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WD 2004/ 104600 PCT/ US2004/ 013215 1 NMR MEASURI NG

SYSTEM FOR WEI GHT AND HUM DI TY OF POADERS FI ELD OF
wOoE)4DIANTI ON 5 The invention rel ates to non- eONUSL04/013215

check wei ghing of sanples using NVR techni ques.

BACKGROUND The nucl ei of atoms that have a magnetic

MR NEWSURING'SY STEMPFORAFEIGET ANDIERADEFY WF ROWDERS

nucl ear oscillation in a strong magnetic field (Larnor

frequency). The frequency of oscillation of each

atom ¢ nucl eus W | IpigepesidranrysniRrss, 1ts dipole

nmonment, the chem cal bonding of the atom the atom s

envi ronnent (which will be affected by el ectromagnetic

COUHeliM@nfih rOlbld&lo 1dh QBRadt @hetcﬂ %relg‘lﬂng 'omagﬁ’b)es u@RENMIEtechniques.

strength of the magnetic field seen by the atom Thus,

the frequency of oscillation will be characteristic,

not only of the variousggtraReusisci es, but al so of

their nolecular 15 environnents. By resonantly

exciting these oscillations, the atom c species and

t h eﬂfe nﬁa&' Jr 9k rtHa?h ‘é%%a@ﬁe&é%o@&eﬁl \Qﬁﬂla% Elﬁrp?}pgéfﬁlgé: %equenmes of

hi's phenonenon 1's Known-as "hucl ear

nuclp@g@mﬁqrt@g it a girong vRneticfiicld @atngs fwﬁueﬂ;y)e |T(13p @yquegcy of oscillation of
eaclpze&llfc %qfléﬁs il ﬁ%%%‘@rp%semgsrs 3%%??8)9 m%eﬁttﬁ%eﬁﬁca gdlné of the atom,

particul'ar spe I ronnment (e.g.

the afpmiyenyirpnaenidvbich snl be affertadtby elachiemagnotin @unlmgl telothsf atoms in the
s r 0 t

vmﬁlﬁ)&, arfdY ﬁ@ s@r@xggth %F\lﬁ%e g&gﬁg!ﬁ Sﬁlé%dl !(s)eﬁﬁ g@c@é‘ ré'icln%{ Plg%E ét‘ﬁ!e Ruency of
OSCIBﬁlonemH be ehtaragteristichines onlyaf detviadensiatpnzic enspipa hufsadbow thelr molecular
env1%ﬂrr§ﬁfso QJS I?anﬁ%lgicgmfg rt}?egéjgfﬁ%h&ls gtﬂ@LtDm%tS écl?e% and the enwronments

excitati o ency-or a known 1 ower Bquenc
can B¢ datariniried wkth@vamraas "ﬂme pPREnemenandsigtommras "@elpalymégﬁbﬁi? re?dmence," or

anplitude and the shape of this FID-curve is rel ated

to the amobunt of nuclei 25 involved in the process and

to specific conditions and properties of the atons in

relyat i

t cahP At T Ay M AR sonablP o or M of il speces
and pegoneentds g riabiogen dtomymam/wae] eemonﬁneut),fthehtd@iocfuclel of this type and

~ v - ] [ r e
envﬁ%%ﬁﬁt{é’zﬁl ’é?g&?‘ét!y. IFEI %}&%{%g aé% ’Icv)xiﬂlﬁ] 2@??‘%%‘% tag&%ns%\gn %ngu{o a R)(V state of
excifafign.r Lbhen transition, is cavednyminisd and ewisivn off 2 seslicsfreqdemyssignal, at the

o . odi Gt e of .
oxiEHEE LEIPOL, LRI RaRE RS 2 SolES, At AP e s
Decppudile) Thy dpwlimdg ped the shipg cddhis WED-ciive wgrehaagne_tthecaﬂldwt of nuclei

[ 0

e e e o e e B ey AR o e
envigBn€niamonl y encount er ed nagnetlcally active nuclei are

"H, 13C, 19F, 23Na, and 31P. The npbst WD 2004/ 104600

PCT/ US2004/ 013215 2 common is 1H, which al so

poside sisesf NVIB i¢chnigestin megpnesnicot, deieating and iengdep hagbdcome desirable

n n%? tsci%”ﬁ&&e&uechdeavor. The non-invasive, non-destructive nature of NMR has

facilitated application to industrial instrumentation, analysis and control tasks.

Almost every element in the periodic table has an isotope with a non-zero nuclear spin.
This spin causes the nuclei to be magnetically active. Among magnetically active nuclei, NMR
can only be performed on isotopes whose natural abundance is high enough to be detected.

Commonly encountered magnetically active nuclei are 'H, C, F, Na, and *'P. The most



10

15

20

25

30

35

for the performance of NVR spectroscopy. Upon

application to a sanple of a static magnetic field,
waago4sianmpbe nucl ear spins align with 5 the fiet@us2004/013215

parallel to the direction ot the field. The nagnetic

nonments can align thenselves either parallel (NSNS)

com@bn AMHI RBICRbls@bostdINSHe 1irest hagitia tiotehd, RngerinAlii :gébiRNantageous
arallel to the static fieldis the |ower ener gy

for thig pertgrmange of YR FR55HIOG™M nst the field is the higher
energy state. At room tenperature t he nunber of

| ei haV|ng spins_in the | owner rgy leyel, N . . )
ol Kt PRPLGRHOR D Sl e rBEEtr felie %fawlermrdsereﬁp}ns Rjign with
the fBQI, Zrﬁﬂél @o e irb&ioh ©SthpfieM| d®S niabadtic bbnNnfsNan Flign themselves either

GRS i R T b ok a1 i b e s i

the mw%@@ré@stat% anJ_r/ dfhiviem; agalﬁd the ifBldt Rethé elrmler aﬁddgye stafd. At room

Kel vi n t he tepperature decreases,
tempegATe the e R T TRaYRS B B ¢ fiper v els&fiﬁé* Bty outnumbers
the rfubbrGn e&%ﬁ@qmgmmoﬁma@@taﬂgw& Prok/ides bhil ght i nbal ance

of nuclei having spins at the higher state, a sanple

ina static magnetic field will exhibit a

magneti zati on parsl/iNetelppHUIE, static {mel d.

Magneti zation results from nucl ear precession

(relaxation) around the static nagnetic field. The

whelelFERURNEWr B diffdrbrze beed BE O56 biafs; AP BasmMA’stddfstant, 1.3805x107

J/Kei\}él‘[ %gg hIS );@ ttelrgl%rgt%’ﬁaeéini( gan?g 2Aest gt%rla)grlﬁlg{re Qc?ealéqsédsdoe oeg ?he ratio N’
/N*. SAY BO@Hpeaie i@aeaves, ihs rithepgsideagiet i c ratio of at

| east one atom 25 typi cally hydrogen, in the sanple

material. The gyromagnetic ratio is related to the

magiahg €0 tHeRNER timbilardch ©f Rk EaSiny rsder afiha hysieSstatd e sample in a
s RS B SO el 428 ot EF PGt s

frond F@ALAL PEbession (Yhﬁdxﬁﬁbn‘)? afbube ke Et@t&phidg‘ﬁdtla €fdld. aThé Mequeaty of this
of . precession of the nucleus in P netic

brecpiaf deRspds iy TreaeiR ALY M BaeH drﬁrge%%ﬁer gy at
which a transition between the upper and | ower states
can take place. 30 The fundanentgé NMR signal is
derived by inducing trangPtions Hatween these
different alignnents. Such transitions can be induced

by exposing . a_sanple to the nmagneti c conponent of

wherei ¢ Aheeeie felds n@vagths%na rﬁsnmaﬂg ﬂrec%rrwgggn &P Yt 1995" &Re atom,

typidaity %9Jiﬂogenwﬁﬁ fhet BRPRBAAG 1. C TEO FPRIBBetic irftic?RAERRE to the magnetic
perpendicularly to the magnetic field a_resonance

monigg b de é‘PCI%PSd)élF‘?rr Ryl R EYEGRRaGHS 1288 of PERLoRS; 1R AT yHZ/ Tesla.

The §18GucREEHES MleRrell IELHIGAGY thet Lrhﬂnbraﬁ'élfaéncgf g GMﬁ’dthé}r ,be conceptualized
corresponding to the energy emtted _or absqrb

as thy gate ﬁ&prscetsrleh%f 1R B BB BB %%Prtth%rﬁrf@nﬁfarﬁoeespondmg

to th%l@éi‘g}aat%hﬁdh@graﬁﬁ%ﬁkhﬁeeﬁ tRlugper afdibWePSathstah Rite pROYE Of
2 Tesla (1 T =10,000 Gauss) is used, this

resonance typically occurs in WO 2004/104600
PCThS2RBALAIIZUR sighal is derived by inducing transitions between these different

alignments. Such transitions can be induced by exposing a sample to the magnetic component of
an RF (radio frequency) signal, typically generated by an RF coil. When the magnetic component
is applied perpendicularly to the magnetic field a resonance occurs at a particular RF frequency
(identical to the precession frequency, the Larmor frequency), corresponding to the energy emitted
or absorbed during a transition between the different alignments. When a strong magnetic field,

such as in the range of 0.1 - 2 Tesla (1 T =10,000 Gauss) is used, this resonance typically occurs in



10

15

20

25

30

35

t he negahertz frequency range, corresponding to FM
radio. Hence the radiation is known as Radio
woéneguesoy (RF) radiation. The signal in NVR PCT/US2004/013215

spectroscopy results fromthe difference between the
energy absorbed 5 by the spins which nake a

the hbARGHA ﬁaﬁeﬁayox%geh Bork RYRnG N6 FBY r&tidt Elch@ thbadMtBRAE known as
energy state, and the energy emtted by the spins

Radigfreshensy @iDradigis| y make a transition from the hi gher
energy state to the |lower energy state. The signal |s
t hus proportlonal to the popul ation difference_betwee

t he'he sigag] @x NMGeatpseqny aselbplyor dieriifirence Rpien {96 Enctipr absorbed

by t1R&pSk %1\611 t;ﬁék§b RaRitloh o tEABH Re@l s @ttﬁ &Ie'hﬁglelt %9 state, and the
very popul ation differences.

IS
energyé%ﬁgch@@the g}m%\yl@ﬁa%@ta@eouglﬁémée a gﬁmsgloéxﬁgg} @p highepgnergy state to

the 16&@%@ YtRel YReHol R (BRi oﬂ[b@laﬂtb&hesﬁ?ﬁtaﬁ@ﬁfﬁifﬁfence between the
whi ch ﬂ?vég NVR |%§ sens#?ﬁblt Pul s

stateg, M&%@%@WW gaigs HebRhig et Sﬁ%}vw fEca itringavable of ripdips these

veryOdmalUppRlativh ideferdnBes. dBSik GRS ebsbiino Gr tekchafe BE €h&@by @f a Specific
particul ar nucl ear species of a sanple bel ng measured

freq%rlee‘?ewwt PBE BHShe FestRr S At ee MR 1P sestiein
brought into phase in an essentially static nagnetic
field; in 15 other words the precession is nodified b

y
t h&ulsed SR TRegiressonyyis artpbnigps SWPIVEls Hmagtelc St prgpulse, which is
des1%ﬁ@ REbAdcRe tﬁel ke ofapparﬁomatr heughtpeots 88a &e&m@b@zﬁ@aeasﬁﬂae after the

axis_in three-di nensi onal, space. At equilibrium
proteqisof sl uEpls Beve dist Perhaoueht g P&Pﬁ?ﬁ@al% ?ﬁéenalahbé%%t}cmga?ﬁc Tield in

othef ‘Q@rd@ﬂ;@'pke%gssf@iﬂ @abdified tyahSpuBR. avpicdlsy, G8ldireslioh BEthe static magnetic
l'ibrium magnetizatjon NMo. In this configuration

fieldy fe. igtheeshb oh e alopgdhrofratm BrreMimeripaplsPagey Atgguiligrium, the

net thé¥h&iA86h Lt Sied 16hd tﬁ@a&etcmi &ahe Ppusehhgatit g0d Blhel 8 called the
.S no transverse:§wk M) magneti zation in such

equilibrimwagnetizgtign fhsk this éortﬁ@ureﬁ%h 6@ 4 praneent RaEREICZeEER My equals
M,. OV, 8% RESH&D 1ot LethB UsH @ adinad Rhd3n&Yai@MThere i€ MBI t8YsREse My or My)

fre%uency equal to the energy difference between the
magaelizpfloginpush 4 6 enough energy is put into the system

it is possible to saturate the spin system and nmake

Mz=O, The tinme constant, 25 mhlch descri bes how Mz

r efiuisrRostiRe it Shangpitlie Bt iTIASTFERTRB, by SXPOSPS S Rysleats iy system to
eneré}a&ﬁd &by DG @ he ehdtBy diffdboe bERR R BHéabinQMt@O VLBl energy is

this behavior as_a function of the tine t after jts

put giodht wEErefts passiblep sapipty therspinsygigm agdmple M= nTheglfrag gonstant,

whidhedebdnBEs Bsv meetwng@o ﬁsea;;mibﬁantvmue ha egedttﬁhespé @eepmaﬁon time
of magneti zation b act or of Hence,

(T1)\VEheeqpatipy gopeming ﬂesfbfb%wqres p g of tfﬁéﬂt’d@#ﬁl@p%%%ﬂéemm is:
measurenents, which is necessary in order to reduce
background noi se and enhancgg si gnal quallty Mo shoul d
be allowed to reMarMt@ M. ) n ot her Qkor ds, the
| ongi t udi nal magneti zati on Mz, which equals zero upon
saturation, should be allowed to fully return to the

T, isrthergfore definsd annbe Bme gared to dgigel thed epmpeneny of geerstization by a

facthBf e WAbAR, dthisr, Igeraiingalth ﬁrdépf(')l ﬂoﬂeﬁgﬁelff&ﬁler\éﬁated measurements

.e., follow ng saturati on,

whiq gs g@ﬁeml in prdepiogpinse bepkeignad wsemnd m@ﬁcw@abq@@tyw% should be

allowpdal t‘er}etgﬁlcﬂérﬁiv‘m&h& words! the 16i@aNg rg%%z]agéﬁm which equals zero

PCT/ US2004/ 0
upon saturation, should be allowed to fully return to the +Z direction and attain its equilibrium

value of My. While this theoretically would take forever, (i.e., following saturation, Mz = M, when

t = ), it is generally considered sufficient when Mz= 0.99 M,, which occurs when t = 5T;. This
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pl aces tine constraints on the speed at which a sanple
may be neasured nultiple tinmes or the overal

woOhomugippoat of sanpl es through an interrogati ORCTMISE004/013215
If the spin systemis oversaturated, forcing the net
magneti zation into the -Z direction, it 5 wll

placed Y dbdsitaifitBlodltRe bfted hiSwriBl b Ishdapik RRShdas@8d aluliple 6B or the
+Z axis at _a rate also governed by Ti. The equation

overgth fhspushipry of $®1es dHeNshon HETog24 WA on of the tine t
after its displacenent is: MZ=M1-2el1l1T1l) (4) The
spin-lattice relaxation tine (TJi) is the tine to L
r edfite SPIRSYHTR fSetVaTraETatrd: INEde thn Bet HAgriZa e Rfo the g2 direction, it
will BR@nAty e @Nits(WENibARE podiforLAlbtg thé Fiz biis\ed la Ugte RYso Boverned by T;.
factor of e. Here, too, an elapsed tine of t=5 T1 1is
The eqistipn ryeiniediy Behayigr asafunciion gt the Hme pailer s figelacspen igg
Mo, placing a simlar tine constraint on sanple
throughput. If the net magnefization is rotated into
the XY plane by aMaGMullse2e i v will rbPate about the
15 Z-axis at a frequency equal to the frequency of a
The Rpi@li&ice Ielaxdgmg tﬁﬂéqmﬂﬁ FH@ Min€eQb ﬁ”@ﬁl@@fﬂl@ idﬁigsrén@? Between the longitudinal
transitjon between the twy ener evel s of the spin.
magpeizatiqn (L Edy ca i wie W Tpeishg e ﬁﬁ?eaa’eaﬁ psqfime of =35 Ty
is red@igddt ih @Rdel GortMIL 1 Rtudih to0D valtd6f 018t Mpplacihg & 3inhilP timb @Bhstraint on
in the XY plane, starts to dephase because each of
samplg firQuehplit A cket's making it up is experiencing a
slightly different magnetic field and hence rotates

at i.ts own Larnor freguency e longer the el apsed
L1 Fbie PP e e ke g?wéana PE 8081 P! LGk sbout th
Z-axd hif erenegy dohaltth ehcdfdg@edclof @ Phbtoh,ShavRIBShd EneBeyt @rresponding to a

nmeasurenents of fields in _the X-direction al pne e
trana@%ﬁgtw@ e dror ergy lsvel ebhengs &5?51 ?re%\?’éwt tfa?aﬂlﬁé MR Larmor
freqidiey.03€ RildiGorZ &F fhe rothtiéh, tthdThet GRAPpBEtRATion, WOWCH tHEXT blRRS starts to

e transverse.magneti zatjon

this decay of the v MY .
cephesf FoGRSE FGh OL G ADIL BFSKCP BIASRE B SPHERCHFS 2 Sli%lwfc’erent magnetic
field=d Yeh®@ r¥thids Gbiks dwn Lernadk %%&néy@ SEhetlbiipdr the @bl tinhe) folllbwing the

The net na%gﬁtif tion Lp the XY p{ane oes to zero an _
pulsg.{agereqierdhq Riass ditierrieg asgdrtreror seil 18 sengrignde mepsiuemets of fields in
the Xeditdbtivh diéhel 1R déﬁhe@in@&@shit@& a B4y inf ANHYIE ES@itually approaching zero.

magneti zati on behaves the sa way. 30 The spin-spin
The tigjepenstant WVhichdescripss tqlssdepweoftqrﬁqrgaqsger%eeta%tqaﬁ%n, Mzxy, 1s called the -
spmkp@qayﬁﬁgﬁﬁﬂaggetization by a factor of e. The

di fference between spin-lattice relaxation and

spin-spin relaxation is that the fornmer works to

return Mg to M), whiksnthe™ atter works to return My
to zero. Tl and T2 were discussed separately above,

for clarity. That is, the magnetization vectors are

T, iCANE)sAQE 8fdn bPedubl tb T, NEhedRt MYgrRliBRen GORPXS Rint doef 1060 and then
ihegggmﬁng back up. along the Z-axis. Actually,

up . . bot h
12l anggpetisptiong grr?mstLgxﬁb %Slfe%msv\}ot ﬂleﬁ;?e dgﬁqtvn. Any transverse
magh@BhtidnHehMRs HEkAEE #Hat T2 is | ess than or equal to T1.
WO

2004/ 104600 PCT/ US2004/013215 5

The spin-spin relaxation time, T, is the time to reduce the transverse magnetization by a
factor of e. The difference between spin-lattice relaxation and spin-spin relaxation is that the
former works to return M, to M,, while the latter works to return M,y to zero. T; and T, were
discussed separately above, for clarity. That is, the magnetization vectors are considered to fill the
XY plane completely before growing back up along the Z-axis. Actually, both processes occur

simultaneously, with the only restriction being that T, is less than or equal to T;.



10

15

20

25

30

35

Two factors contribute to the decay of transverse

magneti zation - (1) nolecular interactions (said to
woeear/eoa pure T2 nol ecul ar effect), and (2) PCT/US2004/013215

variations in B (the appliedl static field), said to

| ead to an i nhonogeneous T2 effect. The conbinati on of

these two factors is what 5 actually results in the

de f transverse neti zati on. The conbi ned t
Cahetor B P o TBE Gy of e groITEHER syr@gE olecular
intermrons (&hig 16 Rh@tol ONSNT Pmbletule @ffedtf)end @) fvﬁr@ﬁbﬁmheg Whakpplied static
roces and. _ that fromi eneities

i nho
fieldpesgidde feég {9 @ ‘ghgraogppepys [Pfe@?c‘rz & compERpn 0‘?% s¢ t‘.‘(@ fapfpLs is what
acma@%@as Bfthd &Lay crfm@ﬁ@zg@a ﬁiagﬂeﬁﬁau@ﬁn’ﬂlib&:oﬁﬁiﬂéﬂ &ilne constant is called “T,

ctuatl ns i erfec he

star’ m&éﬁwgengt }ﬁg r?l?t@nﬁb% ﬁ% Totem Oiwlﬁraw%e,sses and
that SUBntR%opdRMieHh tmlh@gheﬁceﬁdl@ﬁagnet ic metals. In

practice, to actually neasure a sanple using NMR a

sanple is first placed in a static 15 magnetic field,

B, which is the intrer+ogatiay,zone of @he instrunment.

Next, a magnetic pulse is applied, which rotates the

magneti zation vector to a desired extent, typically 90
The @6urde36¥. théirdBmogibifies, cah We RN Plubmationt &f £Fieldhér imperfections in the

na net|za%ho$ Eector fromthe Z-direction |ntP t he XY
magRIEBRECTA{REP HEIR T W@F?Cawg%%aafsn%@%mﬂ?ﬂ B ICRRgy28nge metals.

di scussed above After the application of the pulse

here occurs ree i nduction de FID
S’ﬁ@faﬁtzcgt ?oowua % BEsgiesaPle stg 1%&? réﬁ Placeﬁefl a static
magIdstﬂdleld ) akhifiold rtheefnteﬁrogitﬁ)h%ﬁa &k }yiﬁtrﬁnérl’c amnekiD b Magdetic pulse is

domai n spectrum li tude, of neti z o o
D VS e By R AEH e aROyF S OED PR O 180° A 90
pulsé, foP GERNY réfites MR BlaftizatRADlebtbt G, theti-aifectioP itatiRs XY plane

ndi vi dual frequencies out of a [tip ectrum
resulifi & EARSYEFSRHAGRENZR AR, MervadS AHCHS IO tf‘a%é e tPcgligH gfghe pulse
therd &tRuml W Gle@ind@dtioh ARy EED) ofthemditeaidtion aRbcidtbwituihe @Ssited nuclei.
the tinme 25 between the pul ses, the pul se phase angl e
and the conposition of the sanple are paraneters,
whiTedtiticablf Rfitiet TensS@mSdnkiyvik Erynsﬂfrmﬁ Bitﬁletcﬁﬁﬁﬁi @d&rum (amplitude of
I nt er nati onal Patgﬂ EE|IC&tIOB 8 i
magefaiPoVeefoay Vire FFh 19 & Sraienkc dogam; ?peCtFU[EII‘ | §requeney; & relative

ampOtitic)PehioMsepaia®e Eﬂdh@@aaﬁﬁ@dﬁ@x@dﬁs\bﬁt & @tiphasé §¥eth@h. This separation
n a pr oducti on

com B oeg F A WA Sy s L Poieat /ot Of (e pofse, e ime
be’m}eBﬁ Bk bolgsa! ﬂh@ﬁulgeqm@setaﬂgl@ RE@IHE cmpitioNBHRE bdnfAd 40 Parameters, which
thin a sagEi | ocated within the interrogation zone,

aﬂkﬁﬂﬁsgﬁﬁﬁﬁye S §¢HRi9Ypl yi ng  an al ternati ng nmagneti c
field over the interrogation zone to cause excitation
of the sanple accordin o the principles, of NMR 35
Thentgraationp! Ratast #@Ph%@hﬁpq\y@%%?ﬁﬁ chsoged BfipR gy reference as if

fuuysa-Hﬁérﬁ&utcualoav ReReb&td Ofeck |Wb@ghutgn@@t€1ﬂt of Sar@pldas 8tpyodbtion line,
difficulti i ncludi ng but n limted to the
inclysingsxpagel : CTeRdReF RGeS fg@ d oy IHETRRREIY) Zone to create a net

magﬁ@rzaml Withih bh@ile Wedthd Withil heSialRbE:ti6R RéR] AR anGKF coil for applying
sewhere in th system effects of WO 2004/ 104600
ngg]@&qegg_ ghds over the interrogation zone to cause excitation of the sample

according to the principles of NMR.

The use of NMR for techniques for check weighing samples on a production line
encounters a variety of difficulties, including but not limited to the presence of interfering species

such as metal particles either within the sample container or elsewhere in the system, effects of
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6 tenperature on the magnet or electronics, humdity

in the sanple or system and nechanical instability
wohodshe4@ont ai ners. It woul d be desirable to pproviuseooa013215

system and nethod for identéfying and/ or conpensating

5 for the above noted potential sources of inprecise
tempreessd rodNMRe infaghad ror afecidditss anfaldéty Gh @bk sanvid g Byseens Yedtl @f8chanical

hwuﬁg tY 10.The present nmethods relate to check
1R RAYCIECEFT al contained in a container, which is
passing along a product filling line, i.e,

a

prqgduction |i by nucl ear magneti ¢ .resopance VR .

P edhRh BE ookl oo it SR DR Beftot fsg o aie antlbr Sompensaring
for teabuveen@ead poredtiab dour@s i rinpreoioe sleysupaaats for tth aNMRI @htiple check
Wel.g%uSngt)Sog\t/ders in a non-contact and non-destructive way

WEH TBO@bprotocolling). Met hods are provided to
conti nuously measure powders by applyi ng NVR
techni ques with 100% pro ipg, and optionally to
si mul t aneously neasure n%ﬁ%%{?cont ent, or humdity,
of the powders. An inprovenent is provided in a
magnet i c resgnance. met hod for, .determ ni the mass. of .. .
D0 35 et SRR S TR el i L P 8 g, which i
passing refunig seprpdeniiitisglliseol..ch praduetioraliste, by amddar Sapigktic resonance (NMR)
¢ aﬁglylng a first magnetic field in a first direction
echniques; . . .

inan interrogation zone for creating a net

magneti sation within a sanple |located within the

i nterrogation zaone; . lying an_al.ternati.n magnet i

¢ SRer bed dod 8RR R PRl R i S B e SRSk e weieht
powll@s it enpar@niatty achangdaagudtine wigt (withtat)oes ipsaddoliingdf Mddkods are

S le l.ocated wthin the interr lLon .zone;. 0 :
oG PR Gy R B P SR E AR (ARG G4t % fagtocoling
and ompnglyl i8 sihiutiineoiislt feasee mpligurt edritdnh Dr timiditg o thie @owddrs.

state and generating an output signal having a

characteristic which is proportional to the energy

emAd iegrovensmas progdddne a neigh@ldtresdhgivanethba e GeRinhiging ¢he mass of

ith like data obtained fromat |.east .on imlar ..
sam oo gl YRR SR SRTBE A o O i Giay comoriing
applyihg asimgpimagnedb dickicined ifisse dirbytion dap phyih®egogaien fzofiesfor creating a net
Strength in th

magfRlEG, Fiogh B sprpls” el Sitis™eS ST ke Byt Watimating
magadticeffeltin mgecgﬁg::inedctl(m 30the iiﬁbﬂoggﬁoﬁ b@lei'&i’ﬂ&h'@brfarilyhchanging the net
ni.tori.ng the free induction decay energy.of the ‘
mag3slon ok Mt iR R o o ES P F [P o e yaited by
the singleads tgtm_id‘t egonditieg df hier ehple AurisTpie \é)ﬁfgﬁﬁllt stdt® and generating an
I OVI .l n magnet | c, .resonance net or . .
oup Feh e THERASE THO B BICn o HCET §5 cppering the
outpwth@grai khdrdveerisianipite Sike @afardba?nepdvme aeldas @hé ?in{rlat QdrhiElé ®f known
conpri sing. 5 applyin first magpetic fi ina ..
masg, S0y defirBing (B mR ob e DRt r SR b ey b T usidbget feld
havisg nfitld segptitin hatinge oﬂ\dbb’ltiﬂ ol a tosamvpﬂl €3 Topplyed thd dikinatitid@agnetic
Interro t1on zone, I yln n alterna n netic .
Bieldy 1P dhecpogit TR Bt feemist i ecal FREET Gty Rerpffpand gencrating an
outplit e iidugitdn dacuyzipnel cogespbatiphatiol y WO 2004/ 104600
PCT/ US2004/ 013215

An improvement is provided in a magnetic resonance method for determining the mass of
samples in a production line wherein the samples comprise powdered solid materials, comprising:
applying a first magnetic field in a first direction in an interrogation zone for creating a net
magnetisation within a sample located within the interrogation zone; applying an alternating

magnetic field with a probe in a second direction in the interrogation zone for temporarily
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7 .changing the net magnetisation of the sanple

| ocated within the interrogation zone; nonitoring
wenergy4@ni tted by the sanple as the net nagnePCTASR@A013215

of the sanple returns to it% original state and

generating an output signal having a characteristic

.charighhigGhe h& Rdg@RBAtidnOdTahe bnpldhBcABEHGHinaRR trt@fbgation zone; monitoring

ener%)g? ittsth){:)g L g%n %J %pUt G%Pjg%glflsaglglgggtgt erl et rlgtng}g:t(tépt%OI‘&ﬁinal state and
genekdiRWAn MRGHE sigitdl hadlgy @ charmitaBtié haichas §ro@f)rtlbﬂitﬁ & &Rdnergy emitted;

characterised 03| th
comBHH e At Bt o gad Hheris S DR i R e ¢ e e pigglar sample
of kfwrt AgssndPdterampl gyther@adshod the&hﬁ@léﬁﬁbtaﬂ@nswgyedmpbsﬁlg eGamples

witkig i of our St B0 d) G G S0t R e @RYing the
alterhdtiibg Ghdg@eticdtdyo the gaaple; canﬂnﬁﬁaﬁtemg fhg fieh errdabtmn deeayBaie@} of the
is as (? C Vi ew

SamlgE 2 %?5%'&%%}1@&6%%%%0 NVEETAHEERS
station for checking that each container paSS|n
t hr ough the ' d anmount of
pr odugt. 15 Fi ﬁ%@gééﬁﬁmﬁﬁﬁw rates the
formof a check weighing station according to an
alternativ enbodlne c.fie
o 308 it PR st o0 aroufitn e B TR SesierSekipgsaton for

checkimgcthﬁgaraalmattalﬁcalﬂamngl thtisibh aiee weighingstadibm ahd the dehie@kamount of

wei ghing station. 20 Fig. Ic illustrates a further
prodiglack wei ghing station. Fig. Idillustrates another
check wei ghing station. 25 Fig. 1 e is a schematic

R R ol T
alter@ative tabodimem AwRIED S A3 Setig) field @eddicanis agplitd ater kD miBrPaition zone.
of and control the check weighing station shown in
Fig. 1. 30 Fig. 2 is a graph that illustrates the
di fAignediagemgadtalls iihengéd s attehative dhdck weghingyaitibrevel s
of humdity in powder sanples. Fig. 3 is a graph
showing the tinme (Ti) needed to nagnetically align the
S PPN .1c il3Sirdtds@. furbhel Shedk &highihg bhtidnhe stati stics used to
determine the tine constant of Fig. 3. Fig. 5is a
graph of NWR signal values for free induction decay
( FIFED. .1d WRs2064hdt04GA Kk PETghRA0M44.013215 8 Fig. 6 is a
calibration curve showing the fit between known
wei ghts and the NVR signal values. 5 Fig 7 is a graph
of FigVRe Biagbiddmatiapide Siew@rf a brodeaction e titio i NRRashe{iVdRhing station

Fig. 1f is a block diagram of excitation and processing electronics that form part of and

control the check weighing station shown in Fig. 1.

Fig. 2 is a graph that illustrates the different signal strengths related to various levels of

humidity in powder samples.
Fig. 3 is a graph showing the time (T1) needed to magnetically align the spins.
Fig. 4 is a chart of the statistics used to determine the time constant of Fig. 3.

Fig. 5 is a graph of NMR signal values for free induction decay (FID).
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Fig. 8 is a calibration curve showing the fit between
known wei ghts and the NMR signal values. 10 Fig. 9 is

wea 2gr4apksoshowi ng a pol ari sati on curve conpari nGCT/US2004/013215
relati ve nmagnetization to t8me in fractions of Ti.
DETAI LED DESCRI PTI ON 15 The present nethods relate to
check wei ghing material contained in a container,

which is passing alopg a production |ine, ucl ear .
magﬁcﬁ%td i arCé@aﬁ%@rvmﬂ ing @@Hﬂ %ata@gn wno\ﬁ%gg% ¢ BIMR signal
valueheck wei ghing is used by the pharmaceuticals industry
for the nonitoring and regulation of the anount of a
drug in a sealed glass vial during filling. The drug
WeiTghY iCdta d;bﬁ;fm Sigidl balas far fideadubivn REayargyam and
is required to be weighed with an accuracy of a few
per cent or 20 better, in a vial weighing tens of
gr &g ik aa;anmtﬁmczilr@@u@ﬁlﬁg thedit GBkvRES kiR WwRERNEhd the NMR signal
Conventionally, to obtain the required accuracy, it
Y% necessary to renove the vials fromthe production
Ilne and to weigh them on precision bal ances both
bef and agter filling in order to.taée i nto account
F@Fﬁap fhovyiee %%%f%ﬁ%cmsée%%lgﬁ piévejmaagnetization to time in
ﬁmﬁ@ﬂbfwnten3|ve, only a fraction of the product can be
tested. If deviations from expected val ues are
detected, a | arge batch of product can be wasted 25
bef ore the probl emis pEEALED EESCRRTION Vi al nust be
wei ghed both before and after filling, the weighing
must be perfornmed in an aseptic environnent between
f i |The p@esaritAnediadk irerm@e tu%edﬂh&éig@@amakﬂa chb@hinéteines dBnfimRe which is

pos o F 9o Sy T pedhel fe b Oy ERcnds” s one
exarfhple,e Elieklo Nwdi FHifp 8 usdd ebys SHED bRirmBRanG sk ﬁfdus’%@p royl tAg MBéhitoring and

0. al rnati ng _excitatio netic fi secon
cesdfipF af DR EROFRELE G % b g %?a?walsdéwﬁg lmﬁ'e {he apgeieht can be s
smaB @88 AR VE b @¥ang Ahd 1s@ehubyd tohR weaghell &ithAn h&RRRHSLa fer per cent or
t he equta ion magnetic fi el and for . outputting

bettg a1 Y7 RIS FEGR B e Tt SSYRER! HESHOES B5F S0t ar gntionally,
to obthi@ i @@Lﬂfed(abﬁuﬁuéy 19134 nS@kddry tSQé}ﬁ(bvla GhdTRAB Froiv tﬁé‘lprS&&ﬁStﬁhne and to

bration d rOV|de a ndj.catj on_of the . mas
weigly lhflﬁé)ﬂé)é?ﬁﬁl@ 3@&%3 ofthbefRsp A1 ?ﬁﬁg HILERE 1P dey 4k, 9ip ggeount the
weidh ol ther @atider. f IBlebduﬁlgthhsl 3] mee}lgﬁlteﬁs’lfb I@h@'Vd gect@dn of the product can be
re of. the cont ent

0 ontacting 35
et TSRS T SRR 0y TP S T i A Pag Gon pf wasted
befokd e p&Qﬂﬁlﬁhsrhﬁéntliféd MAE €heOfialaniBRbe fedhedWWotE Befofe MM@tafter filling, the
.responsL # and is useful for %ﬁternln 10 the
weighinednysf beprgiorm 5ﬁ‘i‘ pepliseengironaeniheiveey diling end
meighing between 0.1 granms and 10 grams WO 2004/104600

Oé)/pgli]ésgéc?rgip‘%ﬁ;gvﬂ%g t}ilpoq:%ss ogp g%:l]}%:]?a Iﬁ%l%%l]lly rr]nagflc%rsnlsarise means

for geﬁ&ht@‘@td Sftic Hfaghaas Sﬁeldafﬂ g fif HirsvEibg) bﬁougﬁ tHeh@mpleiméRs fol Aplying an

alte@%ﬁ%&%ﬁéﬁw@%@g&% ?ﬁla i %%céﬁfﬁ? gﬁ;rﬁyétr r%gfogohr%]{nﬁgéhi@g ];arr%le means for

senspigCERlST &hﬁ’t@&i b3 RAmPIE i6 ae@b@se for B SREikkbM Gnastt 8éld and for

the fille ntajners to a ghin
outputting a signa 1n ependence thereon; an means for comparing the signal output by said

val

sensing means with stored calibration data to provide an indication of the mass of the sample.
Such an apparatus can be used on-line in a product filling line. It can provide a non-contacting
measure of the mass of the contents of a container independently of the container mass, if the
container is made of a material which is not responsive to NMR, and is useful for determining the

mass of small quantities of sample such as samples weighing between 0.1 grams and 10 grams
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. wasiaigh &0 g702 e g delpaee R EAss

station; weighing the sanple within each of the
containers; sealing the sanple within the container
wand4riege@at i ng any contai ners which do not conparmskiea 013215
predet erm ned anount of sanmple within a predeterm ned
tol erance. The weighing of the sanple includes
whiGeRg) B doRthinRd 3¢ AhdsCoRERE bf 20 grb@l B mbid, Frotitig tn indication of mass
di rection through an interrogation zone for creating a
and fefywergh AEF 53on within a sanple 10 | ocated within
the interrogation zone; applying a pulse of
al tRkngpdrigs ERIRakECofrhe@bile th cant&RE 64l con‘f’ehl{efr ®Y @iMling the container

rectlont roug the interrogation one
Wlthtth feferpyt géﬁ“&ﬁ’&l ¥ GPrEHE TBRIPOIHRG FRAD céélﬁ tled cpptaippys to a weighing

statiBif} %@ﬂg&ﬁ@i ﬂg)wéwmm éach BEthé mn&ﬁﬂeﬁkﬁ daliNthe ORile HERE tHRGontainer;
ener, emtte Yy t he sa t net rragnet i zation
and Gt a@aﬁ%ﬁfaén%rsewﬂ do pgy OP@moti‘F aﬁeﬁﬁﬁmglfegt aénoaﬂtdofz ample within a
predetéfrpiéd folgande.S TBREighiny GERE BERINE ﬁlcluﬂ&egeﬁ@ﬁmngamauc magneuc field
aring the signal output 5% the sensing step w

in a d37 FPLiOM SHOW A T RTRSHUTEACHE 43 ISR B e R e w&a%a sample
1oca@a®v1ﬂﬁmﬂeaﬁte§@ggab@z@% APPEWE ITRES 6f(hlt€1|ih€tnﬁg01h£g€?§ﬁ@ﬁ§lﬂnlga second

n out senS|ng step provi de t
TGN 0B VBYE e RS SHR HEcS moaar% st feiget magnetization
of tieQsainBleNBdated! Wit thie tihteHo ghBonPAbaE; AR ér@iglysemﬁddlod'jf tB& sample as the
ar.at.us ﬁnd met. hod can be used |n1%lvar|et

a
net BEFETEEeT 8hde st (R Ay Bh O RBY st ATk STt igglependence

ther@ﬁa[ hi®sapating tlﬁts[gnaﬂ ouGRe By &Rl stnsiddl Sdpogitic adlibration aacma&haﬁl relates
f.ood products n nmeasure high valu

pr.od
the Wfér‘)é ah oo g%ﬁmﬂ%ﬁme&ﬁﬂ%m&a%égtﬂaegfém%mafﬁe D0 Sutbus by he
senstg@etp| 19 pEBIERIAE MNGicdtide oPBS fraffof FREPIEIS viifhdl eadl @ntalher.
solid form in powder form in liquid formand in gas
form or any conbination thereof. Fig. 1 shows a

POITh h8diti6H todphpindel &A1 Rudh Meppadiin€ bndf héthsd @has isad ialaSvariety of
25 Included_ is a weig

aopliptro st A8 P Qo) PBeh GpO GBIy diplogica

sam@lfes Addefodd pro@tisy iTeda8 ridadiie h1@1@$zﬁud ﬁf@d@tshﬁlﬂb&ng%ﬁlpﬂng can reduce
ec statlo 5 that renove se vials fro t he
ST DAtk By hgovwder orm,
in 1i§lfid ebrinQndBeias PrAdstGhy SRRGhdtLE Bltc@nNS. The vials 1 are
transported to the weighing station 3 froma filling
(and optionally sealing) station (not shown) by a

cowgemoghobﬁbtpo&lgnwha ?fbdu@it%ﬁ @, r@ﬁ{ﬁﬂﬁmglfm vtdnse}c ith QWIS sample.

INn the z _ directlion e act.ion 0O

Incl{%@é&% Yieiehipe stalirney et lm@&lﬂ@f[ %n ffer Weielyrs Fagh of the {fipd vials that

passuﬁ@ahxw& bLeCHRjdtagiohd tﬂmﬁfd%@t@ogemfamﬁ&ﬁ t}ﬁ:fhnte Iﬂﬁn déihdtGave the
ass, vials

le within each of th
Sufﬁgwflﬁ ‘F’é‘amf Al th drugr o et Progw!fg PRectigetions.gThe gﬁﬁ% ]aFT§ traaﬁp@rted to the
welgm@fswtloas ftdata ﬁmﬁg &dnfl @ptiondRE ) fsﬁﬁbh @t Wk PbyVEcaveyor belt 7
ghal that n1%§t interfere with the neasurenent

a% speeseipl pythe Al di MEYE I dife? WRsRT HRoughathe gftiop of rotating

con\fé%'ﬂ)\lf/hs%ﬁsl 1a ’Pl%ﬁﬂ@@lﬁﬁﬁ stﬁﬁﬂﬂﬁ&s Nﬂﬁ% teBlthidRies EPldterdheRél nfss of the
conput er .contro stem %6et 13 is_creates a

dru%ﬁﬁ’@éﬁ%ugacésf “&}F B r‘éﬁfhofeﬁé)l o e &t Mell prpgTEts glass vials

are fideBll Chsi the teB@taierd be@Gdel BBy A6 IS Fiveh siERNVIBMOmigRE hdterfere with the
The sanple in t he glassn§|al ontalns nucl ei whi ch

mea%ecrﬁenb Brosess g Iyt hﬁﬁ:@ﬁ) fiment ﬁ@’ﬁf ng sﬁatloqp'c?m@psg a permanent magnet

13, a(rpmtcslmsi and alc&nﬁa&r@hﬂr& YRR nt, T@le $fauSs ad iabemMes a hémékeneous
esult of the spin t he nuclei 004/ 104600

direqs @rIERADIG) o0 £1834 @a@fﬁc ifigldrip Jpe Nmewgta@wgs theramey e gt 7. The
sampre g el glasﬁ el dorftdin LR leh whith SHENPJsERS a thb@ndiRABent, e.g. 1H nuclei

e
(protonSqT}ns magnetic moment, discussed above, is a result of the spin of the nuclei.
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of the sanple is in the radio frequency range of the

el ectromagneti c spectrum Applying an alternating
wouror4entco) AC) magnetic field to the sanple at PO®US2004/013215

sanpl e's Larnor frequency afd 5 orientated orthogona

to the static magnetic field, will cause the sanple's

net magnetization to rotate about the AC magnetic

field s fromthe di tion of the static

fi ei[ndmﬁtﬁﬁ@%? TS B dreRREReCH el TRegFRLS Tk e fatmor frequency
of tjpen;emplé el nbly'heatgﬂioyﬂrﬂlgerﬁy l&@fgé f&ﬁ" B dlethnen&idr dhedtunt. O Applying an

th [ e of rotati
e BfRe et o) el GEF S d oy o1 G PHEA gt Gravency and
orlﬁrmdggt't}ﬂgd)ﬂavw e stafic inf@ndBl flel, !wﬂl%_aus%th Bant 'éSnet magnetization to

BT 5 FORRE T e e B LR B e
emlikfdtmasmt tthie n&@ncﬂidl el RasnddReNbyAPlyiIRda E@Tefslbtﬁldﬁlglm Gurrdnh® the RF

coﬂsfsgfi‘}% z%nlsg’gzl aJE(Hl ﬁ?fttgﬁgfftlma]ggﬁgg&/o&a%}%n e lloybxr/e{r}l?lnqg the amount of
eneegyudelivelsdi totheRFadodl. 15As 1t rel axes, electronagnetlc
energy at the Larnor frequency is emtted, the
magneti ¢ conponent of which 15 , induces current in
t helnRRiseathpliffed enfbedipeatk am axeithticndee]l d thavbhiued? aV911°irSt§t10n is used to
er of

exc}% %hlg Fﬁl S n Ot Heg% of h}gn gﬁdae{a{gagaggeéj tﬁghmpm fsample is left in a high-
energyl mmt—.dq&ﬂlbnﬁmtsh& Sramhich it Willerelag b&ik\te is SqL@lﬂﬂiuni Satd. &Nt relaxes,

d th ut trol
ek Sohl APy SRBLES i T et o i

- inddoeoenrtehien tirekRIovail 1Satp bek athﬂildé bﬁav}ﬂ&ﬁ%nam@ith taidﬁﬁg otherahings, the

BT SR e O Or S
Theweéegiet)signbl i hiengaspd ﬁ) heicogpite Sdogtiol s'yrh&n aneeichvesriftrddGhe peak

t | .
By B B BRSSP s
recedvedi freen di dafileniont saifl® witle & paosh viese (g I%ig}ﬁ) ltd'l deaimeehe mass (or

gLt conput er contr system can
weigh] Do ETORS GEPR P8P 08 EHCh PSS TOB PR Bl fsgenerste and
recdivee sighdie atc diffkentvEiagor nigeqatrates QféechUtiodbéJ ebla bcb eext':iftb different NMR
varl ous es

det.ern ne. .t he S t he NVR
resT T (R e s PN RO LG /e B bt R ata fo
caclief thediffedchiesdmples, i texedagX wdiglech ﬁi’ﬁgﬁ @oﬁlﬁrﬂe,abk hkﬁdéﬂ?mme the mass
r.obe nltor ener emtte e sa
ot R S R o RGP o b ek g fepits.
original state of eqU|I|br|un1 and generates an
o R RAR pE SRR IO RRT tsXY mohpontio™ s snesgy emitied by
the sumpld isbtﬂe netﬂmetaaummt c&"ﬁhecsaﬂlbre&btu&)é gds ﬁﬂbﬁgﬁﬁlsté%soﬂea@ihﬁfum and
or co

geng Elt%t,) azlnc? %@aﬁ b%‘rén%q. chaxiaﬁtr Os%g %%thrcgoloﬁwa 1 to the eﬁerl]fgy emitted, such as
currel’ﬁafn@ﬁtﬁleé | ‘Bliel dbnmutbhcdntr&ﬂeyﬂaﬁ feceibésahdRH pfobe Buipht mg'nﬂaS\I processor

co% g%t?lg ]E:nulf%r&a Sgl{@:}e or ijsliﬁu?q\%\lg mgrgi Eﬁafagzpeglpgce\%/ﬁréﬂ]{end%ta o%)tamed from at
least@piniilas gampld bf kndwh &habb? anddensinedte aatof et sBaPE frofrOthe results of

the goé‘gjglo?o%:o[ f I Iy usﬁgﬁrﬁ Otﬁfﬁélp E‘t}o%ﬁeog%dgh@?str?tﬁgr}he embodiment

has Iblaﬁ]ud‘eeeh‘t&ﬂgﬁ ahegaswiiyg tﬁh peak®Riglingde TYRE aedubdd @dal, 0y chemometric
e .can be used derlvgﬁba S|ngle val ue from

chnj.qu ha
charp IETAR/ 1t Gy UL BF S 57 58 SOttt GNP GATEY S end the
outpluf siged §feférated.0 AT &GAIN corBFANBI t@ENiQRY rhd)Cinbll@e comparing the FID

charac(:%([HJs?lcs cl;]fgthe samp'felz va1th like FID characteristics of at least one known sample, i.e., the

calibration data.
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characteristics of the sanple with Iike FID
characteristics of at |east one known sanple, i.e.,
woOheo4/10&dod br at i on data. WO 2004/ 104600 PCT/US2004/013215
PCT/ US2004/ 013215 11 The daperati on of one enbodi nent
Is described in detail with reference to Fig. If, a
block diagranrof the principal conponents of the
uter con em 17 of .this odj ment. The,
ot el b e TP S 1L BRAE FORT Tk Mingicc st e b @ block
diagtam n2hit ipfificipdd €oragonkiitd bf 1By sérpitdr @orithud syRbent U7 bf this kﬁmboaiﬂlent The
ctlon ter m nal ectable, throu
con§ S VAT L prisre CopRiU AR, AT oS GipAlt SRR RS By RE coil

15. \M’hle(bhnr&btﬁ)n(lﬂﬁmﬁdb ke is @ngendleathtough ewisdhm3i, foya 51gna1 generator 25and a
he exci tron

povleE Rk g7 i e S5 inlsTh st PR ineisets R axplagon signa
WhldOfS rapplicdltb ehe R coiligh THaeoms:mdncthnﬂaal 2I10s als6 ec@iedthtlg through the
swi BB e T i FRP R TR i e e under
test.f THi¢ aﬁﬁdie?wgtnhﬂers fthehtf&tbreﬁ Bytike ﬁm\% @o MEhSR ?Qﬂmﬁrﬁﬁcﬁfeﬁts and then
en SS t he .recely
pas G G P St RS PS8 HBH 9PV S B an e Eyreauency
(IF)(nyEr)ultﬁ;yylﬁy ittwnhl afjm aggropr}:l]atal\mt)dihgajigﬁp@n&ﬁfed ay ﬂg@g_?ﬁ@nergcor 25. The
e te the. si a ener or . e
w GrLaoBPROR Birerre et Mges STORETIE o dp ambip itremvanted

comfpbﬂldnBI‘ galzrated by nhy emikdte 3 11 NN thidtered cl@‘nprgme NisSthge nehakted into a

comgnyine B e b HEQY P subEHE naraRdrr ARt il misprragsor 41

Al D converter 39 and is then passed to the

" LRSS Bl At el IS SBRORE SR S

opemn@‘r aﬁuhe I’mgﬁil gehﬁami ghaid e @Qﬁéﬁ 0. Phe aifopré@sssyil @lay operate to

roce or 4 rate to su t hat .
ensi B%Fla AR GRREP a3t 29858 Ereat BOf REPRhathel A Hipd vl 1 i at the
desmddgm’uon/\hehmtl’(te:hédld dvc&ghm/g sdtioh 3i ’Sheamlctd'pﬁ)ceﬁ&r%lrl&ﬂws when the vial

on 3.

| ti t hi t h t 4
s R G CER T S SHE T LDl o ADs Slehponiqi 7 which s
com@oted ahtougiocmhédion femﬁmla49$ togﬂihaiptléaé @editi@tschdod 50 kd@nted in the check

e R o RRBRETRGR e i ira st Pl L 36 R i sensor

50, s Bgis beanh 62 Iilihﬂ?lteﬁdﬂhﬁstdhﬁctedlﬁﬁ’the po&iiiheA®r sleétton®d 43 which in turn

sient et 1 e O iy e it el B8 Soevor bt 7

(probfd@ck‘@}nthe I&ﬂvﬁydr%otdﬁﬂla(ﬂlﬁdh&lylcfoﬁ)ﬁ)cm&l dete&ﬁmSﬁﬁS Spropriate timing for

t 47 t
the oot B B e o s end S B BEv gmsaiter 1 gcorcingly.
Altespeedy, Ofsmfghetnﬁme\bey odr dnglother sydeni ﬂfaﬂtlcbﬁﬂlﬁdodélydﬁldﬁﬁtors position, the
et er m_nes

orp PR SR s Pl iR gy el oS een g et

burst of excitation current and signals the signal

T s BREES Dt A SIS 5 08 e o

timdﬁtﬁt the Eﬁl}m@ﬁ‘ltirb ﬂhﬁ statidield gghpracidibly dieemdgnsl 13Gorf € ndt A gnetisation of
a Icatlign t he rst o Xcitation curre
the RRleG S I I SCHHRhert 1 e B Rl PRl e coil 15

befok£ 80 naargaensmdd hapiplle dédloped, ithent thK 8Seritt bMiht &ighelr geBeta®fl by the
he sa oIe enters the static field

Samﬁlgg}@ (t?&a'b‘)fnf‘ égnet 13 for the net magnetisation

The net magnetisation and thus the strength of the resultant signal produced by a sample

varies with time in the static magnetic field. The longitudinal relaxation time depends upon the
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the sanple to develop along the X-direction. If the
excitation signal is applied to the RF coil 15 before
woOhersmaget i sati on has fully devel oped, then tReT/US2004/013215
strength of the signal generated by the sanple wll
not be at its maxi mum 35 The net magnetisation and
samplWsing :&eteﬂl Tiengérs, @eattﬁ&tyﬁ@@shmﬂl twhiiﬂh@@@dmgﬂfzﬂéﬂ,l aRdelbyation time
e S W.t magnet i.c
oan P Bt RSP ap Rrstt 1 56 g a5 gndetermines
the mbBm WA 1642 AIF 146 PICTih WS Z08iAcHd3RHidh 1sl€qu$1€dﬂ'ﬂi dsie tHafas large a

ted.. . Therefo ven t he type of.

s U Cobeenied bRl R UL AP time and
poss?fliﬂy ﬁleln&fxﬁﬁmhllmbl&l@rfgﬂl ofate bt it Eﬁn@w toOffnsﬁrB @dentical treatment
£ g or b? €1ne§ the mninumlength of the
OC?&SW eﬁ“f??gn?c?f’? TGP ch is required to

ensure that as Iarge a signal as possible is

generate er . test. Gven the linm.te .

ot e SR APy s G RSB IR G FRSRABIHE R coil 15
SO thz&ngtshtuﬂéd tohte rmgfmt freqheﬂcﬁ of nfposaingpie  The Qﬁlﬁrlw érequency of an MR

e, sa

o RSP b BA EDUSH® P RO BTCOE PRI HErES S copsat yidy magneti

field suehgts bpwe)gyt@nagadiizegitoefdr the Elomsntt(WRick ftd&iydl‘bgdnhe ARF7 MHz/Tesla).

ToecPhppRaicgis e O ro e ettty B Shromd AgRC Hendbook o
Cherrﬁﬁﬂp(}m @hms,eﬂnﬁ)hﬂ‘l&ﬂ bg WRIC Eﬁsshi;(d r Dl@elmﬂmsr f&juentlyatf @l MBY responsive

] 2 TG TSIt e

strefgtinbyc the fg@romayehtio geio tblsthélalelﬁgnt Mvﬁlkﬂ'&ﬁ‘ IhgdrogenTing@2.57 MHz/Tesla). The

ronagnetic rati or other MR res sive ele
W@Xﬁ%ﬂ%@ BB RO OBk P B S Py de RG] Endbook of
Chepiidrlyi & [Pagsidsy pﬁHﬁ@adﬂf BSSRC Meess Tie 'IZI&H filihg fof @RURARYil AF iftthis way

MR t h h | at ed
e N TR TN
mmmﬁwshdﬂﬁ@mhgﬁynm@eugymanﬁgaehmﬁnmﬁmnﬁmﬁﬂWWm@eu@gemﬁnRFcoﬂ15
con g RSP LI BB GFLIGE B~ Pt pRE O ED gt fed cmues
the mmamtlﬁamug df ﬂhEl sﬁgﬂ.‘e ﬁﬂalﬁtjj\hﬂdko tiftate Gihyeedesd d‘byut&hd:m-)asﬂs @Sthe Larmor

bl d ress,lnc
ool DR L R dosyed B s B ol 4 6fs el B somo

beglﬁlt@feﬂdxdﬂalg toethéi€ equiliteiumegosifio, ehitfing R EI_fbfgyMRtl&l Igdﬁlabﬁﬁequency as

Wit h |ffer t g netic ratios.
ey T ANOROSH P SRPAT BT SoUaRY PrREFTHe Bo mi g feracteisc
decayetingd atre&rred Odsr s ﬁmdd:rﬁgreliiﬁzgﬁ)ﬁttinﬁé fThis | ddpdnids the@ the sample being
ction. Q%§t5x0|tat|on magnetic field causes

teStet%ﬁgér‘gtonﬁIE’gsﬁaé‘f’l st the sanple in the vial 1 to

rotate or precess about the X—axis at the Larnor

RO Y BERE e o U e et T oty Sher the

excitadbrasurbae lstopq dffee I\Arhloﬂiqulﬂtltbé Isigﬁalp@@brteh@zﬂ@ de st ﬁol 7&@) Rfhe peak
t hey do.so

at .t he f reque a
ampfifl BL S af‘l%“F‘lgWh o e aGREST B pF e plen st Qbiapional to the
numﬁac ay ﬁlghetlt Smﬁﬁ&{tﬁcﬁle tHeS kdripl&. S CdB%ayently,MBn | this' @mBodi@ent, the
n.tine, This

as trans reI Xa de
mict Rt SRS AR S CL PR oL D HORAE AP erer 39 ater
the dxciedtidn sigh# hgd been removed from the RF coil 15. Alternatively the microprocessor can

determine the average signal over a period of time or fit the shape of the curve in order to improve

accuracy.
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As shown, the peak anplitude of the induced signal is

at its maxi mum shortly after the excitation current
webtopsp4@bt er whi ch point the signal exponenti BCITS2004/013215

decays to zero. The peak 30 anplitude of the signa

induced in the RF coil 15 by the sanple is directly

pr Opode éitddiniedt, tthe midioiaesessof 4nagdﬁe¢dr@afw rfmatpsatt Bighdl@evel with

sanpl e. nseguently, in.this nbod
ool i CUREGY O oI EBHET P Bale g LR e pvide an
inditdtion ¢ @ievisss fof @ie stah@le/bhﬁexﬁlyrbeefgtteste&& afid ﬁﬁbodtrﬁtﬁat, tllns calibration
exc tat n Si been remgve mthe RF coi o
catdig Sl ey OB P GBI GRS EEr™ Bam e e e calbration
rouﬁtﬂ’eé)eﬂﬂeﬂla@ﬁ)dﬁctgmaiatch\iﬁegﬁl frris store@fin nktioryd?. fo tlusteh@odiment the

o S o8R0 rh R oSS A om e

samplrluaddr i o, thd hgss 6f e egipke essor 41 then conpares this
peak signal level with <calibration data obtai ned by
testing a simlar sanple or sanples of known nmass, to
pr dvii ghe ar[bodirmﬁt dﬂtheoﬁlcmbrobﬁeorrmSSe’t@fmﬁeb ah# al‘mhﬁss of the current
sam rrentI% % g %%E thls tnbod ﬁhgi
S TRN e i L P o Beﬂ't“%ﬁ ne® G Hhew efana? IEP‘HP‘I“%\P control

slgrﬁ]am)dxcﬁ&ob]ﬁneCHSf ﬁ)ehmjecﬂ(d’a)ﬁtnMIeﬁﬂSSEﬁ réjwtlcﬁgr(ﬁleﬂﬁlleﬂl bﬁt@ﬁtb @Rignal to

Out%‘f gq%gtg F§9 r § cé%eec %(t)q ﬂt%;rgjgﬁbsgag{oﬁgn{fgr chaﬁ ng the r%)ect station to
remoad thd Et&feln’oﬁald]a}tealgl testeal fFabit ceveydribeln 7 itk itasivieh & the@fect station
5 anplitude of the MR signal received fromthe sanple
“under test to the nass of the sanple. In one

enbodi ment, if the nicroprocessor 41 determ nes that

the SS of 1 urren ei ng anal ysed i s
ot OPSTRE Pl P AL v RoACE GrouA P aPePiRagser erte o
for llotving the asee ﬂﬂlbmg‘am isto gieadonids] s@seth 11D whhi the cqrfect Mads d€ each sample

t cont 7 The reject controller then
Shm%ﬁ%% §ggmgpﬁﬂbﬁﬂt “but put termnal 59 which is
connected to the reject station 5, for causing the

reject st at ve the current vial 1 being.
CUF kit Bib it Ava et SR e S8 Setdhinad or cach
v1al.r ellﬁacﬁccﬁﬁaaﬁ iobrhe Mmeaslifembst GalﬂONWIrﬂlpl’ﬂmEﬂgay takingtdheaverage of repeated
uter. contr S ste 7 may al so coppri se a .user .
e RS HVETS 15,5 1 ST B R eRets ooPn s g et semple is
detehhﬁed:b}’tﬂ[e(ﬂelaﬁgﬁ&h&hﬁel&smﬂ abdie. Boparieilar &S tHef ex€i@ion signal has
uct .

bec BPAT h  RBD AP Sl 3 t  RES Eifct T Peions o Tt 1 thoi

orighahfigacd siagsia the stet eraphdtie diefdrat @awh poiital furthbeburst of excitation
cuﬂgﬁcura%% gf t he neasurenent can be inproved by taking
repeated neasurenents. However, the
rate at mhlch measurenents can be nade on the sane

AL RN ES AR G P
spatinﬁy‘s @e;faﬁfﬁd%g thé ZtdakeRnapheraatvem) Bk Yoveldriteg obﬁllﬁ be stopped each
ind GRS, Lo LT RlONe Lo el b0 (hel ¢ 25

at which point a further burst of excitation

Multiple measurements of the same sample may also be possible if the interrogation zone
of the magnet and RF coil is large enough to allow multiple measurements to be taken considering
the speed of the conveyor belt. In such an embodiment, the accuracy of the system will depend
upon the homogeneity of the RF coil and the magnetic field within the interrogation zone as well
as on the system signal to noise and the RF coil's fill factor. If the field patterns of the magnet and

RF coil are known in advance, then this knowledge can be used to make corrections on the
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current can be applied. Separate neasurenents coul d be

obt ai ned either by using a nunber of different RF
woadd4sio4@pat i al | y separated al ong the Z-direct PODUS2004/013215

Al ternatively, the conveyori4belt could be stopped each

30 time a vial reaches the interrogation area and

diffefehtirhk @8R SIEhANERLS, 208 EH6hal NUYtahg FQOH?@?&F]W@ ehs &t &f shims) may
0SSI e 1 e

t.he same sanpl e al so _be
alsq Berzpndsdde }“gﬁo‘?éﬂ%%n@ﬂ“teﬁé Yrfeic maretiHiddi | is large
enough to allom1nult|ple measurenents to be taken
i deri . the speed of the conveyaor belt. In such
96 BReent i gh CBarSlogaRst WiHR toydt eoph Initniprrega@hgpne at any
one&ﬁnd,l PR 14 BRgReRREINS illuétraés inb&emﬁ‘ddlﬂlen@ ROwhioe the com onents of a

n. ic fi.el thin the rrogation. zone as
Chegg% gghipg étag%? éﬁ?‘&“@ﬂ%le '8 Sﬁ% I%§ doczied ifhin e @o?qﬂ %35 interrogation
zoné b the §@(‘ettﬁiie anldfwHidheallbwalnghspatdsefe®ntab bt ARIOBUACS tan®Mhwithin each

. RF..cqil no i n advance, then i,s know ed can
visl 0GR B HIRSE Qi Meth DRGNS U S s enet 13 and the
RF E%GIF { ysaaﬁédt@ﬁﬁﬁaﬁoﬂslﬂi Aidf78 efeea&atdaeaamwsﬁww&he%oa@bﬁbelt 7, which
a%§|t|onaljx Y and Z cojls (known | %
opegaitﬁ tﬂ,g)'ov V7 magnetie B%d %'P‘g?ﬂt adepsily qo YBK,@I'&% s a resu of this gradlent
the RAHD g@@@dﬁbyﬁeﬁﬁ eXfRberRb@by ;’éad_ﬂiacﬁll Xt igasé kfﬁisd\;/]ﬂU Be %ﬂ@rent and thus the
enbodi nent si ng| e vi S cated within the R
Largy fiequsnpls egiedﬁ et e %ﬁi‘/‘ %S &héhe; infrErosgtiog zopg will be
dlffebeﬁg mﬂgeqﬁdnaﬁ,l J:ay:h Iidl Ugh Rt i@frrafddd) SdpaR B0 8Y NBpllink Nthree different
Ic %Ee fo nent of .a EEFK wei ghing station 3
narrﬁl”l 3R RtiPE ??‘? ?@Tr%priaﬁlﬁgn?r HLPwithin the RF coil

15 |nterrogat|on zone at the sane time and which

al l tcﬂ'naélg S &e%{f bz}n ntulf% gq)tﬁib %g@ ﬂYeté % in anggatlpthzone and the

reSLﬁﬁii.‘ghMﬁlTii@%lFsmE@ﬁ +thd @mplidichi B& retselvéchey $dk?ig| tBe ;E‘Bﬁ%ttraﬁégorm of the
and t COI epa air, of coils an
fece}"sega%ﬁegeréb%ew&?@ﬁ@rﬂa%ﬁaaéﬂ %SH%S%W%P%%M imaging.

whi ch 10 operate to provide a magnetic field gradient

acr % e con¥§{jr elt 7. a resul of this diext in th

gra ﬁ‘f efencterfg i the gradiFbePls FF aTTRPsed efnphing Badigy in the same

dlreetamras e stdfie n@loAss fididalischnk géneﬁeddiyftﬁeem@galtet B0 ds gl #dGn in the
r frequency of the sanmp 2@% in each of the three
e

art \c}?g‘agneitlﬁ e Ear}cﬁtn&lg’l% FIgH oqfi pq agpnged;iiG p@y@ﬁtmagnetlc field
gradi@nsSia Qe bt nyre F AR, VY azl 7 6099 sb ﬁnat he @htire g’aluﬁfé of efRaktair&dadon zone

n ee d ferent rrow pan Ises
can ?%@3 g%by w?yeg?lﬂtég L]é)rl trathr 1§;1ent1\g exf @tyty;m?saﬂ and 73
are Provided fapposiE efdtlof ehe T oA's kihﬁer&fg@hdrﬁﬂn@Vﬁlrthis Iaﬁlbodlment the RF coil
I nterrggati on zone, an th uItlng Nﬁ@ i gnal s fr .
15 Copries P PRl MEioRt J13¢.ks tieperieBuife g wil spprecte
by a;rp@nlsg‘ ariag@ktid lfeld gr@di&itvaﬁdlgsﬂhg Nédgtiabf efe &(hﬁeﬁ% Qeltat K@Bugh the
e has ecgvg is standard practice in
inte ﬂ% Phgonep @ Hhe &S F3% be glt@“r(&ateﬁ 5epafq1‘1%y gF ga}ugmeously in the
samé §lay 8s iahie cafboangatdidkaibaPpity refer@lcad Bpi1ai N t he same
direction as the static magnetic field which is
generated by the magnet 13. As is well known in the

ar tinQhe EARIIRhEGs SRGIRARER eRRALOD, Flgg adlaﬁ@gb COPNFAlIGAGE samples
radients I n

be arranged to provide magnetic, field
Wef%ﬁ)éa‘fe‘{ Wﬁ%? dhegiptetrpgation zope a? ?fhss(egeﬂ%a%%??arﬁe@ 9 ginuitgneously. In
thes¥ @mbetBmetts, shiee tdth f the@akhples WlN&perience a slightly different magnetic field

and will be in a different position relative to the RF coil, separate calibration data can be used for

each of the sensing positions in order to try to reduce errors caused by inhomogeneities in the

static magnetic field or in the RF coil.
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can be spatially resolved. Fig. Ib illustrates an

enbodi nent where the two gradient coils 71 and 73 25
wane4anesd ded at opposite ends of the RF coil' BCT/US2004/013215

i nterrogation zone. In thisisenbodi nent, the RF coi

15 conprises three separate portions 15a, 15b and 15c.

As ThhRsghosKehbdidndnts, the @ Fabil giietdtedddipi@eliati@d in 1Y Z-direction along

e FRE 20 TRAISLS o s ool Long Yhe Lengui o i,

to tiealnd ln@fgnéd&aielqsca pRivesd aRMichiewhith B iptegadsasl réia&ﬁﬁlg&lg_ﬁlbg'enﬁﬁs over the
sart3le Reimen B, OS] OB PGS F Lpraogem gt & frgokonal to the sati
ma@l o ﬂélmgﬂlsdﬁm %rﬁ&idall)y} ithistraef e ezlﬁmﬁrh@n ihgr® hﬂgﬂeass%mxdte RF coils
a ralit) a es r ocat Wthin the
150} Pe P Dot o P indB TR Gt et OF R 7asar by eeh 1 QpS7f ) gpnerate an
AC aiaghétitufidid Bt S -Yirection. ThivemeboeideadhiimitiBe sdmphsan e@6d vials to be
experi ence a sl di fferen

of .these s les will | ght | . .
st AP EOB D oS0 AN F POV 015 kR b BRI Dreh B tree times,
oncé BY &ich yetht BFtchigs. RF coi |, separate calibration data can

be used for 35 each of the sensing positions in order

to try to reduce errors caused by inhonogeneities in

t heIn/t]Sd solve e@ﬁﬁéﬂt@ afp'lbﬁahaderﬁ! fmaghet tWhe uRll? 16 @Eﬁeraté/\lﬁe static magnetic
. .2004/ 1046 PCT/ 1US2004/013215 15 I n the, above . .
fild 5 e fed {1 HEAnCyy RERA e@aﬂfgmﬁaﬁﬁefiﬂa@ﬁi Birefing peoils or
supérb@difetihs I @ggnie Ncoaldobg usddhid placecof itl@Np&@maedy emagndt 10f generate the

t he veyor. t, 7.. The RE cqil c e | ogat at an
neecsiiey D2 tehhs B0 AgiidetBiciag hovs ERPadkients ROV aagnengeld was
appliddedcebsythe Cbnieyorgenen fik 6Sditestioe [A3tthose kiR DRE] PpREiate, the

the s | e bei ng. sted and provided it c ri ses
oC iR IR G BE RPiisd PR SR &Y bvaiebtions BRI dbs porth and
souﬁhipeleg}_f tifel r@g@f}tﬁn@l t&gﬂa’ﬂﬁﬂlﬁioiv@ﬂidl b,éldg':ﬂhél 8(§rilvaj¥(ﬁ T/sital"ﬂhe IéF coil ’tzjeing, for
enbodi ment ere three separat oils _. e an
exaBiE. st Ot SHE T s B SBPIBTe B2 LA AOG oL another
embubmmhh" t Ejrﬁwhiaﬁ raah)lle&oiﬁ.&ogenﬂs aif(ﬁmamlonlé\lﬁ [Fagh ﬁif ithe ﬁérlﬁbyd)riblélt 7 for
the Y:-direction. IS, _enmpodi nent. al |l ows t anmpl es j .
e h Bl 0eld HETEne S o AReoRe g Cof 27 o e Z-rection
In this Ielmbsditﬂw, SieSRE /LI Q5118 bttl;)ﬁrfde@ afq ene]tc h@eh sagag I @n{zdlsvoe a(]‘e-igd Ia separate
vial .three tinmes,. once by e of t coil's. n
deteﬂ%coé]‘o%\r}%pré’ﬁ’élg%?tﬁ}é%‘fpg?ﬁtﬁ S%"e P%E‘?]%‘the% net was used to

generate the static magnetic field. As those skilled

inthe art will appreciate, eleciro nets, c ent .
oG geu St PROCRLT 6B ot MG FgHTe! BOUME fgok weighing
statios.e Giehdtalpl, #eechedk WHighipesttRA0D indhgieehn fnofe@dtefic B 1tdagprising a

con 55 SO o TR st AP Y s 408 conning
magig:pRF eﬁtemrka@ftlsq %ah_&ieﬁﬁiﬁg’ thy wexhg:aﬁoﬂ Aoné 163, Xreféor seﬁtibrorgé leading to
S illed i e art appreci.ate, the .

a reﬁﬁbfﬁ%?@fﬁo% B o SSn 10 e SHRP YHENE AR Ry contein an
opertdy patief B07t i on. For exanple, the north and south pole

of the magnet nmay be pl aced above and bel ow t he

conveyor with the RF coil being, for exanple, in the

S arffhef dr€ bhat doafigldgionwhide will f15dw £hbadicfRAf of tld Bass bflthe sample

sho et anot her
to be thggedy
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enbodi nent in which a solenoid coil 75 is wound al ong

a length of the conveyor belt 7 for 20 generating the
wenbteaisito4aagneti c field along the | ength of therpcomsenanis2is

belt 7, i.e. in the Z-direasion. |In this enbodinent,

the RF coil 15 is provided at one side of the conveyor

7 and a separate detector coil 77 is provided at the

opposi t lde f t he. canveyqr 7.. Fi. | e shaws
schermat FETBHSHTSERRE T TR O B § ROUE R
check_m5|gh|ng 25 station. Cenerally, the check

wei ghi n ta 100 includes an in-fe ction 101
corfih VB b e B e G el oS Bl Proportional o he
nunibee BARdSdBen tafdensGh Eekmaseirgd bagls eAftbﬁdﬁhﬂl@tZorQWﬂlﬁ &hdéWm@eights, this

magne tenn nd i 1 de i ng the
Slgqaﬂ*eeé?%sgaawwefé mgSor B S 1 Vs c4 i3 ontiguQyshy Py carefully

shapifg tha nfe@ueshenbprbbeto alObirardpett BEand W febERehpRe erbvpR tHQfobe.
The check wei ghing station may contain an operator
panel 107. 30 There are other configurations which

Wi | Thlﬁbﬂo&bﬁuﬁa Hﬁea&ﬁf@ﬁ&ﬁi@&d &ovd hve ligwas THe m&tﬁod&a@iﬁﬂc@ssful &r liquid

bt ain 04600 P 2004/ 0 3
s, A et lmu@%?assmh% GAeigs. ao casglore this
inﬂﬁﬁnc@mﬁdﬁrfﬂtereWohhraﬁiM%aE@ﬁ hruadded Vol decay Fadd SisinHq@idE,dut again slower

i gﬁqU|re a_si @ that is linearly proportional to the
A ‘%@ rogen atoms in the neasured sanple.

ﬁﬁter calibration with known weights, this S|gna

econes a ure of the of .that sanple. Thi
be G doRT Pl &@F@ﬁurwole%a EFe foype talign fite gocop t at the 11D decays
mudﬁ&ﬁé‘rbl It tha FrOdDEUidD. @h b&neral, iR IsdBevibr sTRERNEedt@nik @8@nant circuit of
Ies throuah t he robe Thlségrocedug%

h
the GrARNRIE BHEVETFYoF Fm e ot GBBLES e rosponse
aftef the ekdﬂﬁhkhﬂpuls%@re&ﬁﬂﬂle&&y the Gingl8ent fife BEBAYrobOMEAD1)dAnd the setthng

TR TN D TN T N ST

maﬁﬁiﬁﬁﬁlﬁéthé vadi@g ayhefat&itRy extifadion bilgdli ds, but agai n sl ower
than the container material. In order to be able to
measure solids, it has to be taken into account that

t heafdr 2 sdERaySamolibt dTHiGlR, 1O b@mﬁt&uﬁbﬁi toythd £1gan1 Wbﬁuhhef doua dfaterial and

In ge eral t he haV|or of .t el.ectroni es
the vt AES B, 1defiGe e AT L REHST LB at, 1 Ben possible to
deteBiiizB thetaimitiifieotaé bowddr by o®Epaiiag dedi@al joalightidnN®ta that represents

respaonse after the excitation pulse are dictated b
sampleg g dorre: oF R B EPIATHO1Y e%alew@g o estabiish

caliigfidnl, Firkg thetahﬂﬁnt(bﬁ” tlinb aftelited d@ltatide tpﬁl@& v thabshal dtibhger contributes
f||te DEAD2 natlve separate detection
o el iR T KBt § < RrEchiet & thepestem, measured at the
abo®ffehtidtet GfheRH then inddtedid £4aliBratiet dolgdeent anount of
time, the contribution to the signal fromthe solid

material and the powder dies out, |eaving the signal
of Ad&grldkﬂngltﬁiis RkHol Ofhe Sdsblutiorndathé alth®rendcht IsSndr&8&. The technical
| e
elenPentsSof this improvement are related to increasing the basic field strength of the magnet and
modifying the shape of the probe to enhance signal to noise ratio. Applying higher magnet fields

can increase resolution and increase the signal/noise ratio.

Magnet: The main purpose of this element is to increase the field strength. This can be
accomplished in several ways, for example, either by reducing the distance between the magnet
poles or by applying more volume of the magnet material. In the latter case, the magnetic

properties of the high permeability material may be limiting factors. In one embodiment this can
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determine the humdity of the powder by conparing the
signal to calibration data that represents sanples

woizody/keoon val ues for the property or charact eCTAISRm4/013215
bei ng nmeasured. To establisi 25 calibration, first the
anmount of tinme after the excitation pul se when the

be as@iriptished bl dieggasing tha kitdnbititod the niagnétivg aBig ktdte tirles by limiting the bore

term pned. Then, .kn S | es_are ented to 1he
and IR Bl iPER APV o8 BBt crlerPe it PHE SATOE Horeteraly

maxirnis&t. tIed pernatert alapitsat pantidabudhict®at cAC bOfeditad idia thethasge of about

01 FRRPERut ahERPL PR on R T ERab STl T s

i mprovenent are related to increasing the basic field

st rengt h,. of . he net. a difyin he shape of th
protit JP BB ier o e [ P dbey aeph b R g ende Feld) o
tighfhy fitieg tohg Reipld asglosksble. CA limitihgfaagds d@solinst ibg fhealckssary “play” or
increase the signal/noi ratio. .. The. main
tolerre)lrdcrep SL éqe dec ;}ﬂu:éag E?rg%ﬁ?fs tg% s%ng)lersh C%%ﬂ]:%a{;tﬁléaﬁogﬁeaween the product
volusteraad ghdeffettivesvatane btthe Stcitatiomofigdd)i is el of the detedinihg factors of the
. s,. for. exanmpl 'Lt her by reduci. t di st anc
sianff3y Soisd i S RapRE el bPaC RERclsf B iheh Bohwiinabe B auc th prove
surfaks trltecapmghe tillnfacter; isalfor filh ficdhe rkabiie theCdist@ncet dhéuld be minimized.
magnget | p erties of the high pernmeahility materi.al
beoflS bl AR Bhi et e clireh Botrane (e i fgrts. te
samPloDar¢ BAGO wRhih/aldS200A4 bR DE to hBolé 0 ane 6ol thesdvefdcdnyf the probe.
i ncreasi ng t.he strength of .the nmagnet by .about thr .
Lordef ARG BriE ReLERE o ob el TER A spiially R Hiprctics
distembd oavadHnahavialk asi theprobasutfedes isdhrgely ldeteintigddbyshe telegihbesios the vial
. preferabl Ximze F er. ent _.nagn a .
a3y (Rt o e ottt oot o PR R B Ml g ppbogment he
vialadre e deferthiningt factad) end this {Be fransport eRthanlisth i@ AboEadeRO kstettthe vial
. the order of about 0.5 T. 5 Probe: It is preferred to

diamgisFe the probe (that also may apply the alternating
magnetic field) as tightly fitting to the sanple as

ossible.. A.lim¢ting factor is detern.ned h ,
puie & Rear AR o sale B bibliod St A i e s other concepts
are Knoavn $PMR-@Ehiolvgy ssacipdselse apphietibim b pul @ Gtdquendes.aOhdof them is the so-

en the product val nd the.effective vol
ca OV R Sk, B 5 et B 1T OB RutertS o EE LA o i putses, b
withf a00dsgreé phdve chéhgsi gibeeh pulse ndi thiz dedied Gesulfs/ N a s6galled echo that

fill factor educi ng.the .di stapce.b n t ials .
ettt B St Ch Rt or PEADT g tADE o This way
the dignal/fididel rafi@is timprov@iaDadiderabln elt th ddogfoesbls ousk ewder more consecutive

o)

m nim zed. ., Because .of | ocal 1 field
cohqih MR B ERLe FRUB R GHE T ar aricle FeURBbded. | n certain
enbodi nents, the sanples are disposed within a
di ance. of..ab 0.1to ut. 10 fromthe, surface
ot TR et aR0 Y nyites e B Sl s RBRS eves of
humiditly i@powdee s@xidaN I8 shdwing T4 b Godpathg alis/amplifles of known moisture
racti.cal 15 di stance between the vials and the prob
pereBi S 18 bp SISl BRTS T RIS BStetmiEs PfBredrabel g ofine o
signhlie Yheakigndlé am®t ey scquienental thy sametthee of dehsuddmabantthe weight
0..5. . For xi mum S/'N,. i.n one. epbodi nent the vials
detelygiaing flse gt BEAFeA 18 o Gerphiped 1ad SRR e or
mechani smis not nade to extend the vial di amet er .
With the concept of investigating “dead times” it is possible to discriminate between
physical properties of materials. By use of NMR techniques, it is therefore possible that physical
phase transitions and viscosity variation can be measured. Also, by use of these techniques,

homogeneity of colloids and suspensions can be evaluated.
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20 Pul se sequences: In addition to single 90

excitation pulses and the resulting FID s, other
woaonmapi@o are known in NVR-technol ogy, such aBCThS2004/013215

application of pulse sequerni8es. One of themis the so-

call ed OM sequence. In this sequence the first 90

pulBe ekfindlqltd ameehiteyphitsit hidpsrtiod oDRatorid]s €8st tdkdta ‘ddithne’ of 10

e e hase c e. Each. pulse of this series .
miofBgidie T P aBe 00 CGRHO U caY Sreq PORaRE G @ lot of
solid btent. DS dtfing @EseQﬁdngy the ‘dea@ timat tdBDOtmivREdcORG, ﬁh@ BolidfpdBion is died

25 the si naI/ e ratio is
out i 8 TP et o o mefstiers 1R qur Goubn B B chientign. Ther
alsoGho WD toth6s0 106 €6lUni teeart, ebiaksile Reluaiees agRtcihiie tesidlohs edpdriment.
order to inprove the accuracy. The graph of Fig. 2
illustrates the different signal strengths related to
vartToodsgeringiéaligodty ant Ipm'sd itfafysnidﬁs,ﬁﬁd\dleiosﬁﬁmp&e%muﬂﬁrelated to T1, a

shown in Fig.2, co litud
mach ik Batesyifer et agaeiing dpiles, 0By BE gy Lo e entred
the Maih@hRhetNEdd, phdymréj@dt euﬂm Iﬁ@gnﬁtﬂsle& tabid Ehefbﬁﬁré enill ififereddes in T1 will
NVR si.gna The. s be acquired with the
resubél?ﬁ? TEEER g‘ﬁ @8@5@%%#\? lﬂa dei ght  det er mi ni ng
case and therefore can be conblned into a single

ment run. W.th_.the conce
e Poeptes O SR s Bt slpr o i B3l e when an
origihallyp hl}bﬁiogaiemmr Qpparnhlbﬁias Qfecdmhg rlhlﬂin‘iogerﬁwus.lseﬂﬂf qLNMRatlve data is

calﬂ%e Cg q}sgﬁ?wll C]i?¥0§% @2@%@? %H \gxé%{?rrwza he ideal FID is

firstnR@sidinedl. TRtS Glsm@ypeb‘mm;ﬁc (sltms@at)eimmnqyas techniques, the deviations
E gg enei.ty, of ¢ Ioids and suspensi ons can be

can fg, ined andgy2nidléess 104600 PCT/ US2004/ 013215 18 For
exanpl e, to determ ne physical properties of

B erials, first take a "dead tinme' of 10

XaPE? oseconds. In this nmanner, the FID is measured in
an Ieadn yxMiphdg eesanigal répbeitalitg) eingloguie irﬁea@url:rﬁént@fwereS @tp'lﬂd to the
cont subs enl

samfiEE Ko s WP aEgrT Y iBhppis 1 eGbais bt L BisTipys o sieme

of 70/6 ?r i2 ﬂllgl(ﬁsmnpﬁle edtlge band@signis)e d‘esﬁﬁ@lcshblfatﬁ:h @dfd reproducibility, each
i nf ormati on on entration., There .5 al so

semplf S e Srr £ i ot e o 1oty g datton Rpggm vatue

resuttip e BichltbrithinSuive a0d gickiiiger stamatd. deviktordedle! Mhaeesults showed that

Vi sco and se transitions, the visco isS v
the SGRGEES lelioReh b i Tenip Ry PG G L Badpll Wy GIOR o the
repe%ﬁ[ityp&ﬁﬁte rwptlﬂgzaaaﬂpﬁ 186 quigikyedf tiemyastrel@itts Yarafht@ford Mmcused on
ave enter t e mai n magnetic field, they are not
mcr?aﬁllng)}‘er?b?é‘ IZrlollsg %nd therefore small differences in Ti
mnll 10 result in large anplitude differences in the

ILt honogenei
?‘Bl@ng éﬁﬂtymMéeﬁﬁm&?eS dorehopIepRagt f‘g‘:&ﬁ%ﬁlﬁj’@g\/ﬂé’ﬁwﬁﬂ material
wasﬂérh@ﬂsﬁ@de&i for POHBIE RHE 48 aSHIagRBASI on i S beconi ng
I nhonobgeneous. The quantitative data is calibrated
agai nst known sanpl es. Therefore using a standardi zed,
Methdown sanple, the ideal FIDis 15 first determ ned.
Then, using spectroscopic (statistical) data analysis

t e@i‘?rﬁséﬁ%ﬂ“e Prdpertigeof this meptrsial ekatedde NMR herfaliawying feperiments were
condtigRpt i fied. Exanples

1. determine T1 in order to achieve insight of magnetizing aspects;
2 determine static signal variation to assess S/N;

3. determine static signal with reposiﬁon effects;

4 determine calibration with known weights.
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In an exanple testing repeatability, single-pulse

measurenents were applied to the 20 sanples. A range
woho004%ove@ms observed. When applied to the cont eRCE/US20AG13215

1 g, this nmeans a sigma of 190/6 or 12 ng (assum ng the

range being 6 sigma). Testing calibration and

reproduci bility, each sanple vial was neasured and

t he result entered into a calibration table with the

ThemaiHeret GendiiopE¥eitt i ng in a calibration curve and
yleIﬂMH@n@gﬁﬂandard devi ation value. The results

ihat t he standard devi ati on of the
gﬁﬁgﬁ BPICE%eeRSt i ng was 14 ng, being very close to
theDzﬁbgegeakﬂbabmhy result. Optimzation of the

e& ﬂy of th asurenments can therefore be focused
on Tiff éF@%%lﬁéﬂﬁ%e signal / noi se ratio. The
applinaiadR ot éabpleqfoidMB: Frechnizgues for non-contact check
wei ghi ng of powder material was denonstrated for
ponoi ¢ acid used as placebo. 30 Method To assess the

T1 pepemthates of this material related to NWVR the

follow ng ex iments were conduct ed: det erm ne Ti
O U e S o T o er it o B ette 2 iy TS (e heeded. to

magdbticdlly dedrethespies &h Bt deterBigyaalThisas iaﬁtﬂd@ﬁtﬂrﬂof&ﬁﬁﬁrﬁéasxﬁérh’ent speed
con IS SHTRDS B o 50 BARL e 5 S S e e e
to r%ﬁ’?[&%&ﬁ&ﬂ@ sdGdtedISA00 41t Gl @eddkmined %yﬁh%igr@az&iamlﬁﬁ curve with an
condi.tl ons wer.e: VHz et = . .
e SR TES SHoRm SIS P 1 s SEOMEISTos Y fopfetermine he tme
con§igt tHatigoes with Mdzraphlobigr 3 &€ pfaditddan pRisttb&hshd thdrl D Fig. 4.
1024. Ti measurement 10 Using the well -known

I nversion recovery sequence, the specific tine needed
t 0 THERBRelfia 4l o kiaghe TN Es 6Mth& SrdeBd¢T Jaewhiet ercmnpﬁable with water

oSt Ve SR 2D 81, 1O, el STEL 2BeS, o S0 50 v per
min@@CAE ateriall Wl ddt b %oﬂﬁlﬁﬂe@&ﬂaéﬁﬁtﬂeb %n(l tRRfGesded ant 1ﬁlportant issue.
reac 3% qf the sat tgg val ue is determn
Hovwqver, ?1,%) ugh the siggel s idy i Rf ’fl &ﬁnpeé%\efs SERREY %TF tkly to have
a ledseitglettQRanasitt IR, Thaserapll bebaskr ginceksloshiAg effects are no issue.
statistics used to determne the tine 15 constant

that goes with the graph of Fig. 3 are presented in
StatichifeasiG 01D 80 @terita bhsicSighl @ Neélse Ratio (S/N)

Two tubes with the sample material have been employed to do repeat FID measurements

while leaving the samples in place. The results are shown in Table 1 below:

Table 1
sample 3 sample 9
average 141.668 136.312
Stdev 5.439648 5.023886
Relative  0.038397 0.036856

Static measurement with samples taking in and out

This experiment determines the effect of not completely magnetized samples before the

measurement. The results are shown in Table 2 below:



The data of Fig. 4 showthat the Ti is of the order of

5s, which is conparable with water solutions that
woave/loe@n i nvestigated. This al so nmeans that acTAS2004/013215

speeds greater than 50 vial2® per mnute, the materi al

will not be conpletely magnetized and therefore SINis

an inportant issue. 20 Howeady2 al though the signa

strength for solids is not high, tenperature effects

are likely to have a lesser effect than with liquid

fluids. Transpaehpled Idpelze easi er si nagpkb asjeang

effects Lare no i Stati c neasur to determ ne

basi ¢ Si®YHAF" t&oﬁgﬁge Ratio (S/N) 25 1%ﬁﬁ;‘%tubes with

t he sannmﬁvwatéﬁnaMWhave been enpl oy=1h9p®B do repeat

FI D nea nent ile leaving the es in place.

The res %r@ éﬁ in Table 1 beI&&ﬁB ble 1 sanple

3 sanple 9 average 141. 668 136.312 Stdev 5.439648

R . 038397 036856 30 Stati
i e R T AR “SRRET Bl e G R TP 0y gigment eror (sgm)
5 frone R8s taeB%. Satethatenes dxtrendy fliakt plof fondie Rk dk@E positioned it is

I ore the asurenent. The
mof RO b e R AT R D5ty Vo 2004/ 104600
PCT/ US2004/ 013215 20 Table 2 sanpl e3 repeat sanpl e9
Cd%e eat average 100.328 103. 7167 Stdev 5.620907
89913 Rel ative 0.056025 0.050232 This result shows
that taking sanples in and out | eads to increase in
syrenen rr.ar 1% .10 5. 3%

10 oo TRE SRR eT R % e s, s b e ke B geause te
magnetsavhﬂzﬂzﬁtehhdl d smadl bor Mhis|mhdaad tatafothiverasd sidy, Gamplenlebdibn 250 mg
Comg ays a major role. Calibration 10 The test was

5ﬁ3u ed twice. The first time tubes with snall
di aneters were used because the nagnet avail abl e had

a I bore. . Thi an for.this case on
ToeSaree PRLEOT Hin® 280 e "L Q1 6ob b b g SR oM NVIR signal values
15  shoemin the gtaploel RigliSy heftatlstics fobthBliaard fresetited mb[&blbséﬁlow.
known wei ghts and NWR signal values 15 shown in the

graph of Fig. 5. The statistics for this data are
presented in Table 3 bel owrabkebl e 3

Number of Points 7
Slope 1.02
Value intercept 64.52
Conc. Intercept -63.3569
Correlation Coefficient 0.9775
Standard deviation 5.5044
Variance 30.2985
20 Using a magnet with a larger bore allowed taking samples of the order of 1-2 g. The

FID’s that comprise the calibration are presented in Figs 7 and 8, showing the results of the wider

tubes. The calibration data are shown in Table 4.
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Nunber of Points 7 Slope 1.02 Value intercept 64.52
Conc. Intercept -63.3569 Correlation Coefficient

w0 20047154606t andar d devi ation 5.5044 Variance 30C2982002013215
Using a magnet with a | argex bore all owed taking
sanples of the order of 1-2 g. The FID s that
conprise the calibration are presented in Figs 7 and
8, showing the results of {J%%A? der tubes. The
calibration data are shown % able 4. WD 2004/ 104600
PCT/ US2004/ 013215 21 Table 4 Nunber of Points 5
Sl ope 2619.47 g |ntercept5157 55 Conc. Intercept
-0.06 Cbrrel #icient°1.00 Standard

devi ati on 0. ORlopd/ar i ance 0. 00 368M4ng the course of
reparing the,sanples it appea o be difficult to

PiIP t he tubeganggmmgontrolIeéga%i The powder showed

some sticky bébavingtceand t her ef®dee sonme of the

i naccur aci es ~can _be Iayped ﬁfcording to these

net hods, it gmﬁ%%§?6f ¥§"det &°Ri ne the wei ght of the

powder , aIthoﬂ@ﬂhnm&vmhe1accura®y is less than

realized withyfluid under S|n1 ci rcunst ances.

However, the SFf2& s of the VI st oppers can be

filtered out, such as by RF- fleld Filtering out

L ORREL B SR AL SRR Y25 D LB FER W tubes n o
conﬁ‘céledmpl e poWidﬁ%bwédmmetshdcymvlﬁmrsandl ftdeafore some of the inaccuracies
can on%%geratlon 15 As an exanpl e of one of the

%¥1on techniques to determ ne the properties of
the speci fic stoppers, start with short “dead tines'
of . olid

ne the | onponen Then,
¢ APEE Bt Sui P a8 iirs P A Chg FE BRET Qs g ek slthough
the asdcgnaag} lslless waniralisd with filié uider sigilat Sircumstamees. pHOWE @M thedeffects of
e .sa r i d conp onent
the 6 BuconS B 7HER GRSt B Pdye PGP S can be
accomphshed by takmg into account that most stoppers have shorter T2 (spin-spin relaxation

times) than the powders under consideration.

As an example of one of the calibration techniques to determine the properties of the
specific stoppers, start with short ‘dead times’ to determine the signal of the solid component.
Then, stepwise increase the ‘dead time’ until the solid signal is vanished in the noise. It is no
problem to take a large safety margin since the liquid component signal takes orders of magnitude

longer to die out.

In other instances, the RF field may be designed such that the extent of the field is limited
to the height that is covered by the product. In this way, there will be no NMR sighal coming from
the stopper region. Any powder sticking to the stopper will not contribute to the signal either.

In one example, sample vials contained powder that had the tendency to stick to the sides
of the vials. Moreover, due to transportation a clearly visible amount of powder adhered to the
rubber stopper. With tapping, most of the powder was forced to the bottom. This was not possible
with the product on the stoppers (which during measurement can be shielded by an aluminum cap).
To assess the influence of stopper material and product adhering to it, a measurement was repeated

with and without the stopper. The results of the example illustrated that the amplitude of the signal
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20 In other instances, the RF field my be designed
such that the extent of the fieldis limted to the
woeighib4dohat i s covered by the product. |n thi BCWag2004/013215
there will be no NWR signal22com ng from the stopper
regi on. Any powder sticking to the stopper wll not
withoothe stbpiies W43 01165 iipign sHan @\hﬂﬂ'prerZS While @oentexls nipé & other effects

sanpl e vj al conta n r t had.the tenden
soctS Y Birbphitdrecgle PR et o BRlaps ap P ias pg? el to be
significat$ipadihmtendadiments.ear | y vi si bl e anount of powder

adhered to the rubber stopper. Wth tapping, nost of

the powder was forced to the bottom This was not
Incopsd h@etisatiérh t he product on the stoppers (which

duri ng nmeasurenment can be shielded by an al um num

cap). To assess the influence of stopper material and

pr cId uﬁd aﬁﬂlbﬁfohnﬁ NMRi techrﬁqmas detenend cmmtdﬁetﬁxeaifeuﬂe 30ntents of

hout th e The ul ts t he
conthiptat SR B e 1y e AR PRk T o et gisedi g greasoroment
positid RO Efipldid G%nE@Tbt#}éﬁZﬁH)ﬂé@ﬁﬁQﬂﬁ@ andlds Wetef@dbmﬁﬁ]ﬁe-magnetlsed (or
0. 16% hi er an ers
ore-URBRET A thad gt pafon, P Shptle iy ok SRBEH S st Getion pulse,
for &aepexampt euishoviai et caubee tharkpite ot &eOﬁroﬁh@lﬁp@feﬁesﬂ\aﬁ a plane,

not. like to be fl.ca i.n certai
perng s b i Rt - I A R PR IR Bir G CRIRsing of the
spmtpe@bsmioﬂm efsthé mdﬁ'&IuEIrpmﬂﬁﬁ Gﬂitaﬁﬁdfee ﬁmd%lbmcmsde&fy (F H®) signal is measured.
Thecon %x? tgl Olrfﬁil g lat 3 fn 1 the sample, and
ABRIEES P Bisaiera s iR y pES?HO P00t 1?1"* a‘%"élﬁb? P BEhY P sample, an
theréftve anseaple calitedtion aPpogd the Aathbd & sanpd & d Beaiemag niditfodyglh as for
he magnetic field and is therefore being ,
>magneti sed (or 10 pre-polarised). At the
nmeasur enent position, the sanple nay be excited with

o GRS B ! BT BB T B g

conspin@n &GeneRiRy PRI t‘rﬁhﬁu&fneht@ chin®e fmemwnagme bteanzfgneﬂlz(itmnThEbomplete
| axat i

. d h f th
i e L BhHES By PG PO 91 (SR B bR Laioh P For many
pharffaeiticdl uiutt@rthel &C ay of fheldydes b abcohd; Fensdnipdetely mdggetised NMR

meafRodl e e BB B o be e BHBES 1 hor ef or o

a sanple callbratlon all ows the nmethod to be used as a

sur met suc s fo hi n, oce SS
or R BB B 0 B S Fop o panbles il SaStrement
is applis® € GRshplakly hipRetised (sé‘xﬁﬂﬂéb‘ At ihis%easﬁ@rﬁ&tt ankgcurate enough if the
measyr ement s

. CGeneral | y NVR ken en the o
hlstoaz glp ﬁgﬁ]ﬁ Bé){ eXposyre 1o ﬁ g n@é’?ﬁﬁ s@tog r}iepdg 6% e@blgntisgmple is identical,
for eeAgedtheTEN itfRlkhdigs &RproXkdTihely (biat dpatific Tchhl&l‘étx(ﬁl) and can be

I IR R A T

subsequEpl ﬁin@le}domgiﬁ @iry S ds MyRatelEia®WhH @A® BdnShe oampensated for. The graph

of ngeg égavg{] %?}nggq%%lsgﬁgrbﬁryefgﬂ%f h$ ﬁosr\%c,:ﬂ%g%%to é'lvlll&gt W&al} y.only half of a T1

avaiRpRIforathghetishinml yising blySarofemendtis@ioaeasur enent 25 is
applied to inconpletely magneti sed sanples and this
measurenent i s accurate enough if the

wel



10

15

20

25

30

35

history (in terns of exposure to the magnetisation

field) of every subsequent sanple is identical, for
weoexenpbeoot he T1 i nfluencing factors are knownP{YiUua2004/013215

specific calibration) and 2&n be incorporated into

t he measurenment cal cul ations (for exanple,

tenperature), and the speed of every subsequent

sanpl e does not vary, or ki urately known and can

be conpensated for. The g éﬁﬁgo of Fig. 9 shows a

magneti sati on curve and the consequence of having
1. typhcidprovemhtyin h]ﬁiaﬁneﬁé re@onkhce rasthdd fabdegerinOring the mass of samples in a

o S Bt e o et ooh o FRBRSL 80 1
| NPy Bigertirst Irﬁag&tlmfghleh B irdt dsaniam dhenigttinapdtibrozone for creating a net
ma@?tﬁg{u{}a‘h%#hgr?%sa{x};i)leqaca%dl Qithie tgzﬁ,bnfesrr%g}k% Wag & g:joggﬂ Idon
mat@piyaigsnn adlemmngsnarggenca(ﬁqkﬂ i avgeeand direstionniaghe niteerofatidnckone for
in irection. interr 0 ro..
T R T S
Wi trhd;rﬂt_oﬁh@e_:ﬂefgty&mmgaiylthmsamm,s tlapet magfngtlanombf the peadpldugturns to
s RO ard - abieh SRS i iEPely et g sk Aagportionl t
the m@y&hﬁtﬁti on of the sarrpl e located within the
interro ori e
e SuRR e f R e E b b PO AT RS: one s

samplétoﬂl’ctﬂﬁvntrﬁlass,lah& original state and generating an

or CRUTETBRAR T o BB oy “em 1 ad: compar i ng the

characteqiadl bgi gnal characteristic with Iike data obtained

from at one

15 D B g e e A e e R R php T o sbou
1.3 By: appl y| ng the first magnetic f| eld having a field

stren the.ran T to about 1.3 T;

ap pﬁp{}gﬂﬁ ﬂfehaéte’gﬁ?nérlﬂ thcgﬁei‘gtﬁ #léet Saglp]fei eld to the sanple;

20 matitoting tha dret vt ti@edacnderctgyost theaplenslr gyierafing hreoutput free

1nmmf %caapd %peragﬁn n, out put free induction decay

%ﬁﬁ oo d %Bgﬂﬁ gg?ﬁgréto 2. An inprovenent in a

nagnetlc resonance nethod for deternining t he nass of
roduct.i on

| .
2. o st e e tPE! 5} Bre PR AP SR of smples na
procap@drylln&gvlﬁrefﬂ the fantpieg behprisepbelided solidinbierialt, cdinpeghg:on

bR R RO S S PSSR B o rope for oresting  ne
magfné\lisleﬂé(frngltﬂﬁhﬁ manzpdrribeca_tempm}yn the 1ram1rro@httoa{znm;i ng rragnet ic

i el d w a e in a.s rection in

bt SHEBERE PhrRed IR Sl b SRR Aok gipetion in the

intetrogried r@a forashmmbrarily ehaaginp ke newainetikatisrt ¢tithe dahle located within the

interrogation zone;

monitoring energy emitted by the sample as the net magnetisation of the sample returns to
its original state and generating an output signal having a characteristic which is proportional to
the energy emitted;

comparing the output signal characteristic with like data obtained from at least one similar
sample of known mass; and,

determining the mass of the sample;

characterised by:
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interrogation zone; 30 nonitoring energy emtted by
the sanple as the net magnetisation of the sanple
woeturnsobo its original state and generati ngrPamuUS2004/013215
out put signal having a chardcteristic which is
proportional to the energy emtted; conparing the
OUtdpbsiSd BB BAmpPlEawAah @ IdisthbLofMbbit 0.1 toeabdaxt 1@ Bt fednn 6@ surface of
fromat |east one simlar sanple of known nass; and,
the 9BY%et er i ni ng the mass of the sanple; characterised
bygppgmgQg4ﬁgggﬁ@9m@ﬁakuﬁzu?@kﬁ&ﬁg&%mSZ4 digposigg t he
sa S W thin i stapce of abau .1 to about nm
fr gﬁ?rgtﬁgngsma fﬁﬁg gndgfgont cﬂagayp?na%;o%éltbepafamphagartdr%nerating an output free
indudtibrededat dighgl dpngspehdiae fheetod to the sanple; and
nonitoring the free induction decay energy of the
sanpl e and generating an output free 5 induction
3. decmy BétBatRbf a8 BSperat BShlie bRt Mterndtingl hagnvet MR Bf the second

. claim 2 wherei.n applying th | ternating netic
diref e pHRCE PG IS O PHISEA BHETRA 1P Se BN M geraple.
series of pulses of alternating magnetic field to the
4, ign leﬁl'ast gq Ay}f Féglg iln tgrg 'gégcﬁ]leg]a :c%}nﬁlého%{;(g%ee%n!g r;grlnp gsl I{‘}grough the
intetrbida€lbd @8 bhDFEnZOMNE ANUtpIEASBIrbR@ticAl 10 Wiiedrdigts iogthakamples.
proportional to the weight of the sanples. 5. The
nmet hod of claiml1, 2 or 3 including determning the
5. hunit@iniehoaentiam 1.0f orcmblugiagpétermidiyg the ho@idey Rbitemi@f b4eh sample
b the sanples the tinme at which the contribution to the
Y signal fromthe solid naterials dies out; and
Coreafmngetihiahs QiR itRGiGOMtWwhidithd @atribatibd® thd gaal from the solid
st'li avai |l able fromany liquid portion to |ike data
“quéﬁl?éﬁFé% nts sanples with known val ues for
h E f‘ﬂodipﬁf_i/nlg tﬁ@r&ainﬂg_e‘:ogﬁi.bhﬁdl wfthecdigiatill aviilsble fomh@y iuid portion
. S e is carried.in a cqntainer having a
LA A S Y
correlating to the stopper based on calibration data.
7. The thod of claim1, 2 or. 3 wherein the sam
6 carEaRtia o COm Gi De SRMEToG e S8BTt it g
stopPérl fitindihg AllerR@Yousth fighal Eafelfih@td thestbpet iSeddropfBRtidYdata.
applying the alternating 25 nmagnetic field
sel ectively to the portion of the container holding
7. t hergan@h®l ofbclaithe et BOvhe®din Eleadafiple Brcadicdhif addRtainer having a

honp eity of the sanples conprisjng suspensions .is .
StopRitin AL DS UPTHHEBADY NEH SRR PR I ONCUBE By feRApE the Slemating
magdend fadld @rstifelyothe gottionalf thelcaithife hdring thogamleon known

honbgeneous suspensi on sanpl es.

=

e | )
; 6ner lsmavmg a

8. The method of claim 1 or 2 wherein homogeneity of the samples comprising suspensions °
is monitored by detecting free induction decay shape deviations from like calibration data based on

known homogeneous suspension samples.

9. The method of claim 1 or 2 wherein viscosity and phase transitions are determined by
applying the alternating magnetic field to the samples after entering the first magnetic field, and

detecting large differences in the free induction decay amplitude from like calibration data.
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30 9. The nethod of claim1l or 2 wherein viscosity and

phase transitions are determ ned by applying the
wal@vmaidng magnetic field to the sanpl es aft CT/US2004/013215

entering the first magneti @sfield, and detecting

Iarge differences in the free induction decay

nplitude fromlike calibration data. 35 WD

200 10460 2004/013215 25 10.. The nethod o

O-cl aﬁ?ﬁ et g?do%‘P ?ACPI‘E’rug 8\)1’}%%% VSSPsiin g hase tRRsEHRDS f1eg ‘§‘F§em‘med by
appazﬁrgl tdealeahmnh Ag Eha@t)éltlc dell i thegsadpies Altkedneing e ﬁiagmegﬂeﬁc ﬁeld but

t he es. enterin

befinp B el o (17 GPEEHE Bl 5ToE e RS ETies Bucton decey
ampidiedettdeicadprdtdhdaadi fferences in the free induction

decay 5 anplitude fromlike calibration data. 11. The

nmet hod of claiml1 or 2 wherein the energy emtted by
11.t herrmhasoﬂ chaifnir 20w iadeiR e entrige eitted bl tisd @Aples iiSmonitored and

r at rior.to th Ies eachl | ete
the B ahdl o Fird i G Sablesr R oA s R AR 712
wherein the output signal characteristic is output
12. s gﬂ?el met%cr)q) lo% %llzji{jn? 'l or 2 wherein the output signal characteristic is output signal
amplitude.



