-1 Apparatuses and nethods for delivering liquid chemcal products 5 The
. present invention relates to apparatuses and nethods for delivering liquid
chem cal products. It relates nore particularly to a nethod for neasuring

the anount of liquid present in a container to which neans for making
said liquid flow fromsaid container to a 10 point of use are in particular
connected, in which nethod the weight Pi of liquid in the container is
nmeasured at agdafthised avRl Wthdd=omdd I tvdhing; 1NRASIW RA: Lai ng
repeated at tine ti*z, then at tIinme_ (i F2i untift (IME tO (WIere mis an
integer greater than 15 3). In theB%89%MS%% i on of seniconductors during
whi ch a succession of conducti ng, sem conducti ng or dielectric |ayers
(possi bly h g nt . ctrlc tants 20_is_deposited on a
substraté orai\ﬁv\gf I?fé%%%gr ﬂlvg (Jzionof |con Q? heaﬂgﬁﬁéﬁl?%ﬁ oBEBati ons
bei ng carri eetdirds sélact iieéweu:hngughldpay@r s:l‘iesmcnaalsklmgnc(qnarstl alrky)
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| ayers by bri n&Stnegé (ﬁlde% cal liqui dﬁp}é ? }n%tf}%(rgegggsg?égugmghggges| red
poi nts on t W ffcel 19aid Prasras #@a@tlwtaﬂﬁm thevhbabengense and

pressure cormrtlmﬁll@geafa@z@ | TH duveg 1 e@eliOrfddin Woh €8 dheweker «f wafers
are pla roducts, also introduced into the reactor, -such as

d, w.t er
f or exarfrgl e B30 a58 Qis,2%%r 18xaRpFELICH{3Fs ‘E:%?ﬁ]%‘ﬁt?ﬁactll”cewaf-cflhe
present ti nenettdiock edhe Sidd gt SIFQC @i ellacqtdﬂd: Layetise wrﬂguane&r e@blr SOF

such as_tetrameifylsilane (M), , di mEt '53%{”% Pﬁx%gsu g?ornm uEE P 35

TMCTS. These precursors are C emléal
standard teﬁ}@@rsaltrmﬁ@n&ncbwwsme@e@@@m ta’on&;mﬁuctthp,r etbesorst haveea very
hi gh added val.ue afd jarengeper alhyr-suppliised, r&rggéa&ér cgpég{ggr%ggol ume up

to 20 |Iter3S) typ| cal'ly). Thé%e source cOnt &l n

In the fabrication of semiconductors during which a
succession of conducting, semiconducting or dielectric
layers (possibly having different dielectric constantsi
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 is becoming increasingly frequent
to produce these layers by bringing chemical liguids
25 called ‘“precursors” to the desired points on the
surface, said liquids reacting, under the temperature-
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 Si0OC dielectric layers
using a precursor such as tetramethylsilane (4MS),
dimethyldimethoxysilane (DMDMOS) or TMCTS. These
precurscrs are chemical products in liguid form under

35 standard temperature and pressure conditions.

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

liters typically). These source containers



-»2 conventionally feed one or nore containers that ensure delivery to
the custoner's equi pnment. For cost. reasons, it is critical to optimze
the use of the precursor contained in the source container so as to limt
any 5 financial |oss associated with refurning to the supplier a container
that still contains the product. The chbice of technique for measuring the
anount r emaiGATENH- R lysdifae emmt ain@otss ¢retrairees ofhat | paBVre

i npor tance. dHlﬂW@B&tﬁgﬁ%%&U@ﬁs@%ﬁé%ﬂ?“@q@&%ﬁgﬁ%pr?@f”%oét”ﬁegggns

determ ni ng .t he, presence of | idin a Container, wt reater of |esser
accuracy. |ngener itk oFPovﬁRde-mJ{Z&:hﬁhauéés%a?fbéhﬁbn?’l-’éﬁéésor
det facti onI bwcaimﬁhetie fﬁeaﬁuléermmm@‘ hbb@taﬂrﬁeyvelsg,htas t RbS 1nmlbcodafl§llv|hesh
excl usively t he iabilit the.wei ght neasuring, apparat us ich it
is well Enomfn%r}ﬁ SRT) Stslsrnflssoxlagé?gcf"llgﬁ gﬁtﬁrWB‘étt% Fﬁgns‘épli’%h?ﬁal i nner
cont ai ner iR icentagwer pErat poislsi bt gn i ethé opaodiZfc weTight cheasar ement :
this method Jings, i r}%éregéyrhggsgpﬂg atys .nto cont a(gtlnvinntgh élgeifg%ecursor
addi

with the associated contani nation an corr05|on ri'sk n, it
does not al ISOW*6Ft FRUFREBRY 0f S t Heepiotisctof plulmtanfa(s@mperdeme@tl on in the
delivery line at 25 the outlet of the container, possibly coupled to a

wei ght nﬁasglr enent: this nethod allows all of the product contained in the
cont ai t B¢ EEGRNBERSFt 2HBeskRYHUI rE a thitne PABFESENERiNGf Fow

i nst rument adieae,rmintingh thas drie edhicanmack i ultiﬁm{ldd Nk ke Nagure of 30

t he product L he use of this ne esents con5| der abl e
addi ti onal (tziog‘t%t%anamf @i%?ggfl ST by 25 Ycapdti 9?9@"’85’ L9 these

nmet hods req@epénﬂquasng@yobet mendromedont ai ning the products such as an

| nspect  on wi ndow of, 8 .atgtal o5 LASBEGLLON PR SRURYr o2l i ese
wel | -known methods have in
15 weight: this method relies exclusively on the

reliability of the weight measuring apparatus, which it
is well known is not optimal;
- 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 precursor, 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 adjustment of the instrumentation,
which has the drawback of depending on the nature of
30 the product; moreover, the use o0of 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 comon: they do not allow the chem cal product to be used
. practically down to its last drop. - 3 This is because the cost of the
liquid chem cal products used hitherto has not necessarily justified the
presence of sophisticated nmeans for sgvﬁ ng a few grans of products and
generally the use of a balance 5 has proved to be sufficient wth all the
i naccur aci e s vie§ glteeisiRi silrl, ¢@3t exafipl ehewi Lhauhe vehembtel wei ght

of the contgmeiuddssehbegevienyden t ke sCoptal Qferceé%ﬁliﬂpoﬁﬁgtﬁ9i98 .
i denti cal , accuracy of bal ances that support weights

%the verg relative . % .

of several t BhESBRCRI Pdgr3mRh i Thica ke Rodcagsor B hg SEF1REe § nferit i on
makes it possidnse ofOpiOtM&tEsBlGarﬂi aFea@kalgp tthe gﬁg@r ol tg aBQ%Qﬁ@éi des af
sinmple, kne sive a reliabl e solution f 1 eterm ning the anmount o
i qui d c%emﬁ%gﬁn %%/%‘aeu%t Lo Bfai W%‘f%‘eqt—hew&ght élirjrer?hel'hénﬁﬁ HbaChcEor di ng
to the invenn oveighonesisvaikitell, therweixgplehangétAPitle Prari®b¥d of

i quid betveen diies A0 e fier 18,8 50 IpATULRL, SOpas L0 generate at
time ti, a signal S indicating t_ehat ‘e cont ai ner - nay I%e consrdered as
bei ng enpty fheAURAPPSES |t s behahdantpeadet exmil nddhd r aetrivonrelat heewei ght

of the contaidelracgndser vaflahbed I ahhd idtiddcald vyepphatnet i Botheatatter 25
(i varyjn(?g fromO t%.i; n wll be defined'in such a~way that the tine t,
at whi ch® t h&SPR+Oft FLAPSTARSsur ement  sanpling occurs is the time at which
it wll have been determned for the first tine that APi is |ess than

sai d predet 1 fraction of the i ght of the 30 container and/or of the
li quid cont gﬁn@e%%%ﬁlofihgclcgtrtdéﬂg qFtohe | Ot AR T act T oeF81RER in
advance). Pitef excdyley thehedmedsanlesreof ohet beivei ghtt chahgerdPidds a
triggered oghky-waen t lLue.qof the direct .or ,indirect. 35 measugement of
the wei ght of Fhefcon?glie%{gre“%%&jﬁor %Tn%thgﬁlllqaubllaeis TR Han or%%qual to
a predék rnPR&@rmining the amount of liquid chemical product

remaining in the container.

The method according to the invention is one in which
the weight change AP; = P: - Piy; of liquid between times
20 ti and tis1 is also measured so as to generate at time %,
a signal S indicating that the container may Dbe
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+l)th AP; measurement
sampling occurs 1is the time at which it will have been
determined for the first time that AP; is less than
said predetermined fraction of the weight of the
30 container and/or of the liguid contained in the latter,

the value of which fraction is set in advance).

Preferably, the measurement of the weight change AP; is
triggered only when the value of the direct or indirect
35 measurement of the weight of the container and/or of
the liquid 1is less than or equal to a predetermined
fraction F of the initial weight of the container
and/or cof the liquid contained in the container. 1In

general, it will be preferakle for the predetermined



fraction F of the initial weight of the container and/or of the liquid

. contained in the container. In general, it wll be preferable for the
predetermined - 4 fraction F to be |less than or equal to about 10% of the
weight of liquid initially contained in,the container (or of the weight of
t he container and of the liquid initiaﬁly contained in the container). 5
Thr oughout tHEGSEY ifptiorPoflene Hhasent ¢avaht tonaboneftPeneé Whel be

made in genesedlgHto $he1wehdlt ii0fa11y avbBckpnthe icontal nekpthhakis to
say to the m&*ghtf gh liquid remaining in the container at tinme tl. The 10
initial weightt of™ 146 dﬁf(ﬂvﬁ th of WenFR Mt Ski ght 6f e &bARATner
itself) is timetieilght cainddigsidd iwhemhet keontedmeaiiner (al so called the
"shuttl ezdruni) has just been changed. At tine to at which the sanpling

starts, the weight Po will not, in general, be the initial 15 weight of
li quid (but Tanomedowral thy. Fscoiptsieon asfa gemeralesenite tireetbiah, wei ght
of the cont@melndhatiis LO $AWet i f . the,envel.o Ltsekf plus
t he total meLghtegﬂ thé'content%ﬁewﬁﬁ}m@%g%%aﬁegéu%g :ﬁg%%gisgtcggsive
times ti andiGud Imikhenesstrérent ithadqui vatensaro tohehmasaierent of

the weight oghangguod tbeakinguiyd ih the cH@iNgr bet Wweepe theseriyo
successj ye qugs,lall.o%&ggﬁi&yngs{?glnqi equal .. A person skilled in the
art mnli nmaR&EtHé 25 S & TS | GRS B HH helds eIt seft hat
what ever t hehactasalt aneasurerssil £ )nede, thBewehange ofn 1ilduis nEasurement is
equi val ent an Ln th ight of liguidint contaiper. 30
Accor di ng t%%gkggpggntgg%s?héxg%v%ﬁt? I, tﬁ%ugf%% cﬁﬁ?ﬁﬁvagaﬁet%%%5 t wo
successi ve Regsurchmeges.( At ttims tiiatndhtich, )thef sdwpMeighstafts he
cont ai ner aRfory©fgnt e i gt ¢ irk, Py eqgt egainggh | Pref eraply; about, 10

seconds, ‘ _
15 weight of liquid (but a lower wvalue).

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 t; and tis;. This
measurement 1s equivalent to the measurement of the
weight change of the ligquid in the container between
these two successive times, all other things being
equal. A person skililed in the art will make the
25 necessary modifications to the measurement so that,
whatever the actual measurement made, the change in
this measurement is equivalent tc the bhange in the

weight of liquid in the container.

30 According to a wvariant of the invention, the time
interval between two successive measurements (at times
t:; ‘and tis+;) of the weight of the container and/or of
the 1liguid is predetermined, 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



35 Preferably, the flowof the liquid is at |east partly caused by the
. pressure exerted by a pressurized gas |ying above the surface of the
liquid in the container, said gas having a purity conpatible with that of

the - 5 liquid. This gas will essentially be a gas that is inert with
respect to the liquid to be propell ed. The term “conpatible purity” is
under st ood tidGte&h aThufi t92S stéh 1t hagsertiwllynde i acramsetbhs is
concentrati Qﬁhe(lft %iﬁmuféﬁ gsti ot hend llllyclpﬁjlcﬁ p%t el §5r e 1SRREI eshsuch as

H20, solvents t.c Fur t ernDre,,§a| pressure of which expels
the |iquid fl’edrﬁi‘ t FETRSE Ie P UL Trhik lpsréigk‘?fea‘?ﬂﬁp‘?%v@ tRAT AT possi bl e
sol ubi ity ismclt hehahermtcaWJLlliLqmdt t anbeecpeepethedcoAcparsaniski lded 10 in
the art 15 rm I i,dl etermine, fromthe literature
or by SI%%|6 f@g%%q Fhén %b?fl?@d ﬁﬁ?ﬁglﬁ 5Y e PENntESITE 5 it the
liquid to Heoproﬁ@ﬂW@@tSAs @fgener al Fuoteernere s hehudn1@haningthmhat is

called an  ghettiou G R e d hus, o; 15 4yl f11 | oL above

criterion) hat will_ be best sulte ccor ng to a varia
i nvention, THEY iIRAATPEPLYsdVe otheséerratcoresilhde seflord Wdivhgizent to

its point QheU&ﬂ}enZJQ:dln Dﬁ@@i@l tot e bepst] BEY . 08S detRrdask £hasen from
nitrog car bon_di oxi JgIan krypton, xenon and/or heljum (as a

pref er ence, “Rel i WFH eriP bEeNERBLenPe t RP1Gas TRIBMADITP has a
pressure betwtemmifs, ZEramd tHi6 phasepdtsurdl dhobgh slimpgenafedt <, hecps opel | ant

gas is in ndstored.under pr.essure in a.contai such as a
bottle, it ggiﬁggg%gegffnttgeer tagcﬁeénéeélgzg“cflgd AT ot r%baprﬁy]l ‘fh gas
initially ihkelirperelfledy A or geaspkdé Inud,d bitiegéveldmdl otharigomn, which,

30 because ghathely AR ZaliomabOYsIbe LiauLg iRAT @GUESOTen Y |4, cause

t he necessary_pressurizati on.
15 fUlfill the above criterion) that will be besi suited.

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 liguid form,
for example liquid nitrogen and/or argon, which,

30 because of their vaporization above the liquid

precursor, will cause the necessary pressurization.

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

in said container, which also includes clock means so



The invention also relates to an apparatus for delivering a liquid

. chem cal product, conprising a 35 container that contains the chem cal
liquid to be delivered, nmeans for connecting this container to a point of
use where the liquid product has to be .delivered, and neans for neasuring
the anount of liquid in said container, which also includes clock nmeans so
- 6 as to dgehebdt JET& i Rcedsi vEUETIRILYE, tHES efo. Lia Signal af or

It_ri gggr! Ng_a ipasur eaenttrEtitggeRjiﬂn B @neaa‘ur%d&tanﬁ%l,nt PQ{I,Saéﬁjc.Chgﬁi C?ﬂ

iquid in sai.d container_at_, sai i me i, ti,i. et¢, storage neans for
recor di ng tﬁc@% aEth e%n?%l% ?h?gpl-r??feijcqub‘fl %ﬂeséﬁ‘auﬁPnBﬁggﬁi‘fdaFi qui d at
times tir tisdid etigues espedhivedty;, eassadormemheurati pgebhaidyf tasence in
t he anmoupt | J. QUi j n= R - Pi., in the container_between.tines tj and
tj+, rrganggefaoéruq‘l_égg%p@% G AR (T G Sredeter et vaf u%aﬁglglgﬁg‘amans
for genératialg atimest dSignalt:§, i feP] >rEspectaveégond damal $2rif AP
Ho o The idwenlian i |indeqiPrerchear i Untlersland foomt b, of gl ow ng
enbodi nent exanples, diven by way of 15 nonlimting exanple,” together with
the figures whiich Bhowtl fiiguredntainetr PetuAchitdmethetr e32d i Veehanges
in the weighicagfs ther cempatehar pshewinas apktdRetPRingl tJdMie diring the
use of %ge i quid; 20 - fil‘ﬁ%ure ,. a paé{ﬁi al_ view of the systemput into
practi ce’f oP FelEidNG &5 FSraediTid duitst b9t iBnitr &8st or F PRat

i ncl udes a mDwiengncotignadr " shukl e< ®runi'), regularly changed when it is
enpty, and a fixed container, which is a buffer container with the plant;
25 and - figure 3, an exanple of an operating flowhart for the apparatus
and the net Abg¢ dcvmrdiimy twilhebei meent idearly understood from the

following embodiment examples, given by way of

15 nonlimiting 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 liguid;

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

- 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 liquid in the container (under
& gas pressure as l1ndicated above) as a function of
time, which indicates that, at time t = 0 7% of the
initial weight of liquid in the container remains. On.
35 the left in the figure, the curve starts at a relative
time t = 0 with a weight wvalue Py equal to 7% of the
initial weight. The draining curve C for the moving

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



30 Figure 1 shows a curve of the relative percentage change in the weight
. of liquid in the container (under a gas pressure as indicated above) as a
function of tinme, which indicates that, at tinet =0 7%of the initial
wei ght of liquid in the container rerrgin;l . On. 35 the left in the figure,
the curve starts at a relative timet = 0 with a weight value Po equal to
7% of the TG al WEGIRESethe draiidioxgldur veaecpsainde mobPng BREm or

shuttl e drumesesdrigiieomn)givern it rﬁ_l(ﬁme liine - 7 that decreases
uniformy according to the representation given in figure 1. Transfer from

the. nmoving container 10 to the fixed 5 container 24 (or the point of use
if only a siThginesfont dirner tleused)iris aohitevedrher@ o t heegasikéar

exanpl e hel i eghro rit sto ub|I|t in the_ligqui
e Ll eohT oL RYE ;{oﬂ&d o3 o el biguid

which is at a su Ci ent pressure Usual P several bar—1 n “or ger?
abl e, ow ng et eID peesmiad, Lo rrakdetviesl chendcdly | tiywi dasi séfap the dip

tube 20 t hale,@XkaMn s il &6 dNEcRlI AM Ol L1 akont 8] nes1@0d L6y of ten

| onger than the |l ength needed to _reach the om of the contalner, which
al | ows thi s 0t ubde t HadU€st s ddChhe 6ot £bm 8f FHELEGHEAF nPTEEBUBR 15

Fmgl ed. Pref Qll's];@@lﬁ_,y Lme&raml qas&lsslﬁe@kuﬁﬂ EB tee atb]l}léeh dui iReVied eelhet he
ongest., part _of the beve ari t he the contai ner, so as to
better T@coV&FSSHTe hteollﬁﬁg aﬁglg’ntcrsl‘%q‘lqailqui n*tfg HPurﬁ%’bEnp‘fl}%s)
Because of ttlwpecoB&t anmabveasma&ssur @asaboue tdne citesn Galctold quiEd, tivery rruch
greater thapohie;plgssle e 4! iendlel it T ddiey Ll gl Shd Dyl de,

cont ai ner, there ore a VII’ y cons ant~ pressure E;fdt?'ue end of
the dip t ubgeahi CWNP ebalttom @ theveqritaifiegur ewllicl25 sldwiwsg Bhtonst ant -

sl ope down tgpthe b@fawtrést This QHénbotéohso%epiﬁl%s%r%?c}dl\ﬁ%rof ddhe,Lime t3

(in figure 1) at which the end of the dip tube is onger entirely
(conpl etl y?ngésﬁerg%tﬁﬁerr%hrﬂeyd|E|h¢denﬂhlca?5r5esﬁ¢%l@rh of the tube

is beveled, the longest part of the bevel bearing on
the bottom of the container, 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 liquid 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 a constant slope down to the point 4. This pcint
4 is representative of the time t3 (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
quickly and at time t; of the next sampling it has not
reached the point that it ought to have reached if the
curve C had continved its linear decrease. According to

35 the invention, the contalner must be considered as
being empty after this time. According to the prior
art, this level could not 1in general be determined

accurately.



t he propellant gas being sucked into the tube and 30 therefore a snaller
. amount of chemcal liquid transferred. Thus, curve C tends to decrease
less quickly and at tinme t4 of the next sanpling it has not reached the
point that it ought to have reached if the curve C had continued its

| i near decrease. According to 35 the invention, the container nust be
consi der ed aSlNGHeNPEhedDt PLafthe PHiQTt PRE,, SARCCOFANAG tio theslrEbe  art,

this level coulg nedmiphgeaepakube datamny nadk, asshs e Vin- g8netdhe
nmet hods of the or ar SO, as fot to risk the line fromthe di p_tube
dryi ng out, 5?’5’6%“9 h theneraire i Afsetifg CRESHOVEO RTreduct (&R ni ng

product (Setlln’lJJtm tds atsa:bﬁ; nche hieihitm &t aiihy\d.‘ihCthltflSM.| bebﬁeaesgasgry 5to
change thge t r..th co ns_ t he hem caI UI h neans that a
PN %Ithg%gr cegilageg&% 13509 61" %ﬁ?m 8 F™pFdduct is

not insignifican t el
t hr own a\/vaﬂlqmé?rreaéua&torrechrrﬂg that he lncn‘venns@gmflcanpopsrbbatage use

sonme of the @hegbcad preguctyd hqh i J &R Rfen }A{/@lahe ﬁo%ﬁéﬁ' l%vo fipgnany risk
of the consuner dr ng out at t poi nt of use tarting rom point 1
at time t =3y2¥poi"MerE36n %qwrctmqletq stheatmeenaieerit tenposfibiewhich it

is 15 arbitray idge degicdesf tihStaidnihel ProsQdss e- Ri+ PBRLIRLI NEhi e

cont ent of th m)V| ng, drum Thi s dl},%e coul d he started right from
the ti TacCOrHYE 174 5rlé1ker0rédt t RBBSHRET ms\Tereldt | Y- t Ak

i nventi on, hilhlte. iploim@ry odl m@el)n sone cases be desirable 20 to start when Pi
simply reaches a certain preset value. The AP} value is then neasured
regularly using the balance, as will be explained l|later, either regularly
(by prefer ef¢e)xtangr diom podnti i aatontimel |ed=ndhngpoiby heor nteevention

of another paraeter, by éﬁ@H' [ Q@t@? aé a“rmé he.tine ipferyal gtAti Point 3
on curve Cis_ .thus reac% time AT* then point
15 arbitrarily dec1ded to start the procedure

monitoring the contents of the moving drum. This
procedure could be started right from the time t = ¢
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 is
thus reached at time t; = t; + At, then point 4 on the
curve 1s reached at time t3 = t, +At and point 5 on the
curve is reached when the measurement demonstrates that
the AP value is less than the wvalue that might be
30 expected if the previous uniformly decreasing slope of
curve C had continued. This indicates (when AP is less
than a wvalue that will have been 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 cirqumstances according to the

physical parameters of each container, of each dip



curve is reached at tine t3 =t2 +At an d point 5 on the curve is reached
. when the neasurenent denonstrates that the AP value is less than the val ue
that m ght be 30 expected if the previous uniformy decreasing sl ope of
curve C had continued. This indicates_(phen AP is |ess than a value that

will have been predetermined) that the drumis e ty or practically enpty
and that it ¥t Hereforeuti WBieh dRamdeavs BRRadIted khowken hbbet he 35

poi nt of i nfdeeticm &éﬁgﬁ%ﬂdql@@l@qscq&tﬁlarlqred on the dip tube, etc. and
that it is not possible to drop below a certain weight percentage that nmay

vary depending on the circunstances according to the physical paraneters
of each contEa'jgume, Dfskeach dhpexafipleube, téleC.imgldmaemtiali drs &f ways

unpr edi cgablm% when t?% olgdBI'Fpgmsn hem Cl_?.| lIJ%IUi d..s |Egtéa!§1:§g EFI gur e 2

shows an exarrp e of Ati onof t i ng®¥o the |
i nvention aﬁ@lpdfeﬂmﬁltlartpb@rreﬁyatemn sy stwarcihn tz\hecrsatntm sapmegleneass as

those of {herdaelof | e5:REAT £l h6-saBete! ehen Fre AL FIvd g, dr um 10 s

connected by a line 11 via a valve 0 pressurlzed gas

cont ai ner MERNERI1 Gt abt yCemeegard by ng éhnienérlt Vgds aarith Hor e2

particul arl ywnigeldingn whenimét 12ges Hak s@xaiRles aRd WontH QMY rrﬁ‘@&ﬁsw th the

liquid em cal_. product (helium s. the advant'age of being conpl et el y
i nert V\ﬁ]h PEFAEE iag)ilyl y a9 rﬁao?jucrl?%}ng Th® heéffdm g&S15 qrg:l 157¢%Ht ai ned

in a tank ldawtichliasliyt s]edaiimmnm&xetnednytaogéhe fédheedimplibe amadi¥er 33 and
the |ine 28 he d u neththermln rum 1 ere is a
AR r et Qi th A 1SR Mot s SRV PRGRLET ChaT B bt fhe

bal ance neasuri ng means |ng
bottom t heré‘s‘t(atfS ﬁh@reaidyamrt@giei quifd mmmMplquct imdm- whvttth t he t ube

20 is im*rer?g,gcltq_lcaqrﬂer th rrg\fgdg&%sgr od lsanqlﬁsﬁnproaguatso t]h@ fjxed drum

. 24, above he surfacé of which qui d ‘chem ca ct there is the
“inert dﬁ% 1800ﬁ6épe§ré§bu?etﬁﬁk 14 Wthh 1s itself connected via

the line 31, the valve 33 and the line 28 to the fixed
drum 24. Beneath the moving drum 10 there is a balance
with weight measuring means 40, while in the moving
drum, at the bottom thereof, there is the liquid
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 liguid chemical
product there is the inert gas 16 under pressure P
which thus pressurizes the liguid 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, is a
line 12 serving as a vent, thus allowing the pressure
of the inert gas 16 to be controlled. 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 liguid 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 liquid 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



whi ch thus pressurizes the liquid chem cal product so 25 as to allowit to
be transferred to the fixed drum24. Also connected onto the line 11, via
a valve 8, is a line 12 serving as a vent, thus allow ng the pressure of
the inert gas 16 to be controlled. A_prgssure sensor 21 is used to neasure
the pressure P1 in the contajner 30 10, in the line 20 going fromthe

novi ng cont ATTSSHE IFSCUGH 1 HeO W SRS PDIRH It PReRTEREUFENE2 2306 hae al | ows
the fixed drwm 2% :iqi beriechar ged W tdrdd el dighenbcahd pf ogiicte Whgn the

| atter has reached its |low |level LL or | ow | evel VLL. Filling the
{xeq dram 25 80 DUE T hes o081 TG GIHAGH et BAFSPITaUBE S8S18er | oo
fromits | owHeevelxeld donumverdy |ow | evel VLL to its high level HL or its
very high level VHL, while maintaining the inert gas, such as helium in

t he upper part 25 of the fixed container 24. Connected to the line 28 is a
10 pressur @tseifsdrbasef @f nelasufiipgdt eyt eddutdieP? i hsi de litnee 34xed drum
24 and a br anpah chicke 30 Anh Ay atye,34 aaqtl'n'%gﬁ Ve?ﬂt SP&5id® ceotrol the

pressure P2 inside the fixed drum24. At base of the fixed drum 24
there is a Hifeiss MRl bpradvatFve t3’5 d%l adeilages6d altio al Hiedi ng t he
l'iquid chemeqalllpmre@lductﬂ [0} bgndel¢p@f@1dl@@ thet einpnental%Eysl n peeration,

it will referab intain the pressure Pi in the noving
r um abble. PHE BraBlET CPomEAnEAL T (e BrBRSCREGHE | Byol End P BIEY ovel

det ecti on salfreltny a{}mlwmdaney)preé'Mreo@r atn onhef fheedysitrem i (high+ated in
figure 2 wl c e o] Jo L. runni ndjti In 15
this case, tlﬁgggr o‘%ﬁ%t %Q ggplg\!}ev&e Lérb%c/iteipr esé%??%yn reqnﬁl%d%% &éd gﬂzm 24; the
filling of PRerpiied @P‘fumhles SYtSrtleggeJrlddlsMr@rtetd]em oﬁ/vglemeIZZ ilk beached.

The product detsérabaasf@émp fr Bt ena@mmg . cWhhh @%nﬁherf—fby_
|nterrupt|n the delivery Via the line 34, va ve 35 20 and the line 36
to the gﬁ%ﬁt CafRe filE ipﬁ@déqcttﬁ@ dellvered by pressurizing the

fixed drum 24; the filling of the fixed drum 1is
triggered when the low level LL is reached. The product
is transferred from the moving drum 10, without thereby
interrupting the delivery wvia the line 34, the valve 35
20 and the line 36 to the eqguipment. 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 contains enough 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 ts, or t; and ti, 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



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

| evel s for normal operation, but only as alarmlevels requiring a 25
particul ar emergency stop or energency filling procedure. If the noving
drum 10 no | onger contains enough product to fill the fixed drum when
filling i s urfdERAERSEYhe280 3REt%em #or AR BEEFREEIReCénd- 7 ERéTABY ng drum
10, as explwdingtt Wi t hthegabgekatbrgumavingrakess tdcdaisd bl eiho thei gger

th ti f ch ' h [ d I d to detect thi d of
L he oher ot |G AL DGk B D00 Sy | g BLSE I G CRLEL L Dhs end o
be 35 used frigm irhirs phresseldt e luiemechait ethal pAtragettweemP; for ekanple,

times tlsantdZndled 2080 tis ! for (388 chl | Gecb: ANG 4 hepuelghhChange

APi  between two set . ei ng possible for this Vieig ange to be
ei ther an asving eLehavwgéhAPi lavealelmakirg chingesmRibiR -talgepexpiessed, as

above, as a NErLekAes flatheddd Hdala eiOhly, 4 he QReralr, having
prerecorded, in the neasurenent and control "system 40 of the bal ance, the
m ni rum t hreshol d val ue that the paranmeter APi or the 5 paraneter (c)Pi/P

must not reaekoxdBtrectic®mn oéaﬁirmlwacbﬂeth@omge@ei@mt:ﬂtsibep@bsmﬁkbng it

possi bl e to.generate. .an alarmsignal , such as a display, a sirep,, etc.

Accor di g% t & AFTEHES of 2t hé’airﬁ%ygﬁteiroﬁ,e%%labi § po&sqrgl eé/x‘_irﬁpf% pBGQ/i de a

par anet er - séthtradhe l(d oprerdaphe 59 téhr esdbd idi py eadcar wheyspemmetari ng to

the paramet o, ,APL/ i, Mheny 1 bi soghange Decones hess, than oY% st heypattention
3t i a p i ét C.

of the operator is drawn once again by a prealarmor a pre_sn‘en,
Pref erabl y, atf@rdmoumnt o6f s popgretogoniai rhtkWm pheenovdagh diym &s

di spl ayed om:&a2136HL&Y 0f HPEsSYSHEM4Q alplde LIRS, e MBYoRE: B¥Pressed
in unltf%of wei ght and/or units of volunme and/or as a percentage. The

enpty dkam &&C CorrShdthidied in the moving drum is displayed on a
screen of the system 40 at all times. It may be

expressed in units of weight and/or units of volume
and/or as a percentage. The empty drum detection method
may use whatever weight-derived unit, including that
20 mentioned above. In practice, it is preferable to use
the measurement expressed as a percentage: 1in this
situation the time interval At is typically 10 teo 30
seconds and the weight change criterion is typically
0.5% (absolute value). The empty drum detection method
25 also makes it possible to monitor the relative change
in weight over the interval At. O©Of course, in this
case, the weight change AP criterion must be adapted.
In general, if an absolute or relative ligquid weight
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 wvalue 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 cof several moving drums, each moving

drum having to be equipped with a weight measuring



may use whatever weight-derived unit, including that 20 nentioned above. In
practice, it is preferable to use the neasurenent expressed as a
percentage: in this situation the time interval At is typically 10 to 30
seconds and t he wei ght change criterLogzia typically 0.5% (absolute

value). The enpty drum detection nethod 25 also makes it possible to
noni tor the Frbg*rp’%\%/ﬁl v h&RGETPR Wei Bht THYRFS t e | HteSval t&le_ BYSEBTrse, in

t hi sb ciase, déwczmiﬂi@_ht ﬁhanlgﬁ:éé\l:‘ _ﬁi%ﬁﬂéi ﬁm nagkede aﬂappegsib%a ge_ae[]al ,fif
an absolute gr_relative ui i ght ., change is nitored,, t ight o

t he noving ac?‘ﬁerﬁcfﬁn%oplrgg%%?sdio&gc 5% nedi 27(? i%gfﬁﬁcﬁeé@ﬂr e‘?ﬁin%ﬁnd nust
sinply be sultraet eskettted |by betassupideasria géoer abtonnateihbat thhe wei ght
of the enptyydrum.is a th sa espesiglly nt ahsol val ue
vari abl egPs d%ﬂlslle{p@%%S g}@}c{%ﬂr sgc,othgﬁgystem crldggﬁ’i n |13C§?e %ggay be
appl i cabl e iSLIHe e ith WHisthdbhepe BeeseevkeRl fihald hdrsungoanBiea system

of several G Uen a3t Jm RGyptdrdym having to be equipped with a
wei ght nmeasuring - 12 systemas described in figure 2. Thus, the system

described in this figure 2 nakes it possible to overconme problens of drift
in the bal arieyand dfilhestforee exeekadpby Uire Pipewnskaforcsenarpeting the
5 delivery systemto t ving dru whi ch_may. . signjficantl Isturb a
measurerfrént Cﬁ%eal:t‘—’l as" togb%“)ea Ié?@%aerhgtﬁ%r dr & Ig‘?r#)]P? 3?0%553%893

i Il ustrates tan henplverdgfian,f Whictarexzflaritshd tskQ faper ati on of the
apparatus and for the method according to the invention, which explains

itself. OF course other operating systens are possible and this one is
gi ven ner el Phyeawspofolilmt cargiting swsteme are pessirlespoddihgsto the

detection ofor{he@s given merely by way of indication.

15
At time t = t¢ corresponding to the detection of the
low level LL in the fixed drum, the £illing of the
fixed drum and the monitering of the liquid weight in
the moving drum are started simultaneously, as

20 described by the present invention. Until the high
liquid 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 t;« = t; + At when
the remaining weight Pji; is also stored. The weight
change AP; =P; - P;s; during the time interval At; 1is

30 calculated and compared with a predetermined valus K. A
signal S; 1is generated if AP; > K during the time
interval At; (moving drum available), in which case the
weight monitoring is continued according to the loop
shown in figure 3 (iteration 1 = i+l1l). A signal S, is

35 generated if AP; £ K during this same time interval At;

{moving drum enmpty).

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

preprogrammed end-of-operations time). If t; < ty, t;i is



low level LL in the fixed drum the filling of the fixed drumand the
. nmonitoring of the liquid weight in the noving drumare started
si mul t aneously, as 20 described by the present invention. Until the high
liquid level HL in the fixed drumis_dgtected, the filling continues (the
| oop passi n%throu h point Ain, figure 3), as does the nonitoring of the
wei ght in t FEPLAGEENg HF imbiart dP seV@r dI°9RoopBY( dahexPrACEEdBel 5%) 25 t he
situation i sceas:aatﬁetdi.neoﬁh;:%»tise,Thehtei ISpeOPEIe | 08 tHesrntihaticer.e the wei ght
Pi remaining in the novin rum .. This_operation is_repeate time ti+ =
ti + At.whedC%the” TN ni RGYRBIgH i t FRF s VAT E5 st Pf e .Ei Tﬁﬁg\/\g{ ght€change
AP =Pi - Pipreddgteirmgnihle tthet iid etvakagt chbsen3(ncadudrateedoyandheonpar ed
with a pgedetermned value K A signal Sl is generated if APi > K during
the time interval Ati (noving drum available), in which case the weight
nonitoring is continued according to the loop shown in figure 3 (iteration
i = i+1) . Aghonal. S2 i1s 35 generated if APi < K during this sanme tine
interval Ati— (moving drumenpty). A conparison is then nade between ti and
tm (tmbeing a preprogrammed end-of-operations tine) . If ti <tm ti is -
g)h repl. aced’rr]w' tholidding tdiearpdap a_lldufs:ﬁQalﬁlé@Ceﬂhlée ﬁdeschdcssbartﬂﬁe ]
erwise, the operation_is term nate t oes W thout saying that the
val ues %(? AMTVERG TR P8 tbFe éltsétsmoﬁe%,het ﬁgﬂ?&’l{l& g&;%fachosen in advance by
the 5 user. EXAMPLE: The follow ng exanple illustrates the nmethod of the
10 invention on basis o e 1.ag data;. - i n contai ni ng
about 20 liters tgp% roo@ctéw&uen {:'?h!tg%gﬁ? Ea%IO(IJJVJ%/ Im(?v\ﬁel gJLJ(E{eg%% ec{;l%on in a
fixed drum Wﬁ@ﬁluCISWgzﬂSCi@ofLSplf@d&ct remains in the noving drunm - pressure

gradi ent betweensyt hg,d WO e@en®i1,0.Rstection in a fixed drum when

15 22.5% of product remains in the moving drum;
» pressure gradient between the two drums: 0.5
bar;
> time 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:



bar; - time intervals Ati = 15 seconds; - enpty drum detection criterion

. wei ght change 20 < 0.5%during Ati; and - the values of the weight of
liquid remaining in the noving drumare given in the table below - 14 -~
Time (seconds)Wight (o) 022.5 1521.Q 3Q19.6 4518.1 6016.4 7515.0 9013.5
10512.1 12010.4 1358.5 1507.3 1655.8 1804.1 1952.7 2101.2 2251.0* *Enpty
drum det ection at_t = 225 seconds... .NB. _The bhalance still indicates the

presence off 5 1.0% @t peedustisfemaining in the msighg dreym when the

latter is déeclared errpty.0 This shows theg cumulatiVve effect of the rielative
accuracy of—Lhe——baLanGe—and—gL_Lhe_LGLge_caused_byiﬁhéLpremng__i@r

connection |to the novi ngldrum which fofce 10 tends &la 0 ncrease the

apparent wei ght of the ving drum hohever, the_aggy% exanpl e shows t hat
t hese two effeets—+nhroAry—counter—thelreHabity-gfFtheenmpty—ddum
detection according to #he nethod of the invention.1l8.1

60 16.4

75 15.0

50 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

225 1.0%*

*Empty drum detection at t = 225 seconds.
NB: The balance still indicates the presence of
5 1.0% of product remaining in the moving drum when
the latter 1is declared empty. This shows the
cumulative effect of the relative accuracy of the
balance and of the force caused by the pipework
for connection to the moving drum, which force
10 tends to increase the apparent weight of the
moving drum: however, the above example shows that
these two effects in no way counter the
reliability of the empty drum detection according
to the method of the invention.
15



15 15 - CLAIM5 1. A nethod for nmeasuring the amount of liquid 5 present in
. a container to which neans for nmaking said liquid flow fromsaid contai ner
to a point of use are in particular connected, in which nmethod the wei ght
Pi of liquidin the container is neasyged at a time ti, i varying fromO
to n, this neasurenent being repeated at 10 tine ti+1, then at tinme ti+z,
until tinme t,,, n being an integer greater than 3, in which the weight
change APi = Pi - Pi+1 of liquid betnergeMstines ti and ti+1, where At =
ti-1 - ti, is also neasured so as to generate at tine t" a signal S
indicating that the container may be 15 considered as being enpty when AP
is less thad.a predettdrod ndebf r avtdsonw i of thse wightt ofol hel towidi ner

and/or of t ke ey ﬂ“é”:éh#:ﬁ:.ﬁ@?tac' n%i&tﬁ@aﬁgt QL r@ak 1hod as

claimed in claim1, wherein measurenent o he wel g ange APi is
triggered oRffuierfie GTaPuesaidt keNGrRisEE &1 thPPéEtt ﬁ*éamn%’ﬁ% of the

wei ght of the %@ﬁt@.diﬂrarar%&{e@ﬁe&helﬂll Q’!ﬂlhdhl $net|h%%15 tHanweigegual to a
t he cont ai ner and/ or of

pr edet er m ne fractlago initial V\Bg
the liquid ©25 el Wet‘ﬁ‘é“E%HP%F néf. M§: S*Fﬁ&drré‘tthoad S50 Bimeltl in
claim 2, wheeeiyinghe roor édetoennyi red mmztsmni%nts Ha&:ag thepeoredqual to 10%

of the 4 ht he.c i ne o] 30I| initially
contalnedllﬁgbﬁvﬂg{t%xﬁlgﬁ' %%%tﬁ:d &as c%]l“n{:e |n ahe quelﬁl%n%lllto 3,
wher ei n t heiptegeirnt greatefc)thian Bi+1in twhizgh wedre t weighticcebaige

measur ement g pof= the_wgj | *'Hrf Oilétuh"fd CRDL RLBRT t?ﬁﬁg@”qf O%n‘af tt gle loud is

predet er ni ned; preferan y abo ten seconds as clainmed in
one of clai % F thi-4, — \ier éish 20 f PEASBECEhED | 3 Hol §eélterlaet@statbart ly -

16 time t, a signal S§ indicating that the container may be
15 considered as being empty when APy is less than a
predetermined fraction F of the weight of the contairer

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 liquid is
less than or equal to a predetermined fraction F of the
initial weight of the container and/or of the liquid

25 contained in the container.

3. The methed as claimed in c¢laim 2, wherein the
predetermined fraction F is less than or egqual to 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:x1 — ti between two
successive measurements of the weight of the container
35 and/or of the liquid is predetermined, preferébly about

ten seconds.

5. The method as claimed in one o¢f claims 1 foc 4,
wherein the £flow of the liquid is at least partly



caused by the pressure exerted by a pressurized gas |ying above the

. surface of the liquid in the container, said gas having a purity
conpatible with that of the Iliquid. 5 6. The nmethod as clainmed in claimb5,
wherein the gas is a gas essentially inert with respect to the liquid to

be propelled._ 10 % The_net hod as cl ai ned ig ﬁ%}her of clains and 6,
wherei n the $3HFY PY sERE BF S5 eSonB*eoheg; BefRreSHeiafif s8Af to its
poi nt of uselyihg Tdeowettloel asrfhaenmed theohégafidchiai mhebcbatdineth

characteri zed i t .t S_i hosen_ from i um. . peaQn,_.xenen, .nitrogen,
argon, kr ypt%anl&ané?gr h@gﬁﬁgﬁ ad%él)%ilgg cbc.)mpﬁce{grrie? h%tgs%c aé_“l rr%g i’tﬁleone of
clains 5 to Biquixd. characterized in that the gas has a pressure of between
105 and 206 pascals. 10. An apparatus for delivering a |iquid chem cal
product, conprising a container that contains the 25 chemcal liquid to be
del i ver ed, ns F57 Bohhedt RAgCleArededm e t D a"pRretR ofhes@afhere t he
liquid productahasst @demeldver ethe andywieansdpfedreasiiring 1thaianmount of
liquid in saﬁid contaiRr)l%r, ich also includes clock neans so as to
generate, attSdttdyd ]ﬁﬁlti mes ti, ti+1 etc., a signal for triggering a-
measurenent Pi, Pi+l1l, etc. of the anpbunt of said chemcal liquid at said
times tigy tistl et . C | e r s Pi, Pi+1,
etc. of !Lot he7 “amount- 3’15\:9{5%%% ?%rgﬁ?%l}la%&tliﬁegigbggt%Elc%ﬁ%g sgggésgécti vely,
means for cahansitd ngha helgiid ekengent ntot Aesarondt cohthigairdbAPore Pi -

P1+1 in the conpidgls Retyeendifes,tiyand ti+l, neans for conparing APi
with a predeterm ned value F and neans for generating a first signal Sl

if APi- > F or a second signal S2 if APl < F.
8. The method as claimed in one of claims 5 to 7,

15 characterized in that the gas is chosen from helium,
neon, Xenon, nitrogen, argon, krypton and/or carbon

dioxide.

9. The method as claimed in one of c¢laims 5 to 8,
20 characterized in that the gas has a pressure of between
10° and 10° pascals.

10. An apparatus for delivering a liguid chemical
product, comprising a container that contains the
25 chemical liguid to be delivered, means for connecting
this container to a point of use where the liquid
product has to be delivered, and means for measuring
the amount of 1liquid in said container, which also
includes clock means so as to generate, at successive
30 times ti, tiv1 etc., a signal for triggering a
measurement P;, Piy;, etc. of the ‘amount of said
chemical liquid at said times t;, ti4y1 etc, storage
means for recording the measurements P;, Pj:s1, etc. of
the amount of said ligquid at times ti, tin, etc.
35 respectively, means for calculating the difference in
the amount of liquid AP; = P; - Piyin in the container
between times t; and ti:;, 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.



