© .27 February 2007 - 1 Apparatuses and nethods for delivering liquid

chemi cal products 5 The present invention relates to appesbagaise07and
met hods for delivering liquid chem cal_ products. It .relates nore
particularly to a nethod for neasuring the anmount of liquid present in a
~contai-ner to.which nmeans for making said liquid flow from said contai ner
to a 10 poi ntagpatisudes bAQPALELEHLAkLEORRRELEH: niN1 YHLEN liBhNOd the
weight Pi of Trquid i the container Ts_ measured, at & trme tj_,—+ varying
fromO to n, this neasurement bei ngREePeaked at tinme t;+i, then at tinme
ti+2, until time to (where nis an integer greater than 15 3) In the

fabricat%gn lesenicond ctors d rqu,mhiih a succession of conducting,
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reactor 4% WAPERL tHe WEFera®df wHt el tiievdipgcedonniechedt hein prddedt s  al so

i ntroduced imébhbdie trackelghsuch; asrf of; @xadaplie, 30ngasesnt s, far
ractice at the, present time to create SIC or Si CC

~exanple, it is combn .
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gproducts in Jiqui er. ,35 standard tenperature an ressure
gbnditions. %ﬁ%ﬁ %?%%%PE%&% ﬁévéW§e53rﬁ'Hfbﬁubgg%éegﬁFugrﬁﬂHgﬁrE 3feneral | y
suppl i ed3in Bl | containers (volune up to 20 liters typically). These
source contai ners

In the fabrication o¢f semiconductors during which a

succession of conducting, semiccnducting or dielectric

layers (possibly having different dielectric constantsf

20 is deposited on a substrate or wafer, generally made of
silicon,  the deposition operations being carried out
selectively through layers for masking (partially)

certain surfaces, it 1is becoming increasingly frequent

to produce these layers by bringing chemical liquids

25 called “precursors” to the desired points on the
(" - surface, said liquids reacting, under the temperatufgm
' and pressure conditions created in the reactor in which
the wafer or wafers are\ placed, with other products

also introduced into the reactor, such as for example

30 - gases. Thus, for example, it is common practice at the
present time to create SiC or $i0C dielectric layers

using a precursor such as tetramethylsilane (4MS),
dimethyldimethoxysilane (DMDMOS) or TMCTS. These
precursors are chemical products in liquid form under.

35 standard temperature and pressure conditions.

Such preCursors have a very high added value and are
generally supplied iﬁ small containers (volume up to 20

o 1iter$ -~ typically}. . These  source containers




_~s. 27 February 2007 2 conventionally feed one or nore containers that
ensure delivery to the customer's equi pnment. For cost, EeAeonay 2007 is
-critical to optim ze the use of the precursor contained in the source
container so as to limt any 5 financi “al® I'oss associated with returning to
the suppl i ercozavmtnicma\blytlﬁaédsbnbl @ONharas dohe aphedyctthathereghaiece of

techni que fo [i remainin n.th source container is
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menti oned: detection by absol ute neasurement of t nmet hod
relies excl usiRAISL Bh 1ees 3eFecmtad yish trrtwisiigiet teeddwr isvgrdgpar at us,

which it isavebhtkDoun tB2BO0LrOPii BBhtaindetpet iRV frh@atchwﬂc@ na
coni cal - |nner%n€ont ainer in its |lower part, possibly coupled to a 20

wei ght measFenERtin L ARS r‘f@'ﬁ:hé‘lfaﬁﬂrﬁé‘g e neRQTR T ngeBphRFRE ushi AP6 cont act

Wi th the pregunser castidindie isasheebabed sonbamaaliGpAtdneelrosion risks;
in addition, it does not allow opti mumuse of the product; ultrasonic

detection in the delivery line at 25 the outlet of the cont ai ner, possibly
coupl ediPo #angei gischrdagig=eneme: khbsnnethodtlad | quwse st of-itlee fproduct.

cont ai ned | pddiGARY ke | 9rBE o2 doc Dl gl $0°8 LEAVLIS.P L0

adj ustnent of the iInstrunmentation as't dependl ng on
the nature OFF30-SheCpr d@Feler mst@pwsy- t he wseeofalhitherefhbliowiepr esent s

a consi dera&'e@:l@ﬂ@jhdé§fi@d y GStheriG e et ection by a capacitive or optical
isensor t hese nethods reéquire f| ttings on the drumcontaining the

products, such as afSHRFE@T onPWi nddwGLE | aﬂléﬂépre@@tnsﬁ@ctl’@hetube
Fbmever15aIMen@a$e velthiknowne fRbQOdSrdiBNEs | N JeN&fAlvely on  the

reliability of the weight measuring apparatus, whlch it

is well known is not optlmal;
- detection by a float within a conical inner
container in its lower part, possibly coupled to a
20 weight measurement: this method brings the measuring
apparatus into contact with the precirsor, with the
associated contamination and . corrosion risks; in
addition, it does not allow optimum use of the product;
- ultrasonic detection in the delivery line at
25 the outlet of the container, possibly coupled to a
weight measurement: this method allows all of the
product contained in the container to be used, but it
does require a fine adijustment of the instrumentation,
which has the drawback of depending on the nature  of
30 -~the product; moreover, the use of this method
represents a considerable additional cost; and '
— detection by a capacitive or optical sensor:
these methods require fittings on the drum containing
the products, such as an inspection window or a lateral

35 inspection tube.

However, all these well-known methods have in general
‘one point in common: they do not allow the chemical

product to be used practically down to its last drop.




_one point in common: they do not allow the chemcal product to be used
practically down to its last drop. 27 February 2007 3 ZIhFebrbgryd@@ause the
cost of the liquid chem cal products uaed hitherto has not necessarily
justified the presence of sophisticated means for saving a few granms of
products andlyémer &l ybehausse vhea bakancef5 has prldvedd o dersuffl ci ent
with all thegj ag) 1 L.ght oci ated, e, . Wt he
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the inventign makes it ROS ible _to'solve the drawbacks of the prior art
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det er m ni ng imewanghnt 0fsddiptieh,chewircadx AHEIMIC w1ikBNBE M NG aird abhe

contai ner. The hoo% Aaccor ditn%. to the igﬁenti on is one in which the

wei ght change AP~ = Pi =% B9t -Bt0FT quF G bet wBBR™t FREE “BE CPIAAGDEI+1 is

al so nmeasur €f seupposedgener diee ddenitieal", aasbdgnahe Svawdi catilagitkat t he
cont ai ner nsi-d eiLpg.e en 4RPi .is | ess_than

pr edet er m %chfraacctc}?qﬁfogat %él%\?\e?e$gkﬁg8f %%%nt YFAEPtSankt ofegfer?ra%e l'iquid
initially cdfite idd kidads@msatter 25 (i varying fromO to n; n will be

. defined in such a way that the 'tinme t" ‘at which the (n+l)th 4Pi

measur enent sag%';i ng, occurs is the time at which.it will have been

det er mi ned & Y SicqqusE nchdie Ae j snyertiemanakeai 4t ppedsilbiai ned

fraction of tichesaBieghthefdtig A0ks0pkaiRRr AN Ora,0f 448 bigwig=g0Rt ai ned.
in the |atter. t he value of which fraq;ti on is set in advance). '

Preferably, thE FeasurdfEREISE Fhe AIGht tHatRel AP FRLUEFPRyger EATonl y
when t hib vakieéeghninhegdi teet amoundi rect 3bidqebsureh@nicodl tpeowecght of

br edet er m ned" Fr 406 of E18r PRILUACEal “wei ght of the cont ai ner
The method according to the invention is one in which
the weight change AP; = Py - P;s; of liguid between times
20 tj and tiy 1s also measured so as to generate at time t,
a signal S5 indicating that the container may be
considered as being empty when AP; is less than a
predetermined fraction of the weight of the container
and/or of the liquid initially contained in the latter
25 (1 varying from 0 to n; n will be defined in such a way
that the time t, at which the (n+1)th AP; measurement
sampling occurs is the time at which it will have been
determined for the first‘timé that AP; is less than
said predetermined' fraction df the welght of the
30 container and/or of the liquid contained in the latter,

~ the value of which fraction is set in advance).

Preferably, the measurement of the weight change AP; 1is
triggered only when the value of the direct or indirect

35 measurement of the weight of the container and/or of
- the liquid is iess than or equal to a predetermined
fraction F of the initial weight of the container
and/or of the liquid'contained in -the container. In

general, it will be preferable for the predetermined




.and/or of the liquid contained in the container. In general, it wll be

_ preferable for the predetermined 27 February 2007 4 f r2tFebeearz20¢ be | ess
than or equal.to about 10% of the weight of liquid initially contained in
the container (or of the weight of the“container and of the liquid
initially coftaé¢iieen §nteheecoasai hbah. of Ehuamghouabbbe dié%cmf:‘pthen of the
present invepdiom, oEefﬁfﬁl%e X‘hihé)flgﬂ%%nlc ﬁ%ﬁer%t EP{’? P% h% Pi of
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Wi t hout the weiwgidl10f cddie: GO airq\eghété&llga)lﬂesrthe wei ght of liquid when
the container (also called the "shuttle drunt) has just been changed. At
time to dt which the sanpling starts, the weight PO will not, in general, -
be the initiTElroudhons glnheofdéwmpltmut ox | oMer praddiei gw@ﬁtlﬂéﬁ, as a
general rule.t otal ght o he, container, that is to sa wei ght
of the enveﬁ:opgeéq:l sel‘ﬂ\ﬁr g’tﬁ? St Ht %Paﬁ?f for eco‘ﬁ?Je%]?E ¥WP be 20
‘nmeasured at Jihmfldsuxme‘sheve:otmtmem ‘aritht #4. tdhisay neasthiemeeighs

equi val ent tfx t D, NBRS YLE! e, e ght, chan e fthe liquid in the
contai ner bet weenq fhede {5\?/\%&5%{:0%@& \I}e ti r%le%alna hér H}ehlj%gs g%l ng
“equal . ACperdditisii Med@hith athel famtidy (Wlmk@rtmtm’SJMe@e&s‘aengdefl cations

‘to the nmeaswheMRYntSA ddhat;sahaf eyyth@%@%ﬂ%‘ offe%l&;;ﬂ@% cthe
an

change in thi msasurerrent is equivalent to“the ch in t}he Wer ght of
“liquid in t FEPEEATEFNef2180 AR nghEo asb'laF’FhfF\t diﬂlﬂtﬂe raveniv®h, the

“time int er‘b&lenbe:th\&e@@d \Am*tsuemésweaﬁe%li&ﬁﬁ%&tes sa(r@lltﬂgm&aﬁs and t;+1)

of: the wei gh of th ainer_and/or of the lig redet er m ned,
(pr ef erably ag‘gutwefo tse (9nd‘§l£135 Bt e etlélbl‘%en?ﬁ%l'fl g?he“?%‘éﬂcﬁjd is at

|l east pbrtl yeight of liquid (but a lower value).

Of course, as a general rule the total weight of the

container, that is to say the weight of the envelope

itself plus the total weight of the contents, will be

20 measured at two successive times ti and tis. This
measurement is equivalent to the measurement of the

weight change c¢f the liquid in the container between
these two successive times, all other things being -

equal. A person skilled in the art will make the

25 necessary modifications to the measurement so that,

”Cﬁ, whatever the actual measurement made, ‘the change in
o this measurement is equivalent to the .éhange in the

weight of'liquid in the container.

_30 ‘According to a variant of the invention, -the time

interval between two successive measurements. {(at times
ty 'and tiy) of the weight of the container and/or of
the liquid 1is predetermihed, preferably about 10
seconds.

35 _ .
Preferably, the flow of the liquid is at least partly
caused by the pressure exerted by a pressurized gas
lying above the surface of the liquid in"the container,

said gas having a. purity compatible with that of the




\caused by the pressure exerted by a pressurized gas Iyl,? above the
surface of the liquid in the container,  said gas havi ngZ7aFgpauary ¢007
conpatible with that of the 27 February 2007 5 liquid. This gas wl|
essentially be a gas that is inert wi t R respect to the liquid to be
propel | ed. Thequi@r mThéenpaa s blws Igur ebpenisalihgerist oad g@s nedmta parity

such that 1tabll gotal BeLgase the opOceRiugs! op of. Soigpuriddesshy the

liquid (partjcles or species suc _ sol vent's, urthernnre,
said gas, theeTTr oe¥Rat il e expels widersgeed t@ormameac@mamer,

~nust pref er ahlgh hamatthﬁtlmat r@@@suwc%e%%leubthétkddbeﬁt&%t%%m&ﬁl liquid
to be prgpelled A person ﬁﬁ g 10 inthe art wll in general be able
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Suited. Ac@@ﬁmlnﬁefﬁzah¢u|hmteothehéowﬁwempqﬂslhﬂﬁaéolpbxﬂmﬁy sent to a
second cont aifierchgf.oLe beiagigent e | %E%%Q?w& Oh Uie gD déﬁﬂf&?ra' the

propel l ant gas is gas ¢ en from ni car o OXI ar gon,
krypt onlOxerdn dﬂﬁ?orar%eIWHhi(asna geakaréncde hellilem widnidly geberal be

chosen) ; th@&&@nﬁwerﬁmw E}?é P PEESBUE B@t‘&%e%l%&i@% 106G pascal s.
ropel ant gas is in gas formand stored under

Al t hough i'n the :
pressure in gﬁﬁgﬁﬁ&lﬂép §ﬁ€h@£§%¥ﬂﬂﬂﬁHQEeqtGQ%?%x%%nQﬂ%al%ﬂQ%ﬁt%ﬁn cases

to enV|S|obesmmﬁgeHMbdheAga§|g@déﬁﬁﬂ)&d1bl|gg|qsfm@mluﬂ(nh£m§ﬁple
b cause of .their vaqgﬁ;zatlon above
i

o o O S B LSRR RUR S et abl b
i nvent i bn alfsdfrélatbs tboar apparatus)f ehatdelilvebengeat!| squtddchem cal
product, conprising a 35 container that contains the chemcal liquid to be-
According to a variant of the invention, the liquid is
sent to a second container before being sent to its
point of use.
20
In general, the propellant gas is a gas chosen from
nitrogen, carbon dioxide, argon, krypton, =xenon and/or
helium (as a preference, helium will- in general - be
chosen); the gas preferably has a pressure between 10°
25 and 10° pascals. Although in general the propellant gas
('; ~is in gas form and stored under pressure in a container
' such as a bottle, it is possible in certain cases to
envision supplying the gas‘initially in liquid form,
for example liguid nitrogen and/or argon, which,
30 -because of their wvaporization above the liquid

precursor, will cause the necessary pressurization.

The invention also relates +to an apparatus for
_ delivering a liquid chemical product, comprising .a
35 container that contains the chemical ligquid to be
delivered, means for connecting this container to a
point of use where the 1liquid product has to be
delivered, and means for measuring the amount of liquid

in said container, which also includes clock means so




. dellvered means for connectlng this contalner to a point of use where the
Iiquid product has to be delivered, and means for neasFryruae28ount of
~liquid in said container, which also_l cludes clock neans so 27 February
2007 6 as to generate, at successive tines ti, tj+i etc., a . signal for
triggering a2%reasuredearaifg,  aR; +suceessivé Uilesanbunt tof sdiad chenica
liquid in saigcont %b'ﬂert@ﬂggéﬁ tbm?r?eééuré st epbg, §§+9[a9-aﬂ:émaef for
recordi ng the measur enent’s i+, I? the dmount "of said Iiquid
at tinmes ti,“h¢a00@E oF e%%b%w%mycakebh@u%@rmCa%@l aPnhglpRe aFfference

in the amoundaiod 1AM dtﬁpﬁlﬂ etd, HtdFaddensons ach‘ﬂr@@éMﬁﬂ ttaes t1 and
ti+i, ans for co r T with a pﬁédeternlned %% and neans
for gene auqﬁf§9¥§w %qgﬂaEHS'lg Api oL g ranginh d3§?6n Fqgi if AP <_
F. The inverdt ontwinkk be; nnreigjearéycunde@s@@@dlhémgytmmeénﬂIoﬁbﬁg

enbod!nEnt %%ﬂﬁg#%ﬁgﬁthﬁﬂab¥1¥@¥r%ncel§n”%ﬂ""‘t'fﬂhexﬁgPlgp O%ﬁther W th

the figures ur e clir ve ort |ve *changes
in the weight Eﬁ'théucomnamma'Qnmiaimmm bstaetondtimes wf andref:«during the

use of the ljoud; £20 -~ ‘ffﬁ p%&%hah} %E&ﬁ@ﬁekﬂfnédsk%@d%“ into

practice for feeding an integr “tircuit rrcatron reactor
i ncl ude$®a rﬁﬂﬁlﬂ?ﬁﬂﬁuﬁﬂﬁugeW?ﬁﬂﬁhﬂgeﬁ fdris )signegulSar by ARangel Qﬁen it is

enpty, and & fdorRfhd @aRt@i1ner, 1 whieh &sra buffer container with the plant;
25 and figure 3, an exanple of an operatlng flowchart for the apparatus

and the nethod according to the invention. 30 Figure 1 shows a curve of

t he rel ati veheericentragen aktarrgebe Nmble Weieghtl yofurldequitdddn f£hen comé ai ner
'Kunder a ggs jpressure as i ndi cat ed abOVﬁﬁias a functign of _tinme, . which

indi cates that, at i met Tb?P%%ﬁQﬁ t KRGSl devght &Y 10 §avd i 9t he

cont ai nkYy r@nmﬂng;ﬂ@mg example, together with the figures which
show:

- figure 1, a curve on which the relative changes
in the weight of the container are shown as a function
of time, during the use of the liquid;

20 - figure 2, a partial view of the system put into
practice for feeding an integrated-circuit fabrication
reactor, that includes a moving container (“shuttle -
drum”), regularly changed when it is empty, and a fixed
container, which is a buffer container with the plant;

25 and -

_(*Q - figure 3, an example of an operating flowchart
| for the apparatus and the method according to the

invention.

30 Figure 1 shows a curve of the relative percentage
change in the weight of liguid in the container (under

.a gas preséure as dindicated abové) as a function of
time, which indicates that, at time t = 0 7% of the
initial weight of liquid in the coﬁtainer remains. On.

35 the left in the flgure, the curve starts at a relative
time t = 0 with a weight wvalue Py equal to 7% of the
iritial weight. The draining curve C for the moving

drum or shuttle drum (see figure 2} is a straight line




- 35 the left in the figure, the curve starts at a relative tinet =0 with -
a weight value Po equal to 7%of the initial weight. THE krbmaay 2&7curve C
for the noving drumor shuttle drum(sse figure 2) is a straight line 27

February 2007 7 _ that decreases unifornly according to the

represent ati ehaygi vendéardasps e l.umMizmgilr fr aoddeiimgyi ngteoont aither 10 to

the fixed 5. égéﬁl@ tgo%((g{v%llgellg%%upé pse if only a single container

i.s used) is a i eved here e gas 'exanple hel ium of electronic
purity and low solubility in the liquid, which is at a sufficient pressure

(usual l'y severahshar ifrod dehet OndeiAY! GorRWiNGt 01bher J0 JNesgykeq to make
the chem _cal liqujd I’Iée up the_dip ube 20 that extends as far as the

bot t om of t heP" e’ A afrdti S tBATMBNGEr BREN ittheCPéKgtth fdBEEE to

reach the botdmwimaibiet hesconsednens Mmmnaédl OYYértehlkSy tHbe,gdhat rpests on

the bottom of cant.ai ner o _be 15 an refera , the end,_cross

section of t%xanfejb Oh - \/e?%d?i??ﬁér?%h e@‘tlrb ¥t 28¢ ?ﬂé BSQBPlEég?’l ng on

t he _botftom ofn t H:Eh&:oriltla:;mei sOyigsh t dbettter ar egofériciahk t heekasteanount s

of liquid wh gfl ggﬁlgg} l%OOQ%%@.U%% cg tatbe]t constan Qgeéﬁéessure
ca |1 qui

above the chem very much greater Te pressurée duée to the
hei ght éf tHEesHuie |tptmék@or’ftfm nelremi ek elf-@ll@he’ﬂéﬁoﬁl@ avérdiml |y

constant presgid et therendioinadhedli Batubgs WHEN HRSW SJJen gpgurve (in
figure 1) 25 having a constant sl ope down to the point 4. Th|s point 4 is

r epr esent at ISR 'GH-%e aGe § ?@'rﬁ*flflr‘@fﬂﬁ%r 15ha0 thpi tenghe eegded the dip
tubeI is no Ix@mfh enti ;b@t)tom( C@ﬂpb It@teeldaz?(@am{wd gedﬁwht %qﬂdm?ggm%\hl CP
fesults in e pr ant_gas e the tube an t heref ore
a smal | er aﬁﬁ]l.}f ﬁpagchel?ﬁ%iég ??qﬁha bt"lt%ﬁg‘f &fr Eg’e TG ve € tRRds to
decr eas®5| essigicul ckHJ:yeﬂasneh]:aIy,ti thet 4nof chl‘tesmesécsa@nl biig tite hasbaot

reached the ol Lhay | youglt, 4o haye, reached IfLhe, qurys G had
conti nued i £S |7 hear decréiase.” Acco dF el
the bottom of the contalner, so as to better recover

all the last amounts of liquid when the drum empties).

20 Because of the constant overpressure above the chemical
liguid, very much greater than the pressure due to the
_height of the 1liquid in the container, there is
therefore a virtually constant pressure at the end of
the dip tube, which results in a curve (in figure 1)

25 having & constant slope down to the point 4. This point
4 1is representative of the time t; (in figure 1) at
which the end of the dip tube is no longer entirely
{(completely) submerged in the liquid, which results in

the propellant gas being sucked into the tube and

30 - therefore a smaller amount of chemical liquid
transferred. Thus, curve C tends to decrease less
gquickly and at time t4; of the next sampling it has not
reached the point that it ought to have reached if the

curve C had continued its linear decrease. According to

35 the invention, the container must be considered as
being empty after this time. According to the prior
“art, this level could_ not in general be _determined

accurately.




35 the invention, the container nust be considered as being enpty after
this time., According to the prior art, this |evel coul &7 Rerugtsi2g@heral be
determ ned accurately. 27 February 200 S (The nethods of the prior art, .

so as not to risk the line fromthe dié fube drying out, consists in :

general in EEieimgthhds| efeltlot B¥ ofF marmai nsmgapr edicttg seisk| ithiet) as
being the liyd. a i IR RV I T 5 - e:the .. i ner
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percent age - ¥ £8tA3RIoftchel YL @ichehi €4l Tatwducing spradevn (aRAy,

wher eas accorighing t£s theihqventi onqit e pAsshbhie whaiuse sewesahrihe

chem cal 5product t hat regal ns, while 10 still avoi ding any risk of_ the

cansumer 2dr yihg SGG%:t  “P'Re- GOPREIBETUsE}RT StERFHE T r SRSpoFREMECAL tine t

= 0, point Zignidie wiciklyenésns eflehedaahber iastighe ficaat whirebnthgks 1?

ntents of

arbitrarily decided, 40 start,the procedure af nitoring the

the noving d um%gTh'% r’s) ﬁrfgc{égﬁrglﬁ%lﬂﬂ% Egegltla?ra{lgdpf?aﬁ?gf rom ﬂ%ﬁﬁo‘f’flme t =0
accordi ng t @weypr efterrests netdoddiofg | tpl Emeninngnthen ihvént porsiblie it may
also in so Q%ees esirabl e. t n [ .reac certain
preset val Lrgcoc he %ilyéjy% u%p% SC% %%gﬁgaéﬁlr)% ?egﬁﬁgr ?BJ‘%%%%@ ?ﬁglgbal ance,
as willlBe &Gldi meridiey , asyt sk egjul Bhey _c:o@wnprrefcémww aandon y
or in a conthel ledray¥er;sddy. the intervention of another paraneter, by
sanpling 25 at all the tine intervals At. Point 3 on curve Cis thus
reached at time t2 =ti + At, then point 4 on the curve is reached at tine

13 = t2 +At sapgtAeigntfRoMNpbhat curye itSmeeaghed whepoihe weasurenent
@enonstrates_that .the AP value_ is |less than the val ue tha m'.g:ht. be 30
expect ed i f HdSpr &0i oh§2GRFFor ﬁ*if?zeﬁec?ea tHY stopétof "idGfvelt nhd
conti nued. &hbdtiradiidgt esdéwthidndAP ts | essarit hartle vabuectekdatew | df have

ibfeinspredet GoMs A8 nphat nd e JLURIS IRV RREGILGE r!ii(ur%.rmt‘yhfgd’( that

procedure could be started right from the time t = 0
according to a preferred method of implementing the
invention, but it may also in some cases be desirable

20 to start when P; simply reaches a certain preset value.
The AP; value is then measured regularly using the
balance, as will be explained later, either regularly
'(by.preference) or randomly or in a controlled manner

by the intervention of another parameter, by sampling

25 at all the time intervals At. Point 3 on curve C 1is
thus reached at time t; = t; + At, then point 4 on the
curve 1s reached at time t3 = ty; +At and point 5 on the
curve is reached when the measurement demonstrates that

the AP wvalue is less than thé wvalue that might be

30 expected if the previous uniformly decreasing slope of
curve C had continued. This indicates (when AP 1s less
than a value that will have beeﬁ predetermined) that

the drum is empty or practically empty and that it is
therefore time to change it. Experience shows that the

35 point of inflection 5 depends on the container, on the
dip tube, etc. and that it is not possible to drop
below a certain weight percentage that may vary
'depending on the circumstances according to ‘the

physical parameters of -each container, of each dip




.therefore time to change it. Experience shows that the 35 i nt .
inflection 5 depends on the container, on the dip tube,zkﬁﬁgﬁugﬁgBQ%at it
is not possible to drop below a certain weight percentage that may vary
dependi ng on the circunstances according to the physical paraneters of
each cont ai népbeef edgch diyF: 2hikdbrisr g12003% vaprebectebde, whem Wiieh is

al ways unpr edi-gi,ablre : e; q 1 liquid is installed. Figure
2 shows anexa%%lgkofﬂ?ﬁgc%gp%éﬁ%ﬁ?g?%ogngghgﬁéd'5 met hod according to the
invention and of an inplenmentation systemin which the sane el enents as .

those of theroghee i gHes heareidig 5aNBrr eher eRpesmeAt afB¥hNG Fdriyy 10 is
connecte via,a valve 9 nd then a line 13 to pressurized gas

by a hige 11
cont ai ner meBR5MCF0 pPEFRIARY t e gadlFei ndg ¥RMFABRt &R andior &0
particul arl yilhplenenwhenoni teyogem f ah exianph e tand/ eemeargindenet 248 th the
liquid chem cal _produ (hel.ium_.has the advantage_of bei.ng conpl etely
inert with %ﬁé%$i§g|%§eaﬁ%ﬁﬁt)l} %5?8$%?%rhg$?uﬁ?833rf§e?§nf§SCo ai ned
‘in a tank l4mewich dsumt 46| fiscopnecteddvitay 4 hkiné nkl 3tiat hevediree B3 and

the line 28 t i xed . ; DV i - 0 re is a
- bal ance mﬁt%ﬁae?gﬁ% ﬁegéﬁggﬁggﬁé%dgsﬁgsﬁgk%$§ ?%gtggngégg%é H‘E&ﬁf at the
bott om t-Rer sofefehdpdyi sthfie PRrEui $ei@achad calngrodugdsi neddwhineiret he t ube

20 is immrs%&{:ﬂcupéﬂﬁy 1@ 1MRMe hen Produciqand seend i dmd s t Bedf/ioxed drum.
24, above, the surface 18 of which |jquid chem_cal. product there is the
inert gas 163TUAder T5RESs UrEP1 thghi bHaIiHs Cheadsadi 2004He | itg&ild Wheni cal
pr oduct 30 Z‘\xia:ashﬂ@Tfil howantad® b@ftlra@ﬁﬁgr_redmpmiatseyfi xgdrdrumiza. Al so
gonnected onto t.he e 11, . via a valve 8, 1s a ne 12 servipg as a vent,

Fhus al | owt mpanete il s o dral, “umetas belBincontrol bed. Tk
‘pressur.éSsensprtai2zied sinsed tanleadungiitdie psedsised fPicomddie=dontiai ner 30
10, in the I4 okng i t ai-ner r hthe val ve 22

o then the }f?nfﬂ%e % %gétiggrg\%\g@e”%‘é G LPRL NG 1 Lhroyghetifey |

drum 24 '
with weight measuring means 40, while in the  moving
drum, at the bottom thereof, there 1is the 1liguid
20 chemical product into which the tube 20 is immersed in
order to mecve the product and send it to the fixed drum
24, above the surface 18 of which ligquid chemical

preduct there is the inert gas 16 under pressure P

Beneath the moving drum 10 there is a balance

which thus pressurizes the ligquid chemical product so

25 .as to allow it to be transferred to the fixed drum 24.
Also connected onto the line 11, via a valve 8, 1is a
line 12 serving as a vent, thus allowing the pressure

"~ of the inert gas 16 to be controiled. A pressure sensor

21 is used to measure the pressure P; in the container

30 © 10, in the line 20 going from the moving container 10
through the valve 22 and then the line 23 that allows

the fixed drum 24 to be recharged with liquid chemical
product when the latter has reached its low level LL or

.~ its very low level VLL. Filling the fixed drum 24
35 allows the level of liguid chemical product 26 to rise
' from its low level LL or very low level VLL to its high
level HL or its wvery high level VHL, while maintaining

the inert gas, such as helium, in the upper part 25 of

the_fixed container 24. Connected to the line 28 is a




. the fixed drum 24 to be recharged with liquid chem cal \Zgrlz%gﬁft n the
| atter has reached its lowlevel LL or  its very lowle ling the
fixed drum 24 35 allows the Ievel of liquid chenmical product 26 to rise
fromits low level LL or very lowlevel VLL to its high level HL or its
very high | eReFSHHES %\?ﬁlfﬁ‘ern%?nifﬁifnmﬁgsuﬁfﬁégl hBEt PFESSUSEcF2adPRéAfum in
the upper patthe 25i9éd HRemf igedhxpd abpghcR41ifBNNECtRA tO Fheyding 28 is a
27 February 2007 10 Qressure sensor 29 fo neasurlng t he pressure P2 -
inside the TF%EP dFAMSBTaf® &righcForFhe! 3oPanBrasyarde 23210888 ng as
vent so as ttheoftx@i dhen@essure P2 inside the fixed drum24. 5 At the
~base of . %he fixed drum?24 there is aline 34 followed by a valve 35 and a

line 36, all allowing the 1liquid chem cal product to be delivered to the
equi pment 37t | hhep@raa:ter ot thewiflixeal whysmb@410hpmef ei ablee timemdfhtai n t he
pressure Pl 4 n ove it r s e | xgdadrum

(hi gh- | evel ('glnd | ow 3%av%l %E?gc??o\éﬁga%etlgnr%e da%%%/)glil’%&ﬂ%pg?atl on of

the ‘system i 110k at edemhcal gupsogugit] | tse }d‘escﬂﬁﬂéé'eﬁéldowt%nd'ehe nor mal ,

runni ng concacgulqra@nﬂ n 33.thig, Ca§§er5£‘§oﬁr odygt igidel i vaned Py be
.pressurééln fixed drum 24; efllllng of the fixed drumis

“trigger qed’é‘m&/v Fevarit3i r BAgh&dSSTRE Spriodutt  Gh¢ tIF%Y]%‘F‘érred
fromthe mowisg debevd0,chu t pedkstiher ey ih nteer uptkeg tdl@ndel(hy@my via the

line 34, th I 3 36 to t | | f
hes Tiked THLAI 0Rg alesar (TR SB0RCEY cirarercY i TR oached.
|t shoul d beprateed dnhatf tthe |sueiesn il usainch \ddlL dar ef ipireisedeikl de¢ ection

l.evel's for nordml;y,op l%gﬂa\?n Lﬂi%eronth?rgﬁalﬁ{I{HJ!nreQ\;gl A8yl ;—r' N9 &, 25

particul ar energéncy s ener gency li'n ure. t he ‘novi ng
drum 101 ho Itdhgercasent é:rh@s rerroingtt rﬂrsndi&ﬂtlvemﬁd m_r pihes § i X ¥ ubhsvhen

filling is ynd@rv@yruhN€24; +the filling of the fixed drum is

triggered when the low level LL is reached. The product
is transferred from the moving_drum 10, without thereby .

interrupting the delivery via the line 34, the valve 35

20 and the line 36 to the eguipment. The filling of the

fixed drum 24 stops automatically as soon as the level

HL is reached. It should be noted that the levels VLL

and VHL are not used as detection levels for normal

operation, but only as alarm levels requiring a

25 particular emergency stop or emergency filling

(_: _ _ procedure.

If the moving drum 10 no longer contaiﬁs ehough product
to fill the fixed drum when filling is underway, the
30 - system for detecting the end of the moving drum 10, as
explained with regard to figure 1, makes it possible to
trigger the operation of changing the moving drum. In
order to detect this end of the moving drum, two
parameters that can be modified by the.operator may be
35 used for this purpose: the time interval At between,
for example, times t; and t;, or t; and tz, etc. (see
‘figure 1) and the weight change AP; between two set
times, it being possible for this weight change to be

either an absolute change AP; or relative change AP;/P




i 30 system for detecting the end of the noving drun110 as gﬁplalgg wWth
regard to figure 1, nekes it possible to trigger the o changi ng
the noving drum In order to detect t end of the noving drum two
paraneters that can be nodified by the erator may be 35 used for this -
pur pose: the(eipecssedrvals mbdeaneen, a fperegahpte, af neket indgdat2, or t2

and t3, etc.,dsger) fiogung lhpandibhe "I@dx&h{ chapgee APRibet ween tygeset

times, it being p055|ble for this weight chanae to be. either an absolute
change APi Ore3BHERTSRL cRRAGEONDEOR 25Y Hedft uAPy ofo0Fhe - Padangexpitbssed, as

above, as a mﬁm@m agBrekhol he validd atha¥eit@bt Jpardie Opeant o6 haneng

prerecor int surenent and control sten140 0 e bal ance, the
P B mum thr SEHGTEE S WSt Har e PAF arRen ASE ot I 55 pat Aeter CAPE) p

must not reqmmngk%embWOthbtluye&ﬂmaklgglng mﬂsmiﬁlnstbegehemakenglt
possible to enelraﬂ; %l%l% ucsh gan a a, d| Ig% ,% siren, ‘etc.
i A h )

Accordi ng to a varia he AV ent iD p055| 0 provide a
paraneter-settable (for exanple 5% threshold preal arm systemrelating to

the para”9t§$3c4¥§¥{? Mpen %ﬁ%faﬁ@aggetﬁgc9ﬂgé Lesg, than ;3% o%@?bl@ttent'on

of "the operator 1s rawn once agaln py a prea armor a presiren, etc.
Pref er abPy, fthe BROVHES of 315 Ppraaetercomtaard® i n(f9e nBv¥ARBLEr ufd) s

di spl ayed Oftrﬁcesﬁﬁl%n}a@eatlﬁ%nﬁY%(@ﬁbﬂO BL1&8kingi nes. dHe MBYrBRetexpressed
in units of MEI%ht and upits of volume and/or as a perc ntageh The

enpty drum d¥té€ti ofiPRBt hbBTS me§PaREE WRRERRTS weli gt - dérived suni £1e
i ncl udi ng t hatte2@ irent b@nech@beye.raltd pr ast Idf_lﬁawrlt ong:epr egeiablrey t e use
tRe neasurenent .expressed as a. gercen age thlzL situation t

Snterval At REER "ttt y2 18557 86" s&kondd A Xeei Yt %ﬂ%ﬁng 8r|ter|on
is typitall prdds% (abstod el vah uehe ﬁbelagpwwumwmﬁcﬂﬂﬁmlaymdnemhad 25

al so nakes %%E%g§§|%%e Egenngkggémthgore% tIYﬁLCQ?_ |& wehg t gyer t he

interval At course case e WEIgh ange AP criterion nust
be adapted expressed 1in units of welght and/or units of wvolume

and/or as a percentage. The empty drum detection method
may use whatever weight-derived unif, including that
20 mentioned above. In practice, it is preferable to use
the measurement expressed as a percentage: in this
situation the time interval At is typically 10 to 30
seconds and the weight change criterion 1is typically
0.5% (absolute wvalue). The empty drum detection method
25 also makes it possible to monitor the relative change
~ in weight over the interval At. O0f course, in this
case, the weight change AP criterion must be adapted.
In general, if an absolute or relative liquid weilght
change is monitored, the weight of the moving drum 10
30 "is not directly involved in the measurement and must
simply be subtracted. It will be assumed as a general
rule that the weight of the empty drum  is always the
same, especially when the absolute value variable is

used.

. 35

Of course, the system described in figure 2 may be
applicable in the case in which there are several fixed
drums and a system of several moving drums, each moving

drum having to be equipped with a weight measuring




.In general, if an absolute or relative liquid weight chan IS ponitored,
t he weight of the noving drum 10 30 is not directly inv@l7\f%§rqaﬁygqu

nmeasurenent and nust sinply be subtracted. It will be assunmed as a general
rule that the weight of the enpty drumis always the sane, especially when
t he absol ut eSY&ILG& va#i a@ﬁ@ﬁ@e%sé@. 3590frecodr seThithe Y5t edYEdSEY i bed in

 figure 2 maygqbecrapehi cahl ethhst heigase i » Whhghst here ane-3eMeralcd i xed
druns and a system of several noving druns, each noving  drum having to be
equi-pped wi t RVETGRRGhPLREASHS M 29T EEDr ddY yEDBoPalencey stnén 88 déscri bed

~in figure 2. fPhue, thersyatemy deseri begewdrihi $ofi guban2ciakes ithepossi bl e
i bal ance and of the force exerted by

to over medggobl ens of drift Ln th%i
the pi pevior k“For 'Eb¥nectiHE™ het8 défiSverYPLiR emd Y he FVFhg dF¥m which
‘may signifisagbiiyidastlyb dismwasur enentatshatmbas tohbe Eocurtat ebshen 't he
~drum enpt i esacﬁhgggg \?fh%ﬁlyﬁégﬁ#&ﬁ %@fg%’rpl e of a flowhart for the 10

t or net h

operation of e apparatus an od according to the i'.nventi on,
which explains itself. O course other operating systens are possible and

this one ispghyen Renghy Ry vaY af ie@(dajnfgﬁtej Wk A5¢ éﬁﬂ?ttf: {Qhe
corresponding fo the &et ecsti Sn of the 1lowlevel LLﬁlgVF\ t he fi%d_dreum t he
fillingldt tResrafiQRdollr bh¢ apEPeRetaenaRer fAg bhet REtRPJuRECREPERE in  the

novi ng drum as et 5 al hegh i o) Laneausdypl 85n20 dascr i bed by the present
invention. Until the 'high liquid level HL in the fixed drumis detected,

the filling continues (the |oop passing through point Ain figure 3), as

does the nonbfotongsef cther wepghdt 1mg t figst sy i age dpuss il éeandevatal | oops
t ti.nmet =ti. The first

(as e‘x_pl ai n_e(g)jn e{é)v%ineS theemsﬂt ation ios as at_ Li . _
oper at i on i$7Yo StOHER I TRghtY PEY S MIHEA W $He novi ng drum
At time t = %, corresponding to the detection of the
low level LL in the fixed drum, the filling of the
fixed drum and the monitoring of the liquid weight in .
the moving drum are started simultaneously, as
20 described by the present inventicn. Until the high
liguid level HL in the fixed drum is detected, the
filling continues (the loop passing through point A in
figure 3), as does the monitoring of the weight in the
moving drum. After several loops ({(as explained below)
25 the situation is as at time t = t;. The first operation
is to store the weight P; remaining in the moving drum.
This operation is repeated at time tj. = t; + At when
the remaining weight Pj, -is also stored. The weight
change AP; =P; - Pj; during the time interval At; is
30 © calculated and compéred‘with a predetermined value K. A
signal S; 1s generated if AP: > K during the time
interval Ati.(moving drum available), in which case the
welght monitoring is continued according to the loop
shown in'figure 3 (iteration i = i+1). A signal S:; is
35 generated if AP; < K during this same time interval At;

(moving drum empty).

A comparison is then made between t; and tn (tn being a

preprogrammed end-of-operations time). If t; < tn, ti is




. This operation is repeated at tinme t1+1 =t + At when the renaln meight
'P;,+1 is also stored. The weight change APl =P; - Pj+1 %uf§ H&“¥3@Ptlnn
interval Atl is 30 calculated and conpayed-with a predeternined value K A
signal Sl is generated if APl > K durifig the tine interval ‘Atl (noving
drum avai | abfe)laced wiildlh chse tHe bhe ghechorndr thg iBreerdirrieds

according torddres HOOP. BRAWRLERLT QS Bpbirheiahi O | terhiddtedA Fignal S2
is 35 generated if AP < K durlng this same tinme interval Ate _(noving drum

enpty). A coipRF i ¥oRRPETt Fey ihset BRtwddi® V2R t RE( t%xbélrwg g are

prepr ogr ammesh @ik Ofmoped attRas LsMeb Idatjclroddn i k8vance- by- the 27
February 2007 13 replaced with tj+i in the loop and the procedure is
restarted. GHerwi se, the operation is termnated. It goes wthout saying
that the values of Ate and K are predetermned, that is to say chosen in
advance by E%gggggyser. EXAMPLE: The follow ng exanple illustrates the
nmet-hod of t ‘nvention on the basis of the follow ng data: > nobving

© drum cont ai ning about 20 liters of product when it is full; << > |ow

level LL det@gedi@B1hByanki Xedad I%Eé“ WIE, sl 2l SY,@f ﬂRéQHH&t demahps in the

movi ng drum - pressure gradien betmeen he two druns: O. bar; > tine
Cinterval@ Atknvents fec@hddre Pasigt ol rihe d%?t]e]ét‘fié‘rg d*éittfé-rl on wei ght change
20 < 0.5% during Ate; and > the val ues of the wei ght of liquid remaining in

22gcggé;?gvg{;E1Q> g%%EQZ{ r%QF Eﬁgg{gfﬁﬁﬂaN %Lnﬁ?br¥8ryl%Qng 1gf Time

‘ product when it is full;
Qf“ » low level LL detection in a fixed drum when
15  22.5% of product remains in the moving drum;
» pressure gradient between the two drums: 0.5
bar; '
> tiﬁe intervals At; = 15 seconds;
» empty drum detection criterion: weight change
20 < 0.5% during At;; and
' '» the values of the weight of liquid remaining in

the moving drum are given in the table below:




015-21.0 30 19.6 45 18.1 60 16.4 75 15.0 90 13.5 105 12.1 120 10.4
135:8.5 150 7.3 165 5.8 180 4.1 195 2.7 210 1.2 22& Hebgary g% v drum

- detection at t = 225 seconds. NB: Thq_@@%qpce still indicates the presence
of 5 1.0% of product remaining in the mbving drumwhen the latter is

decl ared enpty. This shows the cunulative effect of the. relative accuracy

of the bal gnce an%fﬂétﬁyééﬁmﬁﬁ caused |by.the pipey Eg.{ipr connectfion to
t he nmovi ng grum—whrch—force t0-tends—to—increase t%@—appareﬁf~mefghm of

the novingl.drum however? the above exanple shows that2 these two effects

in no way counter the -reglgability of the enpty drumgegection- accoridi ng
to the nethpdof the rnventton—1527 Februvary 20067——="15—CtAMS—1 A
met hod for |reasuring the3&munt of liquid - 5 presentl$nfa container fto
whi ch neans| for making sajsd |iquid flowjfromsaid copgaj ner to a point of

use are in particular connected, T which mettod the_wer gt Pr—of]l i qui d
in the contjainer is meas®l%d at a time ti, i varyink®f4om:0 ta n, lthis
measur enent! being repeated at 10 tine ti+z, then at {gsme ti+2, untilf time
tn, n beingan _

S0 . : 13.5

1G5 12.1.

120 ' | 10.4

135 8.5
o 150 7.3
b | 165 5.8

180 4.1

195 2.7

210 1.2

225 1.0%*

*Empty drum detection at t = 225 seconds.
NB: The balance still indicates the presence of
S 1.0% of product remaining in tﬁe moving drum when
| the latter 1is declared empty. This shows the
cumulative effect of the relative accuracy of the
o balance and of the force caused by the pipework
.ﬁ;l _ for connection to the moving drum, which force
10 ‘tends to 1increase the apparent weight of the
moving drum: however, the above example shows that.
these two effects 1in no way counter the
reliability of the empty drum detection according
to the method of the invention. ' |
15




~_integer greater than 3, in which the weight change AP|
liquid between tifmes ti and ti+i, where At =ti-1 - 271§lb5}a§%59$asured
so as to generate at time to a signal § indicating that t he contai ner may
be 15 consi dered as being enpty when AIélr is less than a predetermned
fraction F of the weight of the container and/or of the liquid initially
contained in the latter. - 2. The nethodyag clainmed in claim1, wherein the
20 neasurement of the weight change AP 15 tri ggered only when the val ue
of the direct or indirect neasurenent of the weight of the container .
and/or of the. |i qui dudishod essot hate Dsueiug! ﬁmea @ﬁ@@llett ergf nedifubdtion F
- of the nitial ght of the _container Ii id 25 contained
"h the cBnt AHRAST g ASPRAI AT Ciial HAHCT nOERRFm DY VItErHIh PRL
pr edet er m nedi.duiatt £bow Fficeml esddt ha:mtwrlrmquaitot@ p@%ltofoft hese nateal

wet gt “of e, conted nes, andhoraf chhe 130, liguind inid | Bh v goghel sed i the

latter. ascalrre one 0 arms 1 . rein the
tine int ervatf Atiquididn thej cbetweeﬁrtw maRceEssi - measupentnt stof the

vel ght'_of T R&COMA! NRln 35 @l oreiels Uhea bl Atthéh § SRl RICLEp S PEd 5t

preferably. abdut “ten seconds. 5. The nethod_ as clained in one of clainms 1
to 4, Wher &l Heti ohhBR ffe BiMLibes BRLLEaSiTFarfer y 2PF6EH udRy 2007

16" caused %ﬂd@%ﬁorg&éat@xeXﬁé@d Yy anpresseri zew gﬁ%lgh]ﬂ n@h@:b@&e the
surface of the i in tgelcont(? per saldn%é;;s havi a puri %/

conpati bl e Wth thaf Sf+itPe LFEGHEdPeEEeDTH it med$ R ¢l ai m 5,
wherein. théwas tis & gas essealsal mpasmeetd wd has e$pecgerie(ratﬂm at qw d to

~pe; propel I e 0 7 The t.hqd 35 cI |ned in.eit I :
%er ein thedclll (jqéw d % sslgﬁ]taltg a. s con c,gontthaltnetrh ore 1'Eé‘el ngé)éen toits

poi nt ofb5useonsidered as being empty when AP; 13 less than .a
predetermined fraction F of the weight of the container

and/or of the liquid initially contained in the latter.

‘ 2. The method as claimed in claim 1, wherein the
20 measurement of the weight change AP; is triggered only
when the value of the direct or indirect measurement of
the weight of the container and/or of the ligquid is
less than'or equal to a predetermined fraction F of the
initial weight of the container and/or of the 1ligquid

25 contained in the container.

3. The method as c¢laimed in c¢laim 2, wherein the
predetermined fraction ¥ is less than or equal tc 10%

of the initial weight of the container and/or of the

30 " liguid initially contained in the latter.

4.. The method as claimed in. one of claims 1 to 3,

- wherein the time interval At; = t;n — ti between two
'successive measurements of the weight of the container

35 and/or of the ligquid is predetermined, preferably. &bout

ten seconds.

'5,. The method as claimed in one of claims 1 to 4,
wherein the flow.of the liguid is at least partly




. 8. The nethod as clained in one of clains 5 to 7, 15 characterized in that
the gas is chosen fromhelium neon, xenon, nitrogen, a?b%%?“%yg {on
and/ or carbon dioxide. 9. The nethod_aggclained in one of clains 5 to 8,
20 characterized in that the gas has a pressure of between |05 and 106
pascal s. 10. CAHSgPparat G&ef opTEBFRTRr i9%F 99 gb¥d ThBRFESHT1BRPEd RS

-conprising aigeRhabpeket kale MRS dheh2T ;chem cal dHSushiDiher,
del i vered, means for connecting this container ;o %ﬁgggnt of ugg‘ﬁgere t he
liquid prodGéth&ds oPBEIREI i e AngORR&RS L Er uFfd CtheHmount of
~liquid in saldgaadtai ner, which also includes clock neans so as to
“generate,. at successive 30 tines ti, ti+i etc., a signal for triggering a

measurement Pi, Pi+z, etc. of the anpunt of said chemcal liquid at said
tines ti, ti#i etThestethge amansaimgd regoctiihy bhevimeasanerdrst sy , Pi +i,
ete. of the;gmoun,ofcsalde}hayydigbrti IRk Iredbdle €bCcndS TagpEFLively,
means for cafculaté%g ?%e F ?er née Fh the aﬂ% ? of lTiquid APi PI - Pi+i
in the contaffePe BePReéhetimes ti and ti+i, means for conparing APi with a
predeterm ned value F and neans for generating a first signal S1 if AP >
F or a second signal S2 if AP <_ F. ) , .
- 10T, The method as claimed in either of claims 5 and 6,
wherein the liquid is sent to a second container before

being sent to its point of use.

G 8. The method as claimed in one of claims 5 to 7,
15 characterized in that the gas 1is chosen from helium,
neon, xenon, nitrogen, argon, krypton and/or carbon

dioxide.

9. The method as claimed in one of claims 5 to 8,
20 characterized in that the gas has a pressure of between

10° and 10° pascals.

10. An apparatus for delivering a liquid chemical

product, comprising a container that contains the

25 chemical ligquid to be delivered, means for connecting

7 this container to a point of use where the liguid
o product has to be delivered, and means for measuring
the amount of liquid in said container, which also

includes clock means so as to generate, at successive

.3G times tj, tim etc., a signal for triggering a
measurement P;, Pij+, etec. of the amount of said

chemical 1liquid at said times fi, t;w1 etc, storage

means for recording the measurements P;, Pi+1, etc. of

the amount of said liquid at times ti, tiv1, etc.

35 respectively, means for calculating the difference in

the amount of ligquid AP; = P; - Pixn in the container

between times t; and t;.;, means for comparing AP; with a
predetermined value F and means for generating a first

signal S; if AP;- > F or a second signal S; if AP; £ F.




