METHOD AND APPARATUS FOR MASS ANALYSI S OF SAMPLES
BACKGROUND OF THE | NVENTI ON [ 0001] The present

wOonvesn7ea rel ates to the sinmultaneous nmeasur eREMUS2H05/023757
mass properties of an array of sanples. Mire
specifically, the invention relates to the
determ nation of the mass in the ng to gram range, but

SampYETH 30 AT ARSI MAS: AL offganpres

| aboratory scal e have been hanpered by relatively

ponder ous equi [BROKGROUNDOF THEINVERTSONeeNt
speeds. There is a need for nore efficient nethods of

nmonitoring and recordi ng the mass of a nunber of ]
[000Hpt orlhgpecsent igyension relatsy i thgsinylipaeisgpeastiyegieng pf mass properties

0 . . . o

of O sSERRETIRRE Rl Gl A AR, efminaion o e

massrintler patosgrimrange butalsLigrasges highet bolosvefof @atafdy 9 Samples.
and adsorbents requires characterization of a |arge

nb f | f h i al f i dl
t000d)g " ShrevipnebTe pmyeosi ottt PG St htidien hampered by
relatng@rp%ﬁBS{)hg ﬁcgﬁ}lﬁgerﬁléﬁ& i&?ﬁéi@ﬁttm%guf%ﬁ{eht X iegsf gg{e% & difed for

eal” wtht rge anount of ta ass w th the
moreqgffitimtzacthods offPaomidriag andréverding the massiof b noedsuoEmatetials in

ld facjilitate ' ti f data f h
ordet R Bueibe operic’ s atet nufsrire onfeTpnhablafe fy urter
develépiiedt. i n the deternmination of properties or

gerfor mance of, for exanple, surface properties such
[0003Ys sdhraptmazagian afthajesials fat nsedn stch aplicitionsas catalysts and

Lndi [ tentia erfornance. in vari ety of.
sdso OBl FOATHES i B BRph B o Pk BARRS tBeRnbF b fp onen o
rapidbesopossitlel ednalytical fealigudsifot §ighRAskcEREAMD. mFBit bt EAPas well as
m cr omachi ni nq in particular enables full integration

accuigte tegtenlayvith the lanigg agonsy ofglat asneditted vithitae ppigmizgtien. Parallel

rathef Maﬁ%&ﬁé/ﬁn&%ﬁ%ﬁﬁgf @Bulﬁffaaﬁﬁkel rabfdgéﬁgﬁdﬁgﬁ 3f &\Ata ?ortsﬁafl
potential of producing an arra Sensors as a 'single

chardchirzgtiad. Tirdst mephOQOGEntPate patiddul oty 1SR GO HeQRABMEMISh of
di.scl oses a senﬁﬁé¥g¥ra di sposed on, a substrate to

PrOPHUES O RETIPARARGL leuEiges ProBertiss suchrfs|sugace area and pore
diamBRP ML 1e e RAIIL A6 rs O ?%fehﬁ&leper &3n 4% igg o&*t%?}gl?]éa’iiggs.

on the sensor in sofution or by vapor deposi
[0004}r op Micasachisimg techuntogies rvadacaus widety anglable in the past decade.

.. tenperature, heat .capacity, thermal .conductivity, .
site}sh EP RS i poptSAREFuablss T BEfRridH of Torebichd 4nd sensing
elem6iRtBIffeYing Rbaifetiive/pro@@digl JfAMNGER tANSHUTBEARA the potential of

properties. [0006] 00/ 20850 teaches a multi-sensor

prodedng awagar offensdrses 2 sisgletietegiehimitreasur ement s of

000873 RO 8 M TR LA AR L B

to melsereatisus walctiabstopértibs sfHaglpldsidepbdivg bAahOgbseike! B8mples may
subst r at % The sensors are coated with sensitive
be depgsited pysthe sensaniasobitiog or ke vapen depesition. Properties, which can be

measured, include temperature, heat capacity, thermal conductivity, thermal stability,
dielectric constant, viscosity, density, elasticity, capacitance and magnetic properties.
[0006] WO 00/20850 teaches a multi-sensor device for gravimetric chemical

measurements of gaseous or vapor-state analytes comprising a substrate and a plurality of
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[0007] US 5,983,71 1 discloses a

tenperature-controlled gravinetric noisture anal yzer
w@eoopidBPhg a sanpl e hol der attached to a wei gheTgS2005/023757

mechani sm a tenperature sensor and a heater and

control |l er responding to the output signal of the

tenperature sensor. This patent does not disclose an

f i ghi ng. 1210008
senscay¥a S B G GULSEmER I LMD itk Crnalogy A Al
subst?a%p*rhéééﬁgo@ akO@shtddl il SR E THARMS qfombs@ﬂau{gﬁma bndlfies.e
| exural springs in a surrounding franme, wt
[000'ﬂr | d@&@ﬁ&h@ 1 bdisslosesi erte@a@r@@ge-pmtrqli@dﬁmlmgtr@tm@mﬂwalyzer
comlgr?fgtbgze{sg B?ﬁ'ig]ha a?fé W "‘f‘%\,)\léhl%g%e"iq%‘géfgtéé t;'en{h%rature sensor and a

heatdr @0 8dntkéHed re"éﬁ@mcﬁﬁ%td tﬁa @h@&t €naA of tHEabmperatBe sgpso0 This patent
and desorptl oh ana yzer far perform ng neasurements on
does gopligelase anarety Qiovaighing deieesshereswey a plurality of

anpl
A
platfpei suspondediby aﬂl&suhmeeﬂemfam BEingavien ageommlmg frarde,umith bridge-
and_ por.e-size and surface-area di

I.Qut
connegled bighin avaey fex ‘??E*FSPEH% SR g 9HE 315108 A Hrabpprines. There i no
sugeBSHOR! 3 af B ei@RRHRALS known art in
I'rs t he

acconp oses of the present invention.
[0009p010} S 1}566,326 tediohes amcautmnrggp@slsorphommdqsomttoh@nalaﬂer for

aratus or rreth d for .eff ct| mass an
pert RS PajpThais R ENEBHY & RRHAT o AP AR SAHG of Wmple cell
withRSod kel vaRdyMSRG ofdanlitdnd b/ ENE £alyl-80dahlmddigrepsupaediirea, total
i nventi on provi des an apparatus and a method for nass
porea/nhmyzs mcmpomamhum¢, 2yArage perg radius ang pets-demand syelgce-area
dlstr 1§1{1s2§¥>s ﬂy:\gnlﬂllr& %nd%%rfg orelfar})g{érgg rof%g 8v: gﬂﬁ% atcl)lg{yzer represents

knowh 803 ScconphEhinE g paRpsseslaf ﬂhe‘pfbs&ﬂitﬁn@dfmlan of sanpl es.
Throu_ﬁ1h such anal yses, the invention enables the

(0010t oy Fhert das 301 S4Eosk haTGyeb S BGBCIPPABAISGF auhdhod O cifecting

0 Eh ses of
mas%s%];ﬁ?gs? a%ﬂr1 g{/rgdo# %Jon ai sc}ng{?%ﬁexpe@l tﬁdgeér 0012]

In a nore specific enbodlnent t he i nvention provides

an apparatus for SWM/&R‘&II@E&’HEOE\I%ENWI@N an array of

sanples conpri si ng an array of distinct sanple hol ders
n|n t he sar osi tione tointea with a. .
oiif 1y ol et TG REBLT RNRER o A iR Sy afalysis of
eacthF'éBra'n% RY sABPRs Bt AnSdint dilear?dyré’ﬂlsf@lﬁcﬁs'&ﬂﬁﬂ@ﬁoldé@ Pdsitioned to

In a yet nore specific enbodi nent, the invention
inteppetowitltie pluaalits mﬁ SeSOBPTOGAIngup A sighgls semprising sy ata an the array

of s S a%/ eﬂ% @g?%cil Oaﬁfg’lgﬁ b “‘1%' élﬁgré %%:{b%’s tﬁ% rsa:% & aét&g‘ﬁl{latlon of a variety

of piopbRica 6f thal shiipiesptlbted o fbelrﬁﬁassp Sub@qaan hesyssof ifdiheg arrays of
out put signals conprising mass data on the array of
samplgppise gre expedited.

[0012] In a more specific embodiment, the invention provides an apparatus for mass

analyses of each of an array of samples comprising an array of distinct sample holders
containing the samples positioned to interact with a plurality of microbalances providing
output signals comprising mass data on the array of samples.

[0013] In a yet more specific embodiment, the invention provides an apparatus for mass

analyses of each of an array of samples comprising an array of distinct sample holders
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[0014] In another specific enbodi nent, the invention

provi des an apparatus for mass anal yses of each of an
W@ewaposH3 sanpl es conprising an array of baskeP&T/US2005/023757

contai ning the sanples positioned to interact with a

plurality of m crobal ances providing output signals

conprising mass data on the array of sanples. [0015]

BN TRV T
outpuﬁ%)i?ﬁélg‘ Both ossi?% he¥s d4ta B iRV Ay oPkarHpies.i nct sanpl e

ders, i oning the sanple hol ders to interact
[0014}i t hinsanother apdcifjc ehbedineu; thepresniign pepvideaspoappaghs fer mass

CONMprl sl nass ta on tne. :
onaly GR R Py Ty Sraver P ol B afb SURLES poffifing the
sampléﬁgﬁéiﬁoﬁdgﬁ ahtsract WA @pldrality offerierobalendeh ipeovadling fongut signals

enbodi ment, the invention provides a nethod for mass
compisiag yrass defp on thepray elgenpiessanpl es by pl acing t he

amp}.e . ar | : ; : :

00RO GATEU Bl OUSER for st
of antray af §dnypled bys plasiag shepareayi iniangrrhy ofdisdunt sarnpleilphders positioning

N (T T A M —
mass 'Sdgta%?lg £ Q0EPHE é'%;lmdﬁ&? dhd 4Q8%hinid P RREANQTleYcHIBRGY kirifles from the

econd output signals fromthe array of sanples, and
outpudsigaalsi ni ng one or nore properties of each of the

[001@;Jl n’gbﬁgpg e Con‘g?cregl%ﬂ@ttigg Flglﬁg 1ﬁ1tgn§ iﬁl%ﬁlgllgg’rrt{?rnop%\siﬁgs Sehba for

L £19 BIR RliMitu6 Belidnhashy FHRiEE kel Th Ghlakehy fHistinct sampl
mass%ﬂ%%l%?gﬁ[ Ooit%] Fi urlgel I ylllﬂl ulg%fr_at ??B}a br oagﬁgy Sl_m_: S
holdesyipositineing the sanide gphdarsé@ inderagt withea piwgality obpensors providing first

onprising .a small arr ' e .
oun B e SRR R PPt SRTRACRESLRRRy cosing o e
of saﬁlﬁfb‘é% 8 chdr@@ 38 knvitguientd] bonditiorst subisequentip neeppaing sesomf output
_ the invention in an enbodi nent conprising a spri
signadefiow thparzay of sempies. a1d deieTEAY On¢ BHROTe mpa%ﬁhgs pfgich of the

[ [ [
s Y BHRTRL i Bl 05 0 o slls S Bt e
changé DSSrieambanbtormlitibmsyi ew i | lustration of a spring
scal e connected to a base part. [0021] Figure V

erbodi ment - c TP RIZUEN B MERAMNGE %0 erent
[001@]{ ai &k 2YIIdsBERSh R Atnodithent of e agbaﬂatds'df H5d ihdéRioan

a't.ern tive arrangenent of the m crobal ance as a
comuising 4 smalt arrDETRik FEonpie dolerinteractiee wih 4 plyriity eithe same

number of sensors.

[0018] Figure II illustrates the apparatus of the invention in an embodiment comprising a
spring scale in an element of an array.

[0019] Figure IIT shows an example of a bridge circuit that can be used in mass analysis.

[0020] Figure IV is a cross-sectional side-view illustration of a spring scale connected to

a base patt.

[0021] Figure V illustrates the apparatus of the invention in an embodiment comprising a

suspended basket in an element of an array.
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[0023] In summary, the present invention provides an
apparatus and a nethod for mass anal ysis of each of an
W@ewaposH3 sanpl es contained in an array of di SPCTUS2005/023757
sanpl e hol ders positioned to interact with a plurality

of sensors providing output signals conprising nass
data on the array of sanples. Although el emrents of the

od and assoc:| at ed appar at re described .in
(00225 ngﬁgar.es 1A nad VL bere SRR RERER Qhyedhltfobalance
asacﬁﬁﬁ@%ﬁ or series sets of each el enent or of the
entire apparatus are within the scope of the

i nvention. [0024] The "arr es and sanple
holders enEEﬁ#ﬁéEébDESCBéﬁgﬁﬂﬂ6@? HEN QN ual |y

[0023ipt | e;pre%glghflé{nhlésl 3 oor‘}lcrﬁe%%}el gg&gﬁtues da éﬁéiﬁ’od for mass

analy§i8lod84ch-of bh ah‘éy WF tdpled bmtdsabia anfarth ef drstmcttsamplet lidders
sone nultlgle of these nunbers is.contained l

Posmaﬁ@chv igfigests whzmlu@bty afgonsogs ProYiEin IR GLea SrFOEIPHSlng mass

data (m t\([:lfl'e %{1‘9}{ 894: é?@l{;ﬁg{‘%?rhgﬁth 8f thk %étl'i@i arff asSociated apparatus are

e sanpl e hol ders are
descritRdtin el smgamant astted)emdérstobdthat twio oF ehotd pamltﬁls or seriss sets of each

the array are addressablﬁ arate .The ."plurality"”
e Sintnat Hedarsioh

elemeytt o5 ahthg |e§t“iesaPWTtaH¥sr?r ¢ W& SePR an dPveRtithes as

escribe r 18A61dBs&heda ystdwearsufme4 more
mozﬁf sghgo%§£?§ﬁ%ﬂg ggﬁgfggn> he nuS ero#?dse | es an )

usualtasip(@® drohatey gene@iysi thesti en@tt(*beamdw«mw%ﬁ fq @@hb@ﬁbﬁr more

art. us e
samp;eeaqna gpg lseV&]LHIB %%ng% t ? V%lrrlrtég'nr %gﬁ%grnléégﬂn%ﬂt}ple of these
numBRls X R2iRE GO AihylsQck B4 96)8D2a61 12@Ldrﬂm§ed ina row-and—column
relatively expensive. [0025] By "sanp HF
formatidystimilewiofthat offainsieratierdrayn aﬂr@f\éiab Ly the a@@PIPile St e gpatially

st r.a 1S
B OS8R RSP pRY BB SBE b o
“pluﬁh’ey" lof 8&nsoN8l withéh fhiclseme Rosstitl mmmmcﬂesenbﬁd florr thei “(array, and
plications are with respect to nIC|I |ds le hold
prefemiﬂy therrumpeg aE sanspishs hesyme s Thed'&rrﬁ’ r Ssablos gl spmple holders.
Cons?ie%r}}éltﬁg‘ Qb 151%1%3&9 {oeﬁe R hﬁ%.sm@"pﬁﬁ‘%t 01l defhidrtiabanalysis,
Sron, ceram ecul ar sreves, other
the eklﬁ@ﬁ@ﬁﬂaﬁd/mfm@tﬁqdﬂ'ed ﬁmapaiysetseaseordmg 46 thedmowrearhwould be

all oys, internmetallics, carbon, ionic solids,
felatWﬁWe’é‘&?P‘é%“’%ol i ds, coval ent network solids,

[0028]; ")%gﬁag'} é”q FRLEId @lbstrat® F&aMish Hﬁkd’zﬁﬁ[ﬁls&l@ desired. These

ereof Subst ances for which surface

subspratep eretdfies sam bupmtmamssaﬂg lipvitedl éo sadidl, matarialsshor examply liquids,
preferre

sels g 28 dhecen LR g anPles 0500 afiaiiats s RrALtet o onic
hquinE 'Ihbrﬁﬁ)lrmg%a& Etﬁudﬁty i Tidueds, of. Pds&ble’et@ﬁtp!ldsmf sb¥id gamples

Id mterials, the sanple may be a single solid
compnseo Iiithoyt lgnitieg tbguwe@mcgg cerﬁmc,qsmobplél%geveé, Qther inorganic

cm 5B S B B VA s

mol SR s6lidsS chvaldnt aefwrrkselidsparghnarndtallie matel‘[alis arganic polymers and

fi ne- powder form of sanple is especial,l referr In
combma’uot?s thereof. Substances fomhlch surfaceppropertlegl arg 1mportan% are preferred

and especially preferred substances comprise metal oxides, molecular sieves and catalytic

agents.
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fine powder, the average particle size typically wll

range fromO0.01 mmto 1000 mm and nore usually w ||
wheoobeorseen 0.1 nmto 100 nm [0027] The presePtT/US2005/023757

i nvention conprises an array of sanple holders, with a

sanpl e hol der or container provided for each sanple to

be anal yzed. The sanpl e hol der may be any devi ce which

0026720, S SRR e TP, By s
the sa}xf;ﬁ? SATBLS AR dGhorcdith, B BS parblERY, 188, Blate/Higssebeads, spheres,
sur

ace facing upward which contains the sanple .
rods, witeh,auwtany ifekn pfitableifor traehalysis g1 be eqpductedi Prgherably the solid sample

. fi ti. ' ' L i tat :
o n G B OB PL ik Mt o B84 AR e, n
fine p\?hl“fdgfh RIRE AWlok paftitfe SaETpRallP Wl Fange Yroa0 0001 iy toal (Ddgkef and

IS supported on a sensor by a hook, |oop, ring,
moreakugily willasbetwesnthkpnf tastOdnen.. Advant ages of pl aci ng

TR e D RN T
or coi?tﬁgﬁagﬁo?ﬁiekl?@r &Q¥%n ?!gfgﬁl%tto 60 BhAFied MTHB shfifleSidqdr enaydechny device

Ity to ef ~ nmeasurenents in parallel with
which ben ¢rantedh rsgmple asdmtiesis tnsfersbledniang fiom & genspeto be defined

.hal ders th h mul.tipl,e sets :
v RN e BBl A )8 Sptoe g
upwaﬁ& sldhconfaiddtBe sdmply Sithousriskifisabitantfad spitlage. sSSaritable

0

| der. Preferably the surface of the sanple hol der,
confighrationoramariss, WHROU diftation.sPans.AyPs SAWETS, REHES, ideptglons and

sampl e . i ti ] g
T pe i
sensctby FFRRCioab) ting) chp silaspr btter fdsensanpdentegesief slacing the sample

. [0029] Optionally, input to the analysis is provided
ina aamp_ém%qki@m be fiapiferrebiomd frosp S%‘}@&ﬁﬁﬁvcﬁid_ewi t hgut
* a&f%’%c%tdf%&ﬁso} b&lt&tﬁ:mjttiﬁ? Eg gﬁ@& cﬁﬁtﬁcﬁv@fﬂﬁ)fﬂessﬁmglet, hed mal |y

uctrve materia whi ch heat may De provided |
* theoaliibig ts affpttaneasutehrentsénparaleluwigh thfe hahdlingefisiamples, and cleaning

nmeasured. Alternatjvely, electrical energy may be

of sapipiniagllers oy ?#ﬁﬂ@éﬁﬁ%%f%ﬂmp3uaﬁ3?ﬁg sanpl e hol der.

(00281 | A dBeRall g REORS: AvelsHIS affeviERbuIRMDItAdnalyss is suitable for
sanpl e "holder 1s coated or |ayered with material that

the samgk Holdarh 8referablyshe surface 0§ theshpplechaldes that genipetg the sample is

tion. Furth t.h le | | f
o o e WGBSR 9 S oo
ceraﬂé{c RétaPhateAnd aRdespeiiApPpratared fantle sigpleibokierd. 0030]

ol 'owing the anal yses of the array of sanples, each
[0029al ﬁl@tcbngﬁwpn@ltﬁaﬁw@élalymséﬁﬁ@alqefiMﬂ%ﬂ’i“é%‘@lﬁh%r- For

sampl e hol.der .an - . terial
e R R P e oy Sl St macr
thro€th WRICE hagtdhdyl sovided aythe shmplerp kiestempemtive bf treakmple

sanpl e hol ders have been prepared whj | e ana

t
meagiired. bltprgadyalip clestric eperenaRy Of Gangpited EhEne sapp fpgh the
sam%l?l %!ﬂ%}s ‘ i;q%wﬁﬁinr}ﬁé Eéob%lfﬁlgtiﬁvénm)ﬁ £138 theWakdpld Rflder is coated or

sensors
Jayered with material that aids in the analysis through physical or chemical action. Further,

the sample itself could be coated onto the surface of the sample holder through chemical or
physical bonding, evaporation and the like.
[0030] Following the analyses of the array of samples, each analyzed sample may be

unloaded from the respective sample holder and a fresh array of samples then is placed on the

-5-
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the anal yzed sanpl es are being unl oaded fromtheir
respective sanple holders. Optinmally, the array of

W@ a09ple7shbl ders is contained in a tray whi ch neyI/bg2005/023757
| onered toward the apparatus conprising sensors to
pl ace the sanple holders in position on the sensors.
In this manner, the preparati on and unl oadi ng of

ey S PuTE ee TTB C HSuRE  f e JBl R ¥ haiciona
sampRIHo&fkd NfleVbeeh g%%&ﬂed Rl tBe Analyse SleRlfpSefRidtearstaly thaf the

six distinct sanple holders 1 positioned to interact )
additinhalfarray pif samples yay e gositigradsto isterrebwithithgyplomtiguef sensors while

signals c ri.sin S r f I :
B
the artdyodPRamipBShdl@ss id dachitdrigianhgviich siay bodowdred vowhrdkhe apparatus

unit of the six sanple hol ders and spring scales.. As
compgipisg ersers tearagethpéanple bolders dp pasjiionpn thesgpsors.¢ gp--thls manner, the

ri .|l e > ' .
e R AP S L A AL s
apparatis lcogh@risinyg Skl)ﬁmfs iﬁ hfigizedan%ne&ﬁﬁeuﬁmlyms_s changes and
support a sanpl e hol der.. Sensor materials conprise .qone
100313, P tesr TRae w7 o O gt aBbglsen, L pontoned 1 fteract

i 1t#bBsi i aRdh f
with ?ﬁ{'ﬁlﬁ g? m@%%ﬁs%ii%pgfgﬁ{ﬁ}g{h&t @ién)(ﬁ%bﬁr.prﬁﬁ@@ﬁ&@ @ata®nGhe array o

material's such as silicon
samphesi e pensbiscasnaprisy sprnsscalts 1Pcefiteined in 8 agsr2sasoleserihed

e R BB BSrhES E0 S
hereiftHo0& kB4 £ty "} “hRirAlRFOERRpeS ot 1084 @ishch Gnits, ndpileldraBly a larger

by referencé thereto. The preferred spring scale 19
numbsp ppuiitses a | oad pl atf orm suspended in a surroundi ng

ra nmeans_of .at | eas r '
10033 ¢ oG acRam e BieeGohs R Ehyabal i and supporta
samplERSigérl BenSdrnIatBridlf caprisi ohe odinord ef mkraksy sidicors pithengs .
[0033] Figure Il shows a preferred enbodi ngnt of th
semi¢ondueior matezialse slesses0aren; polymgrsenembanes Bad e likespithng

.SC i t hi . . i
s 0k B oKLY SRR i s of
inveritio® coaippise nficlobalands, ialpawitulan sprigyscelel as degotibedih Intnmational
pun g R DSBS b e oo by 1SR erto

ﬁﬁ%/ if | £ A RisFered 418 St Alndfg frame b

The }ggc gi%glghgg%é@gcérﬂ%ﬁ%ggg&gwgﬁorm Slgend slits é ang%6 ey
meatsaf et wegrthet desdrabsprivgs hvitte bridge-gomoedtad straie ghuges arranged for

beans 3 in such aﬂnﬁer tlhat a slit has one slit part
measyrigg SEpa oy ANg;S e BXUF SRRy peam 3 and a

[00351°NT IFMIBII Rkl aprOfdrrbd 8mbb@ihidat &f the ifvehBA sdhefti€ally in a view
beam 37 I n such a construction the flexural beans 3

fromzbovereh spine scakel 1D, imothip exauiplediapingahe shape of asteare.dwg in its center
latform 1 can b iven ep.sw.ng, Each fd. r

atoa oS Lt it 8 sr S B SO e T BUCEY, he foad

platfbfe 1 i9ABpORH iR b atne Yby Sla@adT flexudebéderortfiexufie spiinds 3, which

parts 5 and 6. Each flexural beam 3 has_ an attachqent
beamey/springs arg in Hee shown example arranged along each side edge of the load platform,

and slits 5 and 6 have been etched or machined to provide the flexural beams 3 in such a
manner that a slit has one slit part 5 on the outside of the flexural beam 3 and a continuing
part 6 on the inside of the next flexural beam 3. In such a construction the flexural beams 3

become relatively long and compliant, i.e. the load platform 1 can be given a deep swing.
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| oad platform1 situated directly opposite the
attachnment spot 8 of an adjacent flexural beamto
WO p@a®07393 Sensors are used for recording a | oaRCDOS100&023757
| oad platform 1, and reference 4 designates strain
gauges for this purpose. Wien a sanple holder is
pl aced on the load platform1, the platformw | sink

irectjon a fromtheos rver n h .
Each PR bermcbia HUSoa40 1 SHEPRMERITG ol e R appfory L which
gap is deﬁﬂedsﬂﬁeﬂe%ﬂt Earé sT818nd 6aHadd ﬂ’éxflﬁil Brath 3lhat BB AttAdhnkdh spot 7 to the

r ot somewhat about an axi s
Joad mafqmmnu situatealr dlyectly) opbusitp tzerstagimenisppicher g1 %ctmc@nhﬂe%al beam

to fra.ttgg 23 tsgﬂ tr? fr%&@tgr bean&ﬂg ag(ga élnt%é n({)alci ‘H{% yand reference 4
desighdi&s sftﬂaﬁ%guugks Ro2 WS porpobe MWhbea paraple (hblﬂer s Iﬂsxaﬂ&m thé Ined

nost i ntense nmechanical_ stresses in the bearrvag]a(igl
platfofn thei platforer wilbsisk iy direction way figmths oRsgver, ged the flexural
t ot t
s S BE) iy Ay A Bl B0 ol b e
the saeATAE Botats s6iewhat abobr guaxds pdrpendicdutartyabitbeplne of the load
strain gqa es_can be pounted .in the cro si ngs to the

platforgags e o the beany 3 smaip 6%@?%&%1?5( EORSHRLS 1 ane,  but

[0034Zh Id S }{ﬂﬁe 585%' EntiHd X sha E@ﬁilsthé HeRArhiNSeafisPivRerDfe @ﬁﬁform is
to the S|gn processihg equi pment. In the way t

loaded} tha inosgmtess mech:amml lsressesnio Gl edmisrard-fogmd én the, creﬂsmg areas to

framegf alrgir I%g@%gaﬁfp s %ee %?:]F}Ianqthgg’rgganaggr@ :[ ghere}’ore%avorable to

moun\(\gﬁﬁh éﬂa% 4bfoi‘ @%npléﬂae sﬁﬂﬁﬁﬁ'ﬁé&@m eslt&adtively, the strain gauges can
vely be nounted in different directions; for

be mammmethe gnommgs uo\me torad phagfiorm dnstesd Hf icyassings e Stapey but this

on of the br e
it A 0 8 w5 D8 SRR S . 1
the wa§ A& tRiPFadoeP4 (hﬁvé K@:nﬁﬁ@ﬁﬁddﬁﬁ@ igude Oy el fiarpauges are posmoned in
(attachnent ots or 7), by neans of depositing c;[‘i
the sepm disgotion g m'cgpgto Qytinpige gergqeﬁ@gt@ggepsp@smgt gatstone bridge. The
ternativ f Wi
RSP BRSBTS EHEAS oy cxampeming o
of théav0° elatizve ﬁ@ﬂwaﬂerawblxmdrmedlﬁuﬁIMcff the badgeacvgadctan. a
surface elenment in a sui tapl e manner. [0036

| . .
[003F]a o e SiEaiaEBBERSGAR RSFATTAREE] A5 FERARIS SERSRES Pibigp of the crossings in
quest%r?¢afctg eglft %}Z{}H Bk 7? gﬁ/ eﬂg&ﬁs 8PGo5BAE afll PaftdAREENIAS, RBY gluing

or e pl ece of sém conduct or
readynFekigtorsa IAltenmtlvab;I btyaih lghegesin theifadm oﬁplszd—resmms Threbe

t fe t
mangptiiged o iatiel BEb e AHUERSDOR HEE o Pa SR efner
elemEﬁEnfaﬁf‘gﬁta‘B[e heagpl atform may be integral in the

iece of the solid material. The sem conduct or
[00361]at efdn alfavqmablﬁambbghmamt ofthe plvngtmrh@e dond platferen flsxutehspyings and

| b dt th
fram g 8B BB GEHE a P BSOS e o TSR il
optiBNABlsanfbrid iDkilidee ’IQ'iersﬁ:bhhtgahﬁb%t pefitatile ﬁi&‘z@deﬁ@tlve resistors

provi ding a mass anal ysis by neans of the scale of the
arranged o8 Atcrossingrietween tip Henrplagung pad thetTamgoad plgtiorm, may be

integral in the piece of the solid material. The semiconductor material, primarily for shaping

the spring scale, thus also may be applied to shaping the sensor elements used for detecting a
load.



10

15

20

25

30

Wheat stone bridge adapted to the case of Fig. Il, in

whi ch every strain gauge 4 is nounted in the sane
wa@leeentisen. The strain gauges 4 are in the forPeDDS2005/023757

resistors, and the Weatstone bridge circuit is

conpleted by a current source (battery) 11 and a

nmeasurenent instrunent 12. This is a standard type

ircuyjt t other bridge, ci t b d
100371, & S L Shosw i ereoiin oF S B tain B R bE yPpLtor BV i o mass
anal}&&l{@em@ﬁﬁ fole etér Rhle @ $he PrERaBInvEMich. IRasidgseREHITERYwWn is a

the spring scale according to the invention is not

Wheateisnc bddgahdepted te theglase pf Bgellon Whidhewaybiean gaegas is mounted in

rt.h man
the S%tge ﬁgﬁcgwﬁsfﬁ%s“ag% RETESP 4 ageaglqﬁ% a gérfrﬁégl}g&gzs pended %%S%&le
bridgdlcidcgid $ coniplered by @xufraht sdprce rqwcbhatl andnaedsutdntenk mdument 12.
platformw th a surroundjng franme. [0039]

This 43 2 gppeard pe sFpwH bvbather bridgeinguit é{ﬂftl?né% m;ay gn Migef} gyconnection
naf

with {0 BOFLBHERELHE: o e BnBRIAR, L0, 2 Lo The

[0038]0 ad Ip h&tcfadraﬁmlaﬂdnéﬁtaﬂie spm@mata acedrdinge ula inyentive is not

s R RS B L SSAL RRRC b e£38 i

shap?frﬁﬁé B¢ 984 @&Lg QLhE berdti] 1438 pRARAGS YRGByl B 3¢hst three flexural

orm an frane. Strain gauges as before are
springs thaateheat the hedfplafumawith e awreundinghfiane. spots to the
ame. or for at t fs.wh u
(0038 7 oSty iR gmhpintonn P el R R GtRF Fpd HRER gsice =
clra{lﬁ%% é"‘@ﬁ fameP TRV Bex@ed) beiME ot 4RihgS BRNitiaciRsl 18 the load
trian ar | oad Iatformandthreeflexural beans

platfoun wed framh eespg@twebf asusilsnthaastachmentrspais arctifugtad directly opposite
e SRR NS0 B0 R g, LRl et

the 16&{‘151 inOfnd the fisimed Sﬂiau{ gdugby asefgre anesituateal at ﬂi&iﬂ)@mral beam
satlsf‘)l/ t he requirenments of the invent [00411[
attachmeshspotsfe tthofame Phpkageﬂn,fl}eeﬁft}hﬁﬁp@b}”hﬁ@§u¥ ce Stress is at the most
| east three reasons: 1. In a
mte‘%i‘g? %%1%1%3 gﬁg’tnof standard type, just four

[0040Fsi SAﬁxftBerE}foembleccbnﬂgﬂatlé’n coprizay e trdangubab lead| pbaﬂ)rm and three
platform one shoul d t us heans

flex i Epcaims SRS AE PLAGEmI R S Fuk, Sirin Bauses fgottted for instance
in the Mk ﬁﬂtz{c'hﬁigﬂt a([;%@soéan"@fc%flﬁec@lﬁ afrﬁbﬁlﬁécpblngceywﬂﬁ&éﬁbnamﬁus a

this entarl the piezo-resistors shoul
plurgitg iof gmlminedl shapes vall [s@tsfy theaeqyittidntsoifithe i mvon‘rson

004t o ob sohhigFon YIRS SR TRk PGB 75 ORGP psons:
1. Irfa maﬁﬁh%ﬁdg@mtmm?e SadEb@ rBasteRrardarhidean

pl aced 1 n accordance w t he Figure |I enbodi nent of
2. To hevepa gellaloadmlafaring one Tinaldrottusatooaneny besmsr i si ng t he

S T AR A TR o
fold%yﬂxﬁﬁé’t ﬁrsaﬂ@ Hihik Bﬁ&ulﬁ Mt BRHWZ0GElstos sheeld beositivhebalengtie [011] or

bit an
[01 1] dlrectlons

[0042] Figure IV shows schematically a cross-section through a central part of a spring
scale 19 comprising a platform 1 upon which a sample holder has been placed in accordance
with the Figure I embodiment of the present invention. The central area comprising the

platform is thinned down relative to the frame 2 which may be substantially thicker. The
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S-shape. [0043] The enbodi nent shown in Fig. IV also

shows an optional base part 24 which can be nade of
w@b@s®0Ensl attached to the frame 2 by neans of PEnus005/023757

bondi ng. By making the base part 24 extend in under

the load platform1, it forns a swing-down |im¢t for

|l oad platform1 as a safety function for the flexural

springs.3. As sho t he base part 24 also.ma iy
] b a Snpéah s LRt i boaB A BF weniinp S G pd xhibit an
S-shagaspection and cl eaning. Above the scale, an optiona

roof 26 may be provided as an end stop as protection

[0043|nd flhe epdodinng shawmisFigpiiaslse sheyws aneptional rage Rert 24 which can
tinelly. there i | 7 i .

be mit o B o el G 1§ i A2 B nRALONRORE St HAing the

base ?Brt oh Qx’teﬁlddrll ﬁhcaﬁr flerlond flatfoan 1, & éahisensvingylova limio fordesd

platfyan gion 3 S A RPIRROF the U SRR . Aoy Gl e ARPAT 24 also

o B 5T 8 TSP TR ] B, v i

scald) as kptiorad radf 6 staydtegmiovidedagarr end\stoprassprppotion gmhifor pessible

SWing«‘:;1 Bg%%g%ggﬂ)@g] Bé?cﬁ%gtg lgﬁ ﬁpqlf}lft ﬁ'g{re::l:s %nﬁg{r 123%2%@’& in the roof in
ordepfhlafj%L%‘tﬁ &t th Be SPRNAILARIPIRANGH O lgﬁcﬁ%lﬁifoﬁﬁ.o(l‘bﬁta& sections
e

m cr ance via a |loop 29 attached to t
may ive pravidddafoc sigaaldeads donetheGtrhingaugese Thsapof@ay be glags and fixed to

baske anpl e holder 18 . In this enbodi nent, the
theh‘?%‘?m%fﬁbasket sanpl e hol der, attachnent to the

[0048] CT ORRhIAIESIveMEhOTRAGE ukEY seBORNOThRd @ sdrsle AbIdBE WhIRAs placed
and hangi ng basket sanple hol der nay be any of those .
on ariokpbaliance #sce hangingrhaghet eaHlvstated imEighee ¥ adpiuppar jcomprises an

refai n .stabl b4 .
array, GRG0 B ARG 2P s P B BTt i3 Figure. A sample
holdeﬁﬁti?_iﬁﬁili%byliidea ab@ hangidy bhsket frsinrthe %ﬁcﬁr&bﬂa@ﬂu@a&s Jloopr® attached to

particul ar piezoresistors in a eat stone brjdge a .
the raiseehelaveeianbs Biis0duan thelopr 2949 Yie batis 5%550@&9 T¥e In this

[ I j

ornbl Rl bl AERE o BRI IR Sltaliih B 0 08 thREgbatance, and means
for d@Sﬁhdfwidlg thesttach@eiiuind dnrging badkietsangde holdethmay be amyf of those known
. .optical, or magnetic detectors..|In _qgne odi f,
in GG Bk G CGHAIS SRBIA G BHn SHHGC P i ists gf the mass
analgﬁléer m ned using a photodetector. [0046] In yet

not her alternative enbodi ment, the sensor 19" is a
[0045] cr oAlhaughdt somyfeired thgt the maass ahalysis be eanslueied wping straingauges,

identified in Fjqure | .and VLL. |n, Figures V- N
and gty Bigebieblsth A VEsHP e BEde 45t BRAR Py fls witin
the s8pd 6f the USRANEH Nt SthAMBINBdNEL dbbdctih8 theMuflebtis 6f e atibnsbalance

I s"a hangi ng basket. The basket is attached to the )
mayrbenigedf Thq':sqgnethods include but are not limited to the use of optical or magnetic
detectors. In one embodiment, deflection signals from each of the microbalances are
determined using a photodetector.

[0046] In yet another alternative embodiment, the sensor 19”’ is a microbalance
comprising a cantilever; two examples are identified in Figures VI and VII. In Figures VI-A
and VI-B, a cantilever 31 comprises a ring configuration 32 for suspending a sample holder

18’ which preferably is a hanging basket. The basket is attached to the ring of ring

configuration 32 of cantilever 31 by any suitable means, preferably via a wire 30°. The
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configuration 32 of cantilever 3 1 by any suitable
means, preferably via a wire 30'. Thebridge 33 of the
W@ 26i009Er conpri ses strain gauges 4 in the fperUsfo05/023757
pi ezoresistors to effect the mass analysis of a sanple
pl aced in the sanple hol der 18'. [0047] In Figures
VII-A and VII-B, sensor 19" ' is a cantllever 31'

sli n configuration end

brideE JA3F s B oA R Gh B ) oo AR RGPTg s B effec
the nﬁ%éiﬁlysmuﬁt RapieplacdThliee daalplieholds 18°s at t ached to

he sling of sl'ing configuration 32 of the cantil ever
[00473 1' Inpligarss G4 ansl ¥lldageasor AP Ef isragsniileypn3 Lijcompsiging a sling

Br i dge

con 1 7o S 4B ULE PRI sty MRS ot
The tagldt ¥amplediolder 8Nl attagHed ¢ thei sting bé siieqingighnitide 32 b8 the

0048] Si gnal s fromthe crobal ances, are, read. through ,
canti vere%éd uitany suiplepgansy B@g%%lé& vigywie Az ?&5{% 33 91 cgntitever 31
comprREP&EA] He:u%& 9 he ¢stth &%1&%?&15&&5 COMER B BadsAnal t}’SlS ofa

enper at dependence of the sensor. The tenperature
samplé placdd inalne fpengie boldaelB’f rom a separate resistor or

[004@5823}&’@# f;o:@tg i no'{y%% ftérg ?e.?fgl t&@ﬂrtgﬁ 2 re%l%ﬂtgcfaéé 41 processed by
a mlc‘%Q&Jnﬁﬂ)tert he Rk fele sighal &nlRAREd & cdniftmbate 6r té@Berature

fect the measurenents. This can be conpensated by .
depep@mpe df thalseysoswilhe tempgragiee signal eanrheanevidedifrem aisepariate resistor or

subt t th {. t On
diod, P2 phé il ARSI Bkt ReiEe Corront (AG) o
[0048XCi TR hicasurament® webSte isAmpPRAS héaiEd coolddDfRImddliectric voltages at

conputer i s equi pped with suitable software for
junctipgsicgm piectithemeasiremetsnt Hus parme ‘iqli@eé‘ﬁ*’%ﬁﬁf? Bn ﬁ@rmdwaélmvvltchmg

n t
Offt]&r %‘gﬂgﬁ %}’g%@e ]fCi %@uégér% s&é ?L&B@ﬁ&ér e er a '%l%inhsé (?r%es%an also
use a&i’dﬁipb&h& altérn&ﬁiﬁ@gir&ﬂt (AC)?&Tmctﬁdﬁ(\r{hodﬂdeajlﬁem me:asmmhentTh e
envi ronnent can be contr e ep the s es
10058 heifRPSIcE TS BRACH SHEHE HOBHEaP: T IS 6 st gontrolling
the eRFROMARLRE, aﬂﬁﬁﬁ% W %‘al%ﬁﬂ% 18 td & RBAP YR ROHABESOS the samples.

rom uncontr envi ronnental conditi ons.
[005Bnvi rRmﬂembﬂ)athemsl aneilymmsteﬁfeued toa t:omttdlbd covmpmners, The

W thout limtatjo ssure, ture and urd ...
eV iRGaHRSBL N R FOIRB L R ARE SHbten o Pt Lfie e blated Wit one or
morSHit Ol REA1RBle (CREMBETRIEch i8616ke S 18861d6fsFronSuhdohbBed
pressures conprise between 10 10 Torr to 300 bar, and
envmmafeataia bd)I}dlﬁ(vIISmmll‘Gnmgmtﬁl qonditi®os tape cqr@mi@d eempise, without
ener al |

s S50 e AR s e

surrd@@inisBe SeNplee 1d liblﬂcﬂ@ Buitabl@prebiratsehpride bowieenll 070 Torr
t he tenperature. ﬂ? The conposition of the fluid
to 309ebnr,md| meﬁere@lscfmmr b7 Eerrga 50 bariviemperaiyrep engsgllveate fipthe range

of 2&@‘5 %hlndgg té ha%d%? Hgt?acl: ggssgﬁarlte%(foeﬂ é&lﬁ%{lﬁa EREH E%q cgﬁ)llng device

um s
knowgi@ ifthe uﬁehagdlse l\meﬂh@bﬁntidl tiettahperatine or more of

ni trogen; carbon nDno g
[0052] e composition of the uid medium in the controlled environment may be varied

for weighing the samples and to effect tests described hereinafter. In the case of the fluid
medium, suitable gases include without limitation one or more of nitrogen; carbon monoxide;
carbon dioxide; ammonia; SF¢; argon, helium or other inert gases; and butane, pentane or

other hydrocarbons.
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car bon di oxi de; ammoni a; SF6; argon, helium or other
i nert gases; and butane, pentane or other

whasoeEsbhons. [ 0053] OFten environnmental condi PCDOS2005/€23757
varied over time in order to determ ne sanple
properties as described hereinbel ow. The variation may
conprise one or nore of a substantial change in

o0 S o R ke SRS B REGS dPmine sampt
prop8iePRy dds@SbdiBnerifbdlek e Mk RaGhtidy rhd}ecoriite odk oFRRS4I6T 1Y

first output signals fromthe array of sanples, .
substantial shargstin yerappyavra g chingedn peysuwe. andmrhasge i cempiesitigaal

1N vigongental condi fj e . [
et S TERNE) bt e B R e o
meashéihg Fifdt dutiait Sighald frofbthe afrtp pLednidss, efibsequdntlgfexpdiing the array of
sanpl es by conparing the first and second out put
samplesfR A changena gy epametyl orditiops siesgaetlyjaeasudng seeond output

00 g G o
sampeen/by aommperning|the firstland seeend sutprstesignabst | Thersteps mdyrige repeated on the
oA o e el o e ey e Sl et S
furthS AR 88 iP3hvEBARRAaD ordditfor8 WuBsquhtBabssuting Fhdie Outp;/lt signals

further testing. The deflection sigdgnals of 'the arra
fromahe piray ofsalmwiese snddetermgning wpe peoobpropertian of edchof thersemples by

chan in _environmental .condition Pref er abl. his.is
comt e A tnEl HEPSe Rugve CERELE U vEherdsFieBifoitpaly ffané ay of
micrBbaliles bah 8 confdr&Db&TeR! 88 aftbOBe ¢haldRSh eavisehnistifal REnditions.
nmeasur ed by recordi nlg t he ei genfrequency of the | oaded
Nil

Prefeyablaitiais isaftbctad upingrgkndynssens sreierfgr eashtod shepluealitsoef spring

scalcs Vk/ mwhere k is the spring stiffness, and mis the
8ffective mass. The vibrations can be induced by

[0058)Kt erviads ad@i dadtbe@easiirell be radoeditg deradgeniieliiawe df ity loaded balance
monitoring the free oscillati of each bal ance. The .

and relating dhis apcosding de thefegpatical M5 dmowhersk igthesipriagwiifigess, and m is

en large pffsets are superinposed on the.tr duce

the fiEva B THe 14 s P bl e SR le amey

folloWe@ by AN TREHES odcNeutioRY SMYakR BalaRtH. ThB Methd®@n®e used for
more of a variety of uses in addition to sanple

calibmatiogh phigeasogmentsiwbée largeoffsetsrare sppseinplesedcorthg dxmsducer output

( ?P?qﬁl esegeUﬁict% %Fﬁnges in environment or as function

¢&a¥ tY SHIARES® dat a on surface area, pore size and
volunme, acidity/basicity and netal function anong

Useht her characteristics. Changes in the environnment due

[OOS‘SE NBRR AfaMEERck Bf tHREnRANDA B5uld BRvdEhd BH1hbR08E vaRRY of uses in
the m crobal ance can be used for reactivity testing.

addifio Bejanphewaighingb dlon nsanple rmgnitoyingtvseaglit changed ib egidue to

to weigh sanples f.or .a s le . .
changes n enVonaent of as fuhictidn df e San yield data on surface area, pore size and

volume, acidity/basicity and metal function among other characteristics. Changes in the
environment due to mass changes in the samples can be monitored, and the microbalance can
be used for reactivity testing.

[0056] The microbalance array by itself could be used to weigh samples for a sample
array. This function could be used as a preparation step for another operation, for example

characterization analysis, reactivity test, or synthesis. Also the weight change alone could be

-11-
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array. This function could be used as a preparation
step for another operation, for exanple
W@b@esaetses i zati on anal ysis, reactivity test, oPCT/US2005/023757
synthesis. Al so the wei ght change al one coul d bea key
part of an analysis involving exposure of a set of
sanples to a specific set of conditions (e.g. coke
deposi tion for a.reactivity test. . hydrogen uptake a -
a keY{agiPL 3 ATEHPIS Oy R PR us AR Se SSEPIFS T A SDOKis b gf conditions
(e.g. LAY deBbdifh for BAEARIVITS tdst, BRUFIES LFakdSchifh BRBsure). Other possible
Mol ecul es: Surface Area Either the Langnuir equation
uses {nsludg) withey &mitatiswr pt i on) or the BET (Brunauer,

Enmet t nd.Tellsr thon (multi-layer adsorption)
kdm%?ns ?hgﬁﬂggng%%f%%?ﬁgﬁgmlm%hod of determ ning or

eCadgRcatargy 1S used to derive a surface area from
i sothermdata. Typically nitrogen is used as

h

adiighen thed angmuiiteequatiomesingds layertadsorrEoR) of %BE%E (%ﬁl,maﬁlﬁ’é
t b N . ' )

o ot o EIRD Wi (RITIERE BB BORAC SRE et

degethpd bPdetéddhingroncalcolgngistused toeddisk ai sorfaegidea Gom iSotherm
conmbi ned with various ways to_estimte an adsorbate

f i 93kt hynigahlyguitragends psgsdsitbgadspriites partial pressure.
.Thlggrgv%méi ons are used to estimate the distribution

of pore sizes for a sanple. Adsorption Capacity For a

gi Vsing getK efindaqaiibn,ahs atvapof agvoelsse isexpredsed as a corresponding
tenperatgre), t he anmount of probe nol ecul e adsorbed is
ne¥dpre 9t PatF-s value is of interest for eval uating or

ocoﬁa‘@'s&{é%igﬁfbg{ibﬁl s. Typical exanples are selective

adsorption and gas-storage applications. Al so of

i nTepiedly ths désoeptidsissthédmoalongpithithe/K Elvin Bqustioglicombined with
adsor bent using a set of prohe ecul es of various .

i Pt vy bimseamate wdortBleiE b%ﬂ%sstaé ayjpgtion of its partial

ne 1 f . .
e T Lk Rt

mesemplé.ng t he uptake rate of a probe gas, an estinate

of the diféusi on constant for the adsorbent/adsorbate
sy AP CaRacHide. When nade at a range of

CTREL 4185 oLy gy R Ry ) b ot
molecule adsorbed is measured. This value is of interest for evaluating or comparing
materials. Typical examples are selective adsorption and gas-storage applications.
Also of interest is the adsorption capacity for a single adsorbent using a set of probe
molecules of various kinetic diameters. This is analogous to McBain measurements,
and helps to classify the pore size of a material.

e Adsorption Kinetics (diffusion)

By measuring the uptake rate of a probe gas, an estimate of the diffusion constant for
the adsorbent/adsorbate system can be made. When made at a range of temperatures,
this method can be used to determine an activation energy for diffusion.

e Heats of Adsorption

Measurement the adsorption capacity at several temperatures allows for calculating

the heat of adsorption for a given sample and adsorbate.
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Measurenent the adsorption capacity at several

tenperatures allows for calculating the heat of
waedmenatshdn for a given sanpl e and adsor bat e. | BOL/D820085023757

from Chem sorbed Probe Mol ecules Acidity The anmpount

of a probe base adsorbed by a sanple can be used to

estimate the nunber of acid sites for the sanple. By

maki eit her adsgrpti asurements at several
ISOﬂ‘FEﬂ%E&&%@E?“@?EE&%ﬁM@ﬁaﬁﬁg the amount of base

Jegeraed as a function of tenperature, the acid

strength distribution for a sanple can be estimated.
ExZhpamomrtofie ptedwst adsorbaddy ac@mpis/edndherssed to estimate the number

Tri pet hyl phosphi ne 0 nher. of. Aci ites O Stren

of G R RRE A6, B/ TR it plsorbli el ) goverat
Pr @R efmhies br 8§ niasehial e haludtoflbasd ddsbibed BY aFhdtion of
Probe Mol ecul es: Ethene, Propene, 1-Butene 0 Nunber of

Batsmpesitussthy acidstgpgth distrilpiondosy samaple pen by estimaied. on
| p R . l.eq:the netal
Bl b A BRI PE G el Bl o b 0 ™) ¢
t he amodmimbef ofktidISileeaded on the sanple i s unknown,
t he anount ofﬁg proé)e nol ecul e adsorbed by materials
cont & nPHEEh REASI Yiificti on can be used to deternine
Jd hg.appunt of exposed netal atoms. If the netal
| oadi ?%ui s known, this same information can be used to
deSanitarre aviday, e usiag badbe nodledubes toehabctes zaloasastyi bl e
for catalytjc reactions. This t of information
vﬁi@l‘r’cﬂ’ﬁbé“%% M:Pl%%’g?% IEoﬂ??flec’;)Tr‘é’lpﬁﬁ ﬁ?ﬁlﬁtgnet he et al
di spes singihRs oPBRGOSEEON of inpregnation conditions,
secondary treatments (e.g. hydrothermal), and
deactd vatrength dfiBasio Sttes bon deposition. [0057] Mass
chan i n,sanples due to redox of netals on a sanple
aﬁ/[‘gﬁ}d‘nﬁféomsed to characterize metal content,
By sHies R fleAPpropAste Peébethbibcull, teOnidpll 3K Rrefhid 1o aidd Pk Sanfple can b
Y HZe)%@ Rgdggr/ogpt g?e Ae\t rmsglllﬁeri c Sanpl i r?g Saukple can be
characterized. If the amount of metal loaded on the sample is unknown, the amount of a

probe molecule adsorbed by materials containing a metal function can be used to determine
the amount of exposed metal atoms. If the metal loading is known, this same information can
be used to determine what percentage of the metal is accessible for catalytic reactions. This
type of information would be very useful to characterize the metal dispersion as a function of
impregnation conditions, secondary treatments (e.g. hydrothermal), and deactivation due to
carbon deposition.
[0057]  Mass changes in samples due to redox of metals on a sample can also be used to
characterize metal content, dispersion, and activity.
o CO Uptake
o H,S Uptake
o Hy/O, Redox/Uptake
Atmospheric Sampling
A set of materials could be placed in the microbalance array, and exposed to a process
stream or gas from the surrounding environment in order to characterize the process

stream or gas. One example would be to select a set of microporous materials
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A set of materials could be placed in the m crobal ance
array, and exposed to a process streamor gas fromthe
w@osorsed ng envi ronment in order to charact erP@EUS1965/023757
process streamor gas. One exanple would be to sel ect
a set of mcroporous material scovering a range of pore

si zes. Each unique material would only adsorb

nol ecul es in a_specific.si.ze.range, .By si.multaneoysl .
COTAHNG S 1S SLRB 2 Ear b IO e R P af ot yglecules in
gag slclfiRAMCaRsd eB ¢ Bidlideh&IusBRbmpafi® e duhdi@ivhdRibed for each
mat eri al s containing specific cations that are known

t ometssink theaghs sirpam oan pe ehpeadtérizedcoul d al so be used to

ar act er.i z S _str.eam ' r
005! AikSNirE Tnfortle FhEERT R AE ks Mt AGPORRL L TRGe
adsof iR | peSperttsdColildieal o Beed o clerddiaivedgiassirtanl for a
R 0giiﬁven pul se can be neasured. This provides infornation

ea

Bdplsekxpeimentsyvi ty, and deactivation rate for a set
@ka%%an'pl es. Redox Exposing a set of sanples to an
OX1 (i zi ng and/ or a reducing environnent while
Aeastant igaiedagive pulsad gesr ey ofsanijilex; amd theanainatidf ¢cagltox
activity and capacity. This |d be simlar to the
depesited feresgivarplse FAtHsIREasurege NP YI4ES w.ﬁormﬂﬂeflﬁgwt&he
| M j [ @lsynmeri zation
rg%;ﬁ ghjl’%{h g dé?&?{’r??tgggét%?gtacsgﬁoﬁgem@stsyrrat ed by exposi ng
e Tadok materials to an oligonerizable or polynerizable

as., Conmbi ned Techni ques. The conbi nati.on of two or . .
I%@p@lng @éﬁtrﬁf(fa% ep &p an AXIgiZiRg Wqufgpgu%qg i%r;?gme%yhg? measuring

P e o RATRLARaABubitad AU GHl Bibatitya THAR S be

ture t he present 1 nvention. Ther nogr aphy +
sithilaratb dheametal sest suangior abovkhe mi cr obal ance neasur enent
coul d be conbined wth IR thernography neasurenents.

¢ Hoiyffl?ﬁl@tléﬁperi ment a base (or acid) is introduced to

ﬁiﬁﬁnﬁggl}?g}ﬁoﬁ E‘anﬁ){ui]‘y C?ngléiﬁ&ics BEpQY¥ReEHHRn chfdBsts or initiators can be

mcro e nonitorihg the weight changes,
eatichatelddyleRposing swwhwnattmialy o anooligoorerigaple hepolyaericthle gas
nd at .of adsorption. The use of both techniques
CO“@’I‘WP&&&%‘SE%% y provides nuch nore information than
eaqhe LEGPRANCODRIG hoke tedhdRPENELR M sivu anbiBis of properties of an
i nformati on from both neasurenents can be conbined to

deawayrphirampes woutd be agarticstarlyrigluablstfeatrepf(the pigaend invention.
N | hg Sl'hierr}n(?}glrap tye-I[ i\ﬁ(lsr'obalance Measurement
The microbalance measurement could be combined with IR thermography
measurements. In this experiment a base (or acid) is introduced to the sample array.
During the exposure, the microbalance would be monitoring the weight changes, and
the IR camera would be monitoring the heat changes and heat of adsorption. The use
of both techniques simultaneously provides much more information than each
technique being run independently. The information from both measurements can be
combined to determine the number and strength of acid (or base) sites in a material.
o Acidity
o Basicity

o Reactivity

-14-



0 Acidity o Basicity o Reactivity Tenperature +
M cr obal ance Measurenent By nonitoring the wei ght
web@egesIns a function of tenperature, the sysPEnMUSmON/R3757
function as a conbi-tga (therno-gravinetric anal ysis).
One coul d nonitor phenonena such as water desorption
as a function of tenperature, tenplate oxidation for
zeglites (passing air during the tenperature ranp),
caT?}BPPrWE‘n“L Riigeobplagcs MleasuserBéfr at i on studi es. XRD +

r {
cony SR DL BAAE G R hlos B0 B B A0 A B! could
rreﬁmummm condbiges (thérnsragral msetgoanally i) é)qsehﬂ monitor

g e A e e R
of fReNReIPasshesAar a&%% e 'f@nﬁ%ét’cﬂfé' 18m ?65 %%r%@lﬂlﬂn RRjeti®s for

| npact of water on uni size o [npact of a given
hythgorssatibmrsteieuni t  cel | SI ze o I npact of carbon

size (in-situ coke burring) [0059]
'Thglki)ﬁ%c’a)i?f@f‘ Meaﬂ“%rﬂ exanpl es are intended to be
i I THs inﬁ@bbalﬁlcefméala@rehféﬁ%u@sb vérhblasd with & doldbg-xkd E-ray
scope. The skilled routineer will readily understand

hodiffrection) m&pmrqn@mp &r satef sameplestcoplfbbaigxpopeskiorasprobe gas in this

i Preta R V(A FSh st -8B HE PSR ffakSon of the

Ana@piaiofibtthelgal adRsedasdinesdxamplc wasboud ban array of
sanpl es_conprising an array of distinct sanple holders
(18,0 1Bnpact ghwateh paygnit kell 880m| es positioned to

' nt eroacfrg%ﬂctt IBfn % gg)e#i 'hg{hlo{:é(rb&fl 5 GAR QiPsikd 9, 19', 19

PS conpri si ng mass data on
t he asr aypaca:ft oﬁ@arbdnee:okél) OnTlhﬂt @ﬂm&(ﬁmmﬂnéol@lbmmmgl)

wher ej n Iurallt sensors, ") .
[0059% o ths o5 easmfla@orb%dﬁf‘fxawgeé igisadeg ot h%léluafﬁ}y%f f e invention
withodf hﬁlltﬁig“s%c%@ r’ﬂ'lé"sktll 1Rbfifer Rhll i@aﬁfl? Gﬁthé%&%ﬁ@ how to extrapolate

conprises an array spring scal es (19)
paranaghgra ofithe slisslosGreatio mﬂ‘ibrwh@pélmentm the inagntofn. skhei mgentlon is limited

cal es.(19) J ntegral with a frane (2) prepared by
Onlyﬁﬂ&e&fﬁ‘é‘éﬁ%ﬁ?%hﬁwg’r ngl e sheet of material.
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5. The apparatus of Claim3 wherein each of the spring
scales (19) conprises a load platform (1) suspended by
wor®eno75adr e fl exural springs (3) each havi ng BCT/US2005/023757

bri dge-connected strain gauge (4) arranged for
measuring strain on one side of each of the one or
nore flexural springs (3). 6. The apparatus of Caimb5
wherein each of said strain gauges (4) is a
CL$@#§%o-resistive resistor. 7. The apparatus of any of
‘ms 2-6 wherein the array of sanple hol ders (18,
18') is placed in contact with the array of

1. nAakaphahial €@Smas8 andifsis dpeahaf us afhy afyangilesdompiiing & array of
. Wherein the arra¥ of sanple holders (18') conprises an .
distigetsagaplsrholdesk elis 18°0 spataming the splrepesitionpdde interact with a plurality
' lgnges. 1&-» -2 : ' -
of s RER19090%, 13- A AR R1h eBls ApRnEh A BRof o army o
samplegnal generator and filter with a lock-in anplifier

(1L, 12) for. detection.of a deflection sjgnal, at, an ...
2. oAty Wikt e iRl Geomersg b i, 19 )
compRRAhALHAY 8f nAd¥bAhndebai M5 1-6 conprising the steps
of : (a) p¥acing the array of sanples in an array of
3. dike appetateseafiilleinh 3 Ivderain gegyrray @f mictobilapess icoimprisesgpntdnay of
.di stfgnﬁg sanpl e holders ( 18, 18'") to interact wwth a
Spn?ﬁ‘ﬁ’? P 9 of sensors (19, 19', 19", 19'") providing

4. OThPapabited ¢ Claib® BRVHeSdin th ST of 8prdngddtaled €1 Bk Bitegdhl with a frame
sanples; and, (c) determ ning the nass of each of the
(2) prenasdey micsprmachingng singlsisherd o material.

5. The apparatus of Claim 3 wherein each of the spring scales (19) comprises a load
platform (1) suspended by one or more flexural springs (3) each having a bridge-connected
strain gauge (4) arranged for measuring strain on one side of each of the one or more flexural
springs (3).

6.  The apparatus of Claim 5 wherein each of said strain gauges (4) is a piezo-resistive
resistor.

7.  The apparatus of any of Claims 2-6 wherein the array of sample holders (18, 18°) is
placed in contact with the array of microbalances.

8. The apparatus of any of Claims 2-6 wherein the array of sample holders (18”) comprises
an array of baskets suspended from the array of microbalances.

9.  The apparatus of any of Claims 2-6 further comprising a compound alternating-current
signal generator and filter with a lock-in amplifier (11, 12) for detection of a deflection signal
at an encoding frequency.

10. A method of using the apparatus of any of Claims 1-6 comprising the steps of:

(@ placing the array of samples in an array of distinct sample holders (18, 18°);

(b) positioning the distinct sample holders (18, 18°) to interact with a plurality of sensors
(19, 197,19, 19°"’) providing output signals comprising mass data on the array of samples;
and,

(c) determining the mass of each of the samples from the output signals.
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