METHODS AND SYSTEMS FOR DI STRI BUTI NG LI QUI D CHEM CALS
;Background of the Invention 1. Field of the Invention Thi s
invention relates to the distribution of liquid.process chemicals froma
bul k source or container to one or nultiple end users, especially for the
distribution of ultrapure liquid chem cals to sem conductor waf er and

el ectronic chi pPs manuf acturing users. =~ 2. Rel ated Art 0.5

manuf act uri ng processes various chenicals are required to bw (§I ‘?%ut ed
froma bulk source to the point-of-use without contam nati on and
deterioration of the chemical qualities. For exanple, in semn conductor

waf er and conputer chip manufacturing processes, ultrapure chemicals are

needed for cleaning, etching, rfa treat ment, and the |ike. These -
chem cal s may incl ude sone catﬁgh'%ﬁ&é& nic |iquids, such as

amoni um hydr oxi de, sodi EQ&P@BRIBBTIN@MQND& MIGALS nitric acid,

sul furic acid, phosphoric acid, acetic acid, hydrogen peraxide, |sopropyl

al cohol , tetranet hyl anmoni um Bndkgmlmd oclnﬁmmaénﬁdmrry, and m xtures of
the above or different chenicals. The chemicals must be at the users poi nt

regardl esg, of intermttent usage. The chem cal s nust al so
be mai nt a?ned H&ﬂ?gﬁhﬁgﬁ‘?‘%@“%v and wi t hout being contam nated during -

the delivery aftisdinventibnrélates to)Ithé)ld' stributiore ef liquid proceds fehemicalsofismhave
been provb &c)isfor distrihuting the chemcals,so far. One. aof the nethods is
the so caPH oura%lmrﬁom@%ruﬁoeﬂn% ios tryliple; e ysers, &seacislly j@nﬁh@ distribution

W92/ 054 45
(Bernosky gf) a‘t%ﬁ@§5gfgh&£§(£oé§@@§om rFéQ??ffe? Qg& ‘?éﬁ’(\?fs Ehlps
5, 330, 072 mamdattbirihg 48érs346) . " The basic idea is that the chemical to be
delivered is wthdrawn '

- 2. Related Art

In many hanufaduring processes various chemicals are required to be
distributed from a bulk source to the point-of-use without contamination and
deterioration of the chemical qualities. For example, in semiconductor wafer and
computer chip ma_nufactdring processes, ultrapure chemicals are needed for
cleaning, etching, and surface treatment, and the like. These chemicals may include
some caustic, acids, and organic liquids, such as amhonium hydroxide, sodium
hydroxide, hydrofluoric acid, nitric acid, sulfuric acid, phos;fhoric acid, acetic acid,
hydrogen peroxide, isopropyl alcohol, tetramethylammonium hydroxide, chemical
slurry, and mixtures of the above or different chemicals. The chemicals must be at
the user's point regardlesé of the continuous or infermittent usage. The chemicals
must also be maintained at high purity level and without being contaminated during
the delivery and distribution from bulk sources. | _

A few methods have been prt_)vided for distributing the chemicals so far. One
of the methods is the so called “vaquum—pressure“ distribution disclosed by Johns
(W092/05406), Magnasco and Viale (US 4,524,801), Geatz (US 5,148,945),
Bernosky et al. (W094/21551, US 5,370,269), and Ferri and Geatz (US 5,330,072
and US 5,417,-346). The basic idea is that the chemical to be delivered is withdrawn

from a bulk chemical source by virtue of the vacuum inside a pressure vessel
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frdma bul k chemcal source by virtue of the vacuuminside a pressure
vessel X -2- created with a
“'vacuum punp and then distributed to the user by pressurizing the chenical
with inert gas. The chemical can be distributed continuously with nore than
two systens in parallel and to a user away at a far distance by operating
at a high pressure. However, this "vacuum pressure" nethod has severa
drawbacks. First, the chenical can be contaninated by the | eakage of
ambient air into the system because of f{He negative pressure inside the
system Anot her drawback is that the vacuum punp used to create vacuum has

hi gh down_t.J ' .k

chom cal " creatd $REPYNadin BhghP BhEhRR dhrblfedThe BRECBT Hresiill the

t he inert cigermical Witt rerc§asi Chie \chpaticalnechrd bepdistributad confiruousit withigore
procedure produces an environnmental concern. This exhaust may be saturated

by the chiianchyo syslpms inl parallel and teipsisarawalbat afandigtanegby opewiingrat a

o essur ¢, MAREPERSU, el Bus' FaGihrr a8, et RS RebBll Uralprett
the chem ¢gkt, theecherdllaf cafilie  Gstithinindted %&h@uéamg@ of Yaritsield &in into ithe

waf er and el ectronic chips manufacturing. For exanple, they may attach to
t he waf er systembecause of $ia aegafien pressuse irgide the syslenuAnether drawback is

Anot her t to distribute the chem cal he- re LS.t 0 .l ed
ol | apsi bEIATR e Rty fiste Se eeedly Vrpoldh baS Q6 108 ik gl Ry iy ¢
met hod, t kereBRN fthe dutnp @oflipdhEhf by thatisémizal Tapdrashd\dfdpldls 2 Yo Rinatis’
with.flexible walls. Thi's container 1s then positioned inside a pressure
vessel andrawbaek isithatithe exhaughopthesineregas withTihereltasnisal vapor pletss
pushed out_ of %he cont ai ner _an del i,vered to the us (15 The chem ca dotes
not  di r ectTQm dBRVACHUNIRG, ProRedrg PrRUeRy AR eiongenfgl gondi.  This exhaust™
vacuum pr r ggg,w@{ r r@gpe%[ q i cWigha is
di fficul tq‘taéybt.ge %@‘t&gerde : anégi ‘%'%éé‘?g?'gr e, it “lysmgﬁéf T‘%’ﬁf’?"%‘ecﬁnﬁgﬁu‘éﬁg‘?&
del i ver t Ipres$igei chigmicalsot ISimcel theninerk gais directlyneontactsi thet ehemicakat a high
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I X! E?gﬁobéﬁgggigggegggsumaé &S FRE4IE in RPEaHEEs Glalif)epbiiriinitie Wafes tarkf
electronic chips manufacturing. For example, they may attach to the wafer surface
and create a non-wetted spot on the sh,rféce. -

. Another method to distribute the chemical to the end users is the so called
collapsible container method disclosed by Ramsay (US 5,570,815). With this
method, the chemicals to be distributed must be filled within a container with flexible
walls. This container is then positioned inside a pressure vessel and squeezed with
a high pressure gas. Therefo}e, the chemical is pushed'out of the container and
delivered to the users. The chemical does not directly contact with the high pressure
gas as with the vacuum-pressure method. However, the chemical quantity in the
container is difficult to be monitored, and therefore, it is difficult to continuously
deliver the chemical. Another drawback of this method is that the distribution system
with this methéd can not be controlled automatically. Further, the collapsible
container can be easily broken especially at the fixing points under the ﬁigh pressure

because of the disjoining force of the high pressure gas.



-3~ Anot her widely practiced nmethod is the punping delivery method.
A positive displacenent punp, such as a doubl e di aphragm punp driven by air
or gas, is used to deliver the chenmcal froma bul k source or an

i ntermedi ate container to the end users. As the technical devel opnent, the
lift force of this type of punp has been inproved. For exanple, a Yanada

di aphragm punp can operate at the pressure up to 50 PSI. This lift force,
however, is still not high enough for many applications, especially for the
practice of viscous chem.cals and | ong di stance delivery. .Anot her drawback
I's the contami nation of the inpurities shed fromthe conponents of the

Anot her et hodk QR el drpefied M S3h6 HrbRE Heiombtipd) Abosttive
enpl oyed digpebiiét puhp, %hemaeaé dbﬁﬁl@cﬁabhﬂabﬁpumﬁ%nﬁbwéﬁ%‘m% isessad -

The chem ca? in the vessel is then pressurized with high pressure gas to be
del i ver edtot tielivegithe chemicaldfoomon bils seurceon ar infatmediefes comainerdo thacerdove
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devi ces. rect contact | gh pressure

gas with ichenicaluihdthehesssehlis tirardpréssarizédvdth high pressute gas dotherdetivered

and dissolution of the gas in the chemc %I. ) _
through a distribution system to the end users. Some of the above mentioned
drawbacks with the vacuumlpressure and the pump delivery methods still exist.
First, the gas directly contacted with the chemical will dissolve in the chemical and
become bubbles that result in serious problem on the wafer or micron chip surfaces.
Second, the impurity shedding from the fitters and other components by the

pulsation upon the start of a pump will'contaminat_e the ultrapure chemicals.

Summary of the Invention

Methods and‘apparatus for distributing process liquid chemicals, preferably
ultrapure liquid chemicals, are disclosed. Chemical from a bulk source is pumped
into a pressure chamber between the internal wall of a pressure vessel and a
balloon-like gas bag installed inside the pressure vessel, and then pressurized with
the balloon while it is filled with high pressure gas for distributing to one or multtple
end users through a series of conduits and flow control devices. The use of a
balloon avoids direct contact of the high pressure gas with the liquid chemical, and
therefore, the possible contamination and dissolution of the gas in the chemical.

The exhaust from the balloon inside the pressure 'vesse.l during de-pressurization



Thé exhaust fromthe balloon inside the pressure vessel during
de-pressurization : - : -4-  has
no environnental concern. A punp used to deliver the chemical fromthe bulk -
source to the pressure chanber assures the systemalways in a positive
pressure to elimnate the contam nation by anbient air leaking into the
system and the downtine due to ‘the failure of a negative pressure system
Use of optional duplicate pressure chanber provides the option for
continuously distributing the chem cal tp end users fromone chanber while
anot her chanber is in filling operation node. The chem cal can recircul ate
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di ssolutign in.the chem cal d the resul ted gas bubble problens are
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extrenmely toxic chem cal w not be transferred into the gas to be

exhaust edirventiondsi preferablyi integratedhinto s wabingblaride ptéferablc confrpllext withe an

system the contam nation by the anbient air leaking into the systemis

avoi ded. b&EFHOBIG GNPl SYEIRERd del i very systemis always with the pressure
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suppl enent ed flrvgitrtﬁﬁﬁ]ﬁwggﬁ\(%ggﬁ)%tg é&;)erdelgsttl}}seaé}e@ggpﬁ\/%% ﬁ{’ of the problems
associated with previous chemical transferring and/or distribution systems and

methods have been solved. Briefly, this invention uses one or more pressure
vessels having installed therein on its inside a balloon of flexible and non-
expandable wall to smoothly and continuously deliver a chemical to any end user
without contamination and gas dissolution. Since the balloon installed inside- the
pressure vessel isolates a high pressure gas from the chemicals, gas dissolution in
the chemical and the resulted gas bubble problems are effectively eliminated.
Further, contaminants in the high pressure gas which fills the balloon will not be
transferred into the chemical and the extremely toxic chemical will not be transferred
into the gas to be exhausted as a serious environmental issue. Unlike the
vacuum/pressure system, the c;,ontaminaﬁon by the ambient air leaking into the
system is avoided because the disclosed delivery system is always with the
pressure higher or equal fo the ambient pressure.

The chemical is supplemented from bulk source into the pressure vessel with

a pump through a conduit, preferably with a pulsation damper and other



a punp through a conduit, preferably with a pul sati on danper and ot her

-~5- components. The use of a flow pul sation danper effectively suppresses
t he pul ses produced by the di aphragm punp, one or nore optional filters

i nstal |l ed downstream of the punp catch particulate inpurities in the

chem cal either originated fromthe noving parts of the punp or existing in
the bulk chemcal. A by-pass conduit is also preferably provided to allow
the chemcal to circulate back to the bul k source before going to the
pressure vessel if it is necessary. Hend®, in the case of any quality
probl em chem cal will then be recircul ated back through the by-pass conduit
to the b%&nguﬁéﬁu CTHY B5@0F a fldW PURalbR \daphisereffdtavlly SuppfddaesitAB pulk s%[
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section aellmindtedefore, elim nates the contam nation problem
using two or nore pressure vessel s containing the same chem cal, the
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either on line or off-ine.. The chemical from the high pressure delivery vessel is
preferably monitored for purity. With high concentration of impurities the chemical is

recirculated back to the bulk supply source fhrough another circulation conduit. This

circulation conduit also provides the path for the surplus chemical during the tow
demands by the end users back to either the bulk source or to another pressure
vessel in parallel. o

One or more additional recirculation conduits are preferably provided to
recirculate surplus chemical from the end user stations to either the bulk source or
another pressure vessel in the filling operation mode. This recirculation further
improves and assures the chemical quality. Any contaminant existing in the
chemicals will not accumulate at any local section and, therefore, eliminates the
contamination problem. ' .

By using two or more pressure vessels containing the same chemical, the
chemical may preferably be continuously distributed to the end users without
interruption. The chemical is distributed from one pressure vessel while another one

is either in filling mode or waiting for chemical distribution operation. This preferred



is either in filling node or waiting for chemcal distribution operation.
This preferred - 6-
conti.nuous distribution not only assures the user's needs at any tinme but
al so elimnates the contam nation induced by the intermittent operation as
i n previously known delivery systens. The reliability of the

I nventive systens are inproved by elimnating vacuum punps. There is no
down tinme because of vacuum punp failure due to corrosion problens. System
reliability is also inproved by preferaﬁiy automati c operation with a
conputer (PLC). The chemical levels in the pressure vessels, the valves,

and t he onfinaous pdisributioh ynatubniyaassaures ytheonserts Irektdanat aﬁ?rtﬁhé%lﬁdawot h
or a smooth and continuous delivery. The distribution
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obj ect of this invent i's to pr V|de processes and syst
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from a bulk source fo any end users without contamination.

Another object of this invention is to providé processes and systems to deliver
the ultrapure chemicals reliably without any component and paris failure..

Yet another object of this invention is to provide processes and systems to
isolate the chemical from the high pressdre gas to eliminate the dissolution of the
gas in the cherriical and any impurities in the gas to contaminate the chemicals.

An additional object of this invention is to provide processes and systems to
isolate the chemical from the gas to eliminate the toxic chemicals in the exhaust and,
therefore, to eliminate the environmental concern and reduce the overall cost.

" Yet another object is to provide methods to assure the chemical quality and to
eliminate system contamination by non-qualified chemicals from the bulk source
hence the doWntime by employing recirculation loops at different locations.

Yet another object of this invention is to provide processes and systems with
the options for on-line or off-line monitoring and analyzing the chemical assay and
impurity concentrations.



i mplrity concentrations.

< 7- Yet an additional object of this invention is to provide
processes and systens that enpl oy conponents such as the punps, valves,
sensors, and probes that can be controlled and operated automatically
directly or indirectly with a conputer, or an electronic control system
Anot her object of this invention is to provide processes and systens that
enpl oy a conmputer (PLC) for systemoperation at the highest reliability and
t he highest quality of the chem cal deldi%ery. Yet anot her object of
this invention is to provide systens conprising a cabinet having the

i nventive di stYebahiadditionat ebjechof thiirventionista/pvidepgrostssus andlsyStems
reduction of the space use. The processes and systens of the
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the balloon.is filled with high pressure gas to transfer the chem cal. By
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filling or pressurltgl ng no y transferring the chenical froma
bul k sour ce t o Yebanpties object of this inventibn és toprovidehsystémstvemprisirfg & lcebingtt h
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chemical at atmospheric pressure by a pump, and then pressurized by the balloon
when the balloon is filled with high pressure gas to transfer the chemical. By
installing a baﬂoon inside the pressure vessél, the high pressure gas is isolated from
the chemical and mutual contamination is eliminated. By monitoring the chemical
level inside the pressure vessel with level sensors, two or more pressure vessels
may be operated alternately at filling or pressurizing mode.
By transferring the chemical from a bulk source to the pressure vessel with a -
pump the chamber is filled with chemical at a positive pressure. By preferably using
a pulsation damper and a filter following the pump the pulses produced by the pump
are eliminated and the particulate contaminant is removed. By preferably employing
+ a recirculation loop before the pressure vessel the chemical can be recirculated back
to the bulk source container and maintained at a high purity by mutltiple filtration.
Three more recirculation loops are preferably provided for the chemicals in
the pressure vessels either being transferred to another vessel or to the bulk source
container. By using the loops the pressure vessel can be evacuated if any

maintenance is needed while another vessel continues the distribution; the surplus



nmai‘nt enance i s needed mhlle another vessel continues the distribution; the

surpl us : -8- chemcals
‘fromthe user station can be recircul ated back either to the bul k source or
to another vessel in filling operation; a portion of the chemcals fromthe

pressure vessel can be recirculated back to the bul k source or anot her
pressure vessel while the remaining portion is delivered to the user
stations. The invention uses conponents that preferably can be
operated and controlled with a conputer.gia el ectronic nmeans. The conputer
receives signals fromnonitoring sensors and controls and adjusts the
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vessel ; the bauognggh@mal se-sirgulntinn: aod §t ¢ system onetafion o With the
enbodi rrent r t re
S o %%%E*egvﬂsiﬁe#&?rﬁ é%%?&ﬂﬂgdo B
pref erred tré ®ekt §laly 0P tHd herficabagivenyand tiansfarsee sichievetie i nvent i on; -
For those familiar with the state of the art, the mentioned above and other
objects of this invention will be immediately realized t_hrough reviewing the following

description.

Brief Descriptioh of the Drawings

Figure 1 is a schematic representation of one inventive system to transfer and
deliver chemicals from a bulk source to any end user; _

Figure 2 is a schematic representation of an inventive pressure vessel with a
balloon type pressure bag installed inside; ' _

Figure 3 is a schematic illustration -of the balloon type pressure bag for
receiving high pressure gas;

Figure 4 is a schematic drawing of an inventive pressure vessel,

Figure 5 is a schematic drawing of an alternative embodiment of an inventive
_pressure vessel with the balloon type pressure bag installed inside;

Figure 6 is a schematic drawing of a preferred electronic control arrangement .
for use with the invention;

Figure 7 is a logic flow chart demonstrating the electronic control system of

Figure 6; and



Figure 7 is a logic flow chart denonstrating the el ectronic control system

of Figure 6; and : - 9-
‘Figure 8 is a schematic diagram showi ng a chem cal distribution cabinet
useful in this invention. Description of Preferred
Enbodi ment s The present invention provides processes and systens to
effectively transfer and deliver process chemcals to any end users. The

i nventive systenms primarily conprise four parts: a-chemcal filling nodule,

a pressurization and pressure rel ease nmadul e, a chenical delivery nodule,
and an el ectronic control nodule. Preferred enbodi nents of the inventive

systens and c a : ' : i are
described as fo ﬁ%@ %Cﬁeﬁq&?:%'ﬁs&?ﬁﬁé%%gﬁ éﬁga%h ché |Eee@l%|ter{r§1[§§gﬁ t??‘ﬂf‘?tng
nodul e f uisdfildathisdnyertionf er chemical froma bul k source to one or nore

pressure chanbers for distributing to the end user and to recircul ate the
chem cal through a filter back to the bul k source container. Referring now

to Figure 1, chemcal is M ] ' bul k source 1,
t hrough an intake Iine 2%%gﬁéﬁ$@t&o%£ﬁ§ﬁ§u\%égagﬂ%%d s then
transferred toThEprosatimventivnsioVRidsirodedses Midapstemspiel sffddtivalydiramster S,

a filter 7 with isolation hand valves 6 and 8 at_both sides, an autonmatic
i sol at i onand|defivenprocessichemisalsdadani endeisars.nelhip inventive sysiems primarily

I sol ati on_val ve a. a check val ve ali 1 i ti ' | ve
17a, and S°TPHE® iéél'ra‘?ﬂf&t hed %mﬁaﬂmgpptoﬁﬁ’eg%%?%g@a@‘c aﬁﬁdB%u é?om
the bott opp|@asd TREGUEE 2V Ecrlcal 4R liveY rrbdule) édﬂ)%@hemtroﬁbomtrélhmokjhms 18
can connect to the gressure vessels at the top, or at the shoul der.

In this cReefiecred embodimenty of the inventis systems iapd campenentsiandtheseperation

circulate _the chemcal from.and back,to the bu urce. Chemical is

reci r cul aPEEERERMPONGHE ﬁm%ggm%rét, ki gﬁ?ﬁrg’egoqsr#hg‘?’&r automatic isol ation

val ve 1oadHH|ﬁi&li'Fﬂlihbrlﬂo?ulé’m automatic isolation valve 10b, another Iline
55, another automatic™isolation valve 10c,

The chemical filling module functions fo transfer chemical from a bulk source
to one or more pressure chambers for distributing to the end user and to recirculate
the chemical through a filter back to the bulk source container. Referring now to
Figure 1, chemical is withdrawn with a pump 4 from a bulk source 1, through an
intake line 2, an isolation hand valve 3, and' is then transferred to the pressure
vessels through a pressure pulsation damper 5, a filter 7 with isolation hand valves 6
and 8 at both sides, an automatic isolation valve 10a, a line 13, gnd another line
12a, an automatic isolation valvé 14a, a check valve 15a, a fine 16a, an isolation
hand valve 173, and a line 18a and then going into pressure chambers 24c and 24d
from fhe bottom of pressure vessel 24a and 24b. Although not shown, the lines 18
can connect fo the pressure vessels at the top, or at the shoulder.

In this chemical ﬁlliﬁg system, a recirculation embodiment is used to circulate
the chemical from and back to the bulk source. Chemical is recirculated back to bulk
source 1 from a point after automatic isolation valve 10a through a line 9, an
automatic isolation valve 10b, another line 55, anothe( automatic iso_lation valve 10c,
and a portion of line 54.

A port with an isolation hand valve 11a is connected to line 13 for taking

samples. Any on-line monitoring instruments, not shown, such as a particle counter,



and a portion of |line 54. A port with an isolation hand valve 1lla
s connected to line 13 for taking sanples. Any on-liné nonitoring

i nstrunments, not shown, such as a particle counter

-10- an assay concentration sensor, or an ionic inpurity sensor can be
connected to this port. Al though not shown, systens of the invention can

al so enbody fl ow sensors and -transmtters to nonitor the flow rate of

chem cal through the system The liquid level inside pressure
chanbers 24c and 24d are preferably nonifgared with | evel sensors nounted on
the outside wall of the tubes 26a and 26b that are connected to the bottom

of pressu @lﬁ?atfﬁl‘lds t ihi : - of
t helovesse?ﬁsa a?ﬁ?%ggﬁct he T .'ne%ﬁgtg'a&;%g ﬂ%"% iﬁ@ﬁg@%ﬁnggggéﬁgﬁ %n%%ésc{]lﬁcm

mat er i al spostudiithesighi ot shown, tsysterhy ef lihé dmentibRFdat\alsorerfibddy flowrsersols om
| ow.l evel sensors.32a.and 32b.and hi | evel senpsors 33a and 33b warn a
conput er ?ﬂ‘iéﬁ“?ﬁ“ rgiip ’B?“—'é?[&‘??ﬂﬂwrg%eﬂf Fmica ﬁ?fg‘;grb & $YSRYBri ng val ves
14a and 14b. Sigpaks fir HAW, L gl I I 1 34a
and 34b are use at !ﬁ%‘ aﬁ?et ﬂé\‘&’@%e Q‘{%}’ PE% %%@anggcﬁ%nﬂﬁ%?é&gﬁfé#g%e
of the fi Monitorehithrieselsansats mounied onthe Dutside awall ofethg tabes 26a dner 26the

| evel sensors. Preferred | evel sensors are of the capacity type such as
t hose frofhakiare coppgstedytotae betiatn of pressure vegsels 24a aaérz%vethmglblmﬁ 18a

mat eri al s ' | ' ke It U B abVeRLl :
TEFLON and SRRt 2 fo the tog 0P fi e Furob 6L s 7ot alid 278 FhesBhuBeE |
punp, sucleaasbelysiastit aRiteAdls) Budivas highh deakity \wolyethylend NTEFRON, | 6 S PRA
the punp and the pul sati on danpers can be any conpati bl e plastic naterial s.

Pr ef er r ed Signrals fraranpwi leyel sensarsd2e aad A2 and \high level sensatdadaand 8ab

5ol at on AR eo b o Btator iion e RUBEHA find PR R b 328 ©
and any Otahglr 14b.Mdighal¥ FHone fow e fRid" Kighaigh Tdvel ShinBoUSH, | P1b/ B4kesnd 3B
i sol ati on hand val ves and the check valves can al so be any such t%res of

val ves mad¢ewsed todaipam tie opetater foalany ipspedlioatand mamtenaseriobthe Hling aad
'(A‘ICL agL af h emr%%sﬁg%{aﬁgﬂ s%/ggerﬁg.e Cﬁ"ne\l/'g | are Smgrr\f? c%\é%elsa’r%lr %hé rlé)vnél":slelrjl%ros\fva PFeferred

level sensors are of the capacity type such as those from Allen-Bradley (Germany).

The lines can be ‘any plastic material_s' compatible with the chemicals,
preferred in this invention are TEFLON and PFA materigl. The pump can be any
type of positive displacement pump, such as dual diaphragm pumps, or a bellows |
pump. The materials for the pump and the pulsation dampers can be any
compatible plastic materials. Preferred are TEFLON diaphragm phmps, dampers by
Yamada (Yémada America; Inc. Schaumburg, IL), and those by ASTI (Courbevoie,
France). The automatic isolation valves can be TEFLON solenoid valves, TEFLON
pneumatic valves, and any other similar valves. Preferred are TEFLON pneumatic
valves. The isolation hand valves and the check valves can also be any such types
of valves made with compatible materials, preferabiy TEFLON and PFA valves. All
of the isolation and check valves are available from Fluoroware (Chaska, Minnesota)
and other companies.

Aﬁother preferred embodiment with which chemical is filled inside the balloon
and the high pressure gas is filled in the chamber between the vessel wali and the

balloon can be used for the transfer and distribution of chemicals. The chemical can



and ot her conpani es. Anot her preferred enbodi mrent with which
chemcal is filled inside the balloon and the high pressure gas is filled
in the chanber between the vessel wall and the balloon can be used for the
transfer and distribution of chem cals. The chem cal can be
squeezed out fromthe top of the balloon. The enbodinent illustrated in
Figure 1 can be easily nodified by changing the chemcal filling |Iines and
the pressurization |ines to accommopdat e{§he distribution needs.

Pressuri zation and Pressure Rel ease Mdul e The chem cals inside the

pressure 56 8qtiesfed?dt it thé o bEtHEBAINRNE ATHY eifibBain @t idstise P rEERMIS 102D

filled with a high pressure gas. This high pressure gas can be any i nert
gas, suchcaisbgieasilyencdified by, changingitheachemical filling linesiandsthedpreésgurizationThe

gas pressure can be in,the, r f 1 to,100 psig, depending on the
physi cal %?p@rqchwﬂ?dft‘tﬁg%ﬁ%%ﬁ@f@“%?dﬁ'ance fromthe delivery unit to
the end uppdssiiiffatidiCand Préssard RElEAs@IBHulde user |ocation. Nitrogen gas

is preferred in this invention because It I's pure and easily avail able at
nost of the chthechemicals inside thespressure chatabers| 24 amd 24d iare Rigfivated. by tehe

as from ul k,.source ot 0 fl.q t hrough a ni fold connector, not
ghown, toge@?mh!ﬂi%pr@@aﬂesﬁb%ﬁ@emﬁe%iﬁvﬁﬁr gapy dhisshigh firessiife gaseansed
to fully : , L r : f
bart s aovDe Ry IREraRR, O AR itGuc, A1GR, RARM adl fufifid BafbRtselad e, |
58b, pr esThegasprésstry carvbe iarthe T@hge f elstoule0 psiy) dpeadingOon dinel phybical

filters 6la and 61 and then to autopati¢ i sol ation:valves 62a and 62b. O
course, t RERETGH of Hicuchericals, slistarcefrom theedelivery vBk to the enduses, anthihe ne

filters ¢ Iis SN LAe ¢Sl .
separ at edPaTare HURY at tne BFTacedh NfirdgRCaad B pletenddin s/ Métntion
62a and 6Becadseitis\pueemad essilycavailablesatanestufehe chemidab useesites.t er control
and operation, especially.for assuring the preferred continuous delivery of

the chenical déys Rystrated: pFigwreh: the gasyfreahpohelk sowigen nes &hwrggflows
Lot | ohr o988 & Rl Uil s AN b o8R8 B S, BNk anc
t ransducernaned4asrnand4rnaa: used tb qulpstdpind §8s Fiad fiapsally whichsiepairt ard
bal | oons, and the pressure relief valves 65a and 65b to rel ease the
pressure ireglagement of any parts downstream are necessary. The gas then passes through
" lines 58a and 58b, pressure regulators 59a and 59b, pressure transducer 60a and
60b, filters 61a and 61b, and then to automatic isolation valves 62a and 62b. Of
course, these two conduits with the gas lines, valves, regulators, and the filters can
be combined to become a single line, and the gas is then separated after the filter
61 to flow to the respective isolation valves 62a and 62b. The two separate conduits
are preferred for the better control and operation, especially for assuring the
preferred continuous delivery of the chemical during the replacement of any
component, such as the gas filter. The gas then flows through conduits 63a and 63b
to respective balloon bags 25a and 25b inside pressure vessels 24a and 24b.
Pressure transducers 64a and 64b are used to monitor the gas pressure inside the
balloons, and the pressure relief valves 65a and 65b to release the pressure inside,
balloons 25a and 25b once the pressure is higher than that required in any case.
The high pressure gas inside balloons 25a and 25b is released before the

chemical filling starts. Automatic isolétiori valve 62a or 62b is closed, and automatic



bal 1 oons 25a and 25b once the pressure is higher than that required in any

case. The hi gh pressure gas inside balloons 25a and 25b is rel eased
before the chemcal filling starts. Automatic isolation valve 62a or 62b
is closed, and automatic -12-

I sol ati on val ves 66a and 66b are opened to |l et. the. gas inside the balloon
exhaust fromthe balloon through conduits 63a and 63b. The exhaust passes
through filters 67a and 67b. Lines 68a-a4- 68b can be connected with the
mai n exhaust systemof the facility. Any trapped chem cal gas inside the

pressure Vemiatidrevalees §6ar @hd 86bdarehoparid to ke thé Gasansidé the BlleR Sdmudtd
28b, autonmtic isolation valves 29a and 29b when they are open, and then

li nes 30a ey thepballepn Huoyghe sauduits €32 and G3n dTlihe exhaustinasses fhrough\iiters6a
d 66b ' bcal filli for t |l t
fhe at moona . LiNes'ete GiHEEbE Ban e Aol TR the maih oSt Syt ne
cheni cal fthé faditybAny hepsed shemircat @Ashﬁsieéqaeg>er¢|4§§@és:ekeerxﬁte detelggycal

gas needs to be released fromthe pressure.ves I nes 56a,
56b, 58a Ah@ugbdinesn2Tr apdi2vd, linesi 282 and 28k |gutematic dsolaticrc valves @9anand hed

316 i | or plasti i al h | | d N
PP Tha o, BehSfiey 8fe, BRR, angiiier. ides RO And a0 td Pbe deeShlird Teledste
val ves fr qnAlitd ecprdtiy, (desdvbd féﬁd%&b%e%ﬁgﬁé%lﬂdnﬁ'ﬁ@é grglzé%ll gli{\ﬁose

Fl uorowar e (Chaska, M nnesota). Regulators 59a a e pre
el ect r oni grpeeduratior thedallaonrat tivet &tnsdspheriegressurel Valvesi 203 andc29bsare

th f Tech and, SMC 3t.i G il IL). .Th

s e R R e R A B R b abveb e S Bed EPlAS the

this i ”VertFégfﬁédaél%rﬁiBQP@?@héed% &he Felééé&fﬁ&ﬂ;lﬁé rﬁr&@ﬁ:r@&%éé%ﬂ e transducers
bl e F I nt a

such as those availa rom Fl uor owar e an ernation (M nneapol i s,
MN). Filters 6Ilthentides155ar86nr 68arad \68 ean skl aithertsthintess psteet, i sudh laser s

ith ' f .0 1 . Metal, dj ble fi/l f MIli
(Bedt or 6, WRSt&Hs Roushed 76l teilassraiesh < PlapiopiripNainaHeh aFporminbylege
terial [ ; t
4, “and prachieoCON PERC U ¥aies 57 dhd ST ol be e DD ol spRAHFRS

pneunat i ¢ steélwalvesl frofiERPORech gblapae GANand sthenTEFLON RFA haindetalvel frem
such as av'_gli | abl e f{ﬁ?m Fl ugrowar e ( Chaska . Fitte 67 are_used .mainly

ka, r
to renove CHEMWAIP {rhgnke MipRgeotadul Bese{a@f@%%@@di 55 e RIGRISbIK S
val ve 29 | gieep6fic phetmfatic' rebfilatoR ith stainless steel material, such as those from AP

Tech and SMC Pneumatics (Warrenville, IL). The pressure fransducers can be
piezoelectric type or capacitance type, preferred in this invention are those all plastic
capacitance type pressure fransducers such as those available from Fluoroware and
NT international (Minneapolis, MN). Filters 61a and 61b are preferably disposable
metal or plastic filters with a pore size of 0.1 ym. Me;tal disposable filters from
Millipore (Bedford, MA) can be used for this purpose. Althougﬁ there are plenty of |
material choices for the valves 62, 66, and 29, the pressure transducers 64, and
pressure relief valves 65, it is preferred to use TEFLON PFA pneumatic valves, all
TEFLON pressure sensors and pressure relief valves such as available from
Fluoroware (Chaska, MN). Filters 67 are used mainly to remove chemical droplets
that could be entrained in the exhaust when valve 29 is open. These filters are
preferably the disposaﬁle plastic polypropylene or TEFLON membrane filters with
pore size of 0.1 ym from Millipore. '



preferably the disposable plastic pol ypropylene or TEFLON nenbrane filters
wWth pore size of 0.1 [errfmfromMIIipore.

- 13- As illustrated in Figure 1, the lines after the automatic

i sol ation val ves 66a and 66b are preferably U shaped to trap any liquid
fromthe filters 67. Hand val ves 41 a and 41b are | ocated at ‘the | ow point
of the U shape lines for releasing the trapped |liquid. These hand val ves
can be replaced with an automatic isol aflBon val ve conjugated with a |iquid
| evel sensor (not _shown) for monitoring the liquid in the U tube. Al though
not shown, a cOfpHdstrated fin driguren1bthe lisesikfted the wetomatic sdlationsvaives €6a

She bar 1 ofid BRbCSredrfRratly U ShaBE 16 iy il For Ri FuGitEh Had vabias | o
deliver thea R4l &ref [orBtdd8t & I6W foitth a8 i © %ﬁggénﬂeg% ?éte?@@gntm s

pressure vessel s 24a and. 24b to end users /0b thro a series o
and cont r trappedfiquidnt Ehese hand valwes par beueplackd vitlr an automatic isolatiohivetve

hem s ta th 3 the filli du ¥ d. Aft

Che tham eamubaf e Rddy avel Sqnsor kaet SEnan r Seomiarorhe i e bl o
, the giwam &1@ : 7

Ig?ﬁe 19: or iQﬁ?hgﬁégﬁgﬁé‘?ﬂg]?so tﬁ%n%%%%&ggg Iﬁgﬁ%&d%hﬁs%ﬂee %éiéﬁ I'Tter

37 with tsitencenthevdise frofbtheti@se of the high peessurmexhaust 4asfidnh tiee balldas of
val ves and flow neters to the line 46, and then the chem cal distribution
mani fol d 889%ear the user stations 70b. Conduit 42 consists of a notor

driven need I flowtransmtter. 43b, a normally open hand
&Ttﬁ% Aﬁ%g%gl%a ute

val ve 45a, a line n automatic isolation valve 45b. Fl ow neter 43b
is used to.provihitesystent funetions dotdelivegthe bhemjcals froh thd pressural ichambass

Il lustrat ﬂ |%¥$r§ 8) for system o&eration control. Needle valve 43a is

pr ef er abl ? af ehthe pregpure ¥rpskls 243 and g4k torgnshyisers 7@845[%@“%&@6@? on

the flow ro‘?@?h?ﬁitg éﬂar]céﬁpo%ﬁor%rﬁ§.et paranmeter. The flow transmtter is
o] ep |

preferably ressure erence type such as those available from NT

I nternational (THeyespate charhbér. is 2eédyoty detivee shémivalstoctheamd! fss odgeaithabl e
from ASAH_.Anerica (Mal den, MA), or _an ultrasonic¢ type such as those from

Honda, Bl edlingnPEasedhi ity RorpiRsefiasABRr tisachemical (supsessvrizesywittpdia balpan | y
preferred giLg with the high pressure gas, the chemical flows through the normally open hand
valve 17a or 17b, line 19a or 19b, an automatié isolation valve 20c or 20d, line 23, a
filter 37 with two hand valves 35 and 39, line 40, and conduit 42 with a series of
valves and flow meters to the line 46, and then the chemical distribution manifold 69
near the user stations 70b. Conduit 42 consists of a motor driven needle valve 43a
and a flow transmitter 43b, a nommally 6pen hand valve 45a, a line 44, and an
automatic isolation valve 45b. Flow meter 43b is used to provide the flow rate
through the system to the computer (as illustrated in Figure 8) for system operation
control. Needle valve 43a is preferably automatically adjusted with a signal from the
computer based on the flow reading from 43b and a preset parameter. The flow
transmitter is preferably of the pressure difference type such as those available from
NT International (Minneépolis, MN), a flow vortex type such as those available from
ASAHI America (Malden, MA), or an ultrasonic type such as those from Honda
- Electronics through Nano-Master USA, Inc. (Austin, TX). Particularly preferred are

the ultrasonic type. As the valves in the chemical filling system, pneumatic valves



the ultrasonic type. As the valves in the chemical filling system
- pneumatic val ves __ -14- are
preferably to be used as the automatic isolation valves, and both isolation
hand val ves and the autonmatic val ves can be those valves with the TEFLON
PFA material from Fl uoroware. Fl ow mani fol d 69 preferably conprises a
series of flowlines and flow control boxes 70a. Each flow control box
preferably conprises a needl e valve for4adjusting the flow through the |ine
and a flow neter to nonitor the flow.rate. The needl e val ve can be either a
mot or  dr i senplef@rably torbdrased lasARB  AltoRRALE Yslatid PAIPES, SthPbSthBbRkioAH Ha
type for conputer control. The flow neter can be of the sane type asat e
f1 ow met eyal¥ep andtle euteraaticvalvesicanibe thpse walves with theckEFLONIPFA Riatehial
mat eri al ﬁ#%#'@[}%‘@gf e avail abl e from Fl uor owar e. Filter 37
functions a he particulate inpurity level in the chemcal is
W thin the spefpida ' A ' I "d%"f-' ' e
size of 0.05 [elroﬁ m@'ﬁ%?\é’?‘?fgwg"? I's Fﬁfeﬁﬁéos;b i shh{a%%édg?ow %P@&’l S
avai | abl eboxemv8ay &agh flownodnicolbax prefamably compfises » acedieBeiofarddjidingnd

Pall (E i1 ]S, e ] Lal f he filt id dfil

nausi ng 2 Lk Burebih tad B Ghdis Bdw el ln Tonipt e v ratsr Ghenerdle veie
nousi . oY et e b ret |
Uhe. Chamgar d oo o hor ddVedd typor & riiuat BReRO Pe® FRIREP alEhiotdt °"

¢’ aci Tvery

system THdven type farecompiter control. aThesfivameter banderef e samedypecisthd o
t he generﬁl vent system not shown. Another filter systemwth the sane
type-of fl?¥Vdpe ndgan.alsg,be, 3 hand epgratien sefameterswith HERLON apaterial

preferredgydiias tﬁﬁéeé ?ﬁi%ﬁiﬁgfﬁ BlubRst@bk! ed in parallel-wth the filter

system 37. When t ter cartridge needs to be replaced the flowis cut

off with the i &itext3Dfunctibneto Hssaral 130 partictldtd dmbluety keebint theoslidmipaptdier

filter syst m_m/ 0 er]%n , the isolation valves before and after the filter.
A port wi WHhim %6&9%&1 Qﬁ%wﬁarﬁl Waingh diameter castiidgetfiigr havingnroracsize of 008 ng
sanpl es. fior ' oLid e ng o) L e i L Ng

i nst'rumenpg{? 'ﬁo?ge@ﬁ%mﬁm@?cﬁmggk 'gﬂba?%l%cl %o"ﬁﬁr]hféér}, lsgggﬁ@%légfogsggyeral
concent r amanufaetasers, sach &3 Millipbre (Baedfordd) MANSRId Pall (Bast MURSAUY) tPhé hi s

port for nonitoring chem cal assay _concentration, and Inpurit

concent r af#yggal for the filter cartridge and filter housing are selected based on ¥he chemical
properties. For example, the Millipore Wa{fergard PF-80 cartridge filter having pore
size 0.05 ym and the Chemgard PFA housing are preferred for hydrofiuoric acid
delivery system. The filter vent line with an isolation hand valve is connected to the
general vent system, not shown. Another filter system with the same type of filter
and two isolation valves before and after the filter are preferred. This filter system is
installed in parallel with the filter system 37. When the filter cartridge needs to be
replaced the flow is cut off with the isolation valves 35 and 39, and the flow goes
through another filter system by opening the isolation valves before and after the
filter.

A port with an isolation hand valve 11b is connected to line 40 for taking
samples. As for the chemical filling system, on-line monitoring instruments, not
shown, such as a particle counter, a c'hemical assay concentration sensor, or an
ionic impurity sensor can be connected to this port for monitoring chemical assay

concentration, and impurity concentrations.



- 15- The total flowrate is controlled at the rate at | east sane as
the sum of each user's maxi nrum demand, preferably a rate of at |east 1
liter per mnute higher than the sum This superfluity is to keep the

chem cal delivery line always flushed, and chemi cal flows back through a
returning conduit 47 wth an automatic isolation valve 48, a line 54, and
anot her automatic isolation valve 10c back to bulk source 1. During | ow or
zero use the chemical is re-circul ated_Rgck through conduit 47 to the bulk
source 1. In any case, the operation of the delivery systemis not

necessarily chgpg Qgﬁail( flow rateA‘isC@&ﬁl'Btl%dA%% the ragé)%%féﬁgtfs SL%' Iﬁ'{e;%\?v&f: - he

chem cal back to b source 1 i € case o0 em ca er ns

of eit her usefsamaximumpdemand, preférablyhe rateasfi atdéadtrpiitet ipet enindfé fighes than
t hr ough ca‘r;aguit 49 with a hand isolatjon valve 50, a |line 51, an automatic

i sol at i ont¥RFYR- 5dhis superluityas takeep thechemical delivery line @dways: flushed, rand

bul k sour : hSre He | td A kSl L ! ring
the begi et aoicel foks HBEK hikoR e PEAlinGBIAERE sy it BT eltorfRRTRLRlGH, et "
recircul agBpa lire Bd¢ emelaanotihel vatdthitic idiatiord Galventde baek td Bulk'sdurce 1.
preferablﬁ cl osed but not necessarllggal ways. The chemical can also b

e
re-circul gtlewpiotareruss: theschamigakisdie-girmiated bagk thraughgcansiydt 47 tathani ng

o o oi r BUICESIBRL It Bn¥ Eat8 tne aperapink 410 LYY SRt 6 nB BeBREARE)
flow to achthgedvessel through either conduit by opening valves 20a or 20b.
The fl ow goes through valve 22a, line 12a or 12b, valve 14a or 14b, check

val ve 15a or 1%pconduit49 ésprvideshioryatciisutating dhe chemical hackdphwilk gautwe 170,
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if the re- circulation and the vessel enptying are necessary. This design
of the re&di etuautomaticdesiation yalvel B tine S3candia line S4randhvalve HOcibaickdoy
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and di SCh%ﬁmiﬁ@%bQﬁ' thelsyskin 46! tHees e TlIEAnG Up. UPftieh thid'fecieuldtidn is
preferred enbodi nents of
necessary valve 45b, valve 48, and valve 10b are preferably closed but not
necessarily always. The chemical can also bé re-circulated to another pressure
vessel that is in filling mode by opening valve 10b and clbsing valve 10a.
Conduits 21a and 21b are provided to re-circulate the chemical or empty the
. vessel by -allowing the chemical flow to another vessel through either conduit by
opening valves 20a or 20b. The flow goes through valve 223, line 12a or 12b, valve
14a or 14b, check valve 15a or ‘i5b, line 16a or 16b, valve 16a or 16b, hand valve
17a or 17b, and line 18a or 18b to the c.orresponding pressure chamber. The
chemical can also ﬂow back to the bulk source through the line 13, line 9, valve 10b,
line 55, and valve 10c. The valves either 20 ¢ or 20d, and 22b are closed if the re-
circulation and the vessel emptying are necessary. This design of the re-circulation
conduits allows one vessel to continue the delivery of chemical while énother one is
in the re-circu!atioh mode or emptying operation.
Chambers 24c and 24d between the pressdre vessels receive and discharge

chemicals to be delivered to the end users. One of the preferred embodiments of



-16- the pressure vessel with the relative positions and physical shapes
of the vessel and the balloon are illustrated in Figures 2, 3, and 4. Both
the vessel 24 and the balloon 25 preferably have the cylinder- type body
with a neck 72 and 81 and flange 73 and 79 in the top. The flange 73 and
anot her security flange 75 have a series of open holes around the flanges
near the outside edges to let the fastening bolts 74 go through. The

di aneter of the balloon cylinder is theqgane or little bit bigger than the
i nside dianeter of the vessel. The height of the balloon is preferably

shorter t fienpidkeutesvssel Withahé r@lﬂhvé gésﬁéﬁ? ah@ rﬂﬂ%ﬁhﬁ%ﬁlﬁ | Gtthah selbaTnd
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t he COllaLb@élOt on the neck of the balloon right under its flange in the
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security flfi\n ge 75, a hole 80 on the balloon flange, and a hole in the
neck of ~t Kieliyeasgprsothechigh pressygegasis fillediiniorthenballoon through the inlet tube

63, and the balloon stretches along its length under the gas pressure to push the-
chemical out of the chamber through the tube 18 which is. welded or otherwise
attached on the vessel body at the bottom. The balloon can stretch all of the way-to

. the vessel bottom or at a placé away from the wall, depending. on the flow level
controlled and the length of the balloon. The balloon itself is subjected to a pressure
difference of near zero across the Wall.

The flange attached fo the neck at the vessel t-op edges inside to form an
opening smaller than the opening along the neck in diameter. This edge goes into
the collar slot on the neck of the balloon right under its flange in the top. The edge
and the slot are to prdvide a reliable fit for the balloon and the vessel and good
holdup for the balloon. The balloon ﬂahge is smaller than that in the vessel in
diameter, with the maximum diameter reaching the fasten nut.

A tube 27 passes through a hole in the security flange 75, a hole 80 on the
balloon flange, and a hole in the neck of the vessel to reach a bigger hole 71 in the



-17- lower wall of the vessel neck. The tubes 27a and 27b are connected
wWth the hole 71 by screwing on the vessel neck 72 with one end and
connected with the tube 26a or 26b with another end. The tubes 27a, 27b,
and 26a, 26b allow the gas and liquid inside the tube 26a and 26b to
communicate with the gas and liquid inside the vessel. Bal | oons
.useful in the invention are preferably made with flexible materials such as
pl astic sheet or rubber sheet. Plastic -st¥eet is preferred in this invention
as the balloon material. This plastic includes polypropyl ene,

pol yet hy| dower wall of e @nissadtrisckal The AibeisiRTa Rnd 27y &% doHnected withthe thle
bal | oon ID?IJ PALON, sheet rubber which is available from several sources,

such as screpwing; pg thewessal ngck 12:with ene endandceonnestarbwitle thevtube 26a
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flange. A preferred enbodi ent of the balloon illustrate
t he wal | fek he main body 82 and coated material 83. The pressure
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ment i oned ftagget hd prefertidrembodimentof the balloon illustrated in Figure 3 has the wall
with the main body 82 and coated material 83.
The pressure vessel must take the pressu'ré applied by the high pressure gas.
The wall is preferably stainless steel such as 316L and 304L stainless steel coated
inside with plastic material, such as polypropylene, polyethylene, and TEFLON
materials. The outside wall is preferably wrapped with a layer of polyvinyl chloride
(PVC) to strength the vessél for taking pressure and protect the vessel body. The
vessel should be constructed to take pressure up to 10 bars, even though in most of
the applications the operation pressure is in the range of 1 to 6 bars. The chamber
formed by the pressure vessel and the balloon should hold the liquid amount to meet
the peak consumption for at least 5§ minutes, more preferably for 30 minutes.
Anaother preferred emb_odimént of the pressure vessel with the balloon
installed inside is illustrated in figure 5. The bodies of the vessel and the balloon are
preferably cylindrical in shape without the neck. The matetials for the vessel and the

balloon can be'ex_actly the same as those mentioned for the embodiment of Figures



-18- 2, 3 and 4. Tube 27 now is connected with vessel 24 at the side right
bel ow fl ange 73. For both preferred enbodinents illustrated in Figure
2 and Figure 5, the balloon can be dropped inside the vessel through the
top opening before securing the vessel with the top flanges. Electronic
Control System This invention preferably enpl oys a conputer systemto
receive signals fromindividual conponents, such as the |level sensors, flow
transmtters, pressure sensors, tenperaf8re sensors, |eak sensors, assay
-concentration sensors, and inpurity sensor, and the |ike, and al so sends

si gnal s dit3 andehnTuisé 27hwow i vennected withnwsssend4 tdiené side Aghtibdiowifaiged 1 n
Figure 6.__The conputer can be a desk top or |aptop 386 and above persdnal
conput er {#th the RAM menory above 10 negabits and above. The data
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software, one of the preferred is the Labtech Notebook software (
MA) . Anotthervessel with e tapiflanges. system i s the programmabl e | ogic controll er

(PLO) sysé%g@@nﬁ_%y%%’m Sei mens for the data acquisition and
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operator. gnd above. The data acquisition boards can be inserted inside the computer slots or

in an external data acquisition system, 'such as the Keithley '500-seties data
acquisition system (Taunton, MA). There are several choices for the control
software, one of the preferred is the Labtech Notebook software (Andover, MA).
Ancther preferred computer system is the programmable logic controller (PLC)
system such as that from Seimens for the data acquiéition and operation control.

As illustrated in Figure 6, signals from level sensor 903, flow transmitter 90b,
pressure sensor 90c; temperature sensor 90d, leak sensor 90e, assay concentration
sensor 90f, and impurity sensor 90g flow electronically through wires 89a, 89b, 89c,
89d, 89e, 891, and 89g to a computer 84a. Output signals from computer 84a flow
electronically to a series of solenoids 85a, 85b, 85¢, 85d,'an_d 85x through the Wires-
87a, 87b, 87c, 87d, and 87x. These solénoids are used fo confrol the high pressure
gas (such as nitrogen gas) from the gas manifold 71 illuétrated in Figure 1 to operate
pneumatic valves such as 86a, 86b, 86¢, and 86d 'and pneumatic diaphragm pumps
such as 86x. The system operation can be monitored and interacted with computer
monitor and key board 84b by the operator.



The conputer operation software can be custom zed based on a particularly
preferred enbodinent illustrated in Figure 7. Depending on the praogram
‘Tanguage and conputer system the conputer control system can be different
fromthe one illustrated in Figure 7. Wth this preferred control system
power 100 to the conputer is turned on for start. At this tine, the
conputer preferably checks the status of the delivery system 101 for the
system pressure, liquid |evel, chem calqd eakage, and other paranmeters. Once
any fault is found, audio and visual alarns 102, or either audio or visual
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filling, h&EemaneaBMepmaRied t tHidbtine tﬁé%gsl@hﬁmﬁlpﬂi@duto?nai ?bhm déwhe sent
to the alarmsystemif the pressure is higher than a preset pressure,

and/ or the |iquhe systesn is ieadydor the, operation ifithere isvrg fault fpyadhrf@e pressure
oA ¢ e oLl f% K iRy by SRR B einiSlip TR Ballf e dktlee! )
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control vgllmg systena i 8 thenpresauref chamber. eThecoemical ﬁuaki{'sn&ﬁor s%nsors 106
for the chemical assay concentrations and/or impurity concentrations provide the
data to let the compt_xter compare the data with the specification data stored in_the
compliter. " The chemical will be re-circulated by opening the re-circulation valve 107
if the specification is not met. The qualified chemical will be pumped to the pressure
chamber where the liquid level is monitored W|th level sensors 108. The ﬁlung will
be contmued if the level is not high. At the same time, the low-low and high-high
levels are monitored. The filling will stop once the high level is reached. During the '
filling, the system pressure 105 is also rﬁonitored. A signal will be sent to the alarm
system if the pressure is higher than a preset pressure, and/or the liquid level is too
low, and/or the level is too high. The pressure release system will be closed and the -
pressurize valve 116 will be on. At this time, filling 113 will preferably start with
another vessel by going through the same procedures.
The chémical distribution 118 from the pressure chamber to the end user will

start by opening the control valve and adjusting the flow rate through the system.



-20- Chemical quality 119 is nonitored with an additional nonitoring
systemor the sanme one for the filling system The chemcal wll be
recircul ated back to the bul'’k source by opening the re-circulation val ves
120 if the quality does not neet the specification. The liquid |evel 121 in
the vessel is also nonitored. If the low level is reached, the distribution
wi th anot her vessel 122 will preferably start. The chem cal distribution
will continue if the level is neither F@®-nor high. A signal will be sent
to the alarmif the level is too low or too high. The flowrate and fluid

pressure Cbeminst quality 17 isamonitoneldtwitie dnadditiorz ndriefing dystenior B Bh#R
flowi ed back to_the bul k source by opening the re-circulation
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sanpling, and a floor pallet 139 with a catch pan underneath. The cabi net
can be asthg ghemical inte apothedwpeseliongewirculate baek to thermillgsoure. t he pressure
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cabinet. This cabinet is used to save _spaée occupied by the system and also for
easy control and ease of maintenance. |

A preferred embodiment of the delivery cabinet is illustrated in Figure 8. This
cabinet is similar to a household cabinet with many features for this specific purpose.
The cabinet 130 preferably comprises front doors 137 and 141, computer 149, vent
connection 133 and fans 143 and 145, chemical in and out connectioné 134, 135,
and 136, high pressure gas connection 132, electric inlet 131, connection 148 for
sampling, and a fIqor pallet 139 with a catch pan underneath. The cabinet can be as

high as 10 feet, depending on the overall height of the pressure vessel. The width

can be two diameters of the pressure vessel plus the space for the computer, other
spaces for piping and valves, and endugh margin. The depth of the cébinet can be
the diameter of the pressure vessel plus some space for piping and valves. The
cabinet material is preferably plastic material such as high density polypropylene,
high density polyethylene, and TEFLON. The cabinet is with at least 4 support legs



-2T - 140 at each corner, preferred 6 legs wwth the other 2 at the front
‘and back centers. The stainless steel 316L unistruts or angle bars are

‘preferred as the support materials for the cabinet. The conputer and
el ectroni c conponents 149 are installed in one side of the cabinet with
nonitor iklustrated on the front for easy access. The conputer nonitor can

be the size of 5 inches and |arger, nounted at one side of the front of the
cabinet and 1 foot and nore above the g@pund. This invention prefers the
hei ght of about 4 feet above the ground for the operators conveni ence.

Doors 137A4angt defch 86vhelprefired 6 eROWHRANE otfierPubiR F¥AINEndIBAER c¥f {eé%g.t he

transparent plastic material such as the clean PVC. The doors can
si ngl e swihey stribless pstael 316Louristrutse or Targle obarsc are psefetred a82thel 3dppaas,

136, and 148 ¢ be the .openings for letting the chem cal tubes or electric
W res go Tﬁ%&ﬂﬁfofﬁ'éef%ﬂﬁ%at wal I's. The vent connection 133 can be a flange
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contai ner, The suynmp punp.can be a dj aphragm punp such _as thgse from
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tubes ar eepteaisinvaty Ther fang 14308nd 145 are preferably positive pressure blowers with
~ diameter of about 3 inches and installed at both sides of the cabinet near to the
bottom. These fans blow toward inéide_ of the caibine;t to bring air in as make-up air.
These fans can be replaced with small windows to allow air flow in by virtue of the
negative pressure of the general vent system. .

The pallet with a catch pan 139 inside the cabinet is preferably, the size of the
cabinet floor with the depth preferred about 4 inches. The material for the catch pan
can be any compatible materials, such as PVC, polypropylene, polyethylene,
TEFLON, and stainless steel. A sump pump, not shown, can be installed on the
floor of the cabinet to remove any leak inside the catch pan. A sink drainage, not
shown, instead of the sump pump can be installed fo discharge any leak to an
external waste chemical container. The sump pump can be a diaphragm pump such
as those from YAMADA. -

The pressure vessels are preferably set on the floor pallet side by side. The
tubes and valves can be mounted on the side or back wall inside the cabinet.

Although not illustrated, the chemical in and out tubes are preferably formed from



-22- chem cal conpatible materials, such as pol ypropyl ene, polyethyl ene,
and TEFLON, doubl e contained with the clean PVC tube outside to catch any
‘| eak. Vari ous changes and substitutions nmay be nade to the disclosed
met hods and systens w thout departing fromthe scope of the clains which
fol llow. For exanple, nore than one balloon nmay be present in the interior
of each pressure vessel, and different balloons within the sane vessel nmay
be inflated with the sane or different g33es. Such variations need no
further explanation and are intended to be within the clains.

-23-  CLAIdemibalt cdmpaﬂtﬂé mmte‘nats such as pdlyprop:pdenﬁ pelyethylene, aaref TEFLQN,

and/ or del ing a I| che rom a k source to an end use, the
system coréﬂq ntalne the clmap%V t'd"%PB to calch any ected to the
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vessel, thandalybtenns withony dupartirice fio thedscupe of ¢he wlaimsr Witk follow. For
(c) a space adapted to receive liquid chemcal, the space defined by at
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bal'l oon, and nmeans for delivering pressurized gas are all controlled by a

conput-ef - 3. Systemin accordance with claim1 wherein all
conmpone are housed in a cabinet. 4. Systemin accordance

W th cIB!ﬂl M’Me t han one pressure vessel and balloon conbination
are pre flowrelation to each other, allow ng continuous

delivery of chem caf tb an end use. 5. System I n accordance
with claim1 wherein the delivery conduigg _ includes a first sanple port for
assay and/ or purlty by an appropriate sensor.

- 24- Systemin accordance with claim5, further including a
first reci rcu'wa% lon line connecting the delivery conduit and the bul k
source. Whatis claimed®:stem in accordance with claim 1 further conprising a
second sanpl e port on said discharge conduit. - 8. System in
accordance with claim7 further conprising a second recircul ati on l'i ne

' accor dance it & Yot G eherBirrl ARVEr HEErRE 4 i chomival o apdR]

di schar ge spafséiotan eAd dsapiel Ysteri@dmprisiis to nul tiple end use stations.
(@) a pressure vessel connected to the bulk source by a delivery
conduit, the pressure vessel having an internal surface;
(b) a balloon positioned within the pressure vessel, the balloon
having an interior and an interior surface
(¢) a space adapted to receive hqwd chemical, the space defined
by at least a portion of the balloonh exterior surface and at least a portion of the
pressure vessel interior surface; and
- (dy means for delivering a pressurized gas into the balloon,
- whereby upon entrance of the gas into the balloon, the liquid chemical is forced out

of the space and to an end use station through a discharge conduit.

2. System in accordance with claim 1 wherein said pressure vessel,

balloon, and means for delivering pressurized gas are all controlied by a computer.

3. System in accordance with claim 1 wherein all components are housed
in a-cabinet. '
4. System in accordance with claim 1 wherein more than one pressure

vessel and balloon combination are present in parallel flow relation to each other,

- allowing continuous delivery of chemical to an end use.

5. System in accordance with claim 1 wherein the delivery  conduit

includes a first sample port for assay and/or purity by an appropriate sensor.
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10. Systemin accordanree—w th claim1 including a third recirculation Iine
connectin tion to said bul k source. ~11. Method of
transferrﬁmgmm, EQ”‘@'F“ ng a liquid chemcal froma bulk source to an
end use, the tqetho sing the steps of: (a) del i vering
liquid chemcal froma bulk source to a pressure vessel, the pressure
vessel having an interior surface; . (b) provi ding a ball oon

i nside the pressure vessel, the ball oort #hwvi ng interior and exterior
surfaces, the Ljqui g chem.cal occupying at |east a portion of a space

bet ween t he pr@ssur SYSESR & aceardanes with glaips 5 ofustherinclusing a fisstirecireulatiom e
and : | | : { ‘bal | oon, thereby causing
liquid chg?r?ggpntegﬁ t(I)1v?/ ﬁ%&%@ﬁ%e oeglﬁlkgﬁap Se station. 12.
Met hod in accordance with claim 11 including controlling said pressure

vessel, said b%l | oon, and said means for delivering pressurized gas by a
conput er . . System in accordance with claim 1 further comprisings-second samijle

Met hod i n Qg | lalm 11 conprising switching to a second
pressure \?ggtg@f g%ﬁﬁ%ﬁ%’ﬁ%#@@% nation present in parallel flow relation

to said pressure vessel, allow ng continuous delivery of chemcal to an end
use. 14.  Method in accordance with claim11l conprising sanpling
chenical flow fy thiysiEmt ite assprdancg withd@laimf Jr furthary comgtisingpar isegohg an

Compr si nder et g sonnscihd e FchBfig CoRiiPurR BaE sk Palicdn | | e

connecting the delivery conduit and the bul k source.

9. System in accordance with claim 1 further comprising a manifold
connected to said discharge conduit, said manifold have lines to multiple end use
stations.

10.  System in accordance with claim 1 including a third recirculation fine
connecting the end use station to said bulk source.

11. Method of transferring and/or delivering a liquid chemical from a bulk
.source to an end use, the method comprising the steps of:
(@ delivering liquid chemical from a bulk source to a pressure
vessel, the pressure vessel having an interior surface;
| (b) providing a balloon inside the pressure vessel, the balloon
having interior and exterior surfaces, the liquid chemical occupying at least a portion
of a space between the pressure vessel interior surface and balloon exterior surface;
and . '
(¢) delivering a gas to the balloon, thereby causing liquid chemical
to flow from the space to an end use s;tation.

12.  Method in accordance with claim 11 including controlling said pressure

vessel, said balloon, and said means for delivering pressurized gas by a computer.



16. © Method in accordance with claim 11l conprising sanpling chenical
flow ng through said di scharge conduit. -~ 17. Method in accordance

with cl Tmnmlﬁmﬁ““tll]nrem rcul ating chenical through a second

recircul Bcting the discharge line with said bul k source.

18. Met Hod ®i n*actor®ance with claim 11 conprising delivering chenical

t hrough a manifold connected to said discharge conduit, said manifold have

lines to nultiple end use stations. .26 19. Method in ac_cordanc_e wth
claim 11l conprising recirculating chem cal through a third recircul ation

|1 ne connectingst heyethd'fPadddtliati Wih@ith 14 dSnihéi switching to a second
pressure vessel and balloon combination present in parallel flow relation to said

pressure vessel, allowing continuous delivery of chemical to an-end use.

14. Method in accordance with claim 11 comprising sampling chemical
flowing through the delivery conduit for assay and/or purity by an appropriate sensor.

15.  Method in accordance with claim 11, comprising recirculation chemical

through a first recirculation line connecting the delivery conduit and the bulk source.

16.  Method in accordance with claim 11 comprising sampling chemical
flowing through said discharge conduit.

17. Method in accordance with claim 11 comprising recirculating chemical

through a second recirculation line connecting the dischafge line with said bulk
- source. '

18. Method in accordance with claim 11 comprising delivering chemical

through a manifold connected to said discharge conduit, said manifold have lines to
muitiple end use stations.

19.  Method in accordance with claim 11 comprising recirculating chemical

through a third recirculation line connecting the end use station to said bulk source.



