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B pabote paccMoTpeHbl copOIMOHHBIE B XpoMaTorpadudeckue cBoiictBa MOMC KOJIOHOK I Ta-
30BOM XpomaTtorpaduu MUUIAPHOTO M KAMMJUIIPHOTO THIIA, HAMOJIHEHHBIX OKCHIOM axtoMuHus. [lokaszaHo,
9TO NpuMeHeHHe MULIapHbIX MOMC KOJI0HOK Ha IIocKoCcTH mo3BossieT Ha 30 Y% yBennuuth ux 3G dexTus-
HOCTb XpOMATOrpa)uuecKoro pasieieHus [0 CPABHEHHUIO C KOJOHKAMH KalWULIPHOTO THIA aHAIOTHYHOM
(hopMBbI U cedeHus.

KiroueBble ciioBa: ra3oBas xpomaTtorpadusi, MUKpO(IIOUIHBIE CUCTEMBI, MUILIAPHBIC KOJIOHKH,
MHUKPOAJICKTPOMEXaHHICCKHE CUCTEMBI

Pillar MEMS columns for gas chromatography

Platonov |.A., Platonov VL.1., Platonov Val.l., Reshupkina I.Yu.
Samara National Research University, Samara

One of the promising directions in the field of Bigal instrumentation is the development of mi-
crofluidic devices, which are systems of thin chelaron the surface of various materials such assdiH,
silicon [2], various polymeric materials [3]. Theauof gas chromatographic columns on the plankerde-
sign of modern analytical devices leads not onlg teduction in the size of the devices, but absa signifi-
cant reduction in one cycle of analysis [4-7]. @fi¢he ways to minimize the time of chromatograpdmel-
ysis is the creation of columns (pillars) inside tthannel, which can significantly increase thecejoeeffi-
ciency of such columns. The aim of this work wasiéwelop, manufacture and study the chromatographic
properties of MEMS columns of pillar type.

Comparison of MEMS columns of pillar and capillaypes with the same channel topology showed
that the efficiency of chromatographic separatmngillar-type columns is 30% higher than the edficy of
the capillary-type columns. This effect is achievsddecreasing the pressure drop and the contibwaf
the vortex diffusion in comparison with the MEMSwoins of the capillary type. The presence of aremd
structure in the form of columns inside the capjllaf the pillared MEMS columns results in a siggaht
increase in the column efficiency compared to therafiuidic columns of the capillary type by redngithe
contribution of longitudinal diffusion and massriséer. As the carrier flow through the section edmng
the pillars, the mass transfer is reduced dueattstrerse diffusion, which leads to a decreasedrsihearing
of the chromatographic band. As the gas flow patisesigh the section where the columns are abdeng
is a slight blurring of the chromatographic stighich is substantially smaller than in the parab@bw pro-
file of the open capillary column. Thus, the smearf the chromatographic strip in the semi-paat@dmn
is less than in the capillary column, which leamlan increase in the column efficiency.

Due to the increased efficiency, the time of onelepf analysis of natural gas components on these
columns is reduced by more than half and amountsaaenin.

Keywords. gas chromatography, microfluidic systems, pidlalumns, microelectromechanical sys-
tems
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BBepeHune

OnHUM U3 MEPCIEeKTUBHBIX HAMpaBJIeHU B 00JaCTH aHATUTHUECKOTO MPHOOPO-
CTPOCHHUsI SIBIIACTCS Pa3zpaboTka MUKPOMIIOMIHBIX YCTPONCTB, MPEACTABISIOMNUX COOOM
CHCTEMbI TOHKHX KaHAJOB Ha MOBEPXHOCTH PA3JIMYHBIX MATEPHAJIOB, TAKHMX KaK CTEKIIO
[1], xpemuunii [2], pasznuunbie moaumepHbie MaTepuanbl [3]. [IpuMeneHre ra3oxpoMaro-
rpadu4ecKux KOJIOHOK Ha IJIOCKOCTU B KOHCTPYKIIMH COBPEMECHHBIX aHAIUTHYCCKUX TPH-
OOpOB MPHUBOAMT HE TOJIBKO K YMEHBIICHUIO rabapuTOB MPUOOPOB, HO U K 3HAYUTCILHOMY
CHIDKEHHUIO OJIHOTO IMKIa aHaiu3a [4-7]. OmHuUM H3 COCOO0B MUHMMH3ALUU BPEMEHH
XpoMaTorpaduyeckoro aHajamu3a sBJISIETCS CO3JaHHE BHYTPH KaHayia CTOJOMKOB (muiuia-
POB), KOTOPbIC TIO3BOJISIOT 3HAYUTEIBHO YBEIHMUUTh YACIbHYIO d3PPEKTUBHOCTh TAKUX KO-
noHOK. llenpto maHHOW pabOTHI SABISIIOCH pa3pabOTKa, U3TOTOBICHHE M HCCIICAOBAaHUE
xpomaTtorpaduueckux CBOWCTB MUUTapHBIX MOMC KOJIOHOK Ha TUIOCKOCTH. Takxke B
JAaHHOW paboTe TPEACTaBICHO CpPaBHUTEILHOE WCCICIOBAHUE XPOMATOrpapuIecKuX
CBOWCTB MWUTAPHBIX U KAMWUIIPHBIX MUKpOHAca0uHbIX MOMC KOJIOHOK.

AKCNnepuMeHT

Jlis mpoBeZieHHsl SKCIIEpUMEHTa METOJIOM MHUKpOQpe3epoBaHUs ObUIM M3TOTOBIIE-
HbI Tazoxpomartorpadpuueckne MOMC KOJIOHKM MHJUIAPHOTO U KallWJUIIPHOTO THIA Ha
IUIOCKOCTH METATMYECKUX IacThH (puc. 1). JlaHHbIe KOJOHKU XapaKTepU3yIOTCs OMHA-
KOBBIMH pa3Mmepamu kaHaia: mupuHa — 1500mkm, rimyouna — 500akm, mymmaa — 0.5M. Ot-
JIMYUTENbHOH 0c00eHHOCThI0 MOMC KOJOHOK MUJUIAPHOTO THUMNA SIBISETCS HAIUYHe
BHYTPH KaJlaHa YIOPSIOYEHHOH CTPYKTYPHI B BUJIEC MHKPOCTOJIOMKOB OJMHAKOBOTO pas-
mepa 500%x500%5001xkm. Dotorpadus kaHanoB noaydeHHBIX MOMC KOJOHOK MUJUIAPHO-
T'O THITa IPECTaBJICHBI HA pUCYHKE 2.

a 0

Puc. 1. Cxewmbl kanaioB MOMC konoHok nwniapHoro (A) u kanuuispaoro (b) Tumos
i L . r

Puc. 2. ®ororpadus kanaroB MOMC KOJIOHOK MWLIAPHOTO THITA
Ha TUIOCKOCTH aTFOMUHUS
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[Ipouiecc cozpanust MOMC KOJOHOK COCTOSI M3 CIEAYIONIUX OCHOBHBIX 3TaIlOB
(puc.3). Ha nepBom stamne (puc. 3 A) npoucxoaut GopMUpOBaHUE KAaHATIOB Ha TIOCKOCTH
amoMuHueBoi miactudbl (AMI'6) metomom mukpodpesepoBanus. Ha Bropom srame (puc.
3 b) nonydeHHy0 aJFOMUHUEBYIO TUIACTUHY HA TJIOCKOCTH ¢ C(OPMHPOBAHHBIMUA MHKPO-
KaHAJIAMHU COEIUHSAIOT C aHAJIOTMYHOW AJIFOMUHUEBOM IJIACTUHOM C MOMOUIBIO TEpMOILIa-
CTHUYHOTO XUMHYECKH HHEpTHOro noiumMepa [8]. Ha Tperbem stamne (puc. 3 B) ocymiecTs-
JSIeTCSl  TepMHUYECKass TepMeTH3allMs IUIACTHH IyT€M HArpeBaHusi MPH TEMIIEPaType
T=400C B TeuyeHne 2.59acoB.

®dpesa
MukpokaHan

AntoMUHMEBas NnacTuHa

A)
AnoMrHMEBas nnacTuHa
TepmonnacTuyHbIn
nonmmep
AnoMUHMEBas NnacTuHa
B)
Tepmunyeckas
repmeTmsaums
0
T=400 C
B)

Puc. 3.IIponecc coznanuss MOMC KoIOHOK

CdhopmupoBaHHbIE KaHAJBl 3alONHAJINCH CYCIIEH3MOHHBIM METOJIOM OKCHIIOM
amomuHus (quamerp vactun 50 Mxwm). [Tocne 3amoHeHUs NOTyYeHHBIE KOJOHKH KOH/IU-
[IUOHUPOBAINCH B TeueHUH 8-mMu dacoB npu Temmeparype 200C B moToke remust co CKo-
poctbio 12 em*/muH.

I"azoxpomarorpaduyeckuii SKCIIEPUMEHT MPOBOAMIICS HA ra3oBOM Xpomarorpade
«Kpuctamn 5000.1»c miaMeHHO HOHU3AIMOHHBIM JETEKTOPOM, T'a3-HOCUTEINb — TSI,

B kauectBe (paktopa, oneHuBaomero 3¢pheKTuBHOCTh N3roToBIeHHBIX MOMC Ko-
JIOHOK, MCTIOJIb30BAJIM ITapaMeTp BBICOTHI, SKBUBAJICHTHON TEOpeTHUYeCcKOil Tapenke H, Mm,

KOTOPBII pacCYMTHIBAIIU 110 (OpMYIIE:
L : (1)

-, 2
5545{’1/2}

R

H =

rae 7,,, — WIUPUHA XpOMATOrpaMuecKoro MUKa Ha MOJOBUHE €ro BBICOTHI, MUH; t, -

BpeMsl yIIEpKUBAHHS XpOMATOrpa)uIeckoro nmuka, MuH, L — JyiiHA KOJIOHKH, MM.

B kauecTBe TECTOBOW CMECH MCIOJIB30BAIN CTAaHAAPTHYIO Ta30BYI0 CMECh, COJIEp-
xamryto meran (67%00.); stan (12%06.); nponan (6.7%00.); uzo-Oyran (2.3%06.); H-
oyran (2.5 %6.); neo-nenran (0.004 %6.); uzo-nenran (0.5%06.); u-nenran (0.6%®06.).
O6wem BBOAMMOI mpoObl cocTaBisil 150 M. YenoBust mpoBeneHust xpomarorpaduye-
ckoro aHanm3a: Temmeparypa kojaouku —100T, pacxon raza-nocurens (reaust) — ot 3.5 110
35 cm®/muH.

O6cyxaeHue pe3ynbTaToB

Ha puc. 4 npeacrasnensl kpuBble Ban-Jleemrepa 11t n3rorosieHHbIx MOMC ko-
JIOHOK Ha TUIOCKOCTH mujuiapHoro (puc. 16) u kanuuisapaoro (puc. 1a) tuma.
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Puc. 4.3aBucumocts BOTT ot pacxona raza-nocutens g MOMC Kon0oHKY nHJI-
napHoro (2) u kanuuispaoro (1) tumos (temmeparypa koigonok 100C,
ra3-HOCUTEJb — I'eJIid, copOaT — MpoIaH)

DKCIEePUMEHTAIBHO YCTaHOBJIEHO, 4TO Uit MOMC KOJIOHKM MUJUIAPHOTIO THUIA
muauManibHast BOTT cocrasnser 0.67 MM npu pacxoze 14.3cm®muH, uto COOTBETCTBYET
736 TeopeTHYECKUM TapesikaM, B TO BpeMst Kak st MOMC KOJOHKH KalWJUIIPHOTO THIIA
muaumanibHast BOTT cocramsier 0.98 MM mipu pacxone 14.1 cm*/vun (umco TeopeTHue-
ckux Tapenok =510).

Takum 00pa3oM, OTIUIUTEIHFHOM 0COOEHHOCTHIO HOBOT'O THIIA ra30XpoMarorpadu-
YecKHX KOJIOHOK — MOMC KOIOHOK MWIIAPHOTO THMA — SBJISIETCS BO3MOXXHOCTH 3HAYHU-
TEJIHHOTO MOBBILIECHUS 3aTPy30UHBIX CBOIMCTBAX, a TAK)Ke YMEHBIICHUS Mepernajia AaBlIeHus
U BKJIaJa BUXpeBOH Auddy3uu mo cpaBHEHHIO ¢ MUKpoHacagqouyHbIMu MOMC KonoHKaMH
KamuispHoro Tuna ceuenrem 0.2-0.6mm.

Hanwnuue ymopsiioueHHON CTPYKTYpHI B BUJI€ CTOJIOMKOB BHYTPH KaIMJUISApA THII-
napablx MOMC KOJIOHKOK TMPHUBOAHUT K CYIIECTBEHHOMY YBEIHYCHHIO 3(P(EKTUBHOCTH
KOJIOHOK TI0 CPaBHEHUIO MUKPOHACAIOYHBIMH KOJOHKAMH KallWJUIAPHOTO THIA 3a CUeT
YMEHbILIEHUs BKJIaJla Mpo10JIbHON nuddy3un n maccorepenayu.

bnaronaps ysennuenuto 3¢dexkruBHOCTH MpuMeHeHHe nuiuiapabix MOMC koino-
HOK TTO3BOJISIET COKpPATUTh Bpems aHanu3a yrieBogopoaoB Ci-Cs ¢ 3.5 munyt no 1.7 mu-
HYTBI IPH yJOBIETBOPHTEILHOM Pa3pelICHUH BCEX KOMIOHEHTOB cMmecH (puc. 5).
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Puc. 5. Xpomarorpamma pazzieneHust CTaHJapTHOW ra30BOM CMECH C UCIO0JIb30Ba-
auem nusuiapaoir MOMC komnonku (agcopoent — Al,O3, Temneparypa komonku — 100T,
naBienue rasa-Hocurens (remws) — 170kI1a, pacxoy rasa-Hocurens (remust) 12 cv’/mun)
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3aknroyeHue

ConocraBnenne MOMC K0JIOHOK MUJUIAPHOTO M KallWJUISPHOTO THIIOB IOKa3alo,
4910 3(hPEKTUBHOCTH KOJOHOK muiiapHoro tumna Ha 30 % Brimie, yeM 3¢ (HEKTUBHOCTH KO-
JIOHOK KaNWJUIIpHOTO THUMa. briarogaps yBenuuenuio 3ppeKkTUBHOCTH BpEeMs OJHOTO IIUK-
Jla aHaJIu3a KOMIIOHEHTOB IPUPOIHOTO T'a3a Ha JaHHBIX KOJIOHKAX COKpalaercs: 6osiee yem
B JIBa pasa.

Paboma evinonnena npu punarcosoii noooepoicke
Poccuiickozo ¢ponoa ¢pynoamenmanvuvix uccredosanuii (npoexm Ne 17-43-630873).
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