WO 2012/ 004621PCT/ 1B2010/ 001654 1 CAPACI TANCE ELECTRODE STRUCTURE FOR
MEASURI NG MO STURE The present invention concerns with the

i ndustri rent of noisture and particularly, a 2asuring
noi sture or proaucts processed in industrial treatments. omnppar atuses for
measuring noi sture are instrunents adapted flor neasuri ng noi sture present
in a lot of substance sanples and have a nunber of applications, being used
in fact in food, chenical and Cphar maceuti cal industries. There are

di fferent kinds of*HipafEifuskE-"REPE MEEST R ig" Wol'BtFRETC 11615 WF§903527, for
exanpl e, describes a portable electronic instrunent for peasuring noisture
conprising a capath®iRresghloBYeRlan acearas pyiyithg IBdveitiat measuragenk et
dielectric c i Cl e i N i St Gha

correspondi n@%ﬁ%bﬁhmﬂaﬁ?@é@gntﬁ e%&ﬁ%h?rpﬁ%%%ﬁpt f@?éf(lzjg?rp!r)fl éj er(s)dlélCts

t enper at ur e prockesedket indgstriaétreatmentst ure of the probed material and the 15

circuit appears adapted for providing the t erature, conpensatiqn for the
obt ai ned i gnal ofP HetuRss 10F dMEsR .mois re at 'PEEU'@FHE? ﬁ‘éﬂg‘?d %_r
USA736156 defienkBfi AibigRREpAISENt P | bsfhcel fhrhg B8 anidfavdl £ oAl

constant or the noi e percentage of a material, such as "tobacco"”,

movi ng i nsi def appligatipmsprbeaihgitisedalin SactAirc dpadi themiadil fdret griheemiaseticalsed
as neasure. . i The apparatus is conposed of a device with four
el ectrodes, WAUAESo of the el ectrodes out of the pipe or chute walls and

two of the el ect rogge Abldfgdemt kiklsdst dopRrauBSs fir rESad Rintirotsturthe two
i nner el ectrodes are connected by switches to the two outer el ectrodes

respecti Wely, in W$PQ35HHY for example, hdegdribes aportablsoalectiapitcinsiivoedr e
reveal ed at fhe output term nals of.the electrode devi ha n_ th

i toh posi t oD TRSE i, HTGHTLRY Py 5y cairs BoRiopSuea 2t eBPardfo
connect ed t ocipuitonektihgtifs dRISSHE icBBffREM W RUsrobbd Mabteriaficc abtaitd atdignal
oscillation frequenc hat is proportional with the capacitance nmeasured at

the terni nal €regspanging det thriemaisiiee contentodhsutPrebgnirther compsiges a
oscillator 'éﬁ%@ﬁﬁé%ﬁrﬁw rﬁﬁglirgg; ?r{?%%%%?%tufés%? ﬁ&hr&@é&%%kigpaﬂd\‘m&“e

proporti onal angi e electrode device Ccapacitance én the

sw t chesar eciduiisappedBi sdafabd dormpyodigingsite feaipatetuee dompenddtiondioelthet ri c
constant or the noisture percentage of the material inside the chute.
The Appl i can®btainesksigaal ofd@e meisture cept@dtknown devi ces the noisture

Teasuring does noontABRRfe! RahdNIsAS6 166 HBETBLARSELEI-AGSREORRERRY! Y
sanpl i ng and subsequent measuri’ng. simlar approach 1's ver

conpl i cat ed, "indinetthd dietedtingohstant anthd heisturepsiceatagyet ofifaynatetiabasuch
reliable becauge a | gt of elenents caused an incorrect sanpling. .

In these cas%%,ﬁtopﬁéc‘g\pmqVé%ﬂ\t”Sﬂﬁ i*??eP'%b%’e?%)é%V‘Earﬁlét thr?@ag&ws{%arqg@edat
very repi(ﬁse&é}féé’ﬁégsu’f@e production in progress because the | aboratory
systens could sanple only few grans and in sone manufacturing processes

The apparatus is composed of a device with four electrodes, with two
of the electrodes out of the pipe or chute walls and two of the electrodes
attached inside the pipe or chute walls. The two inner electrodes are
connected by switches to the two outer electrodes respectively, in such a way

25 that the first and second capacitance are revealed at the output terminals of
the electrode device based on the switch positions. The output terminals of
the electrode device are connected to an oscillator producing an output signal
indicating the oscillation frequency that is proportional with the capacitance
measured at the terminals of the electrode device. The output signal of the

30 oscillator is connected to a microprocessor used for calculating a value
proportional with the changing of the electrode device capacitance when the
switches are closed. This value may be used for determining the dielectric

constant or the moisture percentage of the material inside the chute.
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10 it is not possible to take a sanple in the specific point of interest,

for examnle in silos or dryers in nitrogen environnent. The
Appl i car bserved that in known systenms wherei = *"~ " ment
happens 1 n-11ne, tne nmeasuring devices hdve a conpl exea structure rendering

difficult the material flowin their inside and consequently 15 the

measur enent  of tg?i?rpﬁﬂibéht Rk HotitEd that in sorHeekABRh | Fiided e hedishser ved

that the conpl ex ucture of systemneters wherein the nmeasurenent
happens i n- Imeaswing dops excéiappkeiin-lieesiuringsthel haniutasturing precegs abuloby i n

t he treatnent anld [ _or anuf actturi ng process. The Applicant found that the
above nent i otfeoPIGLBNY SEORCIHED %e%%{rngo over with a device for neasuring

moi sture of mat era alimilht apprfhchnist Sdb’hgﬂi tedrit Reuitdstiong Mhelase e
granul ates, or in the shagte)R%fChplgms a ar??ed foiri&%iet ect ingg t he

capaci t arice oRasiesesit mayapidia oeliabienbecaiisg) aaloplaireiemeptofavsedydyvdier ei n
the material. of \M}‘ifCh tlhe wat er percentage has to be neasured fl ows.
25Ther ef or e, MFPATRFTHER "%gspect the invention concerns with a the device for

nmeasuring noi st urjg thbsevhees ahe Apslidand furthdrivbsehariethat tite sachplihgdsindt or
gaseous granul ates, or in the shape of powders in at |east one duct

di sposed at Veshsieppesantalive oil hegpeaduskipe inxprogegss hesgyre wiiee lphaiatory

mat eri al of ' t | t f I s{NQ..30- at
| east one caéyggeﬁﬁ%rcla&d@m%@})}eér ﬁnls} ﬁéwnirta gfsl gﬁ@%%&@gﬁﬁf@cﬁﬁf@ h'r%e 3%% o0 be
measur edof | aB, nathprsaitiend 2akk brsanfé i ftte speeific point o interestsfor example - at

| east three netallic ring coaxially nounted to said axis X - X and adj acent
to an inner NSIPS Of YRS BHTAIANRIYAORAIN: t he material of which the WD

2012/ 004621LPCT! 1ER0I YORARE 13 SUB el n B TERSYS RIS e 1

| east one dielectric avin ectric consta ubstantially
| i near wi t h mbasurementahapeerchamiineg thexndeasuring devices have a complexed

structure rendering difficult the material flow in their inside and consequently

15 the measurement of the material moisture.

The Applicant further observed that the complexed structure of system
meters wherein the measurement happens in-line would prevent their easy
installation and integration in the treatment and / or manufacturing process.

The Applicant found that the above mentioned problems could be get

20 over with a device for measuring moisture of materials flowing in the shape of
dried, liquid or gaseous granulates, or in the shape of powders adapted for
detecting the capacitance changes of a capacitor comprising a plurality of
rings wherein the material of which the water percentage has to be measured
flows.

25 Therefore, in a first aspect the invention concerns with a the device for
measuring moisture of materials flowing in the shape of dried, liquid or
gaseous granulates, or in the shape of powders in at least one duct disposed
at least partially along an axis (X - X) through which the material of which the
moisture has to be measured flows, comprising:

30 - at least one capacitor Cx wherein the material of which the moisture
has to be measured flows, characterized in that the capacitor comprises:

- at least three metallic ring coaxially mounted to said axis X - X and

adjacent to an inner wall of the duct through which the material of which the
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5t hermal expansion |lower than a = 27 x 10-6/C. The present

I nvention, in the afore said aspect, may present at |east one of the
preferre ~ istics herein after described. M ~f~e~hly said
at least one arelectric elenents conprisés at least one 11y ui werectric
mat eri al having a di nension substantially correspondent with 10t he

di nensi on of ' lic rings. Conveniently, a
radially i nn@?géﬁF%%%@ém%sﬁg?gﬁfnﬁ%’ rings is disposed substantially
aligned with the iabé&astehe di¢lettnie eemient havingh which the material of which
the noi sture has to be nmeasured f|ows, Preferably, the dielectric has |ow
hygr oscopi ¢ char ?lﬁq%éq peg_sta@g Séhﬁ@@ﬁ?@hﬁﬂ??r ﬁ’gﬁcﬁ"ﬁitﬁg‘ﬁ%a © ANt |
the capacitog,4x conprises four rings of dielectric material and three
metallic rings interposed between the four rings_of dielectric material.
Furt her, % he devithermal expasion Iwerhbamsﬂﬁnemi%(%Cat | east one unit for

conpensating the fhermal expansion .of said at least one dielectric, elenent.
20 Preferably, th h%(ﬂ?ﬁ%‘?@dﬁ?’?\@“%i'? tggnegg[eséglda?sqgg,s{nayngre&egia%ée ans
and at | eastoQef fRSRIerdd SRAGRIREYRIeiAtaflepadbeMbed ri ng of dielectric
material and a flange for supporting the capacitor. To provide a correct

measur ement i n- | i Reeferfablyissidiatleast one skeleplisic elemegtseteoprises ableashpneof
wat er changes_as.te r.at ur.e .changes, t.he devic . ri Lsture
further corrpﬁ"i‘%8§d_§t|@(ﬁ53§?at8ﬁalhtﬂae\&§%?a(i'meé’%bo&o%@&%ﬁt@%&éﬁ%sﬁ Otnﬁgnm'[ﬁ
tenperat yy e pechidiensioh 6F1Aig QN kst thidy anétagieaiiglsy the capacitor is inserted
in a bridge circuit. Conveniently the bridge circuit conprises at

:ceast iafirst anoC@n\é%mi@ﬁlﬂN,ea eadially ippeReguriacaeofghednetdllic GRag s disposrd
cast B g _ . . ; _ ) g
e conpr i SR AorsTiin, NP iond, Well T 1B Rt iRl ahid the Riefe 3"

capaci tor ( @fwhich the mdiskire habliy betrheasureddowa. rcuit i s connected to an
oscill ator adapted for appl ylgg a determ ned vari abl e si nusoidal signal to
¢

the bridge circuiltreferablinhe deieeng saslpe OEEPOp/ QANYSESHSHSEr | ng t he
changes of capacitgh,&ARAR ¢ 3brding to an embodiment, the capacitor Cx

comprises four rings of dielectric material and three metallic rings interposed

between the four rings of dielectric material.
Further, the device for measuring the moisture has at least one unit for
compensating the thermal expansion of said at least one dielectric element.

20 Preferably, the compensating unit comprises at least one elastic
means and at least one sensor, disposed between at least one ring of
dielectric material and a flange for supporting the capacitor.

To provide a correct measurement in-line of moisture, because the
dielectric constant of water changes as temperature changes, the device for

25  measuring moisture further comprises at least one temperature probe.

Preferably, the temperature probe is a RTD sensor.

Advantageously the capacitor is inserted in a bridge circuit.

Conveniently the bridge circuit comprises at least a first and a second
electric power line parallel connected, the first line comprising at least two

30 resistances (R1; R2) and said second line comprising at least one reference
resistance (RX) and at least said capacitor (Cx).

Preferably, thé bridge circuit is connected to an oscillator adapted for

applying a determined variable sinusoidal signal to the bridge circuit for
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Conveniently, the dielectric elenent is substantially realized in PTFE
Alternatively, the dielectric elenent is substantially realized in ceramc

material 7’ " ion, the inner walls of the capacit~-- ™ -~~~
hernmeticaiiy searea. This renders the deffice able to operate 1 n nitrogen
envi ronnments too. Further characteristics and advantages of the

i nvention Whba@&idiPie &driiRRlofldapatkdrecdirRickhh@sl description of some

preferred enbodi nents, but "'not exclusive, of a device for neasurin
noi sture of mat erCemeenié¢ntiy, the dieledidc eragntige substantialy realiged in 6T Fdaseous

dlen a deseri pti QAL ther URRAP TP eBEtar slstatralty ey R b et che
drawi ngs, prfMiefad for purposes of illustrations only, and thereby not

limtative, wherein: 15- figure 1 is a schematic prospective view of a
first enbodi nent lofadditionntiae intiengvallswaf dlee Q@@@mmrrﬁg ae heranglicady sealed.

pentLon | 1190 dad SAABERELCAPENE oLt FERVBSRT s it ce

of figure 1; v odi nent of

the bridge circuitturffer2éhdrbeteneass mnddadiiitagesiof agliimgeritiont il peesent
invention; and figure 4 is a schenmatic partially sectioned view of the

conpensat i orevigent fegmithe detailad dessription & sapeop@iered smbpdimests fut not

i nvention. . Referring Logfi 1R ' : ri

e e moi SV f 8 HBck lgh ARSIy méisi et bRAhAS ARG, I the
dried, lijoquighape ghsidieds lighidyoarydsabaes graautatesitedin die ighapleeof ipapeicos
powders according to the present invention, is identified wth the nuneral
1. TrRccEiNg do the preseRbiM@MIBP: i ts positioning in at |east one duct,

not shown in fig i t Wk ' Y, a sy ( ),
t hrough which t h;&ﬁé&} eérii a&%&)ﬂaﬂi \é‘)rlll??#é I‘%’%Fg{&ﬁ%t %)gislgi?%dbgef%ﬁé@urtédw%om.
30The devi ceattachedtdrawingso girowided sdroqwurposes opillustsatiorsnonlg, asd fherebdedtwi t h

at | east one, c,ae{)aci tor Cx conprising: at least three netallic ring 3 each
provi ded wi t'WMdWeoWRef@Phi nal 4 for an electric connection: and

15 - figure 1 is a schematic prospective view of a first embodiment of the
measuring device according to the present invention;

- figure 2 is a schematic partially exploded view of the device of figure
1;

- figure 3 is a schematic view of an embodiment of the bridge circuit of

20 the measuring device according to the present invention; and

- figure 4 is a schematic partially sectioned view of the compensation
unit of the measuring device according to the present invention.

Referring to figures 1 - 2, a device for measuring in-line moisture in
processes wherein materials flowing in the shape of dried, liquid or gaseous

25 granulates are treated, or in the shape of powders according to the present
invention, is identified with the numeral 1.

The device 1 is adapted for its positioning in at least one duct, not
shown in figures, disposed at least partially along an axis (X - X), through
which the material of which the moisture has to be measured flows.

30 The device 1 in the embodiment shown in figures 1 and 2 is provided
with at least one capacitor Cx comprising:

- at least three metallic ring 3 each provided with its own terminal 4 for

an electric connection; and
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- at least one dielectric elenent 5. In the enbodi nent shown in
figures said at |east one dielectric element 5 is represented by a ring 6
of diele = " ial substantially having the sanme sh "7 asion of
the metaiti1c rings 3 interposed between fhe Sthree nmetallic rings.
Accordi ng to an advant ageous aspect of the present invention, in order that

the capacitance ofgit|bgstGHeAGielcdtricleWHt® be constant as much as possi bl e
i ndependently fromthe noisture flow ng into the duct, the dielectric
g

material, the di dhébeﬁnabtmimmhshmhs'n igutRsssaid ¢t least opeglielgetrioglement

dielectric .const ant stantiall y. i near. a t r ) and
it has a | ow theFPHES®E ??g 3L é%@%&”?erﬁéﬁ?g%éeszﬁﬁnq%gyquqﬁé

di el ectric ngrRéisHapkhgndidimesbionCoftimaidtallic irhgeoBnaRRPosdd bedseen Ithaear

t hermal expansi on coeff|C| ent lower than a = 27 x 10-6/C. Preferably, the

di el ectrisc rthreg mgtalipéngsel ectric elenent 5 is corrposed 150f, has a

ch el ectrie const ol afitbad i apoestof nd BA gh R, oer

hygroscopi c tﬁbﬁﬁﬁétdﬁpa%itaﬁée aﬁdtHeomepamnﬁl CX would be corﬁéﬁahEIaabhwcht he
dielectric material the dielectric el enent I s conposed of, has. a $0r05| ty

| oner than 7ePssikle prdergndanily| feeterth ?Hﬁﬁlsﬂﬁerﬂﬁwmgr'n@xﬂi'@p‘lj‘é‘:tzmﬁ]GQ'e e 20
bl
oSS e Tl P 0 BSGdBl Pya

subst ant joal | goristamti zlﬂﬁstamaug/r mear amttes itemperatsubdsthangeal and inh& T FEJowhe
Applicant found that the afore said materials have a |inear or 25 sinple
pol ynomi al DBRHVARXRANSIAMBS EPPERMIE GlAnNgeiecessary a little correction by

sof tware to keep M@‘Fer%‘f Lfllwé‘td‘?é‘eé’tﬁb Lﬂﬁat%f‘na?ﬁ'%&b‘éﬂﬁ@ e%fmérblesr %et‘b osed

capaci tor for neasuring I'1 cant ther ound t hat
it is recomm‘ndesiatlmeasmermsalIéiZEEnsﬁlon cpetfoerd Imwepthaammr%%? KdRE°G.han 50 C,

enper at ur es- hi gHEEreaal. Jof aelcctt gL e feldtiin e Repoi S Rorerereeto be
measur ed15 pr&f ﬁéé‘%hﬂel’e@tr%r&hﬁﬂ%l@ﬁ Wroeyllates, flow ng through the duct,
the metallic tings 3 of the device 1 are rings nounted coaxial with the
axis X - X havi ngiraadditisnatitei dielegtrionpagerici tioe déle@RCHerB201 5/ 00BHosed
circunferent Ifal\ag ?ow Ihygroscoplc characteristics and low porosity.
Preferably, the dielectric material the dielectric element 5 is composed
of, has a porosity lower than 70 nm, preferably lower than 30 nm, for example
20 equal to 20 nm, possibly tending to zero.
In addition, the inner walls of said capacitor Cx are hermetically sealed.
The dielectric element 5 may be substantially realized in ceramic
material or substantially in PTFE.
The Applicant found that the afore said materials have a linear or
25  simple polynomial behavior and thereby it is only necessary a little correction
by software to keep the calculated value of capacitance of the device
capacitor for measuring moisture.
The Applicant further found that it is recommended to use the PTFE for
process temperatures lower than 50 °C, whereas it is preferred to use
30 ceramic materials for process temperatures higher than 50 °C.
To allow the fnaterial moisture to be measured, preferable in the shape
of granulates, flowing through the dubt, the metallic rings 3 of the device 1 are

rings mounted coaxial with the axis X - X having a substantially
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Alternatively, the netallic rings 3 may present a different section, for
exanpl e squared, elliptical and / or star - shaped, wthout falling out
fromthe »v~t~~ti~~ gcope of the present invention. 5Tk~ mt~lli~ ripngs 3
of the sane uevice have preferably the same shape and o nensi un.
Simlarly, as afore nentioned, the dielectric elenment 5 is conposed of

rings 6 of @ir‘éhﬂf%rrein‘ﬁaf@é&foinal provided with the afore nentioned
characteristics, tThe rings having substantially circular section too and

di anet er subst antAlerhativedy ctheesietallit riggs & niwy piesest er differemtesedttonl, Ifor
'ings 3 ar e SIS sdusrec siiie| Redy R 3 Woshanachoulhous FLRG Ryt bRy e 1 ¢
Pref erably, ' S\ Lght h conprised between 3 mm and 25
nm ends i ng}rﬁ%gﬁ@ﬁ%%{)%&gﬁﬁfﬁf%é%@ %ﬁggﬁg(?gl lic sheet may have a thickness s
conpri sed betweedhe metalliantihds Bnpf dnelsanme [desid. have prefeyablyvthe sage

metallic ri nsg{?i 3, eaé:h dielectric ring has an annul ar inner seat 7 adapted
for housi ng SEREPPENGAIRENSIC)- |y a metallic ring 3. The annul ar seats 7 of

two rings 6 of digih@ghy, &s BRSEIhahtiGsliarReldidiBctiRdIeRreht BNisXxomposed of
substantially house conpletely a netallic ring 3. ~Advant ageously, to
adapt the nemgsh obdigectriematerdal gprovided withdbetaiore mentiened eharastesiigbng to

2nd 11 ngs. of MBI EREARIRS SHESIATIAIS e BE SEHIE O Sr e B SEbBaptiiL n?
ring of @i el@elspendmbabithé dlarhéer iohtHemetliidling®d. direction X - X a

substantially annul ar higher flat surface 8 and a second |ower flat surface
9 substantially dedetaipdndhagerbodiment shawn indigusaspibeangtaliaERgs chakhd

spaced therefrom.l e ' Ny ' P f_a nmeasure equal to the
hei ght of t 176 R%&Iaégfro%m%i%‘ﬁ%gﬁbisggﬁlaﬁgﬁgfoéf%a?mg? Wthqt he nmeasuri ng
device 1 assenbl gdefegably, tHeghetallit shestuidsa dieymfh eodprised betwekreBaatr i ¢

material 6 is abutted onto the |ower flat surface 9 of the ring of
di el ectric Pidet? BIMeengds BEbIMEdin the axial direction X - X

15 In addition, the metallic sheet may have a thickness s comprised
between 0.7 mm and 5 mm, ends included.
To cover the metallic rings 3, each dielectric ring has an annular inner
seat 7 adapted for housing at least partially a metallic ring 3.
The annular seats 7 of two rings 6 of dielectric material adjacent in
20 direction X - X substantially house completely a metallic ring 3.
Advantageously, to adapt the measuring device 1 to different ducts, the
device 1 according to the present invention presents a modular structure
allowing metallic ring 3 and rings of dielectric material 6 to be added.
For such an object, each ring of dielectric material 6 has in the axial
25 direction X - X a substantially annular higher flat surface 8 and a second
lower flat surface 9 substantially corresponding to the former for shape and
dimension and spaced therefrom in the axial direction X - X of a measure
equal to the height of the ring 6 of dielectric material 3.
With the measuring device 1 assembled, each higher flat surface 8 of a
30 ring of dielectric material 6 is abutted onto the lower flat surface 9 of the ring
of dielectric material 6 adjacent in the axial direction X - X.
Advantageouély, ‘the device is mounted in a duct wherein the material

of which the moisture has to be measured flows, so that said at least three
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Advant ageously, the device is nounted in a duct wherein the material of

whi ch the noisture has to be neasured flows, so that said at |east three
WO 2012/(C~ "~ " ~7"°B2010/001654 7 netallic rings 3 are " " an inner
wal | of tne aucrt. In detail, the r@dially inner surtrace 11 or the
metallic rings 3 is disposed substantially aligned in the axial direction X

- X with the,sanery ﬁgﬁléf ?f&%ﬁﬁf"ﬁ)tan FﬁerWMth@ ducgure. skreferably, the

radial ly inner sur e nmetallic rings 3 is disposed substantially
aligned in the adn ailetaii rtlm:tad:alanneXsuﬁabeﬂhmfltkmenetalélblnr@s 3 isedigipesed o

that the inner wall he nmetal ]ic rin nner t he
duct (not srﬁb\?ﬁtqnﬁ'aﬂYéug%ﬁ H}g‘es%gl‘é'ﬁ?(f%gg %W@ﬁ thé mnerwalbmﬁ#hgr(g

al so the radiglsh¥whnAgigusd!r face 12 of the rings of dielectric 10rrater| al 6
i s di sposed substantially aligned in the axial direction X - X with the

i nner walsl of t héreferablyndhe stasliallyi mrfarg&lméace 11 of fhef meddliy, ringse 3 éi al | y

I nner surfacg 12 of th ic rin osed t. l.i gned
! n the axi aIde &?%ﬁ‘ a}f‘q%t")(qjvpf‘ﬁdt'rﬁ ?ﬁﬁ'@fd ?'t)ﬁg‘m&}@? 'é 'Jt%aﬁl tg
inner wal | qhetdiRt 6bnBSt e iAhet Wé‘"”?offﬁieefﬂe%lh@ nﬁ?g 3 hRd ithe @inekrSvall bf of
the duct are substantially flush In the preferred enbodi ment shown

in figures Jthemdciz(notthbowevncf@uae)l arectpstandiglipflushve netallic rings 3 and

bet woen two. mot sl S PONGRIS 1 ciRE el gt 12 e (B aelgeiiosed

di el ectrjoc rRriaR6 iSdR ngasé@sabﬁﬁmbﬂ\ﬂabgnéd'\m m@Séx’@lld‘lremgoar)OuKamﬂﬁ tenges
14 and conveni ent assenbling screws 13, two in the enbodi nent shown in

figures, angunerwgll epthecducii opigshave in figurger i met er . To conpensat e

the eventual therdate gxpana didile it Shitded o2 BRARH! fiallD’ gy & is

conprises at |east conpensating
disposed substantially aligned in the axial direction X - X with the inner wall of

the duct so that the inner wall of the rings of dielectric material 6 and the inner

15 wall of the duct are substantially flush.

In the preferred embodiment shown in figures 1 and 2, the device 1 is
composed of five metallic rings 3 and six rings of dielectric material 6, each
metallic ring 3 being interposed between two metaliic rings 3.

The metallic rings 3 and the rings of dielectric material 6 are

20 assembled by two restraining annular flanges 14 and convenient assembling
screws 13, two in the embodiment shown in figures, angularly spaced along
the ring perimeter.

To compensate the eventual thermal expansion, the device 1 for
measuring moisture comprises at least one unit 15 for compensating the

25 thermal expansion.

Preferably, it has at least one compensating unit 15 for assembling
screw 13.

In the embodiment shown in figure 3 the compensating unit 15 is
composed of at least one elastic means 16 and at least one sensor 17.

30 The elastic means 16, represented by a helical spring 18 operating by
compression, is inserted on an assembling screw 13 at an end thereof and it
is placed between at least a ring of dielectric material 6 and an annular flange
14.
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Preferably, it has at |east one conpensating unit 15 for assenbling screw
13. In the enbodi nent shown in figure 3 the conpensating unit 15 is
conposer ' t one elastic nmeans 16 and at | east 7. 30
The el asui ¢ neans 16, represented by a h8lical spring ls operating by
conpression, is inserted on an assenbling screw 13 at an end thereof and it

is placed betwee I j f.qd ct I | d | ar
fange. VIO 2012/ CORb2ERA) 12bleBsE iy Fastin onfat SehfolRoTaResse ity

i nfor mat i on dorfett éhe divlectiit icvmstan desscted tfmne the passingeofdnatesil of evhidnst ant
detected fromthe passing of material of which the nPi stugegggaa &% be
measur ed as tBef mRIstEn hgf thbedaaasuerf @ase PntUNcERR AP it gdudermal

t enperature éﬁaﬁg(&h inportant in the operating principle of the device 1,
because the dielectric constant changes as the tenperature changes, the

devi ce accor di ng Becduse thedsmperatnueis very impsrtant inethet operating ppieciplel ot
probe, not shown in fji e pro

, adapted for detecti th i
tenperature! ﬁod%‘@?ﬁjﬂngy%%_é’isgn%% 5@'9&?{%@{1%%”!} %aﬂgﬁe%%gﬁe,sstlﬁ'gﬁe@m%, f or
o correctl %ah@%sg'ﬂ?éer k Vide® 2eRBRIIAD oM PHIRERAURRE At MRsIat R&sttone

noi st ure. Pre 'y, the tenperature probe is a RID sensor,
normal | y avdeimpleratuom protee, mentksbown in figurécadapted Jot detectiogdhe pyacessing ar |l y

advant ageous aspect, the capacitor. is, [nserted in a bridge cirguit 15An
exanpl o of - J8TPEEATHe G0 SoIRiLY @ BgnaL I BRI PIPePERr bIEH T h Bl gure
4 whereig i toofRittiRg tREBMEIEARE coRStapit bAERuBsEGUAtlyAAeRdededIRastura. first 20
and a second 21 eléectric power line parallel connected. The first

line 20 conpri sePreferbblysthe temperstyneaprobe iRe; RRD seaaschednally ailadle
whereas the segond _l.ine conprises at | east one reference 20 resistance RX
connected i iP5 |@§”§e' t he capacitor Cx. Preferably, the bridge

circuit 29 is com@er@ifgitd PaecdnEpaktieuritlyoshiantFasspeadiatdinet eapacitor
appl ying a determ ned variabl e sinusoidal signal to the bridge circuit 29
for measuri riginsestesharayeddes cicelbd?t ance of the capacitor Cx. 25The device

for measyring th ' f [ 0. | [ I to
nmeasur e ltghe chan%ﬁggg‘géﬁée%g%ﬁ%% ngj ec?'i%ﬁtcie}‘? %Egga‘?*gg@&t%géés%e e(# ghnce
val ue, of a fljare4 whereimittdag Isdapen thatdhe edidgeidireuid 2 hgaatlzast grfest? Gt es,
or in the shape of powders, flowng in its inside. In detail, the changes
of capacit arRisl aseeaRd 23 flestrie power dine paralled eparestedwi ng i nsi de t he

. The first line 20 comprises at least two resistances R1; R2 connected
in series, whereas the second line comprises at least one reference

20 resistance RX connected in series to the capacitor Cx.

Preferably, the bridge circuit 29 is connected in parallel to an
oscilloscope 19 adapted for applying a determined variable sinusoidal signal
to the bridge circuit 29 for measuring the changes of capacitance of the
capacitor Cx.

25 The device for measuring the moisture according to the present
invention is able to measure the changing of capacitor capacitance, relatively
to a reference value, of a material, in the shape of dried, liquid or gaseous
granulates, or in the shape of powders, flowing in its inside. In detail, the
changes of capacitance of the capacitor Cx of a material flowing inside the

30 metallic rings 3 and the rings 6 of dielectric material, relatively to a reference
value.

The reference value is the capacitance value provided by the same

completely dried material flowing in the device, and it is a function of the
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30netallic rings 3 and the rings 6 of dielectric material, relatively to a
reference val ue. The reference value is the capacitance val ue
providec ™ *»~ ~~1e conpletely dried material flowing i~ th~ An~vir~g  gngd
it is a uncerun ue the WD 2012/ 0046219%CT/ | B2010/ 001654 ul el ecLr1 C

constant of the conpletely dried material . After the first
measur ement Loy I \ lhalerial. 1S possible to carry out
directly i n_d}féllégtrl{:%gn%g;@Sﬂlﬁéﬁ?ﬁi@!&%‘g@ﬁ;I'g terﬁgt w il be a function of the

capaci t ance changeterathet hest aapasirconer@xwitbTthe capplstelyndried matpsiabfit is
capacitor Cx changes as the die|ectric, constant of teri.al flow. i.n the
capaci tor i R9S§ 'E’c??a‘?@'@éOPET"é?‘i’tl)’emy)'”teoth?ﬁ@e%%qrﬁ@emggm'%b'fer }r@?é"ﬂlﬂg?fnt of

the sane Com&foﬁlé?tﬂé%gﬁgggﬁf?éé‘&han%ea %ftpﬁ%bggﬁg@ky, in addition to

ot her consi derations suc or exa e material tenperature and the
possi bl est her mal Téepaapacitancehehalings eaft capaciior donshangeshamdbe diglactiic

nunber of water dipaoles copprised.ipn the material, flow i apaci tor
Cx changes. constant #Hﬂﬂt,er'?EHBW{ﬂg th ecﬁﬁﬂ@%&%f'n%g'ﬁacﬁawg%geregﬁt&?ﬁ'epocggeaci t or
Cx rel ativelyfeofdibRICEICOSYA SfthaRénfd campItsly IddEnRitossissi ng by a
control ling processor, not shown, it is possible to nmeasure the noisture

percentage of 15Faeticuiady,iinladditowi tegothier cogsideratiopa saeh s for esample the

e e RUEAL PR B S hBSHl AU A0ch 00T, g T

y e various
modi fi capi oRgnsmY WR¥NHBERISHRINLMbER®F RVAEeaipolss 66mpeised ih ke imat@nial on,

defined by the follow ng clains. WD 2012/ 004621PCT/ 1B2010/ 001654 10 CLAI VB

flowing in the capacitor Cx changes.

Then, through the change of capacitance of the capacitor Cx relatively
to a reference value and an appropriate processing by a controlling
processor, not shown, it is possible to measure the moisture percentage of

15 the material flowing through the capacitor itself.

The present invention has been described referring to some
embodiments. To the embodiments herein represented in detail may 'be made
various modifications, anyway remaining in the protection scope of the

invention, defined by the following claims.
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Claims

10

Device (1) for measuring moisture of materials flowing in the shape of dried, liquid or
gaseous granulates, or in the shape of powders in at least one duct disposed at least
partially along the axis (X - X) through which the material of which the moisture has

to be measured flows, comprising:

- at least one capacitor (Cx) wherein the material of which the moisture has to

be measured flows, characterized in that the capacitor (CX) comprises:

- at least three metallic rings (3) coaxially mounted to said axis (X - X) and
adjacent to an inner wall of the duct through which the material of which the

moisture has to be measured flows;

- at least one dielectric element (5) having dielectric constant substantially
linear with the temperature changing, and thermal expansion lower than a =

27 x 10°°%/°C;

- at least one unit (15) for compensating the thermal expansion of the

dielectric material.

Device (1) for measuring moisture according to claim 1, characterized in that said at

least one dielectric element (5) comprises at least one ring of dielectric material (6).

Device (1) for measuring moisture according to claim 2, characterized in that a
radially inner surface of said electrodes is disposed substantially aligned with said

inner wall of said at least one duct.

Device (1) for measuring moisture according to any one of the preceding claims,

characterized by having a modular structure.
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Device (1) for measuring moisture according to any one of the preceding claims,

characterized in that said dielectric element (5) has low hygroscopic characteristics.

Device (1) for measuring moisture according to any one of the preceding claims,
characterized in that said capacitor (Cx) comprises four rings of dielectric material (6)

and three metallic rings (3) interposed between the four rings of dielectric material

(6).

Device (1) for measuring moisture according to claim 6, characterized in that said
compensating unit (15) comprises at least one elastic means (16) and at least one
sensor (17) disposed between at least one ring of dielectric material (6) and a flange

for supporting the capacitor (Cx).

Device (100) for measuring moisture according to any one of the preceding claims,

characterized by comprising at least one temperature probe.

Device (100) for measuring moisture according to any one of the preceding claims,

characterized in that said capacitor (Cx) is inserted in a bridge circuit (29).

Device (100) for measuring moisture according to claim 9, characterized in that said
bridge circuit (29) comprises at least a first (20) and a second (21) electric power line
parallel connected, the first line (20) comprising at least two resistances (R1; R2) and
said second line (21) comprising at least one reference resistance (RX) and at least

said capacitor (Cx).

Device (100) for measuring moisture according to claim 9 or 10, characterized in that
said bridge circuit (29) is connected to an oscillator (19) adapted for applying a
variable sinusoidal signal to said bridge circuit (29) for measuring changes of

capacitance of said capacitor (Cx).
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Device (100) for measuring moisture according to claim 1, characterized in that said

at least one dielectric element is substantially composed of PTFE.

Device (100) for measuring moisture according to claim 1, characterized in that said

dielectric element (5) is substantially composed of ceramic material.

Device (100) for measuring moisture according to claim 1, characterized in that inner

walls of said capacitor (Cx) are hermetically sealed.



