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METHODS AND DEVI CES FOR Cl RCULATI NG Al R TECHNOLOG CAL
FIELD [0001] Exanples disclosed herein relate
generally to methods and systens for circulating air.
More particularly, certain exanples disclosed herein
relate generally to nethods and systens 5for
circulating air in an oven of a chromatography system
BACKGROUND [ 0002] Gas chronat ography ((1C) ovens need
to operate efficiently in tw nodes - heating (during

anal ysi s) ENEE ﬁ%g&g]) %e{EM%g eto

prepare for e next al ysi's e mal ed oven
ITﬁﬁﬂh@hﬁGgﬁﬁBGHEHDfan move air very effectlvely

P00 B e R Hﬁ@oa(eld Bb@fn ram c¥RRlly @PRBthoduhd BRten®or circulating air.

fectjvel rin i.nl et and ve cl oseq).
FPRSS ARomt et et R e G RO dpe syotems

@askgnabmahagmaphyoﬁyét@mﬁqgnpwbﬁkﬂg sanple 15
i ntroduction device, an oven coupled to the sanple
i ntroduction device and a detector coupled to the oven
BAEGRPYS® In certain exanples, the oven may. be
cauobj ghy @@blﬁemog%@mgz (we) avcﬁnb haeml&b anfr&B laﬁicmhy MNtwdimades - heating
SREE Al Sl I Ehr Bl BRI Rl R B B P
clovide ‘aﬁtedpemimeamdrseméedtihemsmerefcwfen*gve&rﬂwa kyading (inlet and

St 38e) bud B3RS BRI ANRLO M8 R YIS US4 Gk c18Q1P004] I n
certa| n exanpl es, the oven may conprise a

g@g{‘?tlon path configured to circulate air to
prov he substantially constant tenperature to the

$ORE P10t brBthet REmANALsY Sdpsct; 84 geeeehrdn&fdgua,ﬁy s%nebaﬁﬁnsmg sample
the recircul ati on path may shroud wth

ncl ud
PSR G g R ORI o SBES el peaopPviod 4Ad o detctor
repledcu ttetovenis ppmvliﬂermyn tan@inud en@less Hre@ueh menpe caifiggredito receive

aem% gﬁ; oREROR 2 ce%d hteloQ/ 'ﬁg@gpkeﬁﬂm&sh%ﬁ KRR may be

r-conm rlse alr Inta aperture an
&Pff'wé%?fla%llé‘tanéb@ﬁtt% P@V'dﬁﬁéﬂ'@*f’r’i‘“‘tll?é’%%w ﬁnewr%*fre &t thp eppse during
aﬂem@;mstsageaﬁthe gd@tcﬁalﬁ)ﬁxa@@&bﬁ}t@’yﬁteﬁnd the air exhaust

sted during the anal |s st
TR el it Pa LR, Sy Pl oA of PRSP Baonir o
chenlasy eintormagvidathe hestagoip chstnbiemasratubedd ﬂrma@eiunng the analysis
ARk af eflert Q{afnﬁte@t e qrtacntc‘ﬁ\ﬁu&{ pa(@ﬁr?ay&%@disa q%h@gnth at least one

n e ove In so
ARSHBIoGT RFT" B BrbE o9 SR O g B b Cotmprising o
laattake admpeediur b aﬁdmhﬁee)@ﬁpm,rth@&'?mumy Bypibert eomgpris¢ An air intake
QI‘SMB %aJMneéeha&sh%pme We%@%ﬁﬁ@m oisé’cs‘ltezﬁ%ﬁ@ f the air intake

further conp rise a vent di cal XCOU ed to the air
é&%.‘&‘s‘tﬁdafb“eﬂ G?‘leaugrﬂi’e%ﬁffﬁmgd%eeﬁdh“ﬁ@ é‘i&‘ﬁ%%’? anglygis glpge of the gas
awaafopraphyt Syeea Pac eertalh @MBPles, e @Eﬁ Ay futhea bph@ e atfhethat may

§tn!?o%{%[cd% %Q?c RN e ?pgecfs %e%elfaﬁgénoiv rh% HSBYPm some

consi s an | oni za 1 on
geesohe g m&yéfterfhndleerblmemlwﬂptayieeﬁépecftfdhe alamfﬁkp epRyRyFe and the
PROSBRARY Qpiselet 86 tdiier GaRpel oMBlhi CrdehRglohy s9fiéhn anay further

nass. .y .
corprise a vent fluidically coupled to the air exhaust aperture and configured to exhaust hot

air away from the space in cven. In certain examples, the detector of the system may be
selected from the group consisting of an ionization detector, a hot wire detector, a thermal

conductivity detector, a nitrogen phosphorous detector, & photometric detector, and a mass
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spectroneter. In sone exanples, the oven may be

configured to provide a substantially constant

injection-to-injection tinme that is provided by

circulation of air by the recirculation path. [0005]

In accordance with another aspect, a gas

chr omat ogr aphy system conprising an oven 5 constructed

and arranged with a fan that nay be nodulated to

rotate at two or nore speeds during operation of the

oven is provided. In sone exanples, the fan may

RAGETRIEY PoORGtpmPlat e PYPSTaYs e eigred by Bfovztd&ow}bﬂﬁ?“a“y

donstangingoticarnedin&itisn Sina gt andlovigy! Hyeimwekitnaifed Hyohe recirculation
fate at a second speed of about 2800 rpmduring a

ool down stage. In certain exanples, the gas

&Qﬂgé}ﬁtﬁé@ﬂﬁiﬁ?ﬁ/w@yw ARG LBAS ﬁbqemg@%ph}gsgstam comprising an oven
Bmgﬁmlala&a@@d RBhGY faf AP bR b& thodblatbd® LB atltho 9OMBre speeds

N L T A I A e
contt |ageuﬁsds;teeﬂ of dbent 14k rfradudpeedchndlysis Fggcaandondy gowpdulated to
$hiRgGt péec&taespg@sofca@w%b@g{@mg%yésﬁmwn[s Qﬁ}m E&tain examples,

accordance wth an additional aspect, a
&ﬁr&iﬁ@ﬁﬂ@@?taﬁﬁrgl%sygf@ i3 dher gcrrwgmaa §5’ﬁﬁ‘l‘1@“’i"}ﬁ?% drpericgppled to
G\VERiE En seifie @Mﬁlﬁies ahdZ@& elﬁbﬂétogﬁﬂay&yﬁkxﬂ Inﬁyﬁ’t]trﬂfét @adglise a controller
nf| ed |ca pl e
pledgﬁ d & mo()% ev ce F leyaét\?re tﬁe gaﬁ ete% dural& ITEH cﬁawin stage of the gas
G@@Eﬁ@S@ﬁnWVﬁwsone exanpl es, the oven conprises an air

|[{m0@:t<§1 RPREdnLE RitRAR 280tiGHal as%m a&zUéJs cﬁﬁ%fagdéfaﬁhy %@mﬁcompmsmg a
p05| | 0

ast one of a
T HESEoE it ot ediabtay Sk Oeta e dpieicaty
ma:llty Siessagiplrgietregfuctidtie dgas, clier oventaadrtapldytegys tsedisclésad. In some
%ﬁf:ﬁ}ﬁ’és ﬂﬁxﬁgplc@l%pngeg @n 1n@zﬂ% %WQ LAP QH aftY &k rJ?ée('gure and a

further conprise a fan fluidical coupl ed to at
BrRtigrof phigash pnehithy 4it igjeke %Fﬁé‘i“lc&f‘% A etﬂl‘?@’"éip?mé"‘kﬁ‘a& b¢ adjusted
dpexigt air alykia saizh ef (XA RheSatokROhD BStet I DNE R a@fyles, the gas

SHSRR Y SHR D2 SR R e P R PalPE Vs oneor e
spddekegpertireatdathe air ﬁ%ﬁ@p@%&ﬁplne:gherteh@npggs the gas chromatography

Gﬁ'ﬁeﬁﬂ’fﬁﬂa? glfrﬁﬁhyorﬁﬁfﬁﬁ %’Brﬂ%b(mlfn!aﬂ;l& RRkor CoRmEd ®Ethé fan and conﬁgurcd to
1 oNn

ircu t e oven nd. the recircu
BEEHE o, Ph e RORT 5 g 1 676t FRPRQTAEr VEoB EYray Shtem may
@u’dﬂst aomprie| 3y reonglbét ptlbnipethatayes 4rd tespeicaildtinn tiath may be

3ghﬁg91\é9 Ro didhtAA0ait I&?pl%@iﬁtz Xsshﬁstﬁ&lﬁgﬁconl&tgnt(i%ﬁéétﬂre 1o a space in the
exaqRﬁFgl the recirculation %glnc ude a shroud

e PIYEIR St B GRIPRY P’@“‘é’i“’s RFHEY 228Nt BpR gictude a
sitroldeaisit atdmaet oab thraeodple draQikéhd damprisine pdedsc enewdit saoop.
ARG 2 AFBEEL dé & EI%F% %&f gpc'ﬂ}’mga}’o}& %a SR 'a%hlggsn?g‘ an oven

oven constructe arrar r’1 nt ake
SpEreiideand gfanged V‘é‘%ﬁ’ﬁ‘%‘t m@ RPARELPEE; 2piF BHPY APHRFD [ recirculation
Bﬁh hoﬂfgﬂf'eid gelpReide Qn‘@lﬂﬁﬂﬂndﬂ‘ ol ih Qe Ak Gﬁhr%f 1@1}&1){&1@ staB€ and a fan

ri an. ana sta and
B PR PR, A s ' G Teb il b o
é}g@!mﬂu érnsque thepbvghe isirdilgoh psbdayl xnclsmsle”mimiﬂest least one
h&ighg6le GUb ahiRn &%}J&sfﬂ@yat' Rgsk ude & %BQUdIn%ﬁhlar %&amplcs the

| east one through-hole or a shroud co rns g
BHEm AP ARy sEEe™ FRY Seiter C%%ﬁf)f‘a@mfrﬁ@ ?fsfgt@?%ﬁﬁv an.
system may further conprise a progrannable not or
coupled to the fan. [0008] In accordance with an

addi tional aspect, a method of configuring a gas
chromat ogr aphy systemto provide a substantially
constant tenperature in a space of the gas

chr omat ogr aphy system configured to receive a

chr omat ography colum is provided. In certain

exanpl es, the nethod conprises configuring an oven
with a recirculation path that 5 conprises a shroud
with at | east one though-hole, a shroud with at | east
one air scoop, or both. In sone exanples, the nethod
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[0009] In accordance wi th another aspect, a nethod of
perform ng an anal ysis using a gas 10 chronmat ography
systemis disclosed. In certain exanples, the nethod
conprises introducing a sanple into the gas

chr omat ogr aphy system conpri sing an oven confi gured
wth a fan that is constructed and arranged to be
nodul ated to rotate at two or nore speeds during
operation of the oven, separating species in the

BEFRE MRbAGhe8 Rﬁﬂpﬁf %H{u%nzﬁa ectVNEMRIbad Wi DGkl a gas
tmmmaunerm?mfw fan is mpdul ated at a fi.rst

Yret BhEREYY YRR LPTRAGEIESD £ HBRCR gh e eas
@iorﬁat&g@ﬁﬂ? Gy S @kfi éul‘de@ %ce@)@aﬂﬁhﬁﬁatogrbﬁynﬂﬂlhﬂd inprpvided. In
cegcam e?{r EISSI’ rel nsagt{loodo con nigesac%n.fl ﬁ.lé‘ln% gglotvena&ﬁ§taur£ %ﬁcﬁﬂggxﬁgath that

aperture
Wr:p¢sesshr¢ddev1ﬁmt Rett cmyhsfouzlt -hrde. acabrﬁpduvg@ %é%ﬁ'i Y@ rairigoop. or

BdHe  OY@NoWet Qxa%p[e@mﬂqec %ﬂddo%aPahﬂh&ﬂqégm&%pEérﬁi%ﬁn@ the gas
él{rlroud wi_.th at |east one throu hol e,

ompataeriphy gstem ]Nltlg a 6q5bﬂ1atd:§ <P tcdlaﬁd gxazaaigfﬁf anglmodwia‘icg to rotate
|XQ0DE B6re sphdads dveihdogbraviay of Giprénse sequential |y

ﬂgﬁbfﬁqklag&rﬁg ¥ ﬂpgr%lthe§ @gﬂ%l:te§ nﬁeﬂoﬁ of %Qrférﬁ%}ggﬁf'analysas using a gas

aﬁw system u a substantial I'y const ant
Fapraesy tsm% }Sé’é‘ic jogl- tIp ﬁ%ﬂanr frewplie t%se&ﬁ‘b%%ﬂmpe%‘i ptzgglucing
irpaynﬁwmmela b@tmnatogtabﬁy ggge?m@mﬁgﬂ ah e\aesaedhm:@mlcmh a fan that
as_conpared to at i
RS s FER Rty RS ROPET el wEE g frecon
offthaeveai r sipafabits wpaed inte amglcawing Wamtahapmwberem dunng the
Q%E{Q&r@t Inﬁprﬁ)e()%ah ROmSduBRed At Mb&aHMO}Mé Jﬁe t:)b&s #yaRodulating

nodul ation to reduce the cool ovvntlmel?.\‘\/r ast

% f%@}/a Wd 2%666 ehb@m qxﬁjélaies [tmetjm%ﬁw %Lf.-rra(inmpnse opening an

&8 i hgrivfecat bh el exl&mampb:eﬁe anthgehdbaolingests Braher examples, the
. 0 P

SAFREL R e OB iﬁ@@n??%enwgg e i mprses o

e visedt loast impe dhreegbdiole, etherydipitthat lsgst ras aE SP‘?PPt Reboth. In

ﬁﬁﬁ@ﬁﬂ%ﬂb&hﬁl& Eﬂegﬁkﬁlﬁﬁl vhdy dMHpﬁEb sehx%&a]y iffb&ing hddlifior@l samples into

t§1e lgPlS Ce?‘l}lag?%ap%%aﬁp?mnI&SlgE’g %f%]ltla'%r éonsﬁank m.}e%an—{oqﬂjggt?on time, In
wlrnemxamnlgn drn o ol g medhted ot tra secppcbepeed tfoe‘ uce F?Pl down time by

A06A¢ Q@J‘?% Mcbhp&ed tcainedtﬁé'tﬁaﬁpch@ $an dt Q&lﬂﬂst &iﬂe@ & btﬁeracxamples
rocess ed

ver si on of gas ronat o
BeRE o fh e’ “xklﬁ t"ﬁergg? tagfi n‘”‘“e?(’éﬁ‘b it B Eff éoolgfg step, in
eongrsation mOelicogn axvielRow th gedane Br tcprdrdew@hm@bfrpaéeaﬁtﬂ@eﬁ%, may
gﬁ&ﬁgknﬂin accordance with certain exanpl es,

[0010] Additional aspects, features, examples and embodiments are described in more detail

below.

BRIEF DESCRIPTION OF THE FIGURES
{00117 Certain aspects and examples are described in more detail below with reference to the

accompanying figures in which:

. [0012] FIG. 1 is a schematic of a chromatography column, in accordance with certain

examples;
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[0016] FIG 5 is an enbodi ment of an oven, in
accordance with certain exanples; [0017] FIG 6 is
anot her enbodi rent of an oven, in accordance with
certain exanples; [0018] FIGS. 7A-7C show vari ous
views of an enbodi nent of an oven conprising a 10
recircul ation path configured as a shroud with at

| east one through-hole, in accordance with certain
exanpl es; [0019] FIGS 8A-8B show enbodi ments of a

i l—I‘i(}C@ B8 e&d Horddio Bl OhRsBRE QL ai&e iMiabddrdance with
E(;:Dlgrjfaal n exarrr%l es; ga%![m.(i)(s)ZO] Q@ETG 8C shows a

FEPLSERTR % vi ew of an oven conprising a shroud with
01 |i MG ST Bopprddehsad easiin oHthn ess dfontadwezrain pOBic, 2j in accordance with

@ﬁ%&&r&mﬁﬁ@ with certain exanples; [0021] FIGS. 9A-9F
ow various air scoop shapes, in accordance with

DOrLIdE. exanpl &8, ch[r@@z%]ranrrls@wwe qns exfrepifo CHgtaph tree effect, in
m@mﬁb@“athtc@rﬁhlﬁ/éﬁwpﬁﬁ an air intake aperture of an
' 023]

&\{@},F }fn accorﬂ th certain exa 1 L

19 1 & 4 °BRY ’B‘@‘r‘mt?f‘ LHER ?fgjc’r&a%‘ie gt RFF%‘W‘ BRI ai r
E0hEURG. apenttierembbdimant@y engvehin 2Gosioo@rvddregainietdmples;

ﬁﬁﬁé %laSe)fﬂ% Sitow L/Pl%é]wé:wseof gug e!cr&o@rmgntotjpgﬁ R, comprising a

sh OWI ng a vent cou to an alr exhaust ap erture of
HRTolRiRD PPl ca%%reéérﬁ ashgid fyith @ feat ﬁne%msh@eie’ neegfance with
Erfain ek@mpiss; gr aph showl ng the effect of fan speed on a

g]%tl ﬁg[-itlgé 8%%% LD eri 119[& %O I‘ d a %%cé \ré\n%r% hnscf egafﬁaalrl]rnsc???é n accordance

vilheetaitorrainrkiei se gener at ed by a fan at different fan
EPEEUSG. kO smqr&%@felvmren & 8h badd cotABRE 8 Shrob®PAH hn air scoop

FIG. 15 is tic of a Jiquid chromatograph
et it e G R R 1 (e G eas T

[0 ZIF]IGE] %A-91 Ghdvsvasivetivadp sbayeh, imagaplencrith coddin Braniptts;
Fd@&ﬂrﬁéo% Fp{%. %&éﬁl&)ﬁ 'Ehovhﬂg Q?%%E@B?%] %u%&@p@rﬁfr& 8t &k oven, in

exanples schemati c a gas
BHePBAReE “§’§?§"tpé‘ﬁa in accordance with certain
E)()all]'[II'IGSI 1 {sQ%@ﬂogrEialﬁhcﬁr&gi aSeidk 86N M@t diCexRfusBap@Adre of an oven, in

g&g}ﬁn&t ngﬁl%@ﬁym%n}%ispectrorreter system in accordance
W

certaln exa
[0024] TIG. 121isa photograph showmg a vent coupled to an air exhaust aperture of an oven,

in accordance with certain examples;

[0025] FIG. 13 is graph showing the effect of fan speed on a detector baseline, in accordance
with certain examples;

[0026] FIG. 14 is a graph showing the vibrational noise generated by a fan at different fan
speeds, in accordance with certain examples;

(00273 FIG. 15 is a schematic of a liquid chromatography system, in accordance with certain
examples;

[0028] FIG. 16 is a schematic of a supercritical fluid chromatography system, in accordance
with certain examples;

[0029] FIG. 17 is a schematic of a gas chromatography system, in accordance with certain
examples;

[0030] FIG. 18 is a schematic of a gas chromatography-mass spectrometer system, in

accordance with certain examples;
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[0031] FIG 19 is a graph showi ng a tenperature ranp,
in accordance with certain exanples; [0032] FIG 20 is
schematic of a controller coupled to various
coMoonents of an oven, in accordance with certain
exanpl es; [0033] FIG 21 is a photograph showi ng a
side view of an oven that includes a recirculation 5
path configured as a shroud conprising a plurality of
t hrough- hol es, in accordance with certai n exanpl es;

i(ﬁ)@ I?]SAI%’]IGFl 9G§ a ]gralg‘e\&lov.'é&gaz{ %mga‘gt}u%h{rgﬁ QLR WHA, c\é\fl’ta\'ﬁhexamples

roud 6 eren osl t 1 ons,
HOB B WG 8@ isniohpmatisr fa epnbsdiampspurded to VanP@O%]pomna of zg Qven, in
h&oRah@HimlceBn 6L ogram and FIG 238 is the

R, ot A% LT P30 S i

olth eoefi ugriam avistrhud cooprising 4 plutahiey 6F tidughdsles. i iomeemdince with
Fg,@m% Iess the processed chromatogram of FIG 24A i n
e

accor ‘Wi th certain exanples; [0037] FIG__25A
031 Elﬁﬁe?-%ﬁ%%feo@s SHORISORRS 61 i henshenel TG, 21 i difforent

I@Sﬁﬂudnh aR a@ﬁﬂaﬂeaimgcéﬁam Sxairﬁb&:s,pr ocessed chromat ogr am of
accC a
Y551 24 & SRR N Bl et Sh R g A el pagppasn

@fFI&i EHEIn wbaianqynvxﬁmahammnpgf@:r ed as an air shroud

VB B, 3k iS§ RARE cﬁt@ﬁqgto%ﬁfnn@ﬁh a LOuAR GO hLaNGE cyymoh and FIG.
certaln exanp

SRl rraeae hipinelpemn Osg‘lofFrl%c%’*l"‘eiiﬁaﬁ‘fciri!f'}?%‘éﬁ%g%ﬁ‘f‘ixmlésd

a&m3a]1FIaa R5A 18 0uehlvi: Rhemaaigrans @D p dolneamhhe pangssitibhatd FIG.

I:’l@é F‘IS EE]’OJ:@Q&B %Lrloﬁq gﬂt‘no 5%?%%}8.] m%g%%h%ge witﬁ] c%&%gﬂﬂ&e

t al n -exanp
W?b@pa% WW%@PQ Sbca’ﬁn%g §1éﬁ-b1|e\3y of Héﬁc‘ﬁ%“%’é@lﬁt configured as an
laftSkrahd ©h ahrl’lanﬂf[&o@ilﬁl’éa:ihﬂidﬁieﬂgx ackrdRRE 0L RBEEn dMatrPles;

z@%ﬁ}é@ 5 g?,( gsggl)h%ad&%p pg?? OI‘I% l?f_]l% offz—lgr{zAci}'rcxr}Iatmzn anav\li‘co%ﬁnged as an
air shroud w1th an air scoop in each corner that has been installed into an oven housing, in
accordance with certain examples;

[0040] FIG. 28 is a photopraph showing a fan assembly that has beeh installed in an oven
housing, in accordance with certain examples; and

{0041] FIGS. 29A and 29B are gas chromatograms showing performance of the oven when
the column is in a front position and a back position, respectively, and FIG. 29C is a
chromatogram of the same sample run in a typical oven, in accordance with certain examples,
[0042] It will be recognized by the person of ordinary skill in the art, given the benefit of this
disclosure, that reference to the terms “top,” “side,” “bottom,” “up” and “down” are for
illustrative purposes only and do not limit the devices disclosed herein to any particular
orientation, shape or structure. Also, certain dimensions or features in the figures may have
been enlarged, distorted, altered or otherwise shown in a non-conventional manner to

facilitate a better understanding of the technology.
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the colum is in a front position and a back position,
respectively, and FIG 29C is a chromatogram of the
same sanple run in a typical oven, in accordance with
certain exanples. 25 [0042] It will be recogni zed by

the person of ordinary skill in the art, given the
benefit of this disclosure, that reference to the
terms "top," "side," "bottom" "up" and "down" are for

illustrative purposes only and do not limt the

%/ﬁﬁiincﬁégélg%qqop@er ein to any particul ar

orientation e or structure. AlSO Certal
HUHBHSP S CaTPoRPEReed FRopHEs o disr ESplRgy HpEsdsppin provide
%fghﬂifc@ﬁ ddvaﬁﬂa@ds @ﬁélﬁﬂxsnﬂé tyeread iRtudbighien wosiénisddawrbeiter tamperature

onven i_onal . manner 19 better
AFRAEISE S SPBTERE PSRN S ? 18 mﬂ“ﬁ@&ﬁ‘i "DESCRI PTI ON
[0G4BEmBslibeitnofiteaernedisclessp é@vplg ganferlyiagtpleachayping fat contains

taehRlcRe¥ndh $6LO LA BRY £idicP R@Héed@m?éré}ﬁyeflé 2a3lcontrolled and one
advant ages oqver existing s St ens, I nc

din but t .
IF Y8 doto, Drepfies Pe5eFatturen rgahatt s é?%ﬁl&g“ include
aopdwcaltiongpathas arvetagmsiblel regsr tu sexiulhirFat spantankifve a lnide to adjust the
Q0eke ﬁ@'ﬁ%%ﬂéedz&%r Qf af RGhQUC Afcdllaff L@%nﬁ@ﬁ&'tsrbf the oven are
ener a I nC housing th

at contains heati ng
é*@ﬁ@ﬁhﬂn@“§b§@@ekﬁ’recelve a devi ce mhose t enper at ur e

| [soispcb;emc efbdd@hésd d:amlse@ meremrarém{rasta‘daa Sin dep endisngnhgured to
prowc!rz“écauﬁugitan\{ml?y d()(en%tagtncbm %“a r%\rirnrergﬁﬁjn%g PR g::[:)\bet%r 1}1 @%J(al%ggnl?odiments
fc@mlosqﬂé@cbnaﬁcﬂs@ntualyrmnmnttt@xm@jnmtefqrh@ PEZPERBIE B vaTes by no

ahdre bidh kRt Qﬁd’boE 2R Moy @004 $dss. Tﬁ‘@&@c@dﬁgceQE rtl@i’oven where the
CO onent s oven are l0descri

50 o] Bl R R HER BT EeT Bkt e BT P of e
d:iVElﬁ cMeﬁirotmtogﬁpm@‘phtdmhs, e sponin Guoeo tha hpsra)wbstentally constant
oy f FothB® In non-
ove@ﬁuﬁlﬁ} ryea? nﬂg%%‘gg% F;%gﬂgggugfehl b‘;’OAS gg@wﬁﬁgﬁﬁg N non
Sclbwag),g{ap@[ prybmgxttarﬂg i @:wbl@g,a'fa'ypredqpépg?ré stBI-%Pnductor processing
tppRatdk Whe tﬁem&lie ‘ﬂ:&réﬁsofbye BRcdBIER thehabs@abilly c2nsBinCemperature
e, varjes b s. The exact
o for o e e tuRben 20 B ey B E by consns
dongrdwe. may vary dependi ng on the intended use of the

QUeS3; nl\,\nu eme@@@img |‘b§1 mypea,@pbf &ahEQRS it e afPAGE: thdbdnbi) of this
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that may arise from temperature differences in the column. These aberrant effects and
devices and methods to avoid them are discussed in more detail below. It may also be

desirable to operate the gas chromatography system at one or morse temperatures during an
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tenperature nmay not be substantially constant over
time. For exanple, during a gas 25 chromat ography run,
it my be desirable to ranp the tenperature froma
first tenperature to a second tenperature. The
tenperature of the space in the oven that is occupied
by a chronmat ography columm is substantially constant
at the first tenperature prior to the ranp. After the
ranp, the space in the oven that is occupied by a
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éSt“afI%Taéon wed AR RuTAtpREaRy; Be f%lamaﬁae f%‘é"‘B\?éﬁ a generally circular
tenperature may be increased over a tenperature range
t hat enconpasses the boiling-points of the conponents
in the sanple. As conponents are vaporized, these
conmponents are carried through a chromat ography
colum. 25 The conponents elute fromthe col unm at
different tines depending, at least in part, on the
exact chem cal makeup of the conponents in the sanple
and the material selected as the chromatography

medi um As the conmponents elute fromthe colum, they
may be detected using a suitable detector such as, for
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30shown as a "peak" representative of elution of the
conponent. [0049] In certain exanples, a conventiona
oven nmay provide inconsistent heating at various

regi ons of a chromatography colum. For exanple and
referring to FIG 1, a chromatography columm 100 is
shown as having an inlet 110 and an outlet 120. In a
typi cal configuration used in gas chromatography, the
colum 100 is wound in a generally circular nmanner to
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of a conponent present in the sanple. In extrene

cases, a single species elutipg fromthe colum 30 nmay

be identified by the analysis software as a plurality

of peaks. An exanple of this is showmm in FIG 4. A

si ngl e conmponent has eluted froma gas chromat ography
colum and has a Christmas tree shape. During

anal ysis, the software of the analysis system

identifies the single peak as being six different

peaks, 410, 420, 430, 440, 450 and 460. This aberrant
result may make quantification of this conponent
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15 door. Both the air intake aperture 540 and the air
exhaust aperture 550 are shown in an open position in
FIG 5 to draw air into or exhaust air fromthe oven
The oven 500 may al so include a fan 560 that is
operated by a fan notor 565. During operation of the
oven, air may be drawn into the oven 500 through the
air intake aperture 540, as shown by arrows 580 and
582, by switching the fan 560 on. Air may al so be
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configuration provides for the cooling air to pass
over an increased anmount of héated surface area of the
i nner 15 chanber to draw heat away fromthe oven in a
rapi d manner. The exact space between the inner wall
645 and the outer wall 650 may vary, and in certain
exanples, there is an air gap of about 0.5 to 1.5

i nches, nore particularly about 0.75 to 1.25 inches,
e.g., about 0.75 to about 1 inch of space between the
inner wall and outer wall. It will be recognized by
the person of ordinary skill in the art, given the



10

15

20

25

30

[0055] In certain exanples, the position of the air

i ntake aperture and the air exhaust aperture nay be
controlled by sending a suitable signal froma
controller. Each of the air intake aperture and the
ai r exhaust aperture may be coupled to a notor such
that the aperture may be 25 opened or closed, at |east
to some extent. The notor nay be actuated in response
to a signal to close the air intake and exhaust
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fan bl ades, or both, to |nprove air circulation in the
oven. I n sone exanples, the ri@circul ati on path may

i ncl ude one or nore through-holes in a shroud to
connect the air inlet and the air exhaust to inprove
air circulation. In other exanples, the recirculation
path may include one or nore air scoops constructed
and arranged to facilitate passage of air to the fan.
In some exanples, the recirculation path may include a
shroud with one or nore through- 25 holes in
conbination with one or nore air scoops. O her
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30 7A-7C. Referring to FIG 7A a perspective view of

an oven is shown. The oven 700 generally conprises a
housi ng 710, which is shown as being substantially

square though other shapes are possible. A

recirculation path 720 in a shroud conprises a

plurality of through-holes, such as, holes 722 and 724
shown in the top view of FIG 713. The shroud 720 is
configured to be inserted into the front of the oven

oZr@xO T @ﬂi Qvd B€usdil ko ﬁ%ﬁh&&@&hﬁﬁgme Avdnhe redadd teinpdratircggnaiients

alr ex Insomeex r | 10w, the
St R EEbn BB eur SR Fim i BB Al o,
oeameyer ohfighel wikn, reascuizielem ppmrtgwghulathélrb@ékﬁlvhf‘éwewe the
}hx}gﬁho%\{lg&t Ze%ex%l:b%a&ﬁhtg JGhe ESramBYiD thlseaﬁﬂ SthkNGatPRs, the speed

I nner di aneter he oven, eX|st12§ ngga both. o further

e dromey baétlfé‘e{aéﬁdsm&wa dpfiee prabyss W%e“ﬁ’ *%hitHRolft

ﬂaéasé itfadve@n opdriting@ticidnoof e bt iin Senwbodnplen kseafuktien path
roud do, not subst Ly th a

lal Wﬁﬁgﬁ 8% Qh 0 &P oven‘lea ﬁo@gﬁutlﬁ%d rﬁddgl}éﬁ%n% llgbOng?nets aone @

retiraistdor @ﬂbran@/f’mgoil%@agﬁ fhyp bregd jaxe 4}‘§‘éﬂ?e? 5By otRdgpthey suitable

ér@tgadfr&éﬁltsa&rﬂl% r@ﬁiﬂ@’sefeg@d 8 akd pdrsblnE rorcaﬁbdy skigpe tof art,hgven the

throu h- h shro var ta

%étgs c(ﬂfcﬁoequrﬁ (I}F%‘%O%H%%}“Shtﬁv énn’z\}/ rechcltll?]trotn plgél C%an whloose speed is
memﬂaﬁg at lanth mey perplticoding of ﬂ@p@@cﬁrmﬁbouwa@@h@lmﬂ 50 °C in about
Q& %g&%alor ol angubay °@rlg HH8 1d kein The n'ﬂﬁt'ﬁ@é?’ offﬁ%s t aK ertain

any shape that 10 permts reC|rcu/9;|on of air. d [
et BB CRHG N PHOTER T80 7 PSSR Ui gored t coo
@%QN@A Bzﬁ:k th b@tamgbeﬁp@émxbrnmng’tr -diObse svhies canprred Woexgting ovens
| [ balql z%@{%cﬁ@a dt he
d’%ﬁﬁ ﬁ%?“m@h%y Be’ éﬁﬁ%g &%géh %Ja?oun “
E106 Elint ase@drgee ofitht dretaighexomalesniie r&vass Fhﬁcieﬁeﬁ ehefem may include a

%ﬁt%mlr%ﬁ path! hg i‘E(herQM%l Igh‘ﬂ{ ﬁ%vﬁ@s}/fobﬁct@ﬂs@& ﬁ@dng)-ﬁf Andwnstream and
sur

surface

RARiF B B e P LU hEy e R BRTRE Y Fe DA Sy o5
#ebirclnlatioh ipagy, provadhifod more abufiew npvad ﬂ?@t%bkﬂﬂ@eﬂ?’@?ﬁ)vﬁ fﬁg on both
Qdcq:eo% oG8, AIRYNEL b@tﬂdto%gﬁn%@e of cﬂi@:ﬁa@f)ﬂ) &l thd &Qm rf@nﬁ:h:&ﬂﬂﬂes the

provi de one or nore openin in.the sh y ot the air inlet
el paion Exh Ay dsludeioge SRS dHRg IAeedr 3 oD °§‘r"? £hted
b1 408 air Bﬁﬁﬁit@djmaﬂdzel'hﬁi dirciilatian. fIneriter panipleaftharecipgdation gath may
gxcﬁ)ldl 91?6 c;rh & il sogbﬁs%HL@%xEtQQ anc?argngedttb ?acﬁn%@ﬂéésa@yf Do the fan.
fron fitted vet “
Fmsasesr eremplgs db¢ Esiraion §a@nn%)smalu@eaﬁ S#“ﬁ‘t‘do“’t‘h SRS AT BQLF Hroneh
B&e@intc@ﬁtimﬁthﬁ vﬁﬂhrdﬁld Qr In@retdik&cﬂdgtﬁn OtHek brefi n28ticerh edionslle snd will

shroud co t t cure.
FEUTGT ROPERER Sheroray gl 1 Mo b i @l JELER Ble
Bosthie perBopxaoiplesr di Ao gqxrnprjslqgnoqqq@r &are tbfov@nhqlﬁethat are

b&aRehdida £ aIr!ng%d & ﬁ@dl&ﬁféf’ RiixihPOCR]within @e Gﬂfnda%&cé/mé Bkelihood
certain exa i ew of a(ﬁj’e(ﬂrcu

iRES, i
Pf]tgfnpprgtu&eogﬁ;q) adusr;é arogglegn}sgie angxgabe a. rgmrchla!lon % n FIGS.
8A-7(Th@efidngsto dIF. 840 perspastiegriawed dnnevsnds @b?vﬁbr Thg oven 700
%gnérahl? c%g:pg%g aSlQ)lemg heo, S\t\}fnquls mnaab%ﬂ‘%rﬁbétyntﬁlw G4Uadd though

alr scoop 810 is _integral turality of
et shep@OTE PPHENRgh A TecHiayRtiga Retn R0 W%ﬁn‘iﬂ"&’&ﬁﬁr%a urality o
aeucholdpk adct 2, i@ '73!31 aaUTR 4800wk hr thugh vewsafiFI@IRe The shroud 720
TR EHE PSR a ey B g IE o e R een e
that it may freely spln mnthln t he shroud 800 wi t hout
hitting the surfaces of the sHroud 800. In certain
exanpl es, the largest fan size that 30 may be operated
wi t hout striking the shroud surfaces may be used to
provide for increased air circulation. By selecting
such a large fan, air entry behind the fan bl ades may
be limted due to the limted space between the fan
bl ades and the shroud. The air scoop 810 shown in FIG
8 takes the formof a trapezoidal -shaped projection
extending radially fromthe shroud 800. The air scoop
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5 and in certain exanples, one, two three, four or

nore air scoops may be included. For exanple and
referring to FIG 8B, a. photograph show ng a

per spective view of a shroud 820 that includes four

air scoops, 822, 824, 826 and 828 is shown. The air
scoops 822-826 may be positioned at the conmers of the
shroud 820 in a generally symretrical manner about a
central axis of the shroud 820. In sonme exanples,

FHOWRY 8Fd aif B@amh.r I&@G@B%x&'@f}ieﬁ;)ﬂw&ﬁ@ictah@ Ip&ﬁlile of the shroud does not

10as Ln t he

PR LB Ry rHEL ol 8 Geteral T Pl S PEyggar e over
Hochows inBIdk A€e BR6et Akt the apnendismete? pFihe oue: jerigting columns,

ﬁl}é[:tla}él @&9&01{ Qnf ma%emﬁﬂ/ e Wsdi Wvaiou® fmckflcatidst hhﬂaddﬁ%n, certain

oven. |In sone exa one or nore th{gﬁ%a {ﬁ%
BeP PPl gE e Shogd 38 ’fclt Ribs S AL T v RS AR dh o
00859 SR SeehbOdifnehth aﬁheﬁm a Qdhridr cogipeising ultrblpbrholds 0@62]5(1 ftqn provide a

%Slfff%aﬁ 8?15% qﬁé exac te[halbrer 2nad Fp% dF R ¢ gr% f?}x }Q}lu.s 1h meeshmud may vary.

devi Ce ace in the oven,
Tancestrmnpiawplss, théjhglep gnagh]@ﬂm 8 ﬁiapq tat Bscpxrcqrﬁé @Ftﬁn@%oﬁhptwal

ﬁﬁb‘ékd{ﬁj&@ SheM%Bﬁ%@ déla%&ﬁl[ %@éngﬁ@fmﬁﬁﬁ’m& &ﬁghol%ﬁa}a@ﬁe zﬁﬂlkhapc that
t hat coupl e a C|rcular S prov

PFRHE |"t°fr6‘Hatf°P<ﬂ’ﬁ 4o TR FRa5F QP 6Fﬁr glﬁm?‘%‘ lg)qr et H@rﬁland in some
auefples] e humbdn ef overghitiots ides:, svhouspnge.86 Gur whivete. j kg certain

?)Hig‘%fﬁ}:nl He ElLo%gh %geé Hm?%g @ﬁ%@L@g\%Qly L &N ﬁQ’@rc%fem%@of the shroud,

ers or ta suc bs 855 and 858 ar

yperstip\adher SxHTEI Fﬁéhfgi%h %f&%*ﬁ% B 8HPS TR S;Pf’ia?f’ 1fs 2 0P

Q)RBe, dftthaMtrdudD eInZ&rrWI dxainplet,nBe ablied intay beofprédweedPer gorshroud by
flhggrr,dl n Scl:(ulttlm or otﬁ @\91s?rrémdo e&‘cs{r@fa&@ﬁ?%ﬁ& shgf)e of material

ure, 0O se | t i ona
ésstethfb Fhrwgi farpr@nxq%c SIEOUPMEIA PPABIEILR §eF %wﬁ dp eeaip SFpoRies: the
?ﬁo&yr%& be[s%@g’ﬂd drﬁné&ﬁqg Béjﬁ?&%ﬁ Whd i1 & RatfRinDpLXETIRbes, to provide
e ex aC S 0 alr cooO Yy
fhﬁ @éﬂr 'ﬁlog’xgﬁ‘pl Ees shrfng rréaﬁa e?rbqruo% hf“;ﬁ g i t? vesi’:%};owe\f&d c;/r beld by
becgseint «dhstaul ach @b Gb 98) the slectdangihdr thf FirGd @B)le oven. Other

gxln{)écﬁkérﬁsah LK Fﬁr@ach gg)lpms % %g&l xﬁgre (tfrl)%h 1%@5&6 an&Eae increased air

trapezoid exagona | nq¥ eﬁﬁ Emmﬁtof
SiapRdisn withbé o baa.%wéff%r?ﬁ Oslfﬂafbh%ﬂ L %8‘&0%5% n
&h§@mﬁﬂﬁ¥ and preferably t he scoops have sui table
%Lo nI z?c@gr nce p\’[’lﬁ‘.lv' Q—FHJ %{:angglégl Qgthf?f\u bt ! aNrebiRQUANVE hath that is
not {06 Iarge e oven
donfignsii ohan m@tmlb’é qumswiﬁ@ & | ?céilﬁ%?fé’&l?bs mtegrated into a comer

£GP @M@Qﬂte@ tl“h@slﬁmma alg&ﬁirdlﬁlc[}@ﬂ&ﬁtﬁdﬁlaﬁd e @trsaopl8 0 is integral

e. t he f |
gv&t&ldfe SSW“? %Qd g'mfxéh it iz lb %’ Ee Dy man ? C%rgﬁg cot%'ieqi 8 He¥nroud 800
dirgughos snieble etatessh by elspiti. 1% FOOGhY WS AV hggmepunted within the

SikbieRlemty pe sxééaﬂaﬂalamﬁgedoéucmﬁat &G@@pﬁecﬂ)osgum GhitBRSHe Slubud 800
circulation wthin ag oven 0Q6 % n acc

o S B FOHH 0 U o B e o sice
2@ te beerirakeitiduestaking Secbpsd rafcasanay tameed th proggiqé“or increased air
HQHHJOQSB %QXGUEI%ESJ}II aqgrgg%, e ezHﬁﬁthﬁH Ale fgﬁﬁlawstnkh%fthﬁn&uted due

e oven errper tures. I n certal'n exa es @SEJ FIG.
fa:@e e sosee Grivrradinfen Biedes A deshitad. Bé‘r%"a?p 80 sppygn in F1
shiey thet Orna¥Ph Bayiddlishipaeng esioh Bxibiigmatiabx ﬂamsth@ ghroud 800.

: gﬁ'? tBE gcog\é %rl]% may tt])ee%one g'hctg\g] & r 25,14 QLG Wg?fﬂ@ %o ths rﬂ’g"k of fan

SCO00 pro GdR u3|ng er ent
materi al s. IIIustratlve naterlals for use in producing
the air scoop(s) include, butl?2are not linmted to,

steel such as stainless steel, nmetals such as

alum num titaniumand the |ike, high 5Stenperature

pol yners, and ceram cs, and additional suitable
materials will be readily sel ected
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by the person of ordinary skill in the art, given the

benefit of this disclosure. [0065] In certain

exanpl es, the oven may be configured with a fan that

is driven by a programmable DC notor. In existing

ovens used in chromat ography systens, the fan is

typically operated at a fixed speed during anal ysis

and during cool down. Enbodinments of 10 the oven

di scl osed herein include a fan whose speed may be

b@g&lgﬁt Qﬁw‘ﬁf toaingl%ﬁs% @u&ﬁmo'nmf@&bsa{uy bP ﬂlelﬂiﬁ emfihbihtehé hye. of an air
xarrp e Lhe fan speed ma 1 v teegoraglr g"?’cQI tl[n?mvhmh

SERAPH AdETEER JEr eagtan FRE e %%gédm V be PPhcTe

cﬁngmMGhﬂwabQﬁbmﬂﬁﬂ@nfﬁﬂbWﬂurIng cool down to |ncrease

[E)Qfﬁa) ir?tet?ta%texa %Igs tﬁe@?acq\ﬁﬁ&‘f)ér%f aQ géo%gs fPuBedSihand iaghd may vary

some exa he oven may i ncl ud i For
sstdnglcet’tdilanwnlmll%d pealtvy ﬂ@é‘ﬂ pr‘efoOftrBOTFWéf %PYPS PR P JHGe ©

Ahpld §|§a<t i tto‘lfT@rwsa ﬁh&o@ﬁaﬁﬁﬂm@z&@@}{eﬁ@ectﬁﬁ@hw&ff atshwud 820
air inlet an e incl u ma
%dg%uc@b vy aﬁﬁgpoase %h% &211 l‘@g p rs (S)'i\lll dlﬁle a%r sc&}?@ gh A y
@oftisitiohed at taxdparsdrs nfthe hhroméﬁ%ﬂemaﬁ aenerajly tslv?“ﬁﬁf‘“ﬁ@ HYBAL about a
% ﬁ%glus P, SROEARINC §n Vintd ex@Bhiba hBw &6A iR a@xsscocﬁﬂ @laly v paditioned

oven O\Nn to a Startln e ure
srvoOR b ST Hr L rireth ARG’ gpipde @ enerlly
fxhamGte, tchkp EQ\élud&e a3, 2thidhl ow peistvbe nreatiy Eﬂbulg]cp te nghance
lﬁcu}ah{)}? gfagl YEle al&a- hl%of'n@rl‘/xﬁrgglgy %n@\ﬂleﬁlo&csthﬁﬁﬁﬁ-ﬁ&ibé/ fhay be

e aount of anbi air inside the oven
providedainitiregflad smfaemor & tho gHipusiig IoteRRs P Oéfﬂf QYR TR
%Bﬂ%ﬁfs&:ﬂae&hﬁm@ Oh giF sd%\éﬁsﬂn@ Be mﬁlnbiaeoﬁpdmeﬁo(dtmu:stthat @ held in

cool oven one. existin o en 0 - ludes three
plaen linﬁléc ?J‘ée\lt{‘nds‘na?‘?‘a@}? ?H}g : V ?%(? %g, g?’rbu aéasc'bb[? ludes thr

alr
thﬂemug:tbn@nnmtsr 32N B & and S taﬂ @om with 2 sirpularyghenud 1859 (i provide a

1tl nlset, APdiSxNatkshd Q)%xtelgtaﬁéﬁﬁir Ly 6al | ’Yheocpﬁﬁ eld:h&ibs 2 housing
Ined tinme using sone el egtro %EChanl % astenerso (Pa s, such as
§% Fhisd shevB IBIC- A B SNRERT HEBI AR PE S

reques
BYs BfBeanﬁ)GSB Qs opbladsetoihnldahe ainckoepblaust aschygtls ma:he oven. It will be

FAe/ gm(‘iﬁet abﬁ: IBFARE ergolilll (Jf Xr&g&y ékﬂi qu}npéé? %w@ﬁ) Hebehdit Bh@usﬂﬁé&osure

ven nperature as sensed H% er at
sewboradfitsud Mays csf apﬂe@%ﬂi% Hregqoptagt e“@“’ffh’érg SéP‘BP in’an oven

'[6@)%@1{ ﬁ@c&r&dﬁb@wﬁtﬁ @er@WE EkanPLEE, hlhé; ySibemBpamyt she afpiresair scoops may
ex and co I
le@ﬁ.p eIPa‘i"{]?IE eéfm]flﬁy ) Q'Iage 8Z]£he zﬁr gc %ﬂn@y %é%@ﬂl @i?cmiaﬁ" rﬂ?IG 94A),

ven I sclo may
mmhgxddlﬂ GAGhYB.oeHipimab WEIGy ¥, 'tl‘ﬁ]@'léllllflﬁ ﬁI@ntQRI and 9E), trapezoidal,

lg%i {fig. o3P ﬁﬁ? t4RE otnBesnhFA. TE&’ sidd dr@lﬁzhdﬁglohhef thanir scoops may
dur i n anal SlS ncrea air.ci rCU

mwpﬂ B W‘Jt“h Sf(ﬁ'BS E ér?“‘t‘%ﬁ’ UHTEE™ Ko ?‘E‘g oot “'még of air in
‘fl‘fe HeApatiBat it delp add Emges swahtthdt rihg heenousaaqnszg}smnpsaﬁqeysubstantlally
aperec{ AN 2REG da@%e Q}%HH’QUM%E @mqit'rr dcA8hsC APl EIMRiRi the ability of

ncrease CoOO us red uci n
d

56 ROV L B ok 17 (bRt SR ISP Sy deion and e
%Nr%ﬁ&fﬁatnhgta shil‘i’dbhdlﬂﬁéaxﬂumhzbaxrbfmteﬁooph/hdmbl&tlﬂeWg’ leqeialﬁwﬂhm an

eed may al so
o en
[0064] In accordance with certain examples, the nature and type of materials used to make
the air scoops may vary and, in some examples, any material may be used that can withstand

the oven temperatures. In certain examples, the air scoop may be produced using the same
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provide for a user defined tenperature profile, e.g.,
a user defined heating rate or a user defined cooling
rate. [0068] In accordance with certain exanples, a
position of an aperture or door of the air inlet 5
and/or the air exhaust may al so be adjusted or

nmodul ated to further assist in tenperature control in
the oven. By adjusting the aperture position of the
air intake and/or the air exhaust, the amount of

AL th@lshrohd & avBRYanp %&%x&ﬂ&éﬂntﬂwn@l\/@c@am apghe oven is heated,
controll ed such that the oven .follo fi ddff t
Ve ra e ST B g S i SRR E‘?ﬁ%ﬁg AT
Riiterfald) SBhsteheilé matkricle Gbii urg in atogucifp fheraty :ﬁ@on(@ ipplale, _ig@t are not

O N d Mk B0 0@k $nd BOWRe, high
1116"%?% 82&? lll g{fto ks eegg?r?%%n%g}{(% door 1010 § & e

tampmm@dmmm g qesfmefﬁewdtaedlflmﬂf Pritahlp 2aiFTEy qu%vead“y selected
}E,Dcﬁé bérgzil?]a of BraR@EMWRRIT ﬂb}éﬂaigllwmkameﬂmms disdosmst or
The notor .is typica t @ven by a
OO e e B Bt il P ) 2 p SRR TIRL bl TR Bven by
ppgrumrble pUS intotan. Inspcmmapws Ué@dpmdélf‘ia’?ﬁﬁ%tﬁpéy Destsfi dpe fon i
gﬁ%algﬁ%p%%%l £4 fl‘k@d tfaga @krﬁg%hﬁé—isﬁ kndodilink W6& doGnMEElbbaitrents of
tiron of the air ex auzlt aper%ur; Form%a[\yplog Altered
A doverf EFqsel PEBIEMENY 12 e Pl 1BSSH JPYg PEphY 5%
Sdrkin@BIRUS tintepakdntly.e Fos esingim thet fae spier renhirugperated at 1400 pm
g Bl athfs 51;99 g | F‘l Hﬂg bgqnar&%w @tgecio ANGE zadolqgnvmﬁ@g cool

uring analysis_and/o In some
dewi wgmemﬂe tmeoxm at[\fie@vgﬂhe |°ﬁeltérc1°aleﬂ t%ﬁ émr@s‘m?%m ns

BichpRds, Ql\éeﬂre:@ %&hﬂaucread emglerfaxlneiatdxdagy caipddd washe Bidr inlet and air
neasur ed ar | lud
§’E}‘§Hﬁ'a?’laﬁ‘ﬁ% é*hc't }gf ufe sgtﬁhé;‘ i m‘%ﬁ%{dg g[? %1? Qg?é“ a2 mc ude 1ts
bet viee nwiohe sy@érm@beﬂap rreeliuiaede tamep vidsefualberu 9t aﬁ%‘?ﬁmg the
Pe%q USGde & nin kRlovExaml e, a conventional pr oportl onal

it egral control to drive not or orgﬁoh? Se %Own t9 2 starting

140654 aqepdages s ieaitadn a?rﬁmﬁle% P8HRE he' ai
@e)é’q:aﬂaaire R bt bicehpiMabd by bprentngnine @oimldt nnrbﬂ:slay erverefetl fap@"ide air

tﬂo\% bR Sée%.lao %leInE air hEa %’%e%)teﬂ{aggvc%f arkbd€ A2kL hth&bvand oE)E}@twe to

ary exhaus shoul e under st ood t hat at a fltzéJt W the air
avensd tin aspedf aphieniait BSigpEr TER Y SRR a AR IER I ot
WGt FcBER exhhRtih LS Hohier weea&wue tigh p extialidt he@odiBhe oven. Some

1Ft|r1]x|1g'r;]crv%ﬁlee%scﬁoné% L?l cool(ljng us%r efn?er).%n{crip E% 1§ 9&":é Q’[gbl@f.'it fair tlllrr(_)]ugh an

LS e oven. dat
eininletidvctewrt ol aur@meghauﬁq dupinaFlee 1nglandienkaapt dpots prdyRiffely opened

QVRAnd S Qﬁﬁéj anQe &l&@ro%&ﬂaﬂx&hh Qént\e Eﬁchl&e@% dtépper wowoh When cool

t hat when the re.is un
fﬂm xssrfa@ﬁgteq)?y FISXSH’Ime w @F a lé aeulg.t Jr%:{ a e)tggﬁzﬂly(ogcrgd fully until
S}plaee@ng:@e}s b cheanawareqmsted qven gempe@g@@ aRpmscdzlgx)@ tpggrature sensor

el 8afdeShedbficl-ANo SRAGH IR el dvBE afcH systems may be
uS%a! asgﬂganE decr gas%s |ﬁC?h% inl et duct 30 stepper

rmrmorwé@i 6Pt i | the fan speed achieves a | ower,
Q@Od?PﬂE@i‘tam&ﬂ@ﬁﬂEd g t&ﬁﬁ&ﬁxr@@f the, ovad0BscRRY) henkie maty qu controlled

(bglcgltltm%ﬁb%y 1 SRPS 1&@:“% 1%&}111&\/\/'2 &iogfr tﬁec-‘ B@n q‘:‘)nﬁtchﬁél ﬁ'Je fan speed

esoe eun der st ood by "
FierisD Anadfsiso rnd:msadyars Rirqufatipp ntaﬁén%?rpwd@c} Vi e OB‘EhE’f W"f‘“"e ©

QIklei'ilmo§ cg“ SobastHcCEradibal Widin amf (b\)éﬁd sipeniingtheffas kgeed may be
Inlet and ex t apertures
ERAP LSS R Fr! B?\&@d?%@aé% SRR ene SRR LM SRET b Sion time

and outside anbient air changes such that m)re cool i ng
air will flow through these difcts into the oven.



10

15

20

25

30

[0071] In sone exanples, a position of an air inlet
aperture may be continuously adjusted while the
position of an air exhaust aperture remains fixed in
an open position. Simlarly, a 5 position of an air
exhaust aperture may be continuously nodul ated while
the position of an air inlet aperture remains fixed in
an open position. Also, both the position of the air
inlet and air exhaust apertures may be nodul ated to

F:o%%tog@ﬁhW%@t@mQﬁgt Wﬁﬁe@ﬁ@ﬁ b gveRl Migi@latigiethi Becbpeed may also

rtain exanp t he posi the,@iof 2 user
mﬁ\p@q foa,ge\fsgruqleéin%fn]péwmrﬁp 3 el, )7 s F? ok Eci)érf%a ?xgatlﬁgq tetlok e
&ﬁﬁ&ﬂgoﬁﬁga&hen may be nodul ated for a second period
&Oﬁ%ﬁ&ggqc{)ﬁdgrhce 181 xfté“lulx !e%anépq) SCA, ﬁﬁgn RO heftitre ogldﬂédoﬁltﬂa)b,lr inlet

e alr erture nma
dndlolr yheope phgt naxyfqlqostte %\pspegcpr u{aﬁzgntor%h %/) éasszst in ﬂzmperature

EE%QM' ﬁé‘hﬁ%\r&p B y2adRBGONde Qﬁ-frh@@omoxaafpwm iafake/angfor thglajrygxhaust,
| ose osl tlon, n sone exa €S thhaq’ﬁi%

@p appYE DSFm}t“ﬁ‘g aip; L{;\at ey aass tgr[?c oveh glg]a eote %gti-la)ltllr @gu)g: pahet ! ;vc:

RIEHE bl BElhce mkpetamradqomﬁ ed- b@@ewéefﬁwé heaging yate Gpfuser detine

FC}OZL&% éa?en ﬁrfgmﬁg tcﬁgtd’ tlﬁleg’%ﬁfgo%?&ﬁ\' 4l LANRopdh Selnfkt @dor is shown.

ures are operat
hegoritios pbBemuTBNCIsSONOSET (5crnp G0 P b Setiop BN chosed er
Wit Bosﬁ%t Qi RnARBOS EERksge 1020 ©venstai I@a:q: GEredmbler & pically a

mapiPk r B afdi@re position.

e o el P S LA SR e podin

Sirginsly] mpragremmudn DConeabr RevheferoupP e o Yy gﬁfﬁhéust aggaﬂl&e to modula
%iu@ﬁ g'tl?ecjnpé%uﬁ ik m:I'}ér RGhe abd efarien tes FIG. 11 where a

e nai se, rob eWIw ven | ﬁﬁﬁmb%1 ud

h‘?tﬁ)ﬁ’ﬁ{hé’gﬁf éb ﬁy §l§;§ftéaﬁ§m§6 i8 & oxﬁm qge ?1 %)%hggs@ ap&?ﬁ ay inclu e;

chieemio @aaphs), whase pdrxsatonmmfrbetlh@l)yllaéqqltc@pngm ysH; or LH’glg coa
anbi ent audi ble noise is often very loud for a Iong

Fiod and a probl em for nearby ins nent er [ Sensure
b B
coRbathel d’éq@nﬁﬁpdcﬁﬂuﬁ‘@l’tﬁﬁﬁ steddaré chvee tctdq@re(tqzrme@pr WHiecgsror signal
iaggfseg?a Hmte Iélg(lelé ﬁ% med reg? %nrglothg' gcih.ll:ﬁ vdtd rgg)pgéa@ed [no ¢ glcanhﬂe a conventional

down rate cont r[g g,ﬂ?ﬂa crg\lnmndﬂ
lyorbltienatvicarak ¢Ootmldf:> dfipiee 2 jofor 25 mMakrefong fef) (B ! P

exhay %Be ﬁpﬁ{e dk’xre?gﬁa@{&u/eﬂﬁre} RBich anuepeadiuwayly mvpnlatgdha freition of
repeatap a a fixed oven
th‘?)ﬁ@wef ﬁfeth%?‘éfﬂleg Ialbcht%a fan' egha\{\lgc t[t srirlgulg%g uL&?Jtc%fdQﬁaQ t fixed o

hjection-to-injectio 1 b
tfhlﬁr@e\a@tneimn& dpep tretislat ar@aathmhm age,\ipfelees tﬁﬁi’{?ﬁsét‘fee‘a'c’p wi

SR, t?wéeocﬁgtk Nda Befedle mofeob ey air \bin floSi tB@uglhﬁcs@@lﬁbts thovhe oven.
rate contro th

n an Qven co risi nC AN the oven
A1) Tgeriog et D e b AP PORG: B R SooEeq > &
cart ved@wmtdnrmcmm ieenabh bieved sportpe @vﬂuaue OMr(e g 1100 steps of an
%L’E‘I‘& stepper grpﬂto% gxg f%xh%&gg E%tto al A hm) 3 gC,@EO@.IRIFM 4000 RPM,

Ion of the fan spee

/
ape), tapd é@erwﬁtyr Ehed'@tp geset gpav Wﬁm 8601%%|W1% c%gli_e%:scs in the inlet duct
& ALtdf Sosft@ﬂﬂnhl' tAe &ﬁ&v&ﬂtabmaa:ls aga@erc&h‘rlg\nm @gprapmg/speed (e.g.
dﬁrﬁ'ﬁg@e‘dﬂﬁs :nthr% éx?,e.li:t rg tgttﬁpé) m%%? gton@ &ésfi@xdinﬁ level (e , 400 steps

ermal . histor f? efit of this
oMen). hewmmﬂﬂhéomﬂeﬂhmwmni Orf §Eﬂ“§ﬁ o B thF wE 8 "8’% h& NG

t gﬁ?c,rlg&l‘ Slgtei%gé/ ﬂf{é&r{)p%% ot Ol End Ahalsyficerades, Bheeyérofdn speed is
& m ght drive the oven tenperature from
about 50 C to about 350 C at a rate of about 20 C per
m nute and then cool back to 50 C before starting the
next run. During this run, seré-of the oven's thernal
energy is stored in the oven wall insulation. During
subsequent runs, using the same nethod, nore and nore
energy is stored in the oven 5 wall insulation until
sonme steady state value is reached after severa
hours. Wen the GC enters cool down during each run,
this energy that is stored in the oven wall insulation
| eaks back into the oven and nust be renoved to
achieve the final desired oven tenperature. Since this
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uncertainty in oven cooling fromrun to run. [0075] In
certain exanples, the oven disclosed herein may
include a vent or pipe fluidically 15 coupled to the
air exhaust to route or provide a path for hot air to
nove away from the oven. A photograph show ng such
vent is shown in FIG 12. The oven 1200 includes a
vent 1210 that is fluidically coupled to the air
exhaust aperture. In instances where the oven is
ipkasadtagadsnst doptatieen ithe imesy oven afidf futddd amiyient eiErphgpges such
o SoEBLED b Hol QM hASa QoUW SHNI N0 due 10

I"'ow aroun e outside of the o:g) The ent. ed
Ifmll)lwyﬂebfemeelﬁ% iagepigien efihaif FAT ApEFTD g\ FORINATTSE adiuste
wHilE (B6siIRBS 8 AMir Q&aﬁsh@eﬁ@@ r&ﬁaﬁshiexeﬁ\ie An apengpobigibig himilarly, a

such that th heate air .is un

qomigx ?fﬁaéx aéﬁ Ayt @tertaﬁg oy li,e CON nuf)}l]s? %ﬁy%ﬁal@@uﬂL@ﬁ@ laﬁﬁclfn of an
abreiyler gatree reowhs Ghovirin an neenamaltlpmr Bioi bath yhegfositine of fhe air inlet
a§¥ Qi xhzﬁﬂﬁaﬂggé ok %lg;ck% ﬁl@&u%efde{oeﬂ}gﬁdcy\”férrhsﬁddeﬁﬁ&ﬂheamng or user-

In"accordance. W t certaln exa a mam full
qeﬁnwolaﬂgs dn Beﬁ%g’f*‘%’ﬁﬂse&‘f gosdiggof fl}?ea eI ) yzfé Y
dpbse fo‘i)é&‘irﬁﬂjbxﬁé@iﬁdttm h@nbet bodmlendddiona secdndpdriod thapartiglly or fully
ﬁ?oes]ech(}Sfﬁone F%E%Cttgéggsﬁi%ﬁ%@@ air %au@txa?gfmr«? ma?'?&inam fully open for

asel 1 ne a the
Hntpreion o fhed @ cegroduipER) fona secRrhBTiod JO aspaawfl-‘o RE fitig plosed
[QISltlt)@nléﬁﬁfé@xarﬁﬂg@er&&ﬂ&n&&nﬁ @r tae: $the¢ @R lnlet aperiure and the air

conducti vi t a as heat e
e&?‘?‘ﬁh@@&‘“’fen‘%%y W?ga}%s?dé‘ﬁ‘eeg tg C%H iY g?smona{%g Rully closed
wsitihn af 4 sd St dregiducy euctldhaame a‘PbWSt Matop‘?r@gflﬁlaﬁsf ey @fe open for
S(%I fefpglaoel?_tl al tenperature across the bri dge circuit.

he CD may be constructed usi n ndc ol .er anGe . ied
[RETA i gcqorﬁae@nwfh%rﬁaWTWOflﬁ?ﬁ“ﬁs{J}Fé’t P AL ATER TP
Jdvany B 10V BBbi@htmorE AkRdhd heodebeadior that i psoduediubiring cooling of
degradat,l on, g,ngal RELor oS, et g, b Alesldieheld MY reduce

eS| herei n
ibe @wrxibesldaaiwafmeab IAeprgblsmf%éWO&V?jﬁlﬁEFﬂPH@*S'FEB}“HB’GE’&HQW fystems

LERRONSCelapfeD @J&%?on‘xdﬂogfr@ﬂs Spﬂﬁﬂwha;hth‘éy ¥itd atol 6w, Nhe ambient

flowresults in a basel i.ne .shi f
VYT BAFS & A orfR g’g’,}‘g;}a hitdone PRSR 8 ré’em%nsee “%g}f nstrument
sealed' Ubas dlimshodn dii@Ged b@Pin, s opwrmentd walEH by EiRy! manner (o

i%ﬁ!lc;é tm}{ﬁezﬂ“ﬁﬁcmghﬁstefnﬁa a%feﬁdnoﬁeh ﬁarzl;@eﬂ eSponse due to
oven gas [ow variation is enera

KarHer p@rtagréfaapwbzsﬁpe ‘fcf‘i’é d?v]/rb gﬁﬂlé%ovdcg({g%y tﬁe modulatmn of the air
i@ And/&rpetdbikt epdmied landfomntt éa’ml ked B2y 1mpr¢\reetﬁm g:peatablhty of the
e %PH%;E AR %re?qg rQ;Lr&%kthg gl%mfs oQWf %t gjcéfbg 1D §4@B4 time which

see basel ine in

fsli@portd) parfmielm’érerﬁeww%@aﬁamﬁb 1@@*&%&&"«% of LRI &fige the cool
Wl o SRBr @ME Rh oddlY cAYrSRe d&@&xﬁ:d&hbﬁ) pathbefi€Demperature ‘control

erformance that woul d resu n t 1
Flﬁﬁg g‘a‘@e’aﬁ‘(%é gcool far glpee’amf net %nf“i%t ¥° ‘g(’g@rfé‘g“?‘éa&d sample
vodhighge. fl uctuations). [0077] In accordance with

Ft%rﬂl]afa r&ex@ﬁ@@@nﬁﬁes :‘n@dﬁﬂgﬁ Q¥ 118 B rSspvhiedn@/ok Bie afpedtiireS PG Grovide for

ul at ed ma desirahle to nmodul ate, t he, f
SRRl BT 7 GRRRGROPE TP P SPATTORET b e teefhy @0
e}semdsl the Rngthoif seol does timotis dtdysivad i gdrl yy thf ﬁ@ethemﬁé history of the
gfcatnelge%glrse }?h&/el%lirﬁﬁﬁﬂgg%t&& f08udl SR enCQRAULC b iah Ynour. A

ow ng past heated filanments arranged in a
Wheat st one bridge configuration. To achi eve the
desired high sensitivity to sifall changes in thernal
conductivity of the gas flow ng past the heated
filament, fine resistance-wire filanments are used

(e.g., typically 25 microns in dianmeter). Such fine
W res can be sensitive to vibration,
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15 and in particular can be sensitive to resonance
vi brations caused by harnonic pickup froma
vi brati onal noi se source. The fan used to circul ate
the air within the oven is a potential source of
vi bration. The fan in many ovens operates at a fixed
frequency of 1400 rpm By neasuring the TCD noi se as
the fan speed is changed, the noise profile of the TCD
may be determ ned and used to avoid those fa (>
oy fi @ ONBetitcfoes GiguT GRhE drivvehseven PREE TR SOR AR 0 o abou

horat] A0 X ARk e kheh Bb bhdno SpEEtkiseanting the next
35}85 h@)\?\/ﬁa %a%%’i?lg%p%ﬁh R%her 8! ﬁe ) asurggm Q% hel oS RAPREEDion.
rup.oDpiifes this irde seapsedfiths VAR £ B PO T He det ect or.  For t hi s
DR slse R RDusiapeD athagetaed, 1BTOH3O0e RIS SPogpd n the oven

provide decreased Berl.or RNC AREEReiadAodt. When the GC
Wﬁ}h%qlitWmeqﬁu%ef{aB s%%e@%g? égdsalzég I br at iaon(;‘zlill 1%8113%11 leaks
erarototl ddvBY Quribg sach e hiT e RiePaUf EOTAN SREET 6. g7, '
bl 'iﬂt@ ﬁ'xlelo¥erg-a41g %BPM r_el%@%db@ advel gHeethal c_ie@iﬂed@yamﬁr@gra@ye. gince
thES(r)%yor;gc? ttqe}qr?aégg%;g% g%belé W oe-\ég}g GECr[RnZt%e NQLSE PE{O6 TSR it also

certain exanples, _t pe ovens ..
viHes Ghsech fier Biennidniatdel afchapreblamrdsesnde op diei B! PP AP

fan podul atii | Sl bRk&uad choad 6f £pfvdlegt Embodiments
mﬁbgr{%?% vé%? Sogvteﬁeﬁﬁélqﬁna@ér%%ﬂeﬂged pﬁ@a C‘F r oAt L:ARRY air intake
disgleted irereiPibat dnelide opatrUREe 8F 2 feﬁ’écuh:‘r’WP dRutogr apﬁg system
aSE Lecie gpcm NjastheRthyi plovider ahaiven xtanpls ea ko rate to reduce the
chronatographé.s%§te£&k w8 das 30 chromat ography
ugspEtpiam m 8V G E "Cht Smat ogr aphy system. or a ¢ or pine fuidically
[(STPEICHeithin cadmifl¢suibd or¢ & se@ F%fsﬁyﬂaéfy%‘t“é%a W Rk
chibidh il RS 0BBO0ILARDYIEY pABIN: Hblier e ey Emm the o
provide for a fixed qr vari.a enper oti@tda€a vent 121
A taEePRTAEWing S158 VG0 1t 5}5’“@&%% #cg'zltz%t :ﬁgﬁ Ot%e%%r ature of
#d1e Salvant@uiiel nghasieddhaSitaperarg. yIn ipgEReuYRRge [of oven 15 P d:
super cr i ti e, AgraREY ot it EoaMBaovERBuipeInding due
aﬁﬁlgs syt %%? ggeh%f}%gﬁggq{ggé erature Goptrol, of hhGed such that
torpiirled floyhereend thresidreddhs Yol J2& VEHP 6at oyt aphy .
1SV 548k hdub QNS paBRYnt BEthe 8ebT tie qyematiadeicht goh dphile heated airis
tenperature or t erat.ure of EeatRh e Sudf deeigt Magfreduce
WWE@ét%H?SWﬁTéﬁaéﬁﬁy gﬁgfgﬁgﬂéggpggscribed TS —
det abn lgleowd HoBERLY Ifrthe SEBEJANCBN TN BT aT R

%%Qgpl es, a liquid chromatography system conprising an
oven, which may be any of .the illListEatdMele@y QABthe dotector of
@r&d E‘%@ﬁ"’fﬁl@‘?"éi‘%t}‘ CSTtﬁ?)XX_aénﬁl%VgrﬁA ncl udi ng one or Mre. gor
0F sgsté@ Ciane wheafah on aveidheir Pefls fsd umayt MR AP o4 PO

%x%%\?/‘)lﬁgzé@r}g{lgﬁierfg t<i? ié{ltlag%: th;a'g;%EﬂiﬂH (f ; ﬁ%zlhhlggitlgﬂﬁg dett;:;:‘o; (TCl;) was
. i By i a4 gas
meghreg @ pdieAE el fap dEﬁ‘“’g' @ﬂf‘éﬁ%ﬁ%ﬁ‘% By (HBLO) ~System f )
BobRs hap@kdted MARess kirgnied ich Pvasont Bptey cOpfuegtioryat eps it
or other suitable Ligul'd ol omateapamiy spst erbriddncircuit. The
Seaher & 9 e ) 8 g ot

- systemis 10 shawn.in FlG. -+ Thelation t
HEDGosy bt ennsiEetAdrisBes: ossApprEss RbP BRIty 'or d%‘y}?’é% ahon
hﬁ!r&a hS UGB &Soven SANRuad la@Odetdc rjratbtored bdiet dgggadation in performance

ul di cal |

. coupl ed 1.0 L. ONBI08k a&g% dotbamn 4&2Q provides a
fHf SugHs an%saa‘?ddﬁ?‘r-ovathﬁa?ﬂ? {flél ~The co ﬁgﬂgclszo IS ed This
pesdbld gaetiow rrand ohe ACD5BOBIEBOEIATEIT S TPt oV 7
dL S JOQ%f -‘ﬂo{l%s%lt@in@ma%@/bﬁanﬁ shEhe Adyueenrvaise plyomatographic
substantially the same in the space occupied by the

col umm such that different reg ons of the colum are
e

not at different 15 tenperatutr'es. The columm 1520 is

also fluidically coupled to a detector 1540 through a
fluid flow path 1535. One or nore punps, such as punp
1550, may be fluidically coupled to the col unm 1520
through a flow path 1545 to provi de nobile phase to
the columm 1520 for separating species introduced into

the system 1500 through the sanple introduction device
1510.
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20 [0080] In the HPLC system shown in FIG 15,

exi sting colum and colum materials nay be used,

e.g., pellicular and porous particles nay be used to
produce stationary phases. Suitable comrercially
avai |l abl e HPLC col umms, such as Perki nEl mer Brownl eeTM
columms, may be obtained, for exanple, from

Per ki nEl mer, Inc. (Waltham MA). Existing detectors,
such as absorbance detectors, fluorescence detectors,

ﬂeﬁo{rﬂn@g(sgee"i\%ge@é@ badeli8h FEG.ailsh.eAd ABvERLRL bmS onld Bave a single

optical activity detectors, electrocheni cal, detect A Sarmetic

fepppoatihe/ E-P AERSSHANSHR PUFEes BN IR0 I §T AR EPEI S
S SNBCHH0RBAsISate heng athigekepiritve tdedieg mofegal (e.g., Aremco

%ggb@mﬂﬂkle obo aﬁé& he %[%wogatlps,pe§re§éﬂt trapl &sgﬁxt %ﬁitftofsge green

ect ecles fromt col umm.
‘BegledPeElisy it HG: 1519@hqs§1emq§zp cegiling of oy ?k@aﬂ%kﬁ P gso prevent

SR Yot ld!ag@:fda&@ﬁh TU@;Le%BﬁﬁEnSe &Gﬁv&ﬂd AR Er@h Gordatiktils indfan speed
sép arateds‘gem es | | um. Suitable

n
Erferl frsIPECAIBTAR Y 88 #ﬁ?ﬁtacl%é% *“&8 ﬁagd 30with the
EPSTIam 4coordarae tvifly catauemtaqné%sksn elntbomellts beharg the fn piesed s

i%g%hllétgcy u%@é & eBElﬁ)%QQ nQ)fdqua%@ﬁﬁ Ypeilfiat 4 pésﬂmﬁhﬁ]e@rtﬁe v1brat10nal

en the i scl osur e, tOInCﬁS th the
SUFeeltre nP@mdaffSe%ot Sﬁbsgwnﬂbi_eff@yéﬁe feofgostye | responis to
e ffHl d&ﬁlﬁ&wVW bha g Acading ﬁa)éﬂlﬁﬂa{eesﬁ,lamnﬁmpemged iif & Bkeatstone bridge
chllf-l&'?rgé: ond O,{JHt ep Ia}/e Qleiu’ 21':%@ ?fé@l&\gﬁp [0' §fnglg @Qm@y elﬁ thermal

e errin SEC system 1600
cordhetgay of élerggﬁﬂowglg(paﬁq the Heades) ﬁlym@éuﬁ@}eer@swtﬁnca ugrgrﬁgfréents are

'uQ:(i regduahican, 953 Wi&sns i %Q\mega?)e Sﬁéﬂmﬂeewﬂr&t daR Bkl GdnsiBiRe to vibration,
device |'S fluidical I a colu

YL PREEDT %ﬁlbﬁ FerHY® f %’@F‘%‘ﬂléce "hbéatbo S ﬁ%‘rs 1hafm0mc piflp from a
Kdeitio el haibd @nrepathl farf wnd rodiohlate |tim1anawdﬁloﬂie avern ip mpeRudial source

%pgin% gn %ﬁfpﬁH% m JV%HJ eé?e.ls Yst fﬁaeﬁtfreqﬂgﬂ QIV@@O W@y measuring

des ‘preci se ntro g? g e, o
the EETP heiscotaian Gnerest P%Phé%ﬁ’?gt‘gﬁf‘mﬁee%@]re Cf‘%may stermin
did fsell &Mvo:ﬁ@lg:ls@ﬂﬁ spded rdpBore Wlre Hid TECID esansitB8itS tesonanre vibrations.

%I théafaﬁlp ges ge%dsc:gx? n})?ﬁ %rtn]u{neFIGe 19, wh@rettﬁérpt%@&w floise is

eowor a the Ccri erature
substrahoethe EvosienBipttiondpr thdeyian Far 69 Bagefaﬂ%ﬁé'“rfé? pperating at
ﬁ@% PJ9@\4ir@l@ “ﬁbumeﬂgﬁ&@aé&@sédhﬁ{ﬁohﬁaxﬁuh&hammﬁzdd 3 Mh@1410 RPM

he sp ce.occu 1 spee
&}1? fo \}hg mcr&’raéeéil tlca?i:{l(ﬁ%e %rgl]n}é n%ﬁgrigg)dn % di@%‘a%}?% speed (e.g.,
hempelnl 400’ M) Tdae be olijusted, f@&@an‘#ﬁy Hyes fI'@’PM 91 P e 1F“5Pf0‘f€d TCD
g gpj,g.gn{l&m@ restrictor 1650 to increase pressure in

}/st em 1600 and convert the suger c&fﬁ ‘ﬁ fl u*hdt t%lude a
éo"déé I HieoHRIECYITb TR FETBRIEL e BT WABFhAFTVelY, ™

&&b&cﬂﬁlﬁdﬁrﬁathl 6:30naumiatibn 8@l dr abentissimd abt exdiaat apgriece ef}ﬂdSttnGnt may
\{:gc{ E.:x} ]éh:%m%a%[:agﬁﬁr ts%sq:&ln il Giabidfur@ c9ake aemhd aphy system

res e om Detectors simlar to t
dﬂ%@fbsw U@Wowci A r EFiaine FERRY, Jas CHTGRIBYY aﬁﬁ‘ﬁmaﬂse a gas
Emhﬁwg}aﬁhwss@aeﬁuo dlleltqacd dhl‘tﬁna&d:g%f)h?&sysﬂ%he sy st enpdreitical  fluid
roll VVI th ;¢
a i

t é)mﬁ};ogg% ong Shisi yenl B A % %u% em g’é‘l’t\%éeﬁa]l%% %&H e oven may

@omaeoiror Bl fimd roatvesabkotﬁermaémér e oimn gt tSHéﬂqV\i kg, vaporization

harb nofaﬁ}@ OJO%H'@, eraihd Risgaer tsﬁtlnﬂarﬁ)( afh 8sed 8inJ&@percritical  fluid

ronmat ogr ap stem conpri Si
chromatography, the ove may be userglpto pmw% premse temperature control of the mobile
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| mqﬂulﬁrﬂn St PIRUBEh aths Sy

oven di scl osed herein, e.g., an oven with one or nore
of a recirculation path, fan nodul ati on and/or air

i ntake and air exhaust aperture adjustnent is
provided. Referring to FIG 17, a gas 20

chr omat ogr aphy system 1700 i ncludes a carrier gas
source 1710 fluidically coupled to a sanple

i ntroduction device 1720. The carrier gas is typically
hel ium nitrogen, argon, carbon dioxide or hydrogen

Lough, othef mgglﬁgssolﬂaﬂat@ér% h& i@ e the o?&enﬁﬁrﬂfpluaed to provide a
PIHET odlct Ton devi ce may he fluidically &&%ﬁﬁ%&&éﬁﬁw
Gansemt EpFRPETRIAZOOT W‘@ﬁ‘a%‘hf%?%s X4t Y onar v t|c1;‘%ase
?s@en%va@aﬂdel&éo@d mﬁﬂﬁsa@slwwsepar ated by the col um 1730

[(?l qn?g g{ %g?r?%}m% Y lce %?Wgeg E:ag (bulc? Z@mmﬁ&gﬂ GPstdr§ comprising an

MHmmﬁgnme
ome whichmnagtibs ehoxfdle: iHestfive erEys HrdrsebiEre™Cdm3B PEFLPE e

r&{rﬁ o% a &1&[&%';@ b, Yarl REIQAIB dolof Bie 1ﬁ4ﬂaaﬁd adcenbiwt] aperture
e colum such f hat c?lf?ér]:aggﬁ% el era JFxghé;erfonnance

HoRideatahdahaay WHPDC Costen, b fax a)mﬂ)rggmcet 1@%@@1\@0@@11)/ (FPLC)
slagttg% |%g ggxtaxl sgﬂab‘iieel qu?c?&u%LatBé}gp}ﬁrtﬁwm OAK @@hﬁﬁle&)f Sh @IPE.C system is

erein to manual |

it HE. 5D By HEEM SO EgmBEehS é@tﬂnﬂl?fns?%\? SRR TP sugh as o
Jaﬁ%w 18&b ﬁ{feci%am i€ ﬂl:ﬁwtahﬁi ﬁ;pﬁdeﬂh chieme@gtapiyncolumn 1520 through a
Hyd %givvg)g{;jglfﬂ% oﬂ:fe é)ﬁx dl t2 o%g{dgéd' i n g@éﬁ' 1(590 i E&E&ﬂﬁ&ts of the

celve sa
@»}éﬁIdihgbseﬂrhemlmeadplewdg&\ap@ppqrweélpat11 nE.@rtzfﬂtlél& gﬁﬂ%@gﬁtﬂ téxe space

CP% Qc? b¥ Nhd %@uﬁﬂ@?&?ﬁ tﬂ%€ REMGEN Fe@bnst fethe rgokedr @ not at different
G 0 o4 G r OuU a riul
@ea,gar,agqusoﬁ{e ety L alesy H‘&Q%E s 619&‘?6 a%le%gﬁéé through a fluid

ass e
HOw \ﬁ@ﬁiti@:%s Epiodinteapenef stdhars pyap 1@505; map s Fuidicallprgypled to the

bcg (q, u? hlrougﬁl a’ 0% b?foel%hs GO %l-onfEV\Hoﬂﬂb PRasRE the column 1520 for

r use wth au | er e.t
sdpemmsaesxpsemocb@eﬂ inffoths PPiAEs Pt i WAy Pl fafon dovie

§yoM Il be recogni zed by t he person of ordlnary ski |

In the art i ven | S HhSnatdd@tmay b
(bRt e G ARBIERTh ! poatty Rl R Gop ot e
deaeag, paliculae asitporqus pathples oy phased )l;cb]éro@fce Staewa{}ynq{)ases wi

@ergm rcﬁiﬂg auxﬁigléf HYRC d%ﬁﬂﬁr%aﬁich|aalerkﬁﬁBilmHﬂBr0\hﬂethcy*gma| may be
@bqa@ﬁqi} fphéxragglggtr%ﬁ Es%g\t/ﬁléxag f[ (va‘lﬁlam M}da 1:&%%5@ getectors such as

nt
Qﬁsolr’daﬂw Getectnrg . fluogesdepye phatgcrtqﬂu Iné'p@d dﬁggg,tm@ehgl-ﬁj sgﬁeénag detectors,
{1%2;&] gt':'}wa% %Et{a&t&g Heiéc%@%&m@a@ RL AT, %ﬁaoﬁvh Q{dem‘atbmm,odooductmty

an 1 nert o - other
|dn§eetgtsomaqqﬁgeogt@nﬁ@r§,t eéanea% Pﬂchtlée ﬂ%?cécirs 1omz th)% dl?t cfﬁrs or ot
's§1ta¢b&&fe¥@3&¥s&héyﬁﬁ| dsw aRrtce0ipeaes clitivg foox th@qplprn]m e@hq)If-IPLC system
r1s=| fy%%ggvh n?ro | S1tn %n&imﬁ'oﬂ'eq U ERSMMEAE Gne bN@loke algorithms to
e

i s continual f|OMAn from
rse;gnﬂtatsmlet tmemg:g Aotp e t;q%rjlré@t §p1ta§}?oanlalﬁf16 Hréare(ﬁa% %Fo be included

SYBERS &fem g@%ﬁﬁ“@y SRER ﬁaakﬁolh\lﬁm be aithinythe abitity ef the person of
%‘E}gi%ggpg’?h’g r*% qweélftgct‘ ﬁ ri%?g:ofe tgx.s Cig m?b 'tcf‘in@ﬁﬁ@&her suitable features

2 vaporlze sanpl e enters onto
tihen BOLORMEtert.n anot her sanpl e i ntroducti on device for

géﬁsqjv'xé QCct%mﬁﬁ&hlv%tﬁrc%rtﬁQlé*mﬂplea atsalﬁcicn?d:am elubt cmemtoamyhy (SFC)
esent suc at on orti J
SAHpPEOPBRETATCR Srrotte hetring | SEIGe [ﬂgfggﬁ‘?ﬁ&gpéoo ncludes
line on the injector, it may be p055|ble to achieve

better precision in nmultiple-itrections. [0084] The

ovens di scl osed herein may be used with nmany different
types of gas chronmat ography col ums i ncl udi ng

conventional packed colums and capillary col ums.

Conventi onal packed colums are those where a
chr omat ogr aphy nedi um has been packed
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20 into the bore of a colum. Capillary colums have
nore theoretical plates per neter as conpared to

packed columms. Thus it nmay be possible to achieve

better separation using a capillary colum than a

packed col um having the sane |ength as the capillary
columm. Suitable commercially avail abl e conventiona

and capillary columms are avail abl e from Perki nEl ner,

Inc. (Waltham MA). 25[0085] In certain exanEIes %
d@m@cmro nfidickity GDpdeds toem shrplg dnEBFp dedseghd. ¢ Jhe sample

[espand Ok & Q @Ezﬁé&fﬁr%}{ﬁéy toSMBbHimE UdH0 id &:eSveaf 1G@aNphieh may
e

Bﬁ'ggafggégpgya§V§Pé#§n%g§r%gr gg?@%ggﬂg%agaﬁggf%dg@gﬂmug
ié‘ébrg&lh 4d4ﬁm9e515 at ’p;{eaw&g{ngm pralggggfx;@;o;lmﬁfgﬁp%ggg;@ d‘ie ©

n assisis in
tW i“ﬁft?fltltaﬁ:f §°113§‘ﬁ1p ra&n c? tre S e

tire range to avoid solute difical
neomgdeing at fesiredi temmqnaturhe oo EIHPENT 80Kt OB or gl e

e D B Thastl & 0l n SR o
th

tmipqgahﬁ-ﬁ)}gqt CSaP“bﬁ B t 6;1&11et W eth% SRS FCU@]G? by thé €1 sfich that

S@a6eH edgionk bY thetoRbreCire hat ac diffsteantemperathireac fl”hﬁv@o Wi AG30 may be

29 r $ e s98E8AK0Aand conve
Sr U R S o

tbe gperciiticabfled tenes fo %W&@éﬁﬁb K60 é\étf:matfvely, tehe column 1630
l‘ém&&t bORestriBle@ -at lofte Qaﬁdi tt@cﬂm@?(&ﬁ@ b@®roritibed folad gﬁ(lb @r gareapd the
mass, Spectr.o di scusse Qe
Ilegmggr] Mgy, bes Bwéttegxg{ﬁcé cédé's SLfnhiar t(s:c') tk{(zs‘z-: dgsrcr.l%%(l QQBW & nce to saz
¢hBsthaz@irdpby atketypicalor useditopdetert talserciey &‘g%fxs«remi | Grimisly GRpteolle

det & S’Jn%llér%o BorfuloPHE pleQitkd@hiifNn dRls@GéRbs whil 88 control flow rates,
Ioni zation detectors (FID) have a w de operating range

ayen teeppraeh ardibe et ect al | substances that include a
008] tin QBRrdaAED@Tth abmdin ekampdesf b gae clironjte SEPYTSYHEReROpFising an

N drchos gpedlh%reﬂls .I%,:, laX oUéan@l% WMetoh nﬁ?@o&%&fmlaﬁbru@'ﬂﬁ tangodulation

Surroundi ng the fl
geimemhru@ke@wi R R B %quggg%ng QFIG. 17, 2 gas
apbhisdafistaen the m@ﬁdearadcam ged eatreeotA Ot ﬂw@e‘MYe@Ppled o a

n hat afbn, carbon
:ﬁﬁpllelelg?c?%tﬁtyoarbtgvg%lﬁ# C%I’I‘!GII ;_QE tlﬁ]ﬁaﬁl hIan r@l‘?’d@éﬁ' RAfbn, carb

amlde bi leydrogan dhouble otiet gms rn@yalﬁvebeptfss@n dbei=Ie nfgdugtion dovies
%‘ e iﬂpdiée}{@tc%ﬂﬂyle@topﬁ&ﬂﬁﬁd oo} Mnﬁh c@eondestagmaytifiere, in an
SUul t

| e out put devic det
aren 7é¢ é@icgeé lﬂ’éﬁ sgfzgat@tggy §1‘j 6B1umn 1%([:{ r% lAQ’JeJ;tX%Q)pg Bé&&& 1770,
AR liatadisally deeplgd sebe panmall 73p. L&@@dme@tshy @peocgfgﬁ d:lsgpsed herein

%%.nb%%ltde % Qem&gtbrg rtﬁL aPfs sGBstte{ngﬂgﬂhé Qknetih ﬁle@ﬁ;[c% loBfupld Sy aeckolumn
oxygen al't as the conbustion cfor

ﬁwﬂkﬁéd'tf@f?ﬁb‘iea@ﬁ@ Eeoismas} ?Té%bsfaﬁt”glygléapsgwgteén HvVen or in
?ﬁ%iﬁ@”&x@Mﬁﬂmthah &@ﬁhﬁbﬂﬁmﬂ@etmhm@ﬂﬂ@ogﬁapﬁymtdkﬁﬁﬁ of the

e %(yt 35 em rtgsoicg%d El]t}glll(ldxﬁéygﬁé Q{ecﬂ 8 &Mﬁhl@aiolﬂ& sample into the

uce

emume ps @Ay hemh@ ©anpiase ﬁ%@nft%i%ﬁng f% f@@g S%%‘“ﬁ%’ In certain
%?fl@[vmlln%%s 1?1@%&119151%9@&&&0['@:)/ g@xﬁccamﬁﬁﬁesvmlr Bl_]e{de:t e:@tlﬁ)gu:edl p receive
sonme exa re,detect

SSHG Y RGRER P AR & FBOCR T A TRl e et ol
\ibgatiag onehcinjedige, voDmee, fridy e tieschemensesithey CPIH‘“‘E‘rféI Sepa‘a“"n
.eIlhe thxau?ﬁls of IRThHE &8/ Bé%sse@'ﬂ:ﬂwﬁ@@ Phbedimbidth affeatovérsdisclosed
i erence streamof gas. As a solute elutes from

the columm, both the thermal conductivity and the heat
capacity of t he gas change. TH s change alters the

heat |1 oss 20 and, thus, the tenperature of the

filament, which in turn changes its resistance. The

bri dge is unbal anced and the out-of-bal ance signal is
passed to a suitable nonitoring device. This detector
generally responds to all solutes that differ in heat
capacity and thermal conductivity fromthose of the

carrier gas. In sone exanples, the hot wire detector

may be configured as a thermal conductivity detector.
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coil situated close to a hydrogen jet. The bead is
positi oned above the jet and heated by a coil, over
which the carrier gas fromthe GCis mxed with
hydrogen. If it is desirable for the 30 detector to
respond to both nitrogen and phosphorus, then the
hydrogen fl ow may be reduced so that the gas does not
ignite at the jet. If the detector is to respond to
phosphorus only, a large flow of hydrogen nay be used .
Lo BUm the, M, XEHEG AL cddiQoat imdThe: hedewdliabiitedi Ppeye WO
EHT 1€ ect T ons ( by thergéionie

LS fhalved €1t will be
avtdsemplers| ue de 4P sAPsPiRRt 539 8‘_’““\}%“&%%&’?5?%(; t hat v

re & 9};?‘%119 ipEr&&Qf!’bnlﬁﬁarp hk;ﬁggin the h{és, @'Y;{}tt@gbeppw% disczsu::; ;hz;
Py & [ el ioh & dBhenf O @khst rt, on the
mﬁwé%cbwl?g g ﬁe mtroldlslé/nr(r)gly bfd§ 9’

erials e adsorbed . on the s Qe f
cdllien bgadapilEnevadsoeapditrirereps- aft ar%%‘ﬁ%é%m?lﬁé‘““\kg? ‘E’?‘ "; ° ‘Z
nsfeu\z%% & gallké?ifc REAG aNds PRbAkbgrafiyeaiten, 4 smedlinemyptof liquid, e.g.,

€m ssion and an incyease, in,

) t he %Qg'lﬁ&ﬁ h8NGC injector that
£4v0089)itarn myerTietied PERENS Fibgon 'iuﬁ%?get ect Y

; oS tor rTHdX mg%e:«ﬁer block

R @t e \pﬂapamgegmrmbmmch@r a»langg;be%eéfﬂé‘ﬁé i as
an .em ssi vty det eChof - TR ResE priveapbriods the sample, an

theth 3t SHEPPS aém%é/t ector. hydrogen is ni ' L hrough th

pedssigined, e, $a5rd BATTRAIC (¢ Spping fﬁ"‘é’i?’?)%%ﬂ’ex\]gge{}egﬂd t hc?m:gh te

i@?ét&azlndfi&@% B Yolaenshiepded ghaoprsenelat soliegh P HAPTE fb o'

anme reachin ot omul t 1. Phub8ineiQly A1 tehe bi@hited sample enters
threpdepyr 1t ‘E%E%ggdsgoq% i ﬁg(}r’ggtu_ My be heat‘% % gaepqlﬁ?—y Ethmn, a
ShapmE colamde s anditesn sarmple OgRRtOR APEEeET WsoVE T ane

snﬁy lf‘.r%’%%%ergtq?a@' b\é@\/&%glﬁ REdmseInBCd @ritidn dfttey infaatgd Spmply isgpassed o
Bhot onul't1 p

['Ter for detection. . [ o hAssRRE @ dareebetter
e tolumer tBY ReRing S@Et RHhe ‘3‘8%“1%“ 1 ’olgragtgg]gr Iff\)phy devi ce
BYsibeineauplesjctonse. g. , hyphenated with, one or nore
QLDS anal vl i£2lo,l LGORIARS. b QheceXamphasy (dierguis ypes of sas
Oh? r?:é’Fo‘ér aphy "syst em may be,cougl dcl L Q080 BB capillary columns.
specitogragy eolungs prgydige carE %Ee i F9 urglil ration of a .
G5 NBidos) SRQNLolumE 26 b wikhea GEoNSogyBiveRpdigp (s been packe

d

| ncludes ‘a GC 1810 f1yfdi s &6 tiBraficVpideyvpaaneter as
51 et of HEPIRES RSB e I Fodnr s on oo

I'e 1 ntroductiqgn device 1820, ..

SorPretns packrdlcyimans. 188G, it may bt BEFPE° 8@3?"8 2"@5‘%%8‘}&% uqimg :
Rl a%gé&tngn Qz‘fééxi %aclc%@g;gﬂﬂt lﬁvdasm synclBEOL asrig &ZWE% cotumI.
IAtroduction device he S.a GGk Y LBk ARfable from
Shféﬁbéj?eﬁ‘é%‘f‘?f‘o“ﬁuﬂ%‘@Bél?ﬁe%'ﬁwl gagﬁocgglr gfiyed at reduced
RPLESTURL&SIntlgMRghondd). nore vacuum punps, such asda 4

&gyl MPle 1ABotGi Jf udi G HSieans perpilydetigned to respond or
It[%gf{%eﬁ%réf }?d;n?pﬁégéxg, I ets, rlomevoc;rébntg{ggé/ o B OBES gas.  As gos
amalepsiey vars 3mal iHaHE® SECUMT o dévi ce 1840 may be
Qﬁﬁy&fé{o%%pﬁ}t wacﬁd}, [pE @ Signegsto operate over wide temperafure range, &.8.

ambient temperature to about 450 °C, the detector should be able to operate within this

temperature range to avoid solute condensation within the detector. The detector may be a
bulk property detector or 2 solute property detector. Bulk property detectors ‘measure or
detect a bulk physical property of the bulk eluent, e.g., conductivity, dielectric consta.mt,
refractive index, etc. Solute property detectors measure or detect a physical or c‘hemmal
property unique to the eluent, e.g., fluorescence, phosphorescence, heat of combustion, etc.

In certain examples, the detector may be a mass spectrometer, as discussed further below.

-21 -
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20 The sanple introduction device 1820 may i nclude an

inlet systemconfigured to receive eluent fromthe GC

1810 and to the nmass anal yzer 1830. The inlet system

may include one or nore batch inlets, direct probe

inlets and/ or chromatographic inlets. The sanple

i ntroduction device 1820 may be an injector, a

nebul i zer or other suitable devices that may provide

gaseous sanples to the mass anal yzer 1830. The nmass
[vesaly 2efic $B3QlaRYe dadker 2myrhermrioustitbateide fepiifidry vseil
iogenenallyon f {i%%mesﬁmglwﬁm%te%)ﬁ’ PGS 16:06k1i6:0 8Qkdirk QD) have a

ere.otdng exenpl ary nmass anal yzers are (di gﬁ@gse Lt one carbon
wida optretingyerasend THeeeaerle €785} 20 SvsREces SRbTRY° B2
atSHi th??'fﬁmei Wﬁdmttaa@wht@emgm uBmly blﬁm&%ﬁh thé ecumn eluent and
exi stin Ss spectro rs,..e. A RR clectrode. A voltage
b‘ﬁﬁ‘fdt?tﬁlsg’éﬂaf' &Hgi’%ﬁﬂﬁu“’p ?né‘érlé;,%‘ gl%%ef% zf?} cups eec?og\;ed - )
mph ot agniap hetwep! e ¢ and ore decipds, tosellget flie|igfs thst are formed in the

106 Lirent AA§ bOL R ficd Bl b Ak 8mpPMhdeRgplifial andi thd output

ﬂ%rgg':gtltleg%%ietglgby The g_e,r‘solgl of %O ordi nt%g){‘ec%%lr |y Lot Dfable
mgy tbe RERWidsH 1P HetaetrarPiion Ay B YEPESTF 77T Te _
oRPRCRSBENIHE avﬂeaerdx/ﬂsfiﬁ@r dpppies aﬁthyluglm edp_ard;ﬁaasuwzes together with
_m croprocessor._and/ or,, col 4R SHES ARk QbR benitrogen
ﬂf"@rre%]gaé?rf/siga afsess%oﬁ%flgs%ggtg 1freg{é(ucgd into GG J}[E device . e
806 . ca@ive gaY 21D PEysRIoA s 8% theasPribastion cigg¥ed 1B PR ™Y
‘&‘L&&%ﬂ é’b&ltrda%;d! ?,e alfg@glrafeo_rovae_toerim rdhat gagre @flcxt gt '\gntains the
chem cal identity_ of species intr i Ga MRk i to
CHEPRIET B0 6° 1P h et af')’éi% IG%&% d ? t&?eo_ﬁeg% d el\Q/ i tgpel S Known -
rédicé e libdlhonbyiatablses bederse & thokhedting WBBEVS devi ce
{%(%ma gggie%games, Qllutdeea%r hbyThd £HottvAreAittcoanpl @ims examples, a hot

rcially "avail abl.e from PerkinEl ner, |I. L.
RS D KPP BT GE G P T e BEE g ne U pyiepgf o emms of
WhststdaaBilige. e Rethasampispergledriyth elupiiteeg Famehe peipgn, and the

t he .devi ce.or e 180540 i @lumn, both the
offisy f’gaén.en%ls frbﬁée?%gl}cggg%%g?{ anc é@\r/iﬁtq%% tain examples .
thdvmairesdictiria] apd e hept cameNBOHBG BRI IE60 T HAGPPERRE S e het T8
aﬂﬁj{ﬁ&gp&% ténq;e]gmuﬂ ePes @hhs&gme H)véﬁc]!l&n &iﬁSéHaegbs lite solstinio Ahe hddge is

the nature of t i.nt roduced s ‘10 device. This
BRANBFb £ PiteSERo R ETEL O 18 lh o hHing device. T
daraloy zawsaliprespapdetol adl sobids dlrat il ipest C(*@‘PEY and thgrmgkgendpptivity
f?c!nmglloge A cqgféplga%' _ilp&)% A PEs, AR \Ho C9159 detdtol arfl b pal fgured as a
mass anal yzer, an ion trap analyzer (e.g., cyclotrons,
et PFBIE VIR aps) , time-of-flight l0anal yzers

(0688 In comRLy dxxmpiss st detbciongey bdestobacbhoentiorat fpriar (FED). An

lgltD fhlasi 9Q¥nll§ﬂ@n¥ﬁ%{1§9 to ANdeah heH b§tLUpteﬁtbls QsiiR g ferent principles. In
anal'yzers that m

nmay separate species wWth different .
g Snbp e Pt gAY @%{dﬂ%g}gﬁmwﬁﬁ@&é%%ﬂ&\ ﬁ%&“”ﬁ‘?% \lside a heater
SArdaithd abkeb awarpbeR:. dhdeskddepdshmned shpive teriesandrgated by a

or, nore._ i oni zation I : R, TFR$Sdesirable for the
SHeBT SieBi e Byo T S0 RIIREY Wiokdthac Id@vi e for

ABB0: WFuspoas tmipitienivegeacid GhoP ek hoa i FBO SRy HEY be reduced
QSanhd Ezﬁi dofs ARRYEE aBBEGEEIF ME ldekctor is to respond to phosphorus only, a

large flow of hydrogen may be used to bam the mixture at the jet. The heated alkali bead
emits electrons (by thermionic emission) that are then collected at the anode. When a solute

that contains nitrogen or phosphorus elutes from the column, the partially combusted nitrogen

~22.
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15 to entry of ions into the mass anal yzer. In other

exanpl es, chem cal ionization sources may be used to

ionize species prior to entry of ions into the mass

anal yzer. In yet other exanples, field ionization

sources may be used to ionize species prior to entry

of ions into the mass analyzer. In still other

exanpl es, desorption sources such as, for exanple,

those sources configured for fast aton1bonbardnent |
alg dg%l)%hgrgsc‘flﬂra@;ﬁxlg’ﬂmy t@ﬁe&rbdﬁsnh@mrﬁcaim é;gfplheasnth Hegdpeqdopnteria

erna esor el e on and an increase in

B R N R e s S

be used. In yet othei
e xaaRkAsumkRer nospray i oni zati on sources nmay be used.

oto fe d Bl&)t@ﬁd’tﬁ@ﬂetén‘tor which is also
[dg?j%]vﬁi adm%%%éi"' e}(m'qnes% I&@: cﬂa@t{ Hn’}éy ooe e
rejersadltqa)mmqsgﬂg épt@cﬁgr 2‘%?‘%%?%; Sxa‘xg{}ﬁ ?a gagntgmemc ggteéta] §ydr g

0 F1ronization
i Bed o 8n Witkdin bilben deMk beseddhe Chos gt FHemjel and the@omalflapyg may be

accordance w.th cer n , ftip @ br Miher light detector.
SERar et e FEFL B2 Ta 1ATRLES protiSe to th ?Ei FOr e tne
Tax B o the $9t 1o 178 hm@ b RN e SRR R TR € 51 e

ﬁa%e%%ﬁ@a@&@? %aw‘/&léﬂ@&@éleé%ﬂffl@ﬂindl oRttes piedmgtigey fO(l: é@e@wn
I'n some exa

8 & Enaly®e e
[ | breaccepdenice il &&rltfmggxampgﬁ mtogﬁpﬁo&ml 8 Ghialy Be @Bupled

nfrared
1S PEL ! hpNBialdd. with) opetor otokfepthgx@nﬁp@é teo@'xwéu@: %fx?%ple the gas

TR AT s ntronnee sioncoe

I"ec m cal or_ ot devi c
it 2 GERITE sheryr BEFGolfp (%g&ﬁs rterg%’%%(% &gféﬁé L2868 1810
ﬁdl&lwzﬁ c@ﬂglmtm&ﬁhm& 081I’5&Bﬂ|1mlcdazdes qidple fnedectipp Gryigen 820, a

| . ot 1380 aRtBY dhflay 1860.
Eost P Sl R st

y sel ect ed er
™e sammgicnarodustion|devipg 1 §2h ethg ppss a@?b’é“l’i ??]Oea“[ﬁlé% %ﬁt?cn ?dgr%l 1840
t Al $e dd %ﬁltegsytr Fedun{egqgéskurlaﬁ uAEE Whel ajtCroml tdowor rvEips, such as a
Xy S ovens g!l scl osed tlﬂeeExEé Ny, TB¥a JP@MH;&@(Q tAvever, only
Wﬁﬁvwbﬁméfﬁ%mkﬁﬁﬂ? P PYPRTE Ur i ng an anal ysi s of
m@%labﬁanki@eﬁ 1880 prdotie daecdion mrlgﬂ@my bp gmaﬁatedl % educed pressures.
?gb sampleh NENL S .WRSH Q.4iDe 1 9XCRaPERWIdRS ialet ey¥par atrfigered to receive

e tenperature may be incr s se f788hde on
elagit drom thg CColEBR B bribe DEgiEY 67 1R o Ep o leaindy B8 o y
LENRES abidf aslekhAit@npetatiae aod/ot ldbrooisaraplic| ijefs; o[y sampie

at about

t“érﬁﬁ‘éﬁ"g‘? lc'II?VéceCI 8291may btelyta'l %@H@J € nkisuliz& L ouRd sudahle devices that may

incre |nearl to 70 0 1k
$tuvtdama@onaséénm¢s tOftb? MEsea AIEEST 15{938“ he rgass a&j% 3%3 may take

I%eémétdéﬁ&dﬁﬁygeh&anm 6h eRs ednag abimre, gdegiret h]emmon ete. and
té;%*?g{rgtmuaré%myz%é grcéiscussc%l %:r&%j&:%\;/ ahhe abddiRn Qlfav;cé @840 may be

e tenperature 1%0 > etart, 0.
fahlf tshieibld Oaéctias eldvito tat ﬁmr@%“’teérfﬁ’é‘f Srhng massySPeoPREs <8
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nut nor e part|cularly in less than
three mnutes, e.g., two mnutes or less. An
ilhwnaﬂonoftmstemmmﬁ%ermmis:mmmin FI G
19. Thus, injection-to-injection tinme 15 may be
reduced by such rapid cooling. Also, cool down tine
may be decreases by at |east 50-75% as conpared to
operating the systemwith the fan at the first speed
in both the anal ysis and cool down stages. 10095] In
accordance with certain exanples, the ovens and
devi ces using themmy include a controller that is
programmabl e to receive a signal froma tenperature
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25 be coupled to a notor 2040 that is coupled to a fan
2050 in the oven. The notor 2040 may be a programabl e
not or, such as a programmabl e DC notor, that can

change the fan speed dependi ng on the tenperature

and/or on a signal received fromthe controller 2010.

The controller 2010 nmay al so be coupled to a notor

2060 which itself is coupled to an air intake aperture
2070. The notor 2060 may be used to open and cl ose 1
withrthé CAMS dayiset 180R ipgqdng PuB@OC BT F° RESTPIR f%ﬁ%‘?“?}?’f“‘a J
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st ai nl ess i nches t i Loug.; Smay b
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ERL i & @Hﬂu@gﬁé‘p&uﬁ"@é&’uﬁg oﬁsﬁteﬂl@ \Ih QN bxdnkygess e did may be
%ﬂ%gg&g ?é, ogtpccal{ H?vg%gﬁrc{\ Iérjéxg é:'l ﬁ% an R a?egﬁ%@&lﬁo terxlg Iﬁ‘ a/et other
bxamphevhe GO hdyGie @iipled to a nuclear magnetic rcsonance electron spm resonance,
clectrochemical or other device. In certain examples, the GC may be coupled downstream of
a liquid c?raromatograph to receive liquid cluent from the liquid chromatograph. Additicnal
devices that may be coupled to a GC will be readily selected by the person of ordinary skill in
the art, given the benefit of this disclosure.

[0094] In accordance with certain examples, the ovens disclosed herein may be used to

provide a constant temperature during an analysis or may be used to provide a temperature
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20 Exanple 2 [0098] A 5% w v solution of paraffin wax
in toluene was injected into the gas chromatograph
with the recirculation path of Exanple 1. A 15m.x

0. 250nm x 0. 1um 5% phenyl / di net hyl pol ysi | oxane col um
was used. The flow rate of carrier gas heliumwas 1.0
25 nb/mn. The starting tenperature was 220 C for 1
mnute, and then the tenperature was ranped to 280 C
at 2.5 Cmn. Chronmatograns showing the results of the

raﬁ@fpaﬂi aﬂ)ddﬂn@lfsew}&hﬁhm oven pFIVEES 2 RPRERCS rafn@g@g}emperamre may be
el ernr

SRR R St Aoy ettt
repperatuef PEE s et ot #evt A FecPPELMLTER epgtlﬁje%g&é the
teBRblbAl Yy BOmereaRd (ihdrgughe Mokessuipsea bl for 5eeple tahet 140
"G b TR PEUPAL B B AT, R T i el 18 10, a2
siitablooAGHE Frokespl0@seub PRI/ me. Eht PEpFBerpaIdodyfst roreesed
to‘é%\%og?%ﬁ&@iegg??, %’?Ag&\ﬁe s Fb,c':'atfazﬁxﬁable R¥ap ke eBam}l 81 00 minute.
The meﬁ%p@g bf) aiP‘{f?aé‘Fq rgl?'%lgl‘:{q a(() [ggg/c?eén\séee%a)la{ré,%?% about 300 °C, at a
Siﬁa%@gx Jg!ecﬁlif,sfog sethplese "ChensemThesenivusee gug bripaesehi s * D
*‘?W{F&‘g‘gp e.%.n agﬁléc gg& e"réi rsfigvate rsﬁittJI]]J?enpeﬁé afrUEs Sx2cHigNts Wasninute.
Bofiediments of the ovens dri)sclosed Qeréin maey geolabl{cr:nt]o \é/go% tEtL %geendtol Re initial
temperature, ¢.g., 30 °C from the highest run temperature, €.g., 430 °C, in less than five
minutes, more particularly in less than three minutes, ¢.g., two minutes or less. An
illustration of this temperatuge ramp is shown in FIG. 19. Thus, injection-to-injection time
may be reduced by such rapid cooling. Also, cool down time may be decreases by at least
50-75% as compared to operating the system with the fan at the first speed in both the
analysis and cool down stages.

[0095] In accordance with certain examples, the ovens and devices using them may include a
controller that is programmable to receive a signal from a temperature sensor and send a
signal to change the temperature, if desired, to actuate a motor to open or close an air intake
aperiure or an air exhaust aperture, or 10 modulate the fan speed. An illustration of a
controller is shown in FIG. 20. The controller 2010 is coupled to a heating element 2020 to
control the temperature and the rate of heating. A temperature sensor 2030 may be coupled
to the controller 2010 to measure the temperature in the oven. The controller 2010 may also
be coupled to a motor 2040 that is coupled to a fan 2050 in the oven. The motor 2040 may be
a programmable motor, such as a programmable DC motor, that can change the fan speed
depending on the temperature and/or on a signal received from the controller 2010. The
controller 2010 may also be coupled to a motor 2060 which itself is coupled to an air intake
aperture 2070, The motor 2060 may be used to open and close the air intake aperture 2070 to
control heating and/or cooling of the oven. Similarly, the controller 2010 may be coupled to
a motor 2080 which itself is coupled to an air exhaust aperture 2090, The motor 2080 may be
used to open and close the air exhaust aperture 2050 to control heating and/or cooling of the
oven. The controller 2010 may also include, or have access 10, software or algorithms to

perform a chromatographic separation including, for example, temperature conirel, mobile
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5 line of sight of the heater. FIG 23A shows the
resulting chromatogram and FIG 2313 shows the
processed chromat ogram Because of the Christmas trees
in the actual chromatogram the instrunent software
identified each peak as nore than one peak. [00101]
Anot her experinment was perfornmed using the conditions
simlar to those described in Exanple 2, except the

col um was placed in the front colum p05|t|on8§ ANRY |- onal
plfaso A rete KON aevon geratesie pnERhdddth anabiis g it riona

déWe? tfﬁ@l‘nfa 99 €bup 1g)165a ceddIsNRWGsd BEh HRSIEs diglosed herem will be
chromat o

and F t he C
re@ﬁ}yoﬁgpfgg by H;’te PELS RO q%lfl Ei?xalné@{s e gs é’ktge §e§1§§tdof this disclosure.
Tiuekeaive Emadleasmaallsns hglude,pebde ot Hnmeed b, @e@gg@gﬁl-mtebral-denvatxve

(Iﬁﬁ$ con%t s, éjo rp&[‘t%ggi%y (‘ﬁ‘) En{ﬂ'tr%ﬂer? )ﬁ)(ﬁ:ro{'tfﬁﬁﬂtmt\é@ﬁl (Pg rc%ﬂfcﬁﬁﬂs and

I1ons sim OSG iCFI
T

n@banqjl ed@twq;x(@gtmlle{shée %Olaﬁfﬁ?‘%gwﬁ aF:%Wjo % {LH@( blg%l% genetic
al%@xllt’i']ﬁ@ PRSIkl ffkrd-RRAS apbRecHeald hglidd. el ement) and the

h-hol es were: half, .o d
COBEL EPH RO AP A & GRaEE 5T ey ki aspectsan
fproces sedvelsrdind@tgdesm Each of the rel evant peaks was
identified as a single peak in the processed

chromat ogram Exanple 4 0 90}03] A recircul ation

path conprising an air sdé%%gF%—each corner was
WﬂﬂC&dn‘dﬁdtlﬁg pathsthai inkleds! s tphehlics hd ethrougtelides Wag proguced by
Ct.lt’tlﬁfi l}gl 3 mhtpe ¢ an?ek%cg %l\l\é\%%r g‘hgj ﬁagi'e?}}]/t&g%gtstg I%? ks SR @Reter and
thepy rierBdt Getel hadts sanglly fﬂﬁéedp%ff’?ndsfhﬁr‘i‘@“’ﬁg"'m&“sf’f%ﬁ srppd: The
i Hier SAURY QAR GhreppiRinetdy dadcten ant der mhde aftgspesstses! (017

22%% 2614, 2616, and ¢ [% Qﬁ, &%9 §f@@re a

¢ oven and the
I’f‘cg‘Fsrr@‘b‘"‘k? PREISHE S AP eSSt edl 3-5 r i'a were |
dvanti absntblyt e rsh@apegether in the final form. A photograph showmg a side view
of the shroud 2110 that includes a recirculation path comprising a plurality of through-holes,

such as through-hole 2120 is shown in FIG. 21.

Example 2
[0098] A 5% w/v solution of paraffin wax in toluene was injected into the gas chror_natograph

with the recirculation path of Example 1. A 15m x 0.250mm x O.lpm 5%
phenyl/dimethylpolysiloxane column was used. The flow rate of carrier gas helium was 1.0
mL/min. The starting temperature was 220 °C for 1 minute, and then the temperature was
ramped to 280 °C at 2.5 °C/min. Chromatograms showing the results of the separation are
shown in FIGS, 22A-22C.

[0099] Referring to FIG. 22A, when the recirculation path was closed (the through-holes
were blocked), the Christmas tree effect was evident. As the recirculation path was partially
open (through-holes open about 50%), the Christmas tree effect was reduced, as shown in
FIG. 22B. When the reciroulation path was fully open (through-holes 100% open), the
Christmas tree effect was absent, as shown in FIG. 22C.
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25 as shown in FIG 26. The final assenbly was spot
wel ded or riveted together. A photograph show ng a
side view of the recirculation path 2610 including
four air scoops 2612, 2614, 2616 and 2618 is shown in
FIG 26. [00104] The recirculation path was placed in
an oven housi ng. A photograph show ng a front view of
the oven assenbly 2700 is shown in FIG 27. The

recirculation path 2610 was 30 nounted at the back of

the oven assenbly 2700. TExewmpleduch as tab 2710 were

[(5\096@”%6}'“61%? e{&rﬁtﬁﬁt@'%?e ﬁcrﬂ%ﬁéd Wi lexeeﬂﬁﬁﬁltgﬁ-hialfesf partially open (50%
S Gt LR ercapt

ot Bhs ecrrléﬁ@g%éﬁ%wf%%%ﬁw&éé‘mse {?‘%S" “’odv 4e a staeé ng T8

sW%Eéhﬁxﬂ &mﬁecgrmm whah Bidaded. anﬁhemxgmenmlt,tthfecqi@uumaﬁ mlpc@ in the

11pr'z g sggéuéo‘ftg ge G 55&% &J}egmﬁ%zﬁ%rﬂ %ﬁ@ﬁf(} 23B shows

orap ovmngafan ted in
ticheow@wed cmgteuqblayl BECHDSse oﬂqig: Glaigings n‘éy%ﬁél]ﬁacttjﬁld;gm &%n the
i éhtt{lécnt stht!JrQ mentﬂfedteg& teddbs nfdEBad e @vien shel | (as

own in 27) was assenfl ed in
(BHOH 1 B P EmPSUH UEGRTOVEN RO S P A SEeunpf o it dosoribe
iAFsanik edetapt fe chlank vef plehal ovbn frof @lunpgpqsgiog (away from the

hot oqr a sh syl t ceBultin
RISESHAh LU B A it st Sesa
chvaiolbing apd BIG- @@R*P%EIWOCGTSH‘EC O‘P%‘éi% ?‘n%ﬁ‘&a‘%“ gvant peaks
V@éé(?&ngﬁ&f:e[s'aQﬁ%l@ﬁ&Vﬁtlﬁd’prcEEambmoxﬂatmmused to anal yze
hr omat ogr a

QR R e B TR R BUR 0 o o i Sy pesemioed
maaplen,t abuenes satron the e sHRO RO UBhPHR TR PFE he heating
%&%ﬂrﬁ Calﬂli %e't&@u@@ﬁd"es%@e ﬁ&&\blpélg AGLNA ¥hob 1. r2m0ibp phmematogram,

nr'n 5% phenyl / di ne ol ysi | pxane .co
RO RPPE B R UT R CHRTHE Hehiy pafREwbd bt
Staaideld1@ak RIPepratadsed civasa2@emC for 1 mnute, and then
the tenperature was ranped to 280 C at 2.5 C/ mn.

Example 4
[00103] A recirculation path comprising an air scoop in each corner was produced using a

stainless steel sheet, Referring to FIG. 26, the shroud 2610 was a stainless steel sheet (017
inches thick) and was rolled into a circular form. Before rolling, the part starts as a strip and
four square notches were added in order to accept the scoops, 2612, 2614, 2616, and 2618.
The scoops were formed from the same stainless steel material and were bent into the shape
as shown in FIG. 26. The final assembly was spot welded or riveted together. A photograph
showing a side view of the recirculation path 2610 including four air scoops 2612, 2614,
2616 and 2618 is shown in FIG. 26.

[00104} The recirculation path was placed in an oven housing. A photograph showing a
front view of the oven assembly 2700 is shown in FIG. 27. The recirculation path 2610 was
mounted at the back of the oven assembly 2700. Tabs, such as tab 2710 were configured (o
receive a heating element/baffle assembly (not shown) that was used to heat the oven. The
baffle assembly was present to provide a steering mechanism to move the air and prevent the
column from being in a line-of-sight with the heating element. FIG. 28 is a photograph

showing a fan 2810 mounted in the oven assembly 2700, The heater element {not shown) sits
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[ 00106] A chromat ogram showi ng el ution of the three
conponents when the- chronmat ography columm was in the
front position (away fromthe heater and near the air
inlet 15 aperture) is shown in FIG 29A A
chromat ogram showi ng el ution of the three conponents
when the chromat ography colum was in the back
position (adjacent to the heat elenent) is shown in
FIG 29B. As can be seen the in FIGS. 29A and 2913,

int fhe pe@le BhapEnosase swhshelhthsahtyn ithB1G e Was dteapief grto the

the te er at s fRakk PRSishdnyial wase back of
"“%mﬁns"fian }égle?}%géjg%&l{ %Iog% F0|lrsr conpari son, the
ths ¥R §a$nﬂ8es kot Qe SFP N preeulf Ot Pwi t h no
recirculation path) under the same conditions
di scussed above with the 1écol ymm in the back position

and the front position UITU’S‘E'&'"_A chr omat ogr am sg@gm%sl )
[ohes]r & SHrtsd 60 dak chrempagrant pmingrcigRyreilphie frpg Pe ne.

th%?ﬂm\lﬂtscdsﬁg Byddads !:r%ed %che b ST ASWAY Bes taflyae @semnple. The
in poor a

HAEPERIER ABIEHUARY e f’h‘g“‘%&éﬁh’f“}“ Gt SH ERsghyion of pecotio
waR €n Biche S thc%as chramatograpthelth drdedisaladon pgte apd h@mism b4

o%g%lrrean ﬂ;%tso reng/y%&n%m?/ﬂ& %ﬁoéﬁ&n&gl}] élifﬁe ebRBRLE carricr gas

Y

bt e 8. OO offen Sieiee TR AR° PHALC tf‘ﬁalr 8‘"?#&%/ apthen the

t&%ka‘i&r&’u@é raﬁxlpé‘d%fl%"@ﬁmmdaaﬂ the listed elenents. It
recogni zed t he perso f di ki Idn ho-

Foend” i RALRR Sl LSRRl e e

cux’ﬂ’hia@lgﬁ:pﬁpﬁmmmwasm@!ﬁe ﬂrch)e p@(i)m@){@yﬁy] feagm ﬁxﬁyezﬁg and near the air inlet

& rLu?e cip%%qn fiG. %QStA tc%ﬁngtoWaﬁlfbhb’@fng QUSiof ONhenient Soniponents
8% R exanpl es. [00109] Althou certai .85 - Sveat element) is
e BSTRREERGAPRETS ohig ot o L BRRe Bl

bl D816, emfgnlmeﬁnb;e tche tpeinsBITSOR9Ar eidrBy fhk prak §hﬁpe was
sglfgsgqn? ]’flli}) § ga%ne %@%a@r%ﬁ' ale! {emggrat'ixn:' st SHeSEbRSAHChack NAbitions was

titions, nodifications, and
sabdtatialty 'abngm@f t he di scl osed illustrative aspects,

{651@)5?'13%13 cEHShriSsH 0l BRB bsinE @apaminkd @pical oven (with no recirculation
path) under the same conditions discussed above with the column in the back position and the
front position unused, A chromatogram showing the results of the separation is shown in
FIG. 29C. As can be seen in FIG. 29C, Christmas trees are present resulting in poor peak
shape.

{00108] When introducing elements of the examples disclosed herein, the articles "a,” "an,"
nhe" and "said" are intended to mean that there are one Or more of the elements. The terms
"comprising,” “including" and "having" are intended to be open-ended and mean that there
may be additional elements other than the tisted elements. 1t will be recognized by the person .
of ordinary skill in the art, given the benefit of this disclosure, that various components of the
examples may be interchanged or substituted with various components in other examples.
[00109] Although certain aspects, examplles and embodiments have been described above, it
will be recognized by the person of ordinary skill in the art, given the benefit of this

disclosure, that additions, substitutions, modifications, and alterations of the disclosed

illustrative aspects, examples and embodiments are possible,
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Cainms 1. A gas chromatography system conprising: a
sanpl e i ntroduction devi ce; a doubl e-wal | ed oven
coupl ed to the sanple introduction device and
configured to receive a chromatography colum in a
space in the double-walled oven, the doubl e-walled
Claitaven constructed and arranged to provide a
substantially constant tenperature to the space during

1. anAagaekmehfatoiﬁtage s9ftehRBnPRSinghr omat ogr aphy system
t he doubl e I'ed oven conprisSing an inner wall and an

?uéearm Httodﬂ gon %er confi gur ed to flow air between
ou
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compyfréngodn inher vaalk atdranakuerayadt and irthed cerguagdrto dlomagis between the
inneraypat et the oated whlly thh dpuldervallgd oeeh fustheoenmmisirg apaettake
apertiee af ain chsastapentutd)ende ghaenffuep enimogulafe atempeasire onthe oven
spac@f the air intake aperture and the air exhaust
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apert to C|r ate arr rovi
tlaII te rature to the space during

th%§§ﬂ§P§§¥? gﬁ%@&”ﬁm§k4¥ﬁg% $fchr omat ogr aphy syst em
of claim2, in which the recirculatiqgn path i ncl udes a
2. shifugrswhramapsppinesyssneok sy hHo et the gvenrepmpyiss a
recirgHatemenadiypapiapresiyte camlate ad taipieade the sibsteriiagl g eonstant temperature
to the greice dutiiag theranpasik stage| udes a shroud conprising at

| east one air scoop. 5. The gas chronmat ography system
3. of Tled gdsrthlomMbgaghsyshen segaiae? dh wipenihe gecdiculatioh pathtincludes a

shrofNRitRht el ok thrbiilakgeaperture and the air exhaust
aperture may be adj usted during the anal ysis stage of

Shrotg:f'é' gﬁﬁg ﬂgﬁéﬁg{g@go é/fsﬁflglm mz ]}Q a‘i\}]ﬁﬂg 2ﬁ:1rtcﬁleat1%n%l Rat}r}é?/cludes a
0

oro t two or nore speeds durlng
rati on of the oven, 7. The s chr r
SRR DA LAlahL eipgﬁf??%gé Hiyine of et least
Onecef tléaﬁ%k& WETIE A AT GHIaPHEPSILHI e ARG edhganalysis

stagetqtéheagas Cem@tggraalpémsm. 8. The gas chromat ography
systemof claim®6, further conprising a vent
6. f|Thagasahtomaogppledsystent dclainr 1.6 vdudt thaper may be amdulated to
rotat€atrtiviogu mewdte kpecdx Hantinsd ofwiticnl of thevayerf r om t he space in
the oven. 9. The gas chromatography system of claim
7. 1, Thdpddhhedindtbeap1e} 8&tcd of Saineb a6 tadc Mot RENEAIOME, coupled to
at 1ea‘§96}% SHthd Qu %al?e”a eﬁﬁfeza%'tﬁ@a&' %Jd%‘é:@a[ rtfrdlOt Wi re

det ect or, conduct i Vi ty det ector, a nit rogen

8. ph.Pﬁc, eg zget eChy system &h Cci%lmngtfl{l bifier c%g'rﬁ)(%}sgt a 96!;119 ﬂﬁldlcaily

couplnﬁ% ir exhaust aperture and configured to exhaust hot air away from the space in
the oven.
9. The gas chromatography system of claim 1, in which the detector is selected from the

group consisting of an ionization detector, a hot wire detector, a thermal conductivity detector,
a nitrogen phosphorous detector, a photometric detector, and a mass spectrometer.

10. The gas chromatography system of claim 2, in which the recirculation path provides a
substantially constant injection-to-injection time.
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10. The gas chromat ography system of claim 2, in which
the recirculation path provides a substantially
constant injection-to-injection tine. 11. The gas
chromat ogr aphy system of claim1, wherein the
controller is configured to heat the oven space at a
11. knDhgdsahgomlts graghyt fieteansl Jis] , stirgdn tiar con@olta@as cdrtfiggured to
heat OQFeS BREE afh kAo RN B{ah 6l biidl s RagOet ion@obthe@Pen space at a
mxm%%ﬁﬁmﬁgm%%qm%hﬁggg ography systemof claim1, wherein
an Speed nay be nDduIated conti nuously or

12. ' nﬁl? Eﬂg&téfgrgr e'rrp(?f c‘?&ﬂ Zfernrgé ej)ﬁ"f’t% rs%e%gtrrﬁzﬁ/]goe%odulated
°°nt18r%98br%m St e B LA %mffgg%%o fitk e

l'inearly Irnkthefanseedtot e degree of openi
3. of Th gQSecasqm%ﬂ@‘a@w %yﬁ@ffh‘?f claipy bw@l%@?&w&aﬂﬁ I§ fp q‘gﬁured to
hneaéy Aials she fapspeadrte the degreeTriopgins ehridrt eee afphy ais yrtakggperture
and tb¢ aic leshansSapenfioes ei n at | east one of the air intake
aperture and the air exhaust aperture has a dedi cated
14. f afhanshr@paegapiyshen addgent eviiersin apituitanedf the air intake
apertDfeaiiddBe fidek ikt GRAlfetas aldetibged EMPERGYpEWhihbdintiendently

modﬂ\ﬂ%fﬁ t@?@%ﬁie fufRer chRGOIAAShERIDERHNE RAMIY the Yo Ee fpaet.
claim wherein the controller is conflguredto

15. Pr-oiyd % cfir &r{?ﬂﬁgrg (?AH‘}‘ tehPOPCIH | %e"r%lﬁ t}?e“ @llér mﬁé@gf%lred to

pmwt%gat ¢o ?rrgtglffframp R qfél guregyst tl ose at |east one of

air |ntake aperture and the air .exhaust ertu

16. du hen%astch@%%% Bésy§ieﬁg%p Cqﬁﬁ’dh v?nema?hecmrp léaoﬁfgg“red to
closeqh dstne o kg aip Hdaksraperigreand thepingdany apeitie dyriae fganalysis
stageapipd ixthauenigpedttaoperdeil ¢asyore efobe pindntskagpertureiand thipair exhaust
aperigasiucihgamabbyg siphs system of claim 1, wherein the air

i ntake aperture and the air exhaust aperture may be
17. colig gislcatbrndgppindanichyof cldith 1, Wiergashedir piadeageapbyind the air
exhay 8p&Hre Ina&lRI ddhBollddindbpictlledtie fan is nodul ated at

t he second speed to reduce cool down tinme by at | east

18. OOTHOA ¥yt % HPQ{U&BH 895 WigeH tﬁ@ £ i ufdtd B4t the
secomPspe dt lﬁccﬁfb Vi 91 Oq@}{t ge%'é ?'SOWt%a g z;ﬂ) rgdgl f?l's Eﬂ;lgtmg the fan

|
atthe ré‘ * about 1400 rpm during an anal ysr s stage and

d I ted t t at t d f. ab 2800
Irs g g)er%ateéa{) o)@%ﬂ%ﬂ?@%cg@?neg ?2 wh?cgle%e fgn 1s?no%liﬁate to rotate at

a ﬁrst speed of about 1400 rpm during an analysis stage and is modulated to rotate at a
second speed of about 2800 rpm during a cool down stage.

-30 -



