WO 02/27310 PCT/EPO1/10188 1 Method and apparatus for neasuring and
controlling the water content of a water containing liquid mxture 5 The
present Wi generally relates to an apparatus and a pdtataedoiis®r
measuring as well as controlling the water content of water containing
liquid mxture contained in a tank. 1Q In particular, the present invention
relates to an apparatus and a nethod for the in-situ control of the water
content in so-called HOI PHOS (hot phosphoric acid) baths. Usually, in the
manuf acture of sem conductor integrated cir- 15 cuits, HOTl PHOS baths are
used for wet-etching of silicon ni- tride. Silicon nitride is generally
used as a masking |layer. Wen it becones necessary to_renove the silicon
nitride Magkod ﬁaﬁnﬁpp@ra\ms ECENMEF SHICE RIN BRI FESEHEL L e theat’a2E68C wi t h
approx'”Bbﬁtén85owta%WHQBQncbﬁtﬁiﬂdngZQ1§h3@4mix@U%Q H3PO4 --> 3 Si02 +
4NH3 (Equation 1) 25 Since the etching rate of silicon nitride is nore than
ten i mes higher than the etching rate of silicon dioxide, sili- con
nitride Theselrestnveliyventhed gHaweedily tredakmgotiant apaetratsis abhlduence

t he ethr1 f r hliLgo I OXi bat h
tenperaturghmﬁ' ﬁ% m%%%ﬁxgbglgglwggﬁcons 3%?99211 a?&%egéfggroungg%%oc and
ii) the wad- wesercopnsatindhot ﬂeqbatihmlmgmap@nt@gme@ntlnofa tthakbat h vari es
because of the continous water evaporation due to the high tenperature,
the water 35 evaporation during |lid opening and_the chem cal reaction as

i ndi kit ednapa¥éicsdafrar the EFeseast 1aVSHROB TRdPELS $c Mt PPPREESIN spi ked
during tBhadpeogeshodbort Rihe PHOGEEUr @ohsrdAt of the water content in

so-called HOT PHOS (hot phosphoric acid) baths.

Usually, in the manufacture of semiconductor integrated cir-
15 cuits, HOT PHOS baths are used for wet-etching of silicon ni-
tride. Silicon nitride is generally used as a masking layer.
When it becomes necessary to remove the silicon nitride mask,
normally, wet etching with hot phosphoric acid at 160°C with
approximately 85 wt-% H3PO, is used.
20

(Equation 1)

H,POy ...
813N4-+6H2O /38102—F4NH3

25 Since the etching rate of silicon nitride is more than ten
times higher than the etching rate of sgilicon dioxide, sili-
con nitride is selectively etched. However, two important
factors influence the etching rate of both silicon nitride
and silicon dioxide: i) the bath temperature which is nor-

30 mally a constant temperature at around 160°C and ii) the wa-
ter content of the bath.

The water content of the bath varies because of the continous
water evaporation due to the high temperature, the water

35 evaporation during 1lid opening and the chemical reaction as
indicated above. So far, a constant amount of water is conti-

nously spiked during the process, but this procedure is not



WO 02/27310 PCT/ EPO1/10188 2 well controlled and the anmount of spiked
water is often de- termned enpirically. In order to maintain constant the
wat er come@n?/2i3m a phospho- 5 ric acid/ water system used POT/EBd/i0¢83n
nitride etching, US patent No. 5 779 927 suggests an apparatus and a
method, in which the liquid acid evaporant is condensed and returned to
the main volune of the acid. In order to control the anmount of pure water

added, either the pH.of the condensed ev pora 10 i s neasured or
aIternatW@giy?oPﬁgoiéﬁéu@P tg? 8F°HRE B o§plgﬁ9rW€t§6]&Fw@?é?n39§ten1|s

measur edteboneedr emphedead@gsur enent nmechani sns i nvol ve major struc- tura
changes of the etching apparatus. In particular, a spe- 15 cial piping has
to be attached to the apparatus in order to return the condensate via the
pH net er InoorfAeratidmpéatpny coomtahhethel wakert hentkore ianaoppheesphof t he
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cont ai neghog5ci pcadywakerceypkisi ng meheariedg device for controlling the

However, these measurement mechanisms involve major struc-

tural changes of the etching apparatus. In particular, a spe-
15 cial piping has to be attached to the apparatus in order to

return the condensate via the pH meter to the acid bearing

container.

It is therefore an object of the present invention to provide
20 an improved apparatus and an improved method for the in-situ
measurement of the water content of a hot liquid mixture

which contains water.

Moreover, it is an object of the present invention to provide

25 an improved apparatus and an improved method for the in-situ
control of the water content of a hot ligquid mixture which
contains water.

According to the present invention, the above objects are
30 achieved by the apparatus of claims 1 and 8 as well as the

methods of claims 9 and 10, respectively.

The present invention provides an apparatus for measuring the

water content of a water containing liquid mixture contained
35 in a tank, comprising a heating device for controlling the

temperature of said liquid mixture to a temperature near the

boiling point of said liquid mixture, a cooling medium sys-



tenperature of said liquid mxture to a tenperature near the boiling point
of said liquid m xture, a cooling nediumsys WO 02/ 27310 PCT/EPO1/10188 3
tem dispogen2atiothe top of the tank, having a cooling neBCEPO/NRISSt and a
cooling nmediumoutlet, a tenperature neasurenment system for determ ning
the tenperature difference between cgoling nediuminlet and cooling medi um
outlet, and a conput 5 ing device for calculating the water content of said

liquid mxture fromsaid tenperature difference. In addition, the present
i nvent i oh®Br o$i8BSS8H abpiP&t GSPf 6F tEEnERBKI | RFVIRE Racerlisat BREiSM a

wat er cophakfi Bgdl kQubelikG Me¥tiumeoteNBE] Shngehmberappakatiessh@emeasuring
the water tent of a water c ta ni ng |§ﬂUIdd ﬁture ash%gflned above, a
tank for ¥EE V‘y?ﬁﬁ %SFSFF“EB%& Fi hﬁf”ﬁ Pkt afe S EnG EEEn PEEVSF sy st em f or
adj ust i ngobhéngmoedtiuef indeer asdppbbédnfr orditme ohadlk ton ankde abasmpuaf t he
wat erg COE&%”&eGEBEU% g E&l%ﬂigtlﬁg gRpatatus Eghtgﬁﬁs%%'%g ?2? 4 8r

cont ent reover e present |on provides a metho asur- i ng
the wat emizbrrenfren §awdt§ﬁm@Qﬁﬁ§HﬁﬁnélﬁﬁqMﬁdcﬁlxture contained in a tank
with a cooling nedium system disposed at 20 the top of the tight chem stry

tank, said coaﬂlng medj um sys- tem having a cooling nediuminlet and a
cool i ng MBAPEMIBEPR | BRe PERFERS a\ffeﬁél§9e5§08ﬂd@§nﬁpoﬁppﬁ5attﬁé for
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di fference, kFEB&hsﬁggﬁg nphe,arereﬁ%et sgaﬁeﬂagtaﬁdp&qsélt%% a iRt Qogohor con-
30 trolling t en ter containing |i d- i

trol system for adjusting the amount of water supplled from

the tank on the basis of the water content measured by said

15 apparatus for measuring the water content.

Moreover, the present invention provides a method for measur-
ing the water content of a water containing liquid wmixture
contained in a tank with a cooling medium system disposed at

20 the top of the tight chemistry tank, said cooling medium sys-
tem having a cooling medium inlet and a cooling medium out-
let, comprising the steps of controlling the temperature of
said liquid mixture to a temperature near the transition
point of said liquid mixture, determining the temperature

25 difference between cooling medium inlet and cooling medium
outlet, and calculating the water content of said liguid mix-

ture from said temperature difference.

Furthermore, the present invention provides a method for con-
30 trolling the water content of a water containing liquid mix-

ture comprising the steps of the method for measuring the wa-

ter content of a water containing liquid mixture as defined

above and the step of adjusting the amount of water supplied

from a water supply tank on the basis of the measured water
35 content.



ture conprising the steps of the nethod for neasuring the wa- ter content
of a water containing liquid mxture as defined above and the step of

adj usti ngvo hz2Bmount of water supplied froma water suppPgTERNKIONSS t he
basis of the neasured water 35 content. WD 02/27310 PCT/EP01/10188 4 The
tenperature of the liquid mxture is prefereably to be held constant. The
preferred enbodi nents are defined in the dependent 5 clains. The

measur enent principle underlying.the present invention wll be described
with refgh@ngngSerHHSSBﬁOF%E g&ﬂ&ﬁ@aWéFtu§?sP%nPﬁﬁﬁ@ﬁeP§1YhEom€Fer

cont ai ni hg1Hi gohdtahxture in the 10 enbodi ment. However, the descri bed
apparatus and nethod can also be used with any other liquid m xture which
contains wa- ter, which is held at a tenperature near the boiling point of
t he | i quTbdenpxtieeredSebodamehessern BedmmEdginetBe thpebdehtng point of
phosphor ¢ ;iaei d depends on the phosphoric acid concentration. Figure 3,
which is taken fromW van Celder, V. E. Hauser, J. Electro- chem Soc.,
114, 869 (1967), illustrates the dependence of the boiling point of

phosphor irgecageds0RehBatPRRSRROPIE ABHArE9Nng20neeBLEREREN Al cALREASSUr € Of
1,013 * 10 he agg;gt of evagorated ma?er of "a_ m xture_ at, a constant

Pa. ,
t enper at i 1dgﬁe 888 ol1theTB5REERERaFPOR BROGREREIFnAChE/ WREGHI d
m Xt ur e. s5t&hi shwahet scahebratendessedihaaly dagaeal nngtlirdsiar taeconden-

sati | ipe i.n ergl_on top, of t.he process_tank, respec- tjvely._ Since

he 11 as “BPetinfEr . Bondlek st RAERELBRE, Sppdlarus a8 et hid Lun
also be used with any other liquid mixture which contains wa-
ter, which is held at a temperature near the boiling point of

the ligquid mixture.

15 As can be seen from Figure 3, the boiling point of phosphoric
acid depends on the phosphoric acid concentration. Figure 3,
which is taken from W. van Gelder, V. E. Hauser, J. Electro-
chem Soc., 114, 869 (1967), illustrates the dependence of the
boiling point of phosphoric acid on the phosphoric acid con-

20 centration at a pressure of 1,013 * 10° Pa.

The amount of evaporated water of a mixture at a constant
temperature depends only on the concentration of water in the
liquid mixture.

25
This water can be condensed back on cooling lids or a conden-
sation line in general on top of the process tank, respec-
tively. Since the lids are water cooled, the condensation is
accelerated. The tank is preferably a tight chemistry tank.

30 However, as the system is not a closed system there is a con-
tinous loss of evaporated water. Besides this, water is also

consumed by the reaction described in Equation 1.

The basic idea underlying the present invention is to measure
35 the temperature difference induced by the condensation rate
AT (cr) between cooling water in- and outlet of the condensa-

tion line. At a constant flow and a constant temperature of



accelerated. The tank is preferably a tight chem stry tank. 30 However, as
the systemis not a closed systemthere is a con- tinous |oss of evaporated
wat er. Be¥0dys3this, water is also consuned by the react POVEB@s®Iss8bed i n
Equation 1. The basic idea underlying the present invention is to neasure
35 the tenperature difference i nducedsby the condensation rate tT(cr)

bet ween cooling water in- and outlet of the condensa- tion line. At a
constant flow and a constant tenperature of WD 02/27310 PCT/EPO1/10188 5
the cool Fh§ Reai-dRY Wﬁélﬁ@wpéhﬁggﬁ@PéFﬁFéFén@éfﬁéf%éﬁ bPafeeenaagledt | et of

the cool kg buaesti srdependentiag thaegondeaspente Hat €heScBhdbaEh-= T2
(cr) - Tg. mhergin T2(cr) denotes the tenperature of the cooling nmedi um
outlet, SHE™TI%G&Notes the tenperature of the cooling medium inlet. 10 The
tenperature difference OI(cr) is proportional to the anount of evaporated
wat erc mH2Cevap T unt »0f .evapaorated water is inversely proportional
to Lf%. As shown ?ﬁ(??guFeTézcﬁyb ?%”the di fference between the controlled
tenmperature of 15 the current liquid mxture and the boiling point of the

m X- turgnat-ctifi &, COPLEMLAALtEON:nd NeLREOF & ML &89 end HSBVAR, “rh%&ibﬂ b. 20

ATb is inversely proportional to the water concentration in "t bat h,
t her ef or 8UAFEL- 2Rd[ e chRepFes Bite AW dighse heEhe| Fomd HeP reedt¥®n hol ds
Or (cr) 4infiH2Ooath] . For the purpose of the present invention, it is
req%&{ed t hat
The temperature difference AT (cr) is proportional to the
amount of evaporated water mH;Oevap. The amount of evaporated
water 1s inversely proportional to AT,. As shown in figure 3
AT, is the difference between the controlled temperature of
15 the current liquid mixture and the boiling point of the mix-

ture at this concentration, therefore
AT (cr) ~ mH;Oeyap ~ 1/ATy.

20 ATb is inversely proportional to the water concentration in
the bath, therefore

ATb ~ 1/ [Hzobath] .
25 Accordingly, the following relation holds
AT (cr) ~ [HzObatnl.

For the purpose of the present invention, it is required that
30 both the bath temperature and the cooling medium inlet tem-
perature are maintained constant or at least temperature con-
trolled allowing for temperature compensation. Moreover, the
bath is held at a constant temperature near the boiling point
of the liquid mixture, i.e. the boiling temperature * 5 %.
35
This temperature difference signal of the cooling water sys-

tem is fed to a computing device for calculating the water



30 both the bath tenperature and the cooling nediuminlet tem perature are
mai nt ai ned constant or at |east tenperature con- trolled allow ng for

t enper at we oxoispensati on. Moreover, the bath is held at BCTBR&H@NES
tenperature near the boiling point of the liquid mxture, i.e. the boiling
tenperature 5 % 35 This tenperaturegdifference signal of the cooling

wat er sys- temis fed to a conputing device for calculating the water WO
02/ 27310 PCT/EP01/1018S 6 content_of , said ﬁ ueous solution, The conputi ng
devi ce uS®eteBh QppFapfi HECSHFt RArECWATch ™S GBTBUFOEoHFENSEt BSFEr tem

per at ur eadi &pprepetatef softnaranekiciwhéa ablet toscgupegsabtoforheeprocess
tank and j.ds or certain ti Th i gnal._representing

t he caIc%%gggékga?ggfgggﬁgﬁ%’cgﬁrbéngﬁégaétg§%%§u§tf?ﬁe9%o Pégg ﬁ%ggr
spi ki ng thtcepropesantanyz, anfethppaidesusrandpaet hodsaoterheipreswat i nven-
10 tigon provide the foll ow ng advantages: - The apparatus and nethods of
the present invention allow an in-situ control of the water content in HOT
PHOS bat B¢ atonadr yPRgPyerhéngt ERPngataréatand WRAeE| goBEchy| dakelBeand

stabi - lized, tovaegust the bbbeettapbrt Bgikahg andethe quartz tank 15
can be extended. - The apparatus and nethod of the present invention can

eas- ily be installed. Only a tenperature neasurenent system a conputing
devi ce asnwelimasya that epbasystiemahdrmadhodti of thbepassent ohveater

supplj ed, bayeo kg, PSeaLhachsd:Lg: Lhe. Ao 20 gml |y used et ching react or.
Accordi ngly, Ro %lg-har ware- - chia gés are %ecessary. - The apparatus and
met hod of The ppestatubnaadtinehheds efisthe present invention allow an

in-situ control of the water content in HOT PHOS baths; ac-
cordingly the etching rate can exactly be adjusted and stabi-
lized, moreover the life time of the bath and the quartz tank
15 can be extended.
- The apparatus and method of the present invention can eas-
ily be installed. Only a temperature measurement system, a
computing device as well as a control system for adjusting
the amount of water supplied have to be attached to the nor-
20 mally used etching reactor. Accordingly, no big hardware
changes are necessary.
- The apparatus and method of the present invention can eas-
ily be adapted to other spiking processes with condensation
lines, the spiking processes running at a constant tempera-
25 ture.

The cooling medium used for the present invention can be any
suitable cooling medium, for example water, an appropriate
fluid or gas.

30
According to the present invention, the cooling medium system
is arranged at the top of the process tank. According to an
embodiment of the present invention, the cooling medium is
housed in the 1lid of the process tank. In particular, the

35 cooling medium can be implemented as a cooling coil compris-
ing one or more loops in order to increase the condensing

surface.



ily be adapted to other spiking processes with condensation |ines, the
spi ki ng processes running at a constant tenpera- 25 ture. The cooling

medi um used of/o1314 he present invention can be any suitabl pBCapbél/rgssTedi UM
for exanple water, an appropriate fluid or gas. 30 According to the
present invention, the cooling nmediumgystem is arranged at the top of the
process tank. According to an enbodi nent of the present invention, the
cooling nediumis housed in the lid of the process tank. In particular,

t he 35 cooling nediumcan be inplenented as a cooling coil conpris- ing one
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present inven- tion wl descri 90 Figure 1 illustrates an
appar atus enbodyi ng the present in- vention, taken in a side view, Figure 2

i |lustrat®s e bRy 4 hersokidy JBs Hmeystem tﬁ@eggréébﬁﬁwidrw@&.ent

invention, taken in a plan view, Figure 3 illustrates the dependence of
the boi |l itPHdiht! o 19 HHbERRdrie gftlon the concentration of phosphoric
acid. In Figure 1 reference nuneral 1 denotes the process tank housing the

HOT E’Bi@ ?iagtuhre2 JlAthll(\‘.l!]usii".r]raE@ees partr? saepnptarca Sues iesmbaondy'ing the present in-
vention, taken in a side view;
Figure 2 illustrates an example of the cooling medium system
used in the present invention, taken in a plan view;
Figure 3 illustrates the dependence of the boiling point of
15 phosphoric acid on the concentration of phosphoric

acid.

In Figure 1 reference numeral 1 denotes the process tank
housing the HOT PHOS bath 2 which in the present case is an
20 approx. 86 % H3PO, under well controlled processing condi-
tions. During the etching process, for example, silicon wa-
fers (not shown) partially coated with a silicon nitride
layer, are immersed into the HOT PHOS bath 2. Reference nu-
meral 3 denotes the water evaporated from the HOT PHOS bath.
25 A heating device (not shown), for instance inline heaters,
are provided in order to hold the HOT PHOS bath 2 at a con-
stant temperature, which is in the present case near 160°C.
The pressure inside the process tank 1 is at normal air pres-
sure.
30
The process tank 1 is 1lid cooled by the cooling water system
4 having a cooling water inlet 5 and a cooling water outlet
6. The cooling water inlet 5 is held at a constant tempera-
ture T; which temperature is measured by a temperature sensor
35 11, and the temperature T, of the cooling water outlet 6 is
measured by a temperature sensor 7. Control means (not shown)

are provided in order to maintain a constant flow of the



20 approx. 86 % H3PO4 under well controlled processing condi tions. During
the etching process, for exanple, silicon wa- fers (not shown) partially
coated wwdoa2msidicon nitride |ayer, are inmmersed into ther/HEN/WBiHBS bat h
2. Reference nu- neral 3 denotes the water evaporated fromthe HOTI PHOS
bath. 25 A heating device (not shown),q for instance inline heaters, are
provided in order to hold the HOI PHCS bath 2 at a con- stant tenperature,
which is in the present case near 160C. The pressure inside the process
tank 1 i Soalinss matey ragress Big cod0 rthavairast ey iamnied ial ithe ool ed by

the cool ig watLry S .aMy 4 d S CoQl iddhtwaieled N &l Andhta £aqld ng
water outlet 6. The cooling water inlet 5 is held at a constant tenpera-

ture Tl AISTRPTEHS AT R L8P by e Rfstatifwseidsie 38 £ and
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tenperature sensor._ 7. Contral neans (not shown are provided in arder to
mai nt éi n Ardonstams f$< ncoafl&ttfél%eozc‘l OﬁgézﬁeE‘Pﬁ‘) ﬁ%sthé“ c?oofltj"]% wat er
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A control t Sl r ,%ngn t | et

t enper at dAreg'Ie'llg ﬁmrﬁjﬁ%ltl%e?n%@atlﬁgpgé%%‘% [ .géfﬁege(r}goﬁt% er actss %H hol d
the 5 t et QLA TOIRNWARTIHNT L sticadyd ftlawe. I n addition a flow meter

(not shown) can be inserted at the inlet S. The flow neter provides a
signal tq the conputer, 8 so that the system can process the anmpunt_of

i quirl S SERTAS TS HOWHTS i dilte O cBReTThEYRRE S temtian-drd
di vi ded iidd® dw® Symeedricdl dranties comrising a figid 1dd 182 and a
UL lle t ":1%%1 10;. t aecl'tl V@f bcrhaenq:f‘lﬂeos k;rsaric elseniesntief\rgplaesmee}'lted as a
cooling loop comprising one or more loops. The two symmetri-
cal branches are joined at a junction point 14, and the tem-
15 perature of the joined branches is measured by the tempera-
ture sensor 7. Of course, the cooling water system can also

be divided into more than two symmetrical branches.

As can be seen from Figure 1, the temperature difference be-
20 tween cooling water inlet and outlet is given to the computer

8 which is provided with an appropriate software so that the

water content of the HOT PHOS bath can be determined from

this temperature difference.

25 A signal provided by the computer 8 is given to the valve 9
or a spiking pump which controls the water amount supplied by
the water tank 10.

In the course of time, the water content of the HOT PHOS bath
30 2 will vary. In case the HOT PHOS concentration increases,
less H,O will be evaporated. Consequently the temperature
difference between cooling water outlet and cooling water in-
let will decrease, and the water spiking has to be increased.
In case the HOT PHOS concentration decreases, more H,O will
35 Dbe evaporated. Consequently the temperature difference be-
tween cooling water outlet and cooling water inlet will in-

crease, and the water spiking has to be decreased.



cooling | oop conprising one or nore | oops. The two symmetri- cal branches
are joined at a junction point 14, and the tem 15 perature of the joined
branches waonegasur ed by the tenpera- ture sensor 7. O cop€BEPoteesscool i ng
wat er system can also be divided into nore than two symretrical branches.
As can be seen fromFigure 1, the tengerature difference be- 20 tween
cooling water inlet and outlet is given to the conputer 8 which is
provided with an appropriate software so that the water content of the HOT
PHOS bath can be determned fromthis tenperature difference. 25 A signal

provi dedrByet-RengoaBUEeLuBel § Bh¥eRakAecliNgiMal VepBec@htd 8REKHAGFRWIP Which
controls the mategﬁannunt SUEBILEg g the water tank 1 In the course of
t
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time, thEhaPEFSiBhEefitabrs - bAERTE3BI2LRF LRFERYCer n2kade the
HOT PHOSHgR\C ertricairnitom tineT efs epprd:a@smtdd® Wil wibe evaptieat ed A)
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i ncr easetihe wateaseonhenEChtPEHASieomedntedt bynbdétingses, ther eeH2Oingl | 35
be evapo??gﬁg.o gsequently the tenperature difference be- tween cooling
water outlet and cooling water inlet wll in- crease, and the water spiking
has to be decreased. WO 02/27310 PCT/EP01/ 10188 9 Referring to figure 3

t he dashedn! tBgaeeprasenhasthe gifEeccteBthepsskbLe, stanesgky theshat h.
Startjng for knatﬁgce, ﬁt a HIPOX4 concentrathg of aﬁgrOX|nately 81 wt-%
(mared BEPRY 5% ha2fesPPedaPOpRRAEEr eRoPIt661BT LR WatRHBRPERAREd CUNt i |
t he wat eactdndéentiatuebliyspunedueratdebyupotbi bgmpbertbareel afi pgo pai.nt of B.
Van Gel dgr aRd HaYSEL e nd ar ELEELLOENEM  88Seratife 8891680988 yithout
spiking possibility, mainly the water concentration is perma-
nently decreased in direction to reference point C due to the

15 fact that the system is an open system.

In case of water spiking the concentration of water is held
nearly constant and the state in the bath is always between B
and C close to point B. As mentioned above, AT, is the tem-
20 perature difference between the controlled temperature of the
current liquid mixture and the boiling point of the mixture

at a gilven concentration between B and C.



10 reported that the vapor phase in equilibriumwth phosphoric acid is
virtually pure water up to tenperatures of 250 C. Assum ng a bath at a
const ant wenpemat ure of 160 C without spiking possibilitpCT/ERIIMO0YSSt he

wat er concentration is pernma- nently decreased in direction to reference
point C due to the 15 fact that the systemis an open system In case of
wat er spi king the concentration of water is held nearly constant and the
state in ihe bath is always between B and C close to point B. As nentioned
above, dTH3t %S5t he tem 20 perature difference between the controlled
tenperature of the current liquid mxture and the boiling point of the
mxture jataa.glyensconcentration betueen B and G V002127310, oop
PCT/EPOl%lO%@@ 1 armbo1 Kpp ratts"for neagurlng hé Water &8Rtent of
a wat er tenningi higgidi guktdunextdl eco@fatnadained tank tank ¢ohpréenpris- 5
ing: 5 ajhgating device for controlling the tenperature of said |iquid

m xture (2) to a tenperature near the bqiling point of said |iquid mxture
(2); - a cBolrAfingdfawisgstem contrgilipsgetngt temperapuse ehesaddt ank (1),
havi ng aje¢g@hkingifediam(bnl eb QSLea?elratg@el hBgrMehedbbAn Qul! Bbi6e) of- @
tenperature asur.grrent S strzn}(j) or determning the tenperature

di f f er ent@1Bel 7dBn c@&FFHée diéminlet (5 and cooling mediumoutlet (6);
and 15 - -aacesputhggmdéyimest8refmor4tal aiukabsag khethat eppcotit eae of said
i qui LXLur 2). fromsaid g erature di.ffere . _2.. Apparatus faor
readt i nEihe Ha¢ ePEoNPent (8P TA g el CBnL L E Ry FRGuPdCPRLlRe "E2)
accordi ngitm ohailetl (6Wherein said

- a temperature measurement system (7) for determining the
temperature difference between cooling medium inlet (5) and
cooling medium outlet (6); and

15 - a computing device (8) for calculating the water content of

said liquid mixture (2) from said temperature difference.

2. Apparatus for measuring the water content of a water con-
taining liquid mixture (2) according to claim 1, wherein said

20 liquid mixture (2) is an acid/water system.

3. Apparatus for measuring the water content of a water con-
taining liguid mixture (2) according to claim 2, wherein said

acid is phosphoric acid.

25
4. Apparatus for measuring the water content of a water con-
taining liquid mixture (2) according to any of the preceding
claims, wherein said cooling medium inlet (5) is held at a
constant temperature.

30

5. Apparatus for measuring the water content of a water con-
taining liquid mixture (2) according to any of the preceding

claims, wherein said cooling medium is water.

35 6. Apparatus for measuring the water content of a water con-

taining liquid mixture (2) according to any of the preceding



20 liquid mxture (2) is an acid/ water system 3. Apparatus for neasuring
the water content of a water con- taining liquid mxture (2) according to
claim 2, wierziam said acid is phosphoric acid. 25 4. AppRCHEBE/ 0083
measuring the water content of a water con- taining liquid mxture (2)
according to any of the preceding clainms, wherein said cooling nmedium
inlet (5) is held at a constant tenperature. 30 5. Appar?tys for geasuring
the water _content _of a water. con- taining liquid mxture (2) according to
any of tﬁéaﬁpéceﬁpﬁﬁelélgﬁﬁg,c@ﬁéﬂ@ﬁnm§§F&mc YPERY Régi&ﬁlp§uﬁ§§eﬂﬁ 35 6.
Appar at ushtoil igeasutiheg tbh& water content of a water con- taining liquid
m xture (2) according to any of the preceding WD 02/27310 PCT/ EPO1/10188
11 clains, wherein said cooling mediumsystem (4) is housed in the lid of
t he tank7(1RpparapgpafatrusicBsuriegs tbiengathe waneentontfematel waner con 5

upid Lhatdgmusine (2hosseond) ek aanypotl e eceflng cuai

wherein said cooling nmedi um system _ ' or
synmet ri EaPiBBan¥hesedacHadonprriing Brdiomesyrbem ((Gopss ddvédefippar at us

for conthrakbi Rgot Be weker syankerticall arwakecs eqphabBhpsikigy dni ¥tdre (2)
conprising: -_.the apparatus for neasuring the water content of a water

cont ai ni AgLFi g6PESm xture (2) according to any of claims 1 to 7; 15 - a
tank (10) for supplying water to said liquid mxture (2); and

10 8. Apparatus for controlling the water content of a water
containing liquid mixture (2) comprising:
- the apparatus for measuring the water content of a water
containing liquid mixture (2) according to any of claims 1 to
7;
15 - a tank (10) for supplying water to said liguid mixture (2);
and
- a control system (9) for adjusting the amount of water sup-
plied from said tank (10) on the basis of the water content
measured by said apparatus for measuring the water content.
20 ,
9. Method for measuring the water content of a water contain-
ing liquid mixture (2) contained in a tank (1) with a cooling
medium system (4) disposed at the top of the tank (1), said
cooling medium system (4) having a cooling medium inlet (5)
25 and a cooling medium outlet (6), comprising the steps of:
- controlling the temperature of said liquid mixture (2) to a
temperature near the boiling point of said liquid mixture;
- determining the temperature difference between cooling me-
dium inlet (5) and cooling medium outlet (6); and
30 - calculating the water content of said liquid mixture (2)

from said temperature difference.

10. Method for controlling the water content of a water con-
taining liquid mixture (2) comprising the steps of the method
35 for measuring the water content of a water containing liguid

mixture (2) of claim 9 and the step of adjusting the amount



- a control system (9) for adjusting the anmount of water sup- plied from
said tank (10) on the basis of the water content neasured by said

appar at uwéor2measuri ng the water content. 20 9. Method POT/EREz®WSs ng t he
wat er content of a water contain- ing liquid mxture (2) contained in a
tank (1) with a cooling mnmediumsystem (4) disposed at the top of the tank
(1), said cooling nediumsystem (4) having a cooling nmediuminlet (5) 25
and a coo%ing medi um utletﬁéG), congrisin the steps of: - controlling the
t enper at O e¥dFSEaFfUPPL 4B dTFPRt Br ¥ EST FUPRLY ¢ bapler A1 Ot eCRebPet ReShSi | i ng
poi nt ofosatHel ngasdratxivdter eofdeértmi ning the tenperature difference

bet ween cooling ne- diuminlet (5) and cooling nediumoutlet (6); and 30 -
calculating the water content of said liquid mxture (2) fromsaid
tenperature difference. 10. Method for controlling the water content of a
water con- taining liquid mxture (2) conprising the steps of the nethod
35 for nmeasuring the water content of a water containing liquid mxture (2)
of claim9 and the step of adjusting the amount WO 02/27310 PCT/ EPO1/10188
12 of water supplied froma water supply tank (10) on the basis of the
measured water content.



