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35 Fig. 11 is a graph showi ng, by way of exanple, calibration
charactgristics obtained in the flame ionization detector according to the
present. i nvention; and Fig. 12 is rzﬁ@? ;Bivvl ng, by way of exanpl e,
calibration characteristics obtaingdCi R nown flame ionization
detector. Figure 1 is a schematic illustration of a flame ionization

det ect or, 1GARSET 16 r&Oby2ERMHgthd Surhdd théteor MK 56 Mbrgdh: abkdivN inkteibl sicas ilica gel,
quant wat laM@ina N abiyhieS 00 the Cike.OMR B@HIBRRN chrarhatdgraphip aietiemtorSieBfiteatemsnt @DEaRies e d
from a sarpb@atsgpadiicalpB3eparnted dubstimcésatp@ied WY PHIGIGOS) afpleysoliic @iMmhe Tduaiké biafient

| oni zat i onndleéveldbiny it @oNEA ilhgd oft tha \rod-ikg @femgatSwith Lar deedlopihg [salvenn Gis aentoéde bove.

t ubul ar s miee theZrod-tie dieredi f1ép Gradualyrmssed through ithet hybnogemr flamme #i3era Bedep devicegootng
hydrogen gbmvniwhichisipsr sruwellddowroig diEald, iietchrombtegrénbigalliiseparatedisabstances yedruoge n
flame 4 atndgionized Ay dhedivdogrs flapel # dgyeanergia an [snireviges by which asfinsigption urengs generatie
f1 ame i onid2hvriigns delpdet Wrth%lP@@J'f'EfcﬁwF?f%sa quantitatiya Analysiugs thecsepasatechybstaces can

di sposed &B6¥Ed Y irubtantialy e same gBener psifdhedlame, ipnizalipn fqteciar ugpddnthp deld eoer o
t he annfl &Pm’@?‘%@?ﬁ"t“bdip‘% tha ﬁ&a'%i’ﬁ"@] E'EfaF'P?,s“% ERRregRating F‘JIW?'H@B bpWERfle®napqyat of
annul ar elP&&Y % '“eﬂ% ’3‘I"é amplifigpftepmoynt theppaf can

| |ca 0

annul ar e"’gf?.i"?'%e as%ﬁ!?;%f ’fﬁ%&n whas A e G
I Lo havg ﬁ&gﬁ o Bl G b% {3 O Ef .re.eegfa@%ﬂ ed
1o a pogl LG é‘ctr %lg(f“% Ehbct ﬁj%léc?r@de anid £9Ha9. d? ué‘lﬁ? ahreP thaPa spibe

have a pO%atveéaqhao RaRGéd dhs blithé 1%@ e».e dtilPeldide! s).ysmsu & Rbretly, mu EhrBiEdiing the SO
source 7 |d§le,e,l,,ﬁ@gnrapgg§§tlhgaggcgw ? hat a signal can be stably inpu to
the anplifi ap 16.end6mél &FigsOr i, @.é%@me didV QR 5 RHY, bedegiddbd Ritrod\EWAIREal ring-

el ect r ode oBdiktasnbgeg eRcttoas.ger di aneter than that of the negative el ectrode 5

i s gqoncent riasaliscysseli Spas attoraingl tosbe gredsndsveition, bacgs the/egsive 6lbdtrodkes & surdded
third annwb ae tigldettrods. 8. e yaibetidnadharadteristus o the chroma@egrdpliicdlly-ogtarateg substances
condi ti ongcai be obtaipgd zmna diheac funtival The groimds Hewtdr eiini nowoexplaiped orathe thesis of the
connect ed researeiramigeh syt by Ve inyprier: of the el ectric source 7, as shown by a
broken | i ne Fifl [Eiwg, beshowghat jgpelibraien eharaplerisic werepesting aHe'P@“SB’ begyser] am amaeunt of

hi gher %I &8 ?‘dhﬁ)é‘f"éﬁfef’aﬁ“b"t‘%‘aﬁ dadn vt palue, efained\fiome fhe cmpliige asthatparqueilole der
(not shomﬁ)"a'l“? BriHe fl deh ?’ﬁ%"e&‘f?bfll"i“ﬁ“?'br 6 to record an out t obt ai ned

ther ef r om ad ™%ech P&Iﬁt m"stiah et k"&w" ‘é’f‘"‘FH‘?"Ha'f°a§’8‘F t hin-layer

eI ement 9 chy n |g re r%s as m 18 r?ﬂa'esgm ts.
is nown am |orﬂza| eclor u Ti{aaly idel cal to at ac to the P‘?"

mater i g, H] h 3 1 ik Wik mm i ef.g Qhtbn. not

and at tﬂé( Jlar es oH hy e a.’qu{mé@ tr9cré Stgpeé:'e Coa I ng

surface thergg, R &b gnacvﬂery cou SRHpACHarabBsBE dHie a&mku #5m Sthd kifcAm qslne

al uni na, cunastramd&@aaras tshé&wnl ih K@ 3. 10 Barficdial) 1 e%;Y&ﬁ répRisEHiPd RBEGHINH BotRcR TBdlagl"
rod-1ike @bgb®BétwsinCRd hydsget GasPBmRAeP A1 B NheC fidstive: S16RIS Bt SUBIIuB MRSrdnPtheed
by spotiki p@pidiesargel s asdicd iveidgd Wher @sifigd d-Hnbwe amduatTens samiple GaRINEE (RPestdrol

al ong a | pagiidie)ahotieh @nritd thiniiy@r elr@nRdtkaptit telomantde el Opiikeeiawhl/eRs a m@eameter.
ment i oned Catupataly, tie volfdyeoutblitecharederisick@med € ieant! 1Drep®sayt audpud valyes phisipetiirdrhtheugh
t he hydr ogenplifitd &with dbsippt ta vhrisgsl ealued @t the @pitiind voltageowtieh thevibd-ika elemepie on srhicineb |
knowai n tai 30 g erdch.0 tches chdigstonh palmitadpit ersittbd/are passadafireugih surblamerd dp the Aydrogen

bur ned AndPoA; @wcwvtmaw?qywe E‘ﬁfaF‘Pm cuvesd’, ffetndrititate similar dntheegitagasutpy}
whi ch an ictafcegstic sHvesl H @rd “1 SQé‘fYé'Wa?"é?P‘ Hﬁﬁ‘“%vﬁ?'i‘ﬁeﬁ o thedydegwpapPurperd and
anpl i fi er 18 oY Pé '5" ana ys s of epa[?‘at ed subst ﬁusﬁess

can be carri "l ‘? ?%lg%‘f' as Wﬁ” gaﬁ ragge
)
'i

ha Zon obtas om
i oni Izafjl Oﬁ are not sn%bs an;{ tlo %S th';]' |e vg%n'éﬂ other han w mﬁat -
a calibraf ? t.vee&, iy ant at '

e an
of each 04 é’ﬂ‘ﬁrﬁé % s%ﬂm&“ @ pQ rﬂfg.g khdwA'H
APl 111 € rabat S o kb v&ege AR St Nen! o MRS o e ¢
exi st ence aRbitb¥eis hbilitcbaSddas 5&) hrdahdRintef BB eamm@suﬁa%é IFePéxaABe, Qi -3bd\dts,
enbodi ngntwniek isFdofiventlonallyNuséd @ determihd1@ caibFaiion” EHaREGHIGS 1I8H8B b $.0a5y bilthbibgerol 1
repr esent phifhRaté adrRsdn€ R Stosit 1.5,4.8 HidS1108) elispdcirdly SR EERY read ficih @Rgraph dslea
annul ar eloapit vaigkeof &he anplifer 6,yand s theralis r@l peapbitiaEereidiidnship thsehatwaen. infughet Rords] it
el ect r ode isasimglossiblea robtaigaiah catibratioo lthavaateistivenf tHehmathpla saiptic® piwieslehpdihitte) as a
hydr ogen djessr fovntiore iThelsagnads truador fegaltdage-eutpit eluractedstic Buryves I'Jlianddiinded t her eby,
t hus prat ectAsragrarént froe tther tofegrinai b garalepadspumeditinb thg fcilib@tion chéragigsisticecanioh bq grined
enbodi mentes adifeariugstion becayep e thirhayen skyemategcapkic elompm 9o ths rerkike Bl@mP'ISﬁI imglarpedi t h
a cyl i ndr "% plestiigity duiyg tog 8%?59§ﬁ§1?éﬁ9f Brough the Gdrogep flame hdugjta; existenss) ofagRjestric
accor di ng "P'® betreenheydiegen §a5 SHPPTOhEnd e siagiiede SAccardigaly. i easrenent g Beep made
surrounded by the third electrode 8, 10, the calibration characteristics on
t he chromat ographi cal | y-separated subst&ances can be obtained as a |inear
function. The grounds therefor will be now expl ained on the basis of the
research carried out by the inventor. First, it will be shown that a
calibration characteristic representing a relationship between an anount of




25 each of the separated substances and an output value obtained fromthe
anplifier at’ that anount is obtained as a curve such as an exponenti al
function. Figure 3 is a schematicgd f%{ on of a known flanme ionization
detector used in the field of thin- ayer chr omat ogr aphy, In Fig. 3, the
sane reference nunerals as in Figs. 1 and 2 represent the sane el enents.
Thi s knowmanfédisdtie po@itial éitheOidd-iRlshpie 9 duBing th phs3itfel tidrday thrdligithk Gi@droded fldriad.
accor dingeduderhdnes fprspsiedinedsiremert mens Bfovexcept that the third el ectrodes 8
and 10, wha)Clhe aetrogle Sosb spazedfrord the nozaestem bf the igindgen pas urer Moy aulsttice efrd

t hat t he pomagrnid whilg thefrod-Fe clepndnt@geas pgeesd throughethe hydiogen fldree &l cegpaceOubiwedn fwe
reversed. Mizgetop agdithe rad-likegismestyanimeiptained el t e Thisdisaececdh drram mas sdedted sour ve
derived frshchiemaorantitalivsapasatocoaypstaucesorhic dhered-glpmens cayfirsvaan e e te'\ebu"teﬁ
parti cul ar“""‘t‘ﬁé"ljl‘ a'bﬁm?%t)?fé@!‘éf?ﬂeé gas LRostibe TheBmplet il rrdzike, elpmer 8 issspptered
bet ween thg’"hif‘a n‘°£;8% stpage of 3a’h'B 1y gengigiep F?‘R?E"@F ERTPIRFCOTPISIRl Byfped.

o &X%‘Lﬁrafqr Reclfer éhe?'gg%ﬂ& e %@f é?s 3% Ry A1 a%jggr ne

Tom (he am

t hin-1 ayer #@{us Obifﬁ'}dn%r PB%% atr99 o n elle egf ggsrttvegolg%y in F|g 3
"és'ﬂ ’ gI

par aeeter . , e ag Gt
1 repressrrtst e éaqsé; %reﬁ,em ﬁéers.rﬁ

varioys Vadiig gelas i g appl1ed vo tage when the rod-11ke el enent s on

1.5 ug, 3.8 AlgiiaiChofentdl bIARE rofRl sRileRt vl ndadurBaing laf e@ét@:stﬁﬁ?ﬁtoteﬂﬁbn%fe?d@ﬁ§ &ed

t hr ough anghs&igé meebobhrduge tayklRgaNiie 4,fdnamR odiput’ RRP BiainY® krym the electrostatic
Vol t age- oUupqistiontdte va< feedrileditty@ penifed@8er] ', |1' and 111" are simlar to the
vol t age- outNotst the hgnigetrteets iapdnd €) ils twe Sor khe mdasugentbnl dsishevespEigt4.vel y, except

t hat_tzhe pdigare § slews dfe redulis biyttle ogaregeas dbtainek froni therren trdverded &b beleseh frame
rever sedFigd batdie rot-fieelemagt happeatential of aborh-F0golts4, when t he hydrogen gas
burner 1 hdbe iveniqydhanvesapusecaan eleelric poteptishdistiittiemhbatwpen gedyemaan b dumer- 109

Vol t is BBtrasiiyeglegteoda St Erimpasrarpny wateariphoulRY epieriing i efsatic peeniao! aptediened
from t heP8Be ¢f “"l' f"t“@F 'SE?“EE‘?%S‘?R)‘?V %’t?o%et"‘!%ﬁ’t th%f" 9&1‘ 9@&“@‘6’ déh‘t ‘P‘tﬁ'&tetﬁéﬁctr??ﬁ of

the appl PedevRs "“ 8 ut"ﬁ ?‘e'}’t‘éts a
posi 1 ve rfr“érf sz& r.lérg Sl rxgz:; ér L S ?:r far
about 40 pa J o th zle E‘h ehdr %ﬁ éﬁoumpf’\ pf‘ b satvfhém erd
negat i Ver. r|1 D'Tﬁ ta&c% rQJuu of the WrieGdlrerof 95t N€
volta age- %WW ar act er| St | c cu ves , the out ut vaf ue of the
anplifier Grhbrﬁro{éofn thd ¥R RAR rbr&aﬁbh%t@ét&r' @Waéf@urﬁ%a@{ﬁg%tllk%re&\&ﬁ isSAERSFwith
SUbSt anCglectie®y aRx HUB|zEpotartial 3R bdndoen 1 WRliikelbiier QNMENEE BOANS YiebleB8 st O
det er m NBsc@meRVdnPFigH. idthe? Wads Glietrbd-fide isomert.op the ShirPlayeR BiforRatéhraplic RfemeM @l i8S Iher ol
pal:m t at @ high kle@aPRTzoh® TaI @Gldssulned to Kb the Rashn Why e calibRf@Cihand@érigtics\watoade nomy be
read fss onmnehihie tgrinpim Bednedionizatitinistectora bsid@er@ibneid RiBova ijpl, bédaase the roadlikk didmest 9 har e

i S no pr opbs bigtpeledtricr fieldadone frs prrtsulbr een et chepmatoglaphicathisparaied sbstatdes rgried by

i mpossi blhe reddike plempmt Stdneburreldiat itizedinthe hesitiye tors thug ganerated piecaceriangiddeand glileanc e
(chol est wittothead-liet dlameent Gstherelyi eausing £ prapedation. of Tt elselions fosbreak i lifegrity toh dhe

vol tage- ebpian chmaglesieicsr i stic curves |', I1' and I11'. 55 As appar ent
from the f it ergeyi o fvestigate e, ague- afée'urreer “Eerf&‘te"‘P'H’é‘"EéP'r'tb?sﬁ?'F'bﬁ‘°d'PPa‘faéﬁ!‘P'e$r‘tf§1"| c

t beagshe 5%9"3?" ar"ﬁ'éfﬁff 3 c6-300 20 oYY V3 pm the amplifier 6 at
gﬁpg?rat Oiﬁ qel? tfm'f' iﬂ@g&‘* -fke e mgnt e fpdegsm {T ﬁﬁ é’f%%ﬁ C‘Malfrzﬁe research
|

vento

el ectric hd Gb&af eth ol & e W o s T AREY g ue to
exi stegcf‘adgetﬁé‘pﬁ ﬁtof hS cﬁi%f -\E ? " Q:Fé b%@rnl 8 £§§rtnv 51

el ect r 0dge Jjectilis &7 ﬁéa #po@.tﬁ%ﬁémsﬁﬁﬁaéctr ?&stm& there

an el ect [y e ReSnhét as H Fi. e whdddr Voitdge oﬁ‘é(ﬁ%l&twa% applibd Rerebdife eﬂaﬁﬁa&%ust %60
thr ough fraguleRtQEs SnbhaitEly 4ustRRE W Fig T Binflaritd Fig S SonAFgBA S WoRARNS! 2B -28S
fol | ows: véls cdh1Be RJa@ Gt the GsveloL WRIEh 1§ RP&ed frbrh @B doBfle MPEZthe hjdidye® bad hienehy @y @gen
gas bub nastadcelay 1 mndi st ance of 15 mm and while the rod-1ike el ement 9 was

passed t hr cugheddh enchiipdecDgitbnefbreaato Hg. 4ait B ramesitietowetin tichmlitation charsowadties 4s0p
and t he pdubat fukatiorebrdyningivingatbe irogéragas ddrert1 dlpasitive pblatity add the alec@d@$ a hegatinewas
sel ect ed rgwity. [Thersfedar beninventar sprrounded [the negine gleciddss B lwith am glestricbrindietar.H@sed on

r od- el enmtatcoesgpy hatdhecpgientiad distsiytion rbFig. Dheauidehe shifteth upwardinhy cauging anrglaeitostatic
hydr odfén ingediory Betyepadhe, P?Qa""ﬁcﬁ'e‘:@@arﬁﬂﬁ dhe glgctricirandugige [sp |that He ipetie figldjiss steopgiced
from t he TREAA! dets °b¥° popativajeloptzade & apd weakeped at the.side-of dhetiveiqoen 438 Purprr d s The
cannot bé“’géﬂglgf"é?de gt they 'E“’rtfg‘ g g’@rmﬁ%tﬁhd's"iﬁh%‘ﬁ‘ *tvrre'"amﬁﬁhctﬂamh‘zﬂ ‘ogen
gas is iff Y R i [ﬁ‘eé'e%md'bﬁﬂﬁ £ HUThIPR geeHverpatofg O Thedaiyliy &t ey in
substances, the tenperature of the hydrogen gas burner 1 and the el ectrode
5is rai sed and the out put value obtaited fromthe anplifier 6 wll include
noi se. b) The hydrogen gas burner 1 had a negative polarity and the

el ectrode 5 a positive polarity, as in Fig. 3. A voltage of 300 volts was
applred betmeen the hydrogen gas burner 1 and the posrtrve eIectrode 5 c)




d) A surface potential of the rod-like elenment was nmeasured by an

el ectrostati'c potentioneter duri ng the passage thereof through the hydrogen
flame 4; and an out put val ue obtai Eg(a hgg}bse el ectrostatic potentiometer

was recorded by a pen recorder. uirements a) and c) hold true
f.or the neasurenent as shown in Fig. 4. 20 Figure 5 shows the results

of the_ neagusanRiith 8RbEAHRCHsIHLRIM ol i e REHe LERATFE. 7, bipoeARl dibs@AM i bOEMddl J

5 t hat_t h@y heing thé anikl eRidPdtle iMhE eRBcth@iieitatidl cofditiontita poidhidl ddiduson CTib Gbtained

I nvent or  tbp edhintEhag Uhe fird Ble@lo@C btr'd igheD tiedMicatdotediidh triah inat ofaiie Apgane elctiohes. As
hydr ogen gasbdstenesm Figasidhe dogenfid Sdides vead @b aier ebetiab distiutionsdasd & enBelleveht sre
carri edsoudwebthan wber achirony thapolehtliatdistiitetigod airbd smeddvela inreedistébufiondh dheodiue is
met al , whiabdut i7ovolish rfdtie the potepialsjstrivtiiop cliiwt valoe is abbie -3wplls ogen gas burner 1 and
t he positi veFigueg isheygevoleRutpdtipbarpatasighc cusfes t'h & and 4 poespponding do e (sbareatdristisl | y
i |1 ust rat e#vesnt ftjagd ot Figs 4 apyplimers deferpingdatith resgect fale B%?’@?hdlsﬁ'Pu“G"Bf'r‘l‘bEﬂ’ﬂeon
chat act er iMm@PTeE 33 BE0- o fis H%R?@“'a"% Fedh orqlirfé c?ﬁa'EﬁS"é's‘tch“@’% bt"e ARINT GRclydpgafirst
hydr ogel Rrhfeeond sahpgieq ?"Eﬁﬁ\ﬁéﬁl & e opeg; glue (? b gmegfier cﬁ aaBdut
-250 vol t§”'¥? \ ‘éafreé 8 by | 'B?H’al*—'?’ﬁ in é‘ea‘t""*tgﬁé’pi"ﬁﬁ‘/é’ twpon \Rﬁ‘uh}&“}ﬁ 9% 9Ky ! fﬂ“i’)rtﬁet he

nOZS\JnE LO ln the rrst rate eone ucoprgsr ds the dl S a%nce eo I)f fr]c') n%ut%&? vol .E
at whi ¢ voit Mf B hat m@%& 5 Sl Bﬂifg LN ahod gﬂiﬁuo‘}i tts{ 'S
aCCOde:sW'a ntt hé@ Zs fta ‘?chHi@&éfH p%l??ﬁ‘er %Y‘ﬁbo Vit nd 6.0 u

Ther ef or e,chalé;tet ok AN LB LU 731 b, eaea%@rwmchtma\r@& refa@ W5 1nb lgAbn &
rod-like el alt.e bSthe BRSBE S, Wid (Rusth& sl Sbdodiom kbickidndSip MeldBdtddhi Rbordingly, if a

di f f er enceohagd WeaNnb hevgé adidrh ke 8130008 iQagtiich bdieR @8I Hyd¥G N aE Bliridddand the
beconmes vesyailti @étirodens,at Beiossidy @Sebtdirn@e rcaltbraibrk énapkbiemBn bf Bé sirfie EUbktancs ay ar
chr doat egnieghivsctied.ement 9 lies in a high electric field zone. This is
assuned to be Fighe & g@asckrisiihiyurtchi&y. dalghdiecathyi @ brokdndinacéreesedt b cadatibestio retwaenren 35
|.i near i n etebtdc koientigl of hared-ike releratti Somd chetobiagie Gapplied Heteant the maicbgerbgasddurnpr, and
because t W megeliv elkelrodé Srdherrdrehl fwe e chaslerlighruet 86 twhpre the ipelegfialzed e, rofHike
parti cul arlemafidris e tedrradpt Ggrbiptti e abtyuselyar iy tdondmBiyeid cens Bapredred opsh

t he rod®| iof dheepharipistio cuives buf nad Winde itsnpesend salyited) 3¥P B\ 1Bere ¢ 8o tpmggrt'onai
gener at ed 'ﬂ?"@“SQS@éﬁwé?%W%W‘%W e e geelfit ‘F]a’t"HEe oY of g S@P@%ﬂﬁfta@e ikt 8oy

ectrons to bre art

gglulsiop gt Ia &O é\lcﬁ C?lso sh \%rs vopage {blput cl;a]racten?t & c rvEI Qs:ﬂ“ arécj 1 m%}oh% sam% '"8 ?| and I of

were ?r ermm d wit pect lo the iot nlia man

ulion
assumptj, o0 & Y ost bl S NGITINA Db A Gty uar;a : gl @Jt?xaa
relati Ons*& bibsBEnbY e a%BneﬂrEBM; ¢ .an, & 1R oqo 3l &oﬂQQ#m% wiitbd Qb eph'
obt ai ned feaMinh o BB JalyE Tof MrePhmdie AROHIasbdB §BorioR%o oDl Qimplene
rod-like L& (cRoidsterdfBalRittd)BAdcerditdlf P4 MSHEFSwitkin RO AVEs s1aRRATOBNO bmod s is
i neent or  wppiled BBwBEWNE @Farbddaasls blinEST and thedREAIGASRCtoBE 55k iLpBtible @ obth® the
el ectri® fchidlatlorbdharadi@ristd & GheGbmpib eubBEo@g@Mnggawndlib. ner 1 and t hus 45 reduce
t he .pot ent i allscpfin Fige 10, adeHatdsieristit enme v Idesightedipyl b ag@En oS rdpudsras a kelat@Bship
gi ven d posiweenvan gelriarpoteptiahntihe Inel-ibé eetnero deand aavolteg abpliee bpiabar thd fydragadgdshen
an ‘el ect r ibgrgrot anditheategelivs electtpde 5.0 drh@en retnieeechasaeteristieeisver ¥ dan dpnfiedlyeltaga pfe
maner as 11080 Rty cogspaptivte apajential afeboyf -18edts\abthe godiliks elapmpitiSe Althokgbrnebeoweian,
The restl tF9- 39 & prReONfetpiAtechToRe agpeers 4t R oot CtP'FSF"ﬂﬂ'Yeat'ed‘ i §d @ gwhery the
simlar td’°$:i‘;g'va;6;;% ?"g:hjerf-‘? "2;? (;5 &9 %‘@’hi‘tr%l‘l 1%%‘2: IZGLPE‘ abg;%%g%‘i/(ﬂ"tes(“‘&‘dzr:gg’g‘ J?Ead
at ‘the le C
burner 1 B atl'ﬁn%‘ﬁb ﬁ%g "?‘?‘(jer‘i"ir\!?1 'ﬁ'i (r'gﬁ sgt er?g‘r‘f T%?‘égg nce
Ei 4 n the measurem n tar e C etens r(f foown n I'S%s\ 9 ar‘}i z‘ro rke eement

9. £ tha r?g thd B2 ¢ 1§ye a&ﬂ is % 8 a‘?Jc of tgéwe%%m?lar
i near UQ& sl Xn s.94 \éﬁd’]gﬂ %sr rgtg Fﬁg l}  VoF alumina
polarity t86r e A Qgﬁd Be OndaRibad In¥@nd: r@&br;s)fc cu é%r @amdt @rel YR DILRT
surr oundec&céorb?ngr@%t dléﬁeeté? loe b Ir@ifke BiekiohtNin8 Rintehints fof fhe Q@&Mu&&@ds% hiF
t he ' conceplectddator indaka M B8 treaburdhent &l tdIbaRitemdic Tirdos of FGU BhaDR, 8inb neishtive
upwar dl g6 RcedYSdnREnuRin ol8d1@8s KAME Ak infor FRMbIBEGI L i anldelel@@hbtdr BE9 MAY AdI MRight
el ectr ode ofAdnrh,d @k arel third ol6cxo6k @h @finulab Bledtdad hividg afli@ed diarfetdriothd minf a6 biteng-
t hened at diahmetesofde mad, abdiehaighgeit2d wen, efeaséd: ode 5 and weakened at the side of
t he hydr ogenin dzesenihodiments bf thd b@sanhineatiar asgeeantioned aiye. whers tharthird eleptrades $1end 10
vari.at i ongre ¢pnnegied fothe pesitinp side oft the plagtficoseulsy 7utb9 prpnedtien @il performed Atang treint or
t he 't hi §6d betwaen e araplifigr$ and therydragen @as prrlr d<in this gapry when thg eutpu ¢fdh Hic isqusce
el ect r ode 75i8 fgiuatgdean, pleatricaurent iy, gpnefatpd gue To prpelactiosigic Taymmeption tepyeergihe inpgaliysi ¢ h
a pot ent i A°¥RYE S 9 Y Sleckodey, 8 and 10. and i fhep RiGked-pey by the amnlifer & Apegidingly.
di stri but PSP EPY: e SNE gleRETonT *bi %A hgeetrecoptrcied e pesiiyeiticq 9 theplectric source 7
electrically floating condition, and a potential distribution c is obtained
by maintaining the third el ect rode at a7hi gher electrical potential than
that of the negative electrode 5. As can be seen fromFig. 8, the potenti al
values read fromthe potential distributions b and ¢ at the level L are 5
I over than those read fromthe potent| al distribution a at the sanme | evel.



about -7 volts, and in the potential distribution c the value is about -3
volts. Figure 9 shows voltage-output characteristic curves |', II" and IIl"
corresponding to the characteristgggeggessd . 1" and 111" of Fig. 4,
whi ch were determined with respect to the potential distribution b in the
same manner as in Fig. 4. As apparent fromFig. 9, each of the

char act ewillettitige icisvantion df 'the aviplitieaihs kol ini Aigs| uahgs. fi rst 10 and second

sat ur Q,ed 2o pemdyAmamidnds, inite euftiodilnedtiae siwwh [iruffig.\2athel deteroiiationvenl bd protevtediieom
anpl i f 1 encisg baruging the cylinbricabgicirede] 19 which ewrtopriis e sphagdetwaen thebydragen bas bugiet hge
appl i ed #stiigeeasativhelepitpde §gB thegambodiment e shpwe g Aelt paspaen apialy| ebeqryeddieat 8n | n
t he fi% sputvheypep@glifiond és ?!éble%PH Pnflugiyztiop ¥ surpay bedy B dn (gl viciaiie of Bihge
of from BEBYE" SFPUMSI 1.4 B ‘H'BGEFF @G@a'%l e °P‘P“té’éf’i‘e BE‘ 'é’e?]c"t"n‘%?t p’?‘ﬁé‘%ﬁ! put
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anpl i fi efe Gres venlihS sih G S p s§.bl§ 1A ﬁnbé?'lgﬂ%r{ﬂ ALLAQRRE err i g
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appl i ed Heduie @fdreol 8n BatORRABENIGARD dALIFIRES the cﬁv‘ﬁﬂatbﬁiﬁ:hi&ﬁ@%&éa%d%@é@én&&dﬁ Be it
IS possi &kl vthagbdy bhtedueBiitydr ati on characteristic of the sanple

subst ance as @ndBelyl sHdeatefl advaritdges). of | the Fir@ent Oinveticdhar @t Qlianfative Mlysie of V,
desi gnat @tbnipgaplicadikssparaiet @ubstaties, alecizing idnizslh détbdd abdopiingad tve @reseninednBad, I | C
pot ent i aks sodwitihEigr vehad cdepaet @t kdwa Naneionatidnalgectappbdwrga Figet- ween t he

hydr ogen ga&sstiafmatipn ¢hagaadrittibrehane beenirrepared efcubstrriess3o bedguaptjigtivaheartalyfeddmbetine
chanagt et detpator @egoyding| t/the\gFpsept infyentiproand e impwipdetacise The tpatifelnente foe pRiiningdthe s

nor e t hatPiigBien charaelyrishigt 28 aa¥laws: absol ute val ue, the second saturated zone B
appears i r7) 8a@Hayue sampfe. folsne spliionstoh piolesterol estpr (5 t'l'g"’cerl'qe (E@)gand) free chqlestepgh o
second sat{ifat eé‘i:l”sﬁ%r?‘@‘eB“’e EWE "é(a‘ ogs ﬂé” 8 'F?%!H&T‘:“P ‘P%H"S??ssr?! }‘J""Bé’t‘*\}ﬁé%‘ t he
out put vauﬁé; Aol fr“ra e gl 0% TE oW RIe as

in | ? | y T, of sm coa hesix_son was usi Eacih o §ho e S d-

|?n PPE
lm t N wl, a the d el g‘e ‘g% on ©
characterl.ﬁfig‘;‘f’é‘ Szveuﬂp ﬁ.ori,g,?p.e“é’ o ang P of

Fig. 4, wiyg w&r@e. s semen@ wpsu LS nwgex 8as % ra%ﬁ%nm)m.rﬂanatvmh tawat gn ¢
in the sarpglegamrmlm in Fig. 4. seéen fr om 10, each

char agj er i §tal i bVEd vbits J«as%ﬂﬁlcedl bétweeh FHZ:J :ﬂ&te@en@amtmer a{dqala AogitRe weét&,he The
corr espondsga-ike eRMmeNak pRFeMBblighd®R Hyddgh athe biradale $00minBecl, 000 volts. In this
sat ur at ed ze§elibration @Baadiistth SRaibeAMddr Mt reduil@madtst idntiondd bind@e &b shdwa iaRgd. hf i er
6 IS incsdaredhd talipra@pGhira@dtistos shéven iarfiLINt aef deritse fRanThb @le®ttysdcasidiag to the
(chol est peeht ip@hitnt(Eig.el).. andateoatiiraligh ghardcferigics/shotvapeFigai12 hierdetived fromrtigeknofn f r om
100 t @5 1¢d80r (. 8)siniFigsaliphil 821 sireltiolsee A, Ghissibnatir togyefibrafias cliaracladsticslof ghalesternd
negat i veestdr d€§)r tidkecegde (TG)jand frems sholgisterot (Ch lesapativelvn és Jepncldm Bigatlitand 12, the
char act egdirgtiop chiraqtariglics Snryee from e daictor gecoring jio, g preent invendien ara|okigined gs & g
10, a chife¥dprtiens (hereas, e, galiprgtion cﬂ\%’%‘i‘ é’&""S fram heoknapn detpgtor as fPloedpR & 5
rel akio n%”r‘i‘fepf” b‘t‘sxﬁé‘eﬁ’fp ﬂ’)“@'l fupefion). ('," hindy a‘?sﬁ'ﬁsa r3a.! &Wﬁ?&"‘sg pt (6o) d a
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rod-1li kenae'leﬁ'/na{% st rol &Q@E}g gl ide W}n& ﬁ‘ee Qm Stéhol (&9) ontthe Basi rﬂ%@
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pot ent i alig of wibiiRridcOdc) b1 8 LETBI oo LnbiSsteidP (FE) Wi Bsed D ltost W Npdated RS timss.
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vol ts), a1 aspebtbelp®eond sat urated zone, there is not proportional

rel ati onshi p between the output value of the anplifier 6 and the anount of
t he sanpl e substance. In the neasurenent for obtaining the characteristic
curves shown in Figs. 9 and 10, the rod-like elenent 45 having the coated
thin layer of silica gel is used. But it is also possible to obtain
characteristic curves simlar to those shown in Figs. 9 and 10 by using a
rod-li ke element having a coated thin |ayer of alumna, diatomte or the

li ke. 3t shoul d be understood that the characteristic curves of Figs. 9 and
10 are changeabl e according to the dianmeter of the rod-1like elenent, the

di mrensi ons of the negative electrode and the third el ectrode or the like.
In the neasurenent of the characteristic curves of Figs. 9 and 10, as the
negative 50 el ectrode, an annul ar el ectrode having an inner dianeter of 7
mm an outer diameter of 9 nmm and a Height of 4 nm and as the third

el ectrode, an annul ar el ectrode having an inner dianeter of 14 mm an outer
dianeter of 16 mm and a height-of 20 nm are used. In the enbodi nents of

t he present |nvent|on ‘as nentloned above mhen t he thlrd electrodes 8 and

A~ o Y ) Y b1 .




7 EP 0 286 757 Bl without the intervention of the anplifier 6, as shown
in Figs., 1 and 2. As already nentioned, in the enbodi nent as shown in Fig.
2, the..determ nation can be protec%gg Béggﬁggise by using the cylindrica

el ectrode 10 whi ch surrounds the spalé& n the hydrogen gas burner 1
and the negative electrode 5. In the enbodi nent as shown in Fig. 1, it has
been actually observed that an 5 output of the amplifier 6 is subjected to
fluctyation when a human body i SABEEs&nt INVENIIQNIci nity of the hydrogen
gas burner 1, but in this case, fluctuation of the tput of the anplifier
6 can be prevented bynusinﬁEthe Cylindiﬁcal electrggg 10. In the enbodi nment
of Fig.s2, although tge C¥|% dri cal elegbrode 10 i nnected to the
positive side of the elecfrrd source 7, i't may be 'held in the electrically
floating condition as nen&i?Bed with rpefgrence to i 10 1. As apparent
fromthe foregoing, i% t hé "Chin-1ayer éhronatograghy | ane ionization

det ector according tosthejpiggsent invgngigon, since ifgis possible to-obtain
a lineaf calibration Characteristic representing an anmount of each of
chromat ogr aphi cal | y-sgpar at @d substangedeand an out 84 val ue obtained from
an anplifier at the -anpbunts thereof, an accurate quantitative anal ysis of

t he chromat ogr aphi cal Isy- s@panat ed subst.®dces can bk.$2 carried out with a
good reproducibility. To concretely show the advantages of the present
invention in the quantitative analysis of chromatographically-separated
substances, the flameX oni2z&4 (Gn 0@t eck-&7 Gt i rwg-$g(%h§°br esent
invention, as shown in Fig. 1, was conpared with the known flanme ionization
det ect or shown in Fi gSD3. ORi05& | cal i B-&%%n char L2t@8Pstics have been
prepared of substances to be quantitatively analyzgd in both o the detector
according to the pres&h idmfent i on and the” known t®ctor. The requi renents
for obtaining the calibration characteristics are as follows: a) As a

| i quid sanple, toluene solutions of cholesterol ester (CE), triglyceride
(TG, and free cholesterol (FC) were used. Note, the concentrations of

t hese s¥ibstances in each of th&ARBEuLHe (BBIQRi BRF)are known. b) As a

thi n-layer chromatographic_elenent, a +od-1ike elenent conprising a rod
made of silica glass @&nd 25E athin Fﬁyer of sil & gel coated thereon
was used. Each of the tolyepe sol utiogs s dropped the rod- like

el ement_in an anount be 1quf and masgfﬂgﬁ develoééa%gnd spread over 10 cm
of the ?ength of the ﬁod-ﬁigi el ement yjby,a devel ogi g sol ution of 9:1

n- hexane: diethyl ether. T) The hydrogén gas burnér was supplied with
hydrogen gas at a ratg of3z18f m/mn gngawith air jatsja rate of 2.000
m/;mn. 30 d) A voltage of 300 volts was applied between the hydrogen
gas burger and the negatiye3zel ectrodeg glae rod-1i ke s enent was passed

t hrough the hydrogen flane at a rate of 4 misec. The calibration
characteristics obtaifmed sanger the regu7eenents miantiggoned above are shown
in Figs. 11 and 12. The calibration characteristics shown in Fig. 11 are
derivxed fromthe detector according to the present invention (Fig. 1), and
t he cal4obration chara¥t er3s26£3.80bwn3i B7Kitg0012 dr.d6deriSMd fromthe known
35 detector (Fig. 3). In Figs. 11 and 12 synbols|jﬁrg designate the
calibration character$Rti@sI3t chol esPerdB ester 88 triglyceride (TG
and free cholesterol (FC), respectively., As seen fromFigs. 11 and 12, the
calibrq%ion charact er¢¥%ti4s%derived fPofh the det el according to the
present “i nvention are obtained as a |linear function, whereas the

cal i bration gRABAE PLISE h§Sa HRE briifibielt GibdOE Q\Af‘cﬁi@&&gnt ﬁ%er a3 sAindh BEEERS
a curve SUGlimAScafuadrVARBE Milidhcorddd A€ thb 3G colulbn,dnd Ralibrated@tleslef frod BfIREBRFH FRA
axi s repr §gefilumndBach TP ¥ cal vakiesH rea@ 3o 1Y cdridSpoRdiRbAéafitrRfén ShiPicASe @A thedNd
the or dignakds eeh thédﬂfﬁlﬂé)éf%'g@ﬁic afétl di the chrBikitbgrar® fvnidiis AL B tRdouliut Rilues of the
chr onat 0gragitfen (A8 tin IXBILERCIING I 'Rs @ Wieln Valnsddf HRScaMpdiedl Varels SHo@inin the candidohdinger
of the sepal&h @tbatkent AKIGEE .a A6 Galud thagbf) SOrie plsatdsed deviatidny ardif C\t Rex ceffi@ait of
accor di ng vbdatidr é\s pdppsrem tfromn VABLES OnanglSl, We lte degectoh atcoalingt th ehk pevent thedntiat, atve
was t est edednydudibility i the quantitative guaiysis icaralbd coasiderbly\improvedfin it compagsmounith $habdf thehe
subst anseknownadetsclyr. chol esterol ester (CE), triglyceride (TG, and free
chol est erol yr@rmen. the deteriasiaccoringtiy e Eeeisenh insenfiemnwagompdsed witht the knowg dejecksy in

Fi gs. 11 andpiv st glgensoduaipifily ef 3 gptierm amlysin(fydpo ffarbenrtyee Asalsi) pighegyy @h gl eeserdy ol
ester ( CE)sincga hepvy gl eamprises g|cpmelpy mixtuiefrejudiag, verigussyybsigfeesy it jsyimeosgiblp fosbrogatgp-
(FC) was used. The test was repeated five tines. The results of the
detector according to the present invendion and the known detector are
shown in TABLES | and II, respectively, below ' a




50 55 8  EP 0 286 757 B1 TABLE | (INVENTION) n CE TG
FC 1 . 2.97 4. 09 1.56 2 2.90

4.16 .- 1.51 10 3 2.88 4. 09
1.48 4 2.94 3,96 9WETSTBI T 4 545 - 301

4. 04 1.52 X 2.94(3.00) 4.07(4.00) 1.52(1.50) SD 0.052

0. 074 _  raphically separateUeaOf30F thd/subtafces from the complex mixture ih.t% field of thin-layer chromatdg-O 25
TABLE __} kaphy, B&RIi®Ris A therpattern @halysis of the complex mixture is fiéquently carried out in the fielddE 1
3.41 thin-layer chromatography In the pattern analysis, the 8@m@éX raixture 3s diBomatographically separated3. 87
1.44 3 in® $eeral groups, each of which cBm@MRes substances having silnilgyich@hicat properties. Each of the 4
3. 37 5 groups is quantitatiyel) gvaluated by a percentagejof §Pedk area3h¢dedf to a chromatogram area 1grmipg

1.40 40 by output values obtained fromythe agupg“@( of t@e{)grwpg @yqr@n@g)he d_'g|ly4@fl P! gamod@[gmtyoof 131

0. 118 the pattern analysig)is gy signjficagt. O 6.0 46

I n TABLES |'" fi§fiaily testrofreprogdupipifite °6fhe H?Ee"f é%?ﬂys's 'a? idti?%&' SO%H“U%@ f (the third

chol est eEBTtm‘%%r? ésrcoa?e te I‘R)Wu Sr‘f"’ o Slls sou‘:' : 1 Q?ggl | shown in

: LI g::)ége Fedzeam?pﬁr\:uas Ff‘) e hm-lay s c ?:8 o éxP %‘?g easre\yé& Ll -mf;} é?;tg?agngj ‘8?‘{?; i n
e FC c DA 3 Senw.a i s ng

cal  brat iy aﬁba[h@ff%ﬁrkﬁ"% ehrortObs M&@d 3Pa %leﬁmel i §11 Ts b

peak ar eﬂen& of Benf REPDY \%%ﬂ&s nf Bf !oi%e 0 edJHn omVighpkesur® fThBh

anpl i fi ebamph SRs fufthel AR dve N 82 %mmaﬁln é/ HobiopRh §oh§ntcéﬂ 9B akig
val ues s iiMainbib:rd¥ind QWﬁrefﬁeQqué %eco@llélaasﬂemhb ksl R epaltdiEnth FouRglbligdcieval ue
t her eof ) satfrbie cémpdndntsaaoasid co@pdndiis, in camMBonbls, iafid ApiBéiicbEpaasiis. of vari ati on.
As appar entThé pamnldBlyESwhs editbdlolit witnedch hed@d @abadis 8BOT did1y chee 4 by present
i nvent i odgystuhder the paroe ugsrdtipdal teyuieinedtdies ig uaniverttigtiiowsalgsisahgngorgd elame. TBe results
consSider afhe/testsrpirtoa/datbcion adchrding trthaerespotinuantion atdiiae knofn tidtestds Brelshaynwrin TABLEST Or .
Fur t her mifiragd I\; regpegidelychelov: according to the present invention was conpared
with the known detector in a daily test of reproducibility of a pattern
anal ysis (Hydro Carbon-type Anal ysis) of heavy oil. In general, since a
heavy oil conprises a conplex mixture including vari-ous substances it is
i pos$fble to chromatog- 9 EP O 286 757 Bl raphically separate each of
the substances fromthe conplex mxture in the field of thin-Ilayer

chr omat og- raphy, but in this case, the pattern analysis of the conplex

m xture is frequently carried out in the field of thin-Ilayer
chromafography. In the pattern analysis, the conplex mxture is

chromat ogr aphical ly separated into several groups, each of which conprises
substances having simlar chem cal properties. Each of the 5 groups is
guantitatively evaluated by a percentage of a peak area thereof to a
chr.omatogram area forned by output values obtained fromthe anplifier of
the-grssups. Accordingly, the daily test of reproducibility of the pattern
anal ysis is very significant.
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In the daily test of reproducibility of the pattern analysis, the detector
as shown in"Fig. 1 (the third electrode 8 is connected to the positive side
of the el ectric source 7) and the kp dgrggtor as shown in 10 Fig. 3 were
al so used. As a sanple, a solution o%vglés of heavy oil in 1 m of

di chl or onet hane was used. The sanpl e was spotted on the thin-I|ayer

chr omat ogr aphi ¢ el enent, i. by an anount of 1 ul,
and was, then spread over a Ie?@%ﬂﬁ ifgo‘tﬁ?%?%fﬁgpel enent with a devel opi ng
sol vent of n-hexane. tt]ﬁrae@éter i kga gl gment wag Qﬁhiféeﬂ a room
tenperature. The sagﬁ @Snggerc ‘t&q‘gﬁpsof %gh%tt

devel opfng sol vent uene, s again ed at a roomtenperature.
The 15 sanpl e wgs furtj"ge.rg spread oyg_rga | engthgofy 2 cmw th, g devel opi ng
sol vent of 95:5 dich- |oronethane: nethanol. Wth this three-stage

devel oprment, the sanplss was separagsedei nto foug.yroups, i.e.e saturate
conponents aromati ¢ conponents, resin conponents, and asphaltene
corrponents The patter3s ahal ysis wak.garried oBit2with eachétBe two
detectors (Figs. 1 and 3) once a day for five days under the sane
operational reqdirenmeri4.2s in theShulntitativ@.analysis nmémBi oned above.
The results 20 of the tests of the detector according to the present

i nventign and tBe knowh detector aPt-8hown in FABLES 111 afdllV,

respectively, helow 25 30 35 40 45 50 .55 10  FP 0 286 757 Bl TABIE |||

(INVENTION) n _saturate _ aronati resin

asphaltene 5 X 33.9 corrpogenﬁs conpofefts conpofiedts conponents

1 33.9 51.8 6.3 2

33. 3 SD 5y -239 0.3g3, 0282 6.8-37° 33.6

51.9 8.2 .3 4 34.2 51.0
. 2.

8.5 V3157 507 34%0° 8 518

8.1 6.1 X 33.9 51.6 8.2

6.3 20 SD 0. 239raABLE IV (PRIoﬁ BR3) 0.192

0.179 & 0.7 0. 2.3 2.8

TABLE |V (PR|ORanDséturéﬁéUrat@roma@i@natl£e51nreSIn asphaltene
asphal t ene conponentsomsor@Ppent Somponentent Somponpnignt sohponents 44. 6

47.7 3.7 4.0 2 42. 1 48. 3
6.0 20 1 3.648.6 4247.7 3.7 47.7 4.0 6.1
3.5 35 4 43.9 46. 5 4.8

4.8 5 42.22 42.1 48498.3 6.0 ‘5.8 3.6 3.1
40 X 43.1 _ 47. 8 5.3 3.8
SD. . 1.103 42.7 0. 8967 7 611023 3.5 0. 644 45
cv 35 2.6 1. % 16.9 In
TABLES 111 and 14, n i8a%tine (da” -8f the tesf:8and neasufe® val ues of

each of the sepgrated {5) onents arg hown in ttgne correspong gg col umm.
Also, X is a nmeah valu the meadfirdd val ues Oshownln R
corréspondi ng eetdrA—Sb—+s—a—steandart—devtatton—and—Ev—1s—a—coefft ci ent

of varidtion. 3 43.1 47.8 5.3 3.8
sD 1.102 0.890 1.023 0.644
a5 cv 2.6 1.9 19.3 16.9

In TABLES Ul and IV, n is a time (day) of the test, and measured values of each of the separated
components are shown in the corresponding column. Also, X is a mean value of the measured values

so shown in the corresponding column, SD is a standard deviation, and CV is a coefficient of variation.

As seen from TABLES Iif and 1V, according to the present invention, it is possible to considerably
reduce the coefficients of variation. Therefore, in the flame ionization detector according to the present
invention, the reproducibility of the pattern analysis can be also considerably improved in comparison with
that of the prior delector. Of course, this is derived from the fact that the amount of charged electricity of

55 lhe thin-layer chromatographic element is reduced so as to prevent the propagation of the electrons, as
discussed hereinbefore.

It should be understood that the form of the present invention herein described is a preferred example
thereof and that various changes in the shape, size and arrangement of the parts may be made without
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As seen from TABLES I1l and I'V, according to the present invention, it is
possi bl e. to ‘consi derably reduce the coefficients of variation. Therefore,
in the.flame ionization detector gegoggi-Rggjo the present invention, the
reproducrblllty of the pattern analysis can be al so considerably |nproved
i'n conparison with that of the prior detector. O course, this is derived
f.rom t he démaing trérathe isbupe antbel proseaf invehitoh gedaigbect ricity of 55 the thin-Iayer
chromat pgraphic elenment is reduced so as to prevent the propagation of the
el ectron€laims di scussed hereinbefore. It should be understood that the form
of the present invention herein described is a preferred exanpl e thereof
and t hat Tvaf flsessiotidqtiangletsctpronyse indinrjgrer chrpmatogszplly.2pif deteRieneeinPrsingit he parts
may be made widthigregen gas fpney (Dgmeaps, for [pedige p Ain-yRy chrpmiearaply slement (Bthreuglea
present i nv&e (8n°’§§ ‘H”ﬁ'i g "'%P'&?t o () ap eleptrie saysee (7)JfAT 2PRYINGA "H@E%E‘t“me"f or

t hi n3% &f”g “ 1\g "" &'eaté%’ é‘ct)éP "&f“b ga%t
(5 R R ] W{ i o ?
d

thr OUQ a f e"f‘wrf%‘g(aé?t? t ?I §n Ethﬁéagl gliaEJ ?lem fOU as b
source (7) | gJ, o énéi]t
said first &tezg rsoeg{ ;toq,g bgggggs urner ( as a p |t|ve

polarity and taklﬁwﬁdr&ﬁ Eheede?e@ﬁ)f RA ﬁer pr ééaﬂaabﬂﬂﬁéi lolGroB® @110 MirrodnBiRg %Sfrrst

burner,s (1) aaftodens) 1&r&ekinE adqisition of SarddyHb cRintoRl BIRH pasiedd thrbidth tid defdbmr.
| ayer chromat ography el ement. (9) is passable through the detector, between

t he burner £ i3meidalsaidreddtdcios becorldg td @@ 1(herdinth® d@ftiosal blbarste (84)0) tsferéchiemry
hydr ogen gawalbgr ner (1), thereby to burn and ioni se substances carried on
the elenment (9), the first electrode (5) being arranged so that it is
expesabl & t i flanipeionisatioadtegindaccerding tactlain b svherpio die; addifimhaheipsirasie 18, 1 Pids chatastabler
further congriteselectiarsoderii’t themiy todioldde estditionaB slednye Buth GLn HiohrRy clepdc pateniel | s
el ectrode (83" hayef saiddifRé plpgiroteh@)- acqw sition of charge by the elenment (9) on
passage through the detector. 2. flame ionisat | on det ector accordl n
claim 1 dhet &% 'P’F@"%ci’dfef?’oﬁ?a‘?”d'%q '@ét“r ot ggmsidg vBereip égi‘t ?‘1"%’ 3}9‘* ?‘P
20 3.%A f|‘arrgéa'9 é\%i‘)’ﬁ SHEP PEMEE" St BYURORY 98 1A Thald FHIL PraS Fiedrpe ©) s

addi tional GlScIYEYse I's connectable to the electric source (7)

thereby t0 kol Fﬁanado%reuo% rgi t%%tr St Efim 31&34%@; E\i&@ﬁ& aﬁtrﬁ&&.& & for

potenti al t&t’é&u arQI)hf 'é?l eEl'rlé urf'ne ﬁfehér& at Sél)j frrsée!e&to regf‘to
detectgr acgQhf géagou gpan@égy one of al s wherein sa |t| onal
el ectrode (10) 25 S arranged so that the space between sal d hydrogen

gas burner A kmaridisanh GelkbibSiccbing td asleodeddr didmé Ur b Nefuned IdoRpPHIHEh recorder

t herewi t h. &nnebiell hotsdR apllieS @] foBcortfrigemtotiputabrmsdinérerdnbasai thromargad. Ccl ai ns 1
to. 4 further conprising an anplifier (6) for detecting and anplifying an
el ect rac 7c uA meattod gfemn the adetstitiaat of ssubstarices’ sépased Cliyr thihe lafds ) chimnatogrpiy uthe nidted eof
to 30 t¢venpiigne sed substances. 6. A flane ionisation detector according .
to any one of ceinedtingthe hydsogsnfoas busear (U ohihe e ignisationdetectie pf @aim §de e seureaofsai d
anplifier (‘Bpropeyio forpahwireagn damenie peazleohsad bueer flhier ef rom as a chromat ogram
3s \Z/ A et hGeIMPYra thpglegtes suice & 1harply aoltagn betweandhe hudrogen ¢75 brmen{1)agd fp

chr onefogr a?al‘fstg'ef‘ﬁ’é'e @E?JB’B‘ D sraeen 975 b“E‘B’nWe'E?P Fr?@s"t"ﬁém'ﬁ?’ﬂ?%’ f"@‘a?ée"% P’y

(1) of the Tk %frﬂ r DS & gl bldeRoonlhss Bk g9 10
forma hydr gqell UEANE Alopd teaog W et i o4 .Jasstsubs byl
electric sour gz th c 'g%" g;he( 1)
and the 40 oy at t e ro e gas urner

a positive poié%ﬁhﬁdth@@ﬁtp&t%@tarﬁé&a%%cﬁrloﬁﬁtt)ﬁrﬂqe (5) has a negative pol arl ty;
passi ng through the hydrogen flanme a thin-layer chromatography el ement (9)

whi ch cameiefRGnsgiticheat ogr aphi cal | y separated substances, thereby to burn and
i oni se the separated substances; detecting and anpli fyi ng the current

gener abed. aklarbrhienifationsdeteioeitit die danngdhjchiohrorsatgppaptieanitt her eof to the 45

I oni sed gassinean WasseGifghsibrgnnih ¢ ); Girriphionged tzam rfébrem sines Dﬁnnmhtdgomangraphieele-

Pat ent anspruetes (SGlurch sing-Flamme d¢4)idetBieanersdtX eiker @rsteh (Hekighde (5); einer Elektrizititsquelle
DuUnnschi cht @hrwnénieagn aiperi Ipapung avispben Yo Wassorstofigashretyret (fhumd et ersten Elekirode
Einri cht ung€h sp P e Wassewsiofigasbrengam €1¢ 19Ine Heeitive ot plartaty Hath Hip cestes Flel ekirode (5) eine

negative Polaritdt besitzt; wobsi der Gasbrenner (1) und die Elekirode (5) so angeordnet sind, daB ein
Dinnschichtchromatographieslement (9) durch den Detektor zwischen dem Brenner (1) und der ersten
Elektrode (5) durch sine Flamme (4) des Wasserstoffgasbrenners (1) geflihrt werden kann, um auf
diese Weise auf dem Element (3) getragene Substanzen zu verbrennen und zu ionisieren, und die erste

12



mentes (9) durch eine Flamme (4) des Brenners (1); einer erste | e trode

(5); einer Elektrizitatsquelle (7)- zum Anl egen ei ner Spannungmmg Ha“l"ﬁm l“lll
Wasser st of f gasbrenner (1) und der er t(gg E*gl%{ode (5), so [e L
Wasser st of f gasbrenner (1) eine posi Hof® at und die erste Elekirode ®

(5) eine 55 negative Polaritat besitzt; wobei der Gasbrenner (1) und

di e El ekt r%ﬁarlﬁékro&%@zﬂzgﬁé)& SHaghessit flentib®ss dlauﬁécﬂ

Dunnschi.cht chr onat ogr aphi eel enent (9) durch den Det ektor zw schen dem

Brenner (1)cisimd der ersten El ektrode (5) durch eine Flanme (4) des

Wasser st of f gasbrenners (1) geffhrt werden kann, um auf di ese Wi se auf dem

El enment §9)1. gatimag @nieatiu bet¢cson foe nseziol thirclpyer emoreatograplly, tid deledte icemprisingiund di e

erste 12 EP (a RE®ydHFasBibrner (1), means for feeding a thin-layet chromatpgraphy elgment €9) through a
depart i ng f r ofartdie) gictop burpdr (Hhe figst eleatmde (5hve glertdn sqpecedP)fPimirglyingp ypiipge Betwaen
A flane ioniz&di¢ byrrepen @y byrnar dh) aqd saifl first Rlegirope (A3 so (‘,'FPF 8‘ Ip'ﬁ burgey 4 Le:t‘r’:d:

det ect or corer‘P%‘i"ﬁ@"'a’éV dF‘bgé‘r?' %detff’)r'ﬁéf n "'e ‘g'q%
t hin-lay®r chfDREFHHF i %E
8, e

|ﬁr y %h tector
L st et ok b9 vt gt gas}

E)e% wegn !s;;sd E stfe’i‘;"'%%' " Eﬁ umggficam °" r‘es{ga &?g o4

t he hydrogen ga f ot RO Mégs Q\O%ilftubﬁa\' efé&@dé '&? 10) Eu%urﬁlns(iﬂer ﬁ’&e

(5) has g neg@ga}{, aneBE] g t gcqgém‘bn Bfonaiiald BidGghithe detector.
(5) being arranged such att a thin ayer c rorrat ography element (9) is

passabl e t g oGl ighisd@naseletbr adbGting &cidima hdfemthe bdditiondn Blettfole {8, 1Gtis electrically
el ectrode (5) nédrgugh a flane (4) of the hydrogen gas burner (1), thereby
to burp_and ionise substances carried on the elenent (9), the first

el ect rfode, (D) Abrimagpnakioa Rigiecdorsocdrdiay toictain $ wherpio Shwtzdditicnel etldmoqsu&l riéds egrgectable
i oni sed subst anteslectan doudsel)ethereliyhie hdidttecadditiofalielpdiiede (Bo et 8 digheyrplectric potential
addi tional el dettedd s§i8 firsidycreder(Ploundi ng the first 15 el ectrode (5) for
reduci ng the acquisition of charge by the el ement passage thr

the det ect of-. Adlama iqnjzalies dpiariprseacarding o @peenedy c'é.'E‘édr‘%I? %a?effas 71 aidhiore an H
the addi & onal® B[aess wdwal(18e sy bptyeen gaid PydEagpt 9% P i(Hgnd g0 st e'ﬁ? rPT’e

i oni sati on def@REGPTReIRIPIHIN 0 cl aim 1 wherein the additional eI ect rode

(8, 10) is go ag\%?‘t?m! ik AetellS LLS LGn rf Gaibnl )t &b RRIEDYeolnBrishQaH alnbifier (6) for
addi ti onal g %gflt Elu ﬁ] cfgyph gﬂg Lj‘iili t % fgf%érgtgé b sé.éﬁ%ﬁ ngétnloaé (955 Qg& Bgﬁgtth&(f;ffto

said firgt el ance’ arre |on zation detector according to any
one of clains 1 ereln sald addi ti onal el ectrode (10) 25 S
arranged sogt h\ahantémnéﬁa&%etba&v\&‘c%&d.ﬁgalt&a BHOBCRaiBa LS Mether( dompAskey & adodrder
first el ectrodgnde@id loSaifidmbiner (6Sih b PG Brainbdtherdtrondad & Enid@ndtagrames at i on
detector according to any one of clai ms 1 to 4 further conprising an
anplifiegs (8) A efthoeti@Ctb ngteatvd dnfbstinebs gemrated| IBC thii Gyeuchra@mdiogrehe thet @ethedt
said first el eoinpisthg: (5) by exposure thereof to 30 the ionised

subst ances. 6. Acdnhexting the hydegen @as blenes d)oF thadleme ipnisgfion detestyy 9 Alaimof tocg sepiee of
to 5 further dedrpsands fogn ahydsegen feme at emazlercterid brraes (' anplifier (6) for
recordi ng an out parnectig Bip pleelriq spurce {7 dnerely svoliagednivesihg fydregsn ges buﬁ‘efﬁﬂ fhe
for the detectTHalegrds e Baldehwingst &iséb‘"ﬁy('l'i’ﬁsﬁ Rog "@rmgﬂﬁyﬁﬂ‘h%&%ﬁﬁ?}' H@
met hod conpr i §??1 "eQ?lb"ﬁrPé ¥ng t he hy@r ogeqhg L rongart b€l WARE cames
| oni sation det ra h a t r y%r X nces theé(?eb| EY?{ &I;’mdasugl

flame at a no |n%§§d m ?nﬁ heuc éntg {% &ec@rﬁ&pﬁf ﬂ)fexﬁ%re%réo?)o th®
apply a voltag e the" Hy% ur ner (

and

el ectrod€’ (5) SO ait.g{h k?mqﬁtgg%s%rc;mﬂoaﬁﬁ\ (1) has a posi t . ve pol ari ty
and the first el 6ctrode ? has a negative polarity; passing through the
hydrogen fl pfgnidndpiidhe! @ayer chromatography el enment (9) which carries
chronmat ogr aphi cal 'y separated substances, thereby to burn and ionise the
separ at ego S b Shaitiessatichedetskior mgduandnramdhtcﬁnysmmggrhm rgitir rent generated at the
first el ectrodefbvabryrsekgmetradner (eEis@htubgentzom Elfren eines Miinsselichirhpmategrdphicele-
recordi ng the routgsue) doleh @ina Edmas (¢4 dob Bamedroyk ainer drsiencireidipdap(pkieines ER@trizitlitsquelle
FI anmi oni sat i ansdet &kdgen efer Shmndaningen |demtVéﬂﬁF%ﬁ@tt96‘§>reamﬂ(ﬁ yf tdeprptei Flekirode

Wasser st of f gasibr enrved derl Wasseistefipashreenegdh 9nenpositive Belartitjiad die erste Elektrode (5) eine
Dunnschi &ht Chrr@ggw@gplarpﬁﬁ@@qzbwoba der Gasbrenner (1) und die Elekirode (5) so angeordnet sind, daB ein

Diinnschichtchromatographieelement (9) durch den Detektor zwischen dem Brenner (1) und der ersten
Elekirode (5) durch eine Flamme (4) des Wasserstoffgasbrenners (1) geflihrt werden kann, um auf
diese Weise auf dem Element (9) getragene Substanzen zu verbrennen und zu ionisieren, und die erste
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ment es (9) durch eine Flamme (4) des Brenners (1); einer ersten Elektrode
(5); einer Elektrizitatsquelle (7) zum Anl egen ei ner Spannung MHM1IHHMIIIIII|
Wasser st of f gasbrenner (1) und der E{@ Izgjrglgrode (5) so [err
Wasser st of f gasbrenner (1) eine positiv aritat und die erste El‘ektrole

(5) eine 55 negative Pol aritat be5|tzt wobei der Gasbrenner (1) und
di e El ekt r odewekude GPscangedndnier ddbisrcich %rﬁr]ann%‘nmnd ionisierten Substanzen ausgesetzt werden
Dunnsq_u cht ckana;mat ogr aphi eel ement (9) durch den Det ektor zw schen dem
Brenner (1) umidwddeirdeeDetbidon desvesitéreroame fusitzlidne Eibktraden(®, 16) amtas, {ielllie dests Elekirode
Wasser st of f g% bmgibtn emsdig Lyduggsbeshiraffungedughd ndak datementul igedl fderdiiedechiiBiusge daetf dehem
El ement 5(9) Ggetehtaigersduz®Ist anzen zu ver brennen und zu ionisieren, und die
erste 12 EP 0 286 757 Bl * C L M S

* El ekt rode [lapmisgsaipngaieiinndiach dpsprych i [beks pem (flin 24patelishe ipkieade fA( 10) elektrisch

| oni si erten Siﬂﬁ'gf‘?ﬁ%@ﬁg%ﬁ]%%etzt wer den kann und vvobel der Detekt or

deswei teren I|ane zuslgjfs che Iektrod Ele& dee di e d: %}]
El ekt ro'éfe (5 I?ﬁgées e litro @ FO? fl'ertne heren
der Hindurch g( ¥ &h!

ntla als otentlal der, er n l ro 8
Fl ammi oni sat T ons, or nac Ans ruch i e ‘zusat zI i che

El ekt rode 4 8,4 mé‘altu b B %ﬂ%rﬁ'&?ﬂg Mg%@d 9& oth Sk zus'EQnﬁhé Elekirode (10) so
Fl ammi opi sat Lpsael BKuel d&a% m%ssareufaemiuasbéamfgs‘gme he? (7 Wadlbidr| ok SdhCEIdRE szkl(sp de
(8, 10) an da&wae%ktd%.zhm doat sguel l e (7) anschliel bar ist, umauf diese

Wi se die zusatzliche E e?<t rode (8, 10) auf einem hoheren el ektrischen

Pot ent i al sal lakdihisbrRadtdkdlr nsbAleinemh oshliels t1rRoe dérapsvaiterbibdidea Versdirker (6) zum

Fl amm oni sat bassicled akd Verstimkeh cidés aindetedrsiéin Epktide &) Bubh BwsPeselrsein@rsetere den
zusat z) wche whigten Sdisstahded)erzeagtdrbelektrischam §emred n@tasti st , [ err] der Raum zw schen
dem Wasser st of f gasbrenner (1) und der ersten El ektrode (5) desweiteren
dar ni t untfebEpminiopisatignsdgipkionmpcelraingst Jop Arpeicest biF Sndas Hesieitrean aleranAles Yetskérker 1
bis 4, der dfSsarseichiotsanefyizairhRuspssingphiueg 2P )AuizeiphnERe piggst Higsyos iprhalrrevArsgedstien
ei nes an der 9%{e8 plg FhiomaRgrapG amfasy dur ch Ausgesetztsel n dersel ben den 20

i oni si et en §ubst anzen_ erzeugten el ektr

FI anmi oni dat g’&'étzté’kt'?ﬂe"??é?!‘h"°£| ‘?’r’é% %IE‘PS"M'E%?WW@“&“'%P%"egn‘e”dﬁ‘r'bsﬁgzseﬂé?'{ &%n

€l 0 a“hde“ b KEL whblesh f%'er% dQseF!éA‘rHrIu%neisla ons ”e‘iir%e' %‘a%} {Eanr%me
Auf zei chnen W @ to ug{evgrﬂ eﬁg se rﬁ@rs )%us U u

[er I‘] 5 7. AnEh d@lnEl rzrl)'at &I@ ';) el gine [9-1 hen den Wasserslolfgasbrenner {1) und
Dunnschl chtch egmae Qelr ﬁzag'e dn 8 e el r@c@@%gbréﬁhér (e Poblfve tFoRRkt und die
Anschl i eBen g@(‘sg\éﬁ&ggqggﬁg i.@a@,grpegn@trbgs,{ztl) des Fl ammi oni sati onsdet ekt ors
gemaB Anspr ugdhrdh efids BiinhEchibhEREMAbPAphbIShdr s (9)/8a€ biemliFpRiEdht fRirdnnle BUBRandéh
ei ner Duse desgtBueh 88 Waséetstofflathme) inl sledisse Mdise die sépasatah ised3anzed @G verbrennen und
El ektriaitat agioedidrén; (7), um ei ne Spannung zw schen den

Wasser st ol f gbetitionmend Vérjtirkerddesi Sromps tder & dxk terstetl eEldkfigde 8} drapggtrnwirdsindgne diege
der WAsser st ddni geisitriee fiae pusgdsptzewirdeundosi ti ve Pol aritat und die erste

El ekt r ode (Spufesichesnrsies als ChremBtogram edelitspensAusgangssigodiasen ei nes

Dunnsgchi cht chr omat ogr aphi eel ementes (9), das chromat ogr aphi sch getrennte
Substan‘fer{‘et’?'ﬁ'gl"tw’tfurch di e Wasserstoffllame, urn auf diese Wi se die
separi erten bst anzen zu ver br ennen ioni sier t| eren

Und Ver st &t k édwﬂmgg a'a'a? o XUS a‘iv"w"&ﬂé’ﬂ dgrsqﬁf?fa'aaéw( sy BaE Py

i ndem di ese 3 (%‘?‘:j sgnes t%tda é}g é‘?lgg gfnt%:;'hélsa
Chr onat qgr amgy, o i tékfew A 5 brai’& f: ;e frd ASrode (5
d' i oni sati ong JZ% e T G b ik eqwsaé:%n@%h%msur
couche i noeaclisst o doir il s.@mra%@amydrdg&etmtatwp RSN ER0E BRmize |
un nmoyen d' akbsiad @; h.pﬁhedpolantée-lé 1o SHBed b QBB PELNBBEI08e &Y Etardt Aisposss BOHGHE
mnce (9) a HieAeRMSnUB&hiohaGEEpHedur BoickY HihGILD) fubks traverer BIBCRIE oftleds bioRUE
(5); ung& sou(iget I8lpRatisid gucrole’)5) P Adversyal fiatibhe [(4) W0 BrllcdN8é Gaz MHtrbge kB dirblant et
brul eur de gwraisday farageneyed tips albsiadds sepppréesrs@rréiéabre ) o eeniidsy Sleclerdé g8) Granque
| e brd eur ddispade deyiehoogaelle sbif yxpasét ansmbpapkerrtirlides pOgnidéesse et que | a
prem ere el ect reodans(i&juelde détastar gohpreid de plegae iSsetrodk sudpiérieataire @e1Q) gatoyfrdnk laot
| ' el ectrode (Sinidetéagtroddi(®pow eédutie!dcauisiian de charge par I'élément (9) traversant le détecteur.

55

2. Détecteur d'ionisation de flamme selon la revendication 1, dans lequel I'électrode supplémentaire (8,
10) est électriquement flottante.
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que |'elenent de chronatographie sur couche mnce (9) puisse
detecteur, éntre |le brul eur 50 (1) et la premere el ect roliﬂi]'ﬁ Iﬂﬁ“l"ﬁl’.‘!"llll
travers-une flame (4) du brul eurgpdgogigzs7igpdr ogene (1), brd ant

par ce noyen des substances supportees sur |'elenent (9) la prem ere

el ectrode (5) etant di sposee de facon qu'elle soit exposee aux substances

br O ees ¥t Détpalewedignisation dralipgniccsgloella feesndiedtiot t.cdans isoweb Iéertiodsesupiiérsentaine (8,

el ect r\gde S'ppit esfEn e de prurqegilectrigye @heau maintenit aingi'Elertiedessuppiémentaisel ds. (19)2 our
reduire | &eniekfiequisHe olus Aevanycobhde ipdie pemirm SkydetPlaver sant | e det ect eur.

55 2. Detecteur d'ioni satlon de flamre selon | a revendication 1,

dan
:qugelzs 8|6 3%}%@%}%%&% ehtaire 1 0 est d|s;%ZéL%‘d’: ?a%%’zo:%t::gteggﬁﬁ t%bf{ieéqg; gaz?ﬁgléggge% 13
Det ecteur diORFEATEHC FePraRhE" d2 PYHe AR &P cati on 1, dans | equel

' el ectrpdg,guppl oeg‘ﬁ»‘&icﬁ\'i oSiathie soh @luﬁé«%ue(c?rlqh?@es% chu cgsg‘?% «Pbﬁgﬁnhrﬂ‘dg fhe)

pour ! Nt eRlampicidlr 6) phir et 9% F ampliE 7 B R b &ri ré & (‘s)

el ectrique sg,l,%o@loe\ég;(gygang ibHissele ladite premere electro
Detecteur d'ionisation de flame selon |'une quel conque des revend| catl ons

1 a 3, danssleedualiodisatinta neh@s téighdensSelrRbRIRTIsaéveRdickione Ita oltdmpRmet délpud acon
que | ' espach eardgisiRut @G dudd bripitileud®) EHaZenfagRtr&ARE Sorieldoteniie 3 pallirtde cRIli®N3oas €

el ect npde (f&@hne si@h chrok@atfrasgmeent our e par celle-ci. 5. Detecteur d'ionisationo
de flamre selon |'une quel conque des revendications 1 a 4, conprenant de
plus to 7. PragAdcapnot kidélectiorde subBlpncpoeApardest rac theomatigraghip sirfcoeshe onimce deupreadté

el ectrique cengerdte a |adite el ectrode (5) par son exposition aux

subst ances i oRi ‘gsers duebriipxst e 02U PYdPIPRINT i et eRtectper ﬂl'%ﬁﬂ'@"s_@l danme. fglen la
quelicghque rRreadigaticpet, i ‘dﬁﬁ”ﬂ?&d hydzogBne QYA Taamp disdrogene Aruag ibgster"e'ﬁ'f*
relie audit 'L&“h‘bi I'fi cat eur our enr egfgjt rer une sorti e obt enue a

d | ‘8 isop 1 e la SOURC, tn dﬂ PRYY ¥ 4P n e?tre h dr
dot ect i on' liasmsmt""%s‘gﬂgg 'eﬁ Msteodra E’ra"d’B%B%%a?erﬁ% et o

procede corp r*;“ '%S bkl a‘”"@ﬁnie"e a‘é:%q % o e 0 gredeg sdelget eur

d'ionisati %@ a ato r% tQJ] af@avérg éhr% Qr y erge”e
pour obtenl,éﬁsgd(ge,d,, s%@[%ee ydr ogene a une use du It bru eur

liaison de | a;;30UERR cOlaRBIIEIEMEL doloantRAGHIARIN brEHBl eib@@odte@fﬂ%hr%ﬂn %wﬂea be
brul eur de g@awniby/df ogene (1) el la premere electrode (5) de facon que le
brul eys de gagenRydkagans i{ dotiedblenustBusioinaldiuh @hipasbdrarvie.€t que | a preniere
el ectrode (5) ait une polarite negative; 25 | e passage d' un el enent
de chromat ographie (9) sur couche mince, qui supporte des substances
separees par chromatographie. a travers la flame d' hydrogene pour bruler
et joniser par ce noyen |es substances separees: |a detection et

| "anpPification du courant engendre a la premere el ectrode (5) .par son

exposition au gaz ionise; et 30 | "enregi strement de la sortie
obt enue. sous forme d' un chromat ograme. 35 40 45 50 55 14
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