulations, the pressure
differential AP was less than 1.0 kgf/cnferr]. 25 Although the pressure
regul ator 68 was still deened usabl e, the high value of the pressure
differential [err]P =23- - 20-
(about 0.9 kgf/cnierr]) and the high fluctuations in the pressure

differenti al ed the anset o Upon

exani nat i on, E%«rgr]ﬁ??!snﬁcjéraélaiaeﬁﬁ att%?be_" reac{ilayé.cﬁ,%ﬁ*éeuggggﬁgi est system
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respect to thecAne$diit@ken before the occurrence of a corrosive gas

S leakage. Thus, the safety as well as the productivity

of the gas distribution system can be increased to a
significént extent. )

This technique can be used manually as well as in
computerized gas” distribution systems to predict

10 malfunctions automatically and correct them prior to the
occurrence of a potentially harmful accident. 1In the
case of computerized gas distribution systems, the
pressure differential AP and its variation with time can
be automatically measured with the results being

15 automatically fed to safety equipment so as to achieve
safe and trouble free operation of the total corrosive
gas distr}?ution system.

In thé case of a computefized cylinder cabinet, for
example, the system according to the invention can be

20 implemented as follows:

The gas distribution system in the cylinder cabinet
provides gas with constant pressure (P) and the computer
continuously monitors this pressure P (output pressure).
The gas flow rate is controlled by the device, e.g., a

25 reactor, connected to the gas distribution system in the

cylinder cabinet.



.10 regulator 68 fromthe second test systemwas corrosion on the
poppet spring 34 which would tend to inhibit or reduce the rebound
ability of the poppet spring 34 in -the absence of gas flow. This
deposition of corrosion products on the poppet 32 and corrosion on

t he poppet 15 spring 34 were deened to be the causes of the observed
fluctuations in the pressure differential AP with respect to tinme as
illustrated in the graph of FIG 4B. The pressure differential
AP of the pressure regul at or 68 frcngije third test systemfl uctuated

20 greatly and exceeded 1.0 kgf/cnR aftet”only el even cyl i nder

change sinul ations as depicted in the graph of FIG 4C Here, the

pressure regul ator 6§ fal lisd (ARGzss acc%&éb%ﬁ&kfﬁﬁgjgggﬁiggéﬁfﬂsé;a

nin
the case of the pressur e regulator ftor pon ~ 25

exam nation, i{35,%as aPSEi t JHe B eSS 6 4 e 3. £B fromthe
third test system exhibit&d aﬂr%:vy Pr¥sence a

-21- depgpikkner @ff Gd QLT INLIUGHroraa tiltth RAPRMe FaiNfiow is heavy
corrosion of the poppet spring 34, both of which inhibit the |eak

tight closure afisbheem®styd aiRd dnute® in order MowHtdmlinengaganbst of
the poppet 32 with the
5 category (with or without gas flow) the measure done on
the pressure P belongs. To make this information
available to the computer of the gas cabinet, a gas flow
meter may be installed at the outlet of the gas
distribution sysEem in the cylinder cabinet.

10 It is also possible, without installing a flow
meter, to have, e.g., a signal sent by the device (e.g.,
the reactor) to the computer to indicate to the computer
if the gas flows or not.

Having this information, the computer of the gas

15 cabinet can continuously or from time to time calculate
the AP between P, and the greater of Py and P, as
previously defined, in order to determine if the
pressure requlator, or any other device tested the same
way as explained hereabove, is functioning normally, is

20 not functioning normally or has already failed. The
computer can generate a print-out or any other light or
sound signal as soon as the tested device (e.g.,
pressure regulator) has been determined to be
malfunctioning. It is also well within the skills of

25 one of ordinary skill in the art to provide a special

alarm signal (sound, light, special print-out,



5 - seat 30 of the pressure regulator. This heavy deposi tion of
corrosi on products on the poppet 32 and t he heavy corrosion of the
poppet spring 34 were deened to be the cause of the failure of the
pressure regul ator of the third test systemthrough internal |eak. 10
Based on the foregoing, it was discovered that the variation in
pressure differential [err]P with respect to time depends quite
strongly on the purging procedure associated with the cylinder
exchange (i.e., with the corrosion level in the system particularly
the pressure 15 regulator). For a cor2gsion free line, it was found
that the pressure differential AP is quite snmall, on the order of

| ess than 0.5 kgf/cnferr], and does not fluctuate with time. For a
failed pressursepPagRitatvroduadliotogetherpr insconcand/ fridepesiti on of
corrosion products on the 20 poppet 32, and/or due to the corrosion of

t he poppet detegfio®- 34, the pressure differential [err]P is quite
| ar ge, on the order of ,greater than 1.0 ggf/cn[err] and gradual |y
increases with tinert QhHElnFh@lﬁﬁessﬁﬁéeér?ﬁeﬁ Pﬂémep§§rFPd modesc @f be

regarded as an arbltrary gnt for the indication of the operatlng
condi tion of (RS et r 8 r EQGI BEGFePR 1nventipg PBVFORFR& Resreiled

- 22- 5 in the foregoing specification. However, the invention

which is intended to be protected is not to be construed
as limited to the particular embodiments disclosed.
Further, the embodiments described herein are to be
regarded as illustrative rather than restrictive.

10 Variations and changes may be made by others, and
equivalents employed, without departing from the spirit
of the present invention. Accordingly, it is expressly
intended that all such variations, changes and
equivalents which fall within the spirit and scope of

15 the present invention as defined in the claims be

embraced thereby.



When [err]P < 0.5 kgf/cnferr] and does not fluctuate with tine,

t he regulator i's functioning normal | y. When 0.5
kgf/cn{ kgf/cmerr] and 5 fluctuates greatly with
time, m Himiw i ﬂ'llh not functioning normally, indicating the
onset uncti on. When AP > 1 kgf/cnR and
increases gradual l vy, the regul ator has failed due to an interna
10 | eak. When the output pressure in the absence of gas
fl ow decreases gradually, even very sligh;%i it indicates a |eak
to outside, i.e., an ext er nal 15 Thus, in
accordance with the present invention, the operating condition of a

pressure regulaﬁg& &g %LAIMED(¥§rOS|ve gas distribution systemwith
respect to the——presence or absence of internal or external |eaks can

be assessed by (cont el We 'Hé@etd?{ n@9 %afi%%%wﬂl% e 2B ure

~out put pressure of fhe pressure regul ator presence and absence

of gas flow thb@ughcbi}%o%,»i%tnergensmlvé@a\@n%tt faemomttoplatn RS ofedie
pressure regul ator when gas is flow ng through the system and

conparing int BahoBaaRite dad distaulutidy e3%tieh ahilke irequdeator in
25 the absence of gas flow to determ ne the magnitude of t he
pressure diffetembirdl idlg:ows the operating condition
flowing non-inert gas through a gas
distribution system which is provided with a corrosion
sensitive element;
determ}ning an operating output pressure of
the corrosion sensitive element in the gas distribution
system while the non-inert gas is flowing through the
system;
turning off the gas flow in the gas
distribution system, at least periodically;
measuring the output pressure of the corrosion
sensitive element in the absence of gas flow through the
gas distribution system;
ewdetermining the existence of a malfunction or
- failure of the corrosion sensitive element when a
pressure differential between the operating output
pressure of the corrosion sensitive element and the
output pressure of the corrosion sensitive element in

the absence of gas flow exceeds a predetermined value.



-23- of the regulator to be readily determ ned. This
advant ageously all ows pressure regul ator mal functions to be detected

at an ear lemmnﬂﬂﬂ)uﬂnmllcorrectl ve action can be taken before the
occurrenc gas | eakage. Thus, the safety as well as
the productfivity" " of the gas distribution systemcan be increased to a
significant extent. This techni que can be used manual ly as wel |
as in conput eri zed gas distribution systens to predict 10

mal functi ons automatically and correct themprior to the occurrence
of a potentially harnful accident. In the27- case of conputerized gas

di stribution systens, the pressure differential AP and its variation

with tinme can be automatically neasured with the resylts hein 15
automatically fed t8- saf@??héﬁuﬁﬁﬁgﬁﬁl§8 58 Cdad@hiley¥hereln § p

trouble free operation of ,the otal. rros di stributi,
sys?em 58 e?ﬁrwﬁ&leasé SfeélégﬁBGFgﬁlzédm5§F H&§F5§a%%hgy(£#ﬁ

FATILE  S45 MR BB TR A e, e o

fol |l ows: qeron systemin er ca

provides gas WD SAUSLAR: W SSIULACLRLAY e CERMLSEn canaRUOUS!

monitors this préssure P press gas flowrate is

control I ed by Ebgmgﬁ¥'9ﬁen Sgld %re%@ur%eaﬁkg%re%Qﬁ%QC%&@é@aé|%3ﬁ¥¥%t
di stribution systemin t

predetermined value, and determining that a failure of
the corrosion sensitive element has occurred Vhen said
pressure differential exceeds a second predetermined
value that is gr?ater than the first predetermined

value.

3. Method according to Claim 1, wherein said step
of determining the existence of a malfunction or failure
of the corrosion sensitive element includes determining
the existence of a malfunction of the corrosion
sensitive element when said pressure differential is
between 0.5 kgf/cm?® and 1.0 kgf/cm?.

fa

4. Method according to Claim 1, wherein said step
of determining the existence of a malfunction or failure
of the corrosion sensitive element includes determining
the existence of a failure of the corrosion sensitive
element when said pressure differential is greater than

1.0 kgf/cm?.



cyl i nder cabi net. -24-

Si nce t ing to the invention uses data on out put
pressur ﬂﬂmm ﬂiﬁﬁgﬂglﬂresence and absence of the gas flow,

i nf or mat ronc onc low is al so sent to the conputer in order to
determ ne to which category (with or without gas flow) the neasure
done on t he pressure P bel ongs. To nmake this information

available to the conputer of the gas cabinet, a gas flow nmet er may be
installed at the outlet of the gas di stribution systemin the

cyli nder cabinet. 10 It is also pod&thble, without installing a flow
neter, to have, e.g., a signal sent by the device (e g the reactor)
tothecommtm t0|nmcauatothecommtm asflmm or not.

Having this informati-on, ’ﬁfé"%ﬁﬁﬁ"&r‘il&g e Y& 1:'5 Tettheamen-
t | f t t t t th P bet P
and he gr eat oR7BFS Qf—"&lﬁrﬁ? 7 l'ﬁ["ecrerd]a 5o e grouR i i%sa%ﬂ%g%"?“e ™ or der

to determ ne 'EoEQ351ve Q% Igg(n or any other device tested
t he sane as ex ai nec? erea is functioning normally, is 20

not functioning nornally or has already falled The

6. A method of assessing the operating condition
of a corrosive or reactive gas distribution system that
includes'a valve device, a mass flow controller, a
pressure regulator and tubing, comprising flowing gas
through the gas gistribution system which contains the
pressure regulator for regulating flow through the line,
monitoring an outlet pressure adjacent an outlet of the
pressure requlator during flow of gas through the line
and in the absence of gas flow through the line, and
determining the operating condition of the system based
on changes in the outlet pressure of the pressure

regulator in the absence of gas flow through the system.

7. " Method according to Claim 6, wherein said step
of determining the operating condition of the system
includes determining that the system is malfunctioning
if a pressure differential between the outlet pressure
of the pressure regulator when the gas is flowing
through the line and the ouflet pfessu;e of the pressure
regulator in the absence of gae flow exceeds a first

predetermined value.



’conputer can generate a print out or any other light or sound si gnal
soon as _the tested device pressure regul ator) has been

€. g.
determnemm Iﬂﬁlu" I,l functlonlng It is also well within the skills of
one in the art to provide a speci al al arm

si gnal (soun |g ht speC|aI print-out,

- 25- separately or all together) in case of failure det ection
The principles, preferred enbodi nents and nodes of operation of the
present invention have been descri bed 5 in the foregoing specification.
However, the invention which is intedted to be protected is not to be
const rued as limted to the particul ar enbodi nents disclozeg

Further, the enbodi nents_descrj bed hereln are tq be regarded as
illustrative rat hergEhan GGSprdingg toyLladts dns VAST edmasges mbethe

de b th ent s | oyed, . .wi.t hout parting fromthe
cpiric) ers?faﬁstswgw%”késnﬂp&ﬁ U Farigiion of S sstim,

wthin the api FrE 52 BTy R SR She o, BrE SR de AR fod in Che
clainms be pressure differential between the outlet pressure of the
pressure regulator when gas is flowing through the line
and the outlet pressure of the preésure reqgulator in the
absence of gas flow exceeds a second predetermined valug
which is at least equal to said first predetermined

value.

S. A method according to Claim 8, wherein said

second predetermined value is greater than 1.0 kgf/cm’.

10. A method according to Claim 7, wherein said
first predetermined value is comprised between 0.5

kgf/cm? and 1.0 kgf/cm?.

11. A method for assessing the existence of an
external leak in a component having at least an open
position where gas flows and having at least one closed
position where gas does not flow, comprising the step of
determining a decrease of the outlet pressure of the gas
from the component, which is in closed position, while
the gas under pressure is present on the iniet éide of
said component, compared to the pressure of thé gas when

the component is in the open position.



'enbréced t her eby. ' - 26- VWHAT | S

CLAIMED | S: 1. A nethod of detecting a malfunction or failure of a
corrosion sensitive elenent due to an internal leak in a non-inert gas
distribution systemwhile in use, conrgrising: fl ow ng non-inert

gas through a gas distribution systemwhich is provided wwth a corrosion

sensitive el enp@iriop AND SYSTEMCFORTABSRESANGOPAEADPRGATUNGUCONDETIONE Of
the corrosion g3l PiRESSHRETREGULATORE 1823 CORROSIVEI GAS BYSTREBURION t he
non-inert gas isysiiggw ng through the system turning off the
gas flowin the gas distribution system at |east periodically;

measuring the output pressure of the corrosion sensitive elenent in the

absence of gas flow through the gas distribution system
determning the existence of aABREIRARE: PBNTBE DERCLGSEREf the corrosion

sensitive elenment when a _pressure differential between the operating
out put A method of detecting a malfunction or failure of a

pressure regulator in a corrosive or reactive gas
distribution system while in use involves continuously

5 measuring or monitoring the output pressure of the
pressure requlator, both in the presence and the absence
of gas fiow. The onset of a malfunction of the pressure
regulator can be predicted when the differential output
pressure betweeq flowing and non-flowing gas fluctuates

10 highly and increases gradually. Failure of the pressure
regulator or of the total system is detected when the
differential output pressure in the presence and absence
of flowing gas exceeds some experimentally determined

value.

Figure 2



pressure of the corrosion sensitive elenment and the output pressure of the
corrosion sensitive elenent in the absence of gas fl ow exceeds a

pr edet er mi ned val ue. -27- 2.
Met hod according to Claiml, wherein said step of determ ning the

exi stence of a malfunction or failure .of the corrosion sensitive el enent

i ncludes determning the onset of a n&ﬂ#unction of the corrosion sensitive
el enent when said pressure differential exceeds a first predeterm ned

val ue, and determning that a failure of the corrosion sensitive el enent
has occurred when said pressure differential exceeds a second
predeterm ned value that is greater than the first predeterm ned val ue.

3. Met hod according to Claiml, wherein said step of determning the

exi stence of a malfunction or failure of the corrosion sensitive el enent
includes determ ning the existence of a malfunction of the corrosion
sensitive el ement when said pressure differential is between 0.5
kgf/cmerr] and 1.0 kgf/cnferr].

FIG. 1




4.

exi stence of a nml function or failure

i ncl udes det erm

el ement when said pressure differenti al

ni ng

Met hod according to Caiml1l, wherein said step of determ ning the
of the corrosion sensitive el enent

the existence of a failure of the corrosion sensitive
1.0 kgf/cnferr].

is greater than

i nert gas

corrosive and reactive gases.

of a corrosive or

i ncl udes a val ve devi ce,
bnprising flow ng gas
i NS~ he

a mass fl ow

pressure regul ator

outl et pressure

- 28- 5. Met hod according to Cb?hn11, wherein the non-
is selected fromthe group consisting o
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regul ator in the absence of gas flow through the system 7.

Met hod according to Caim6, wherein said step of determning the
operating condition of the system includes determning that the systemis
mal functioning if a pressure differential between the outlet pressure of
the pressure regul ator when the gas is flowng through the line and the
outl et pressure of the pressure reguldbr in the absence of gas flow
exceeds a first predeterm ned val ue.

- 29- 8. Met hod according to Claim7, wherein said step of

determ ning the operating condition of the system includes determ ning
that the systemhas failed if a pressure differential between the outl et
pressure of the pressure regulator when gas is flowi ng through the Iine
and the outlet pressure of the pressure regulator in the absence of gas
fl ow exceeds a second predeterm ned value which is at |east equal to said
first predeterm ned- val ue. 9. A net hod according to C aim8,

FIG. 3
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second predeterm ned value is greater than 1.0 kgf/cnferr]. 10. A
nmet hod according to Claim?7, wherein said first predeterm ned value is
conprised between 0.5 kgf/cnm2 and 1.0 kgf /cn®. 11. A method for
assessing the existence of an external leak in a conponent having at |east
an open position where gas flows and g?ging at | east one closed position
where gas does not flow, conprising th tep of determ ning a decrease of

the outlet pressure of the gas frogngpcgonpo ng, which is in closed
position, while the gas un@gr pr esskir *pres on the inlet side of
sai d conponent, conpared té- he pregsureroir Tnergas: wien ' thie conponent is
in the open position. ) N ]
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