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OCOBEHHOCTH HNCHOJIb30BAHUSI BYTAHOBOM M BOJOPOJHOU
T'OPEJIOK JJISI YIAJEHUS 3AIATHOI'O MOKPHITUS
C KBAPIEBBIX KANMMIJISIPOB

B pabote npezcraBieHbl pe3ysbTaThl UCCIIENOBaHUS TEPMUYECKOTO YAAICHHS 3al[UTHON MOJTMUMHUIHON 000JI0UKH
C KBapIeBbIX KalMJUIIPOB IJIaMEHEM OyTaHOBOW M BOJIOPOAHOM ropeiok. [Ipu ncrnosp3oBanuu OyTaHOBOM TOpEIIKH,
TIamMsi KOTOPO# SIBJISIETCSl BOCCTAHOBUTEJIBHBIM, Ha IMOBEPXHOCTH KallMJUISIpa OCTAIOTCS NPOJYKTHI KapOOHHU3AINU
MOJMUMUIHOTO MOKPHITHSA, KOTOPble HEOOXOAUMO yIaNATh MeXaHHYeCKHU. VICIoIp30BaHNEe OKUCIUTENILHOTO BOMO-
POIHOTO TTaMEHH MO3BOJIET MONHOCTHIO YIATUTh 3aIIUTHOE IMTOKPEITHE 0€3 MCITOIb30BAHUS TOTIOIHUTEIHFHON Me-
XaHWYEeCKOH ouncTKU. [lorydeHHbIe SKCIIepUMEHTaIbHEIC Pe3yIbTAaThl MOATBEPKIAIOT IEJIeCO00Pa3HOCTh HCIIONb-
30BaHUsI BOJOPOTHON TOPENKH JUIS JIOKAIBHOTO YIaJeHUS TOJTHUMHUIHON 00O0JOYKH ¢ KBapIEBHIX KAMUIIPOB IPH

H3IrOTOBJICHUHN KAITWIIJIAPHBIX C60p0K.

Kunroueswie cnosa: KBaleeBbIﬁ Karnujuidgp, MoJTMUMHUIHOC NOKPBITUC, BOAOPOAHAA roOpeJiKa, ra3oBas ropeiika,

KanuusipHasi cOopka

BBEJEHHUE

OCHOBHBIM 3JIEMEHTOM CHUCTEM KaIWUIIPHOTO
anekTpodopesa SBISETCS KBAPLEBBI Kamuyuisip, B KO-
TOPOM IPOMCXOIUT pa3leeHHE 3apsHKEHHBIX YacTUI
MoJT JIEHCTBUEM 3JieKTpuueckoro mojisi [1]. OObr4HO
UCIIOJIb3yeMble B IOJOOHBIX CHCTEMax KBapIEBbIC
KalWJUISIPBl TOKPBITHL 3aIIMTHON MOMMUMHUIHON 000-
JIOYKOW il oOecreyeHrs: MeXaHMUeCKONW MPOYHOCTH
[2]. [nst momy4eHnss BBICOKOW ONTHYECKOW Tpo3pad-
HOCTH B 30HE JICTEKTUPOBAHUS, 3aLIUTHYIO 00OJIOUKY
HEOOXOIMMO JIOKaThbHO ynaisaTh [3]. M3BecTHBI pas-
JUYHBIE METOJAB! YAaJeHHUs 3aIlIUTHOTO MOKPBITHA:
TEPMUYECKUE, XMUMUYECKUE, Ja3epHble, KaXIbIH M3
KOTOPBIX UMEET CBOM JOCTOMHCTBA M HENOCTATKH [4].
B Hacrosimeli pa®oTe MpeicTaBiICHBI 3KCICPUMEH-
TaJIbHBIE PE3yJbTaThl 110 HCIOJIB30BAaHHIO BOAOPOI-
HOW TOpENIKH 7S yJaJIeHUs] TOTMMMHUJTHOTO 3aIlUTHO-
IO MOKPBITHS C KBApLEBBIX KAWUIIPOB B COMNOCTAB-
JIeHWU ¢ OyTaHOBOH TOPENTKOM.

HCIIOJIb30BAHUE BY TAHOBOM 'OPEJIKU
JJ OYNCTKU KAITMJIJIAPOB

l'a3oBBIe TOpENKM W, B YAaCTHOCTH, OyTaHOBBHIE,
HIMPOKO HUCIONB3YITCS A JIOKAIbHOIO yIaJIeHUs
3aIUTHOTO MOJUMMHIHOTO MOKPBITHS € KBapILEBBIX
KalWUSIPOB TP M3TOTOBJICHUH KaMIIISIPHBIX C€OO-
POK, IJIaBHBIM 00pa3oM, U3-3a HEBBICOKOW CTOMMOCTH
HE00X0TUMOTO 000pyI0BaHUS U MaTepuaios [3].

MakcumMaibHasi Temreparypa iaMeHn OyTaHOBOI
ropenku cocrapiser npumepHo 1300-1400 °C, uto
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JNOCTaTOYHO IJISl IECTPYKUMH MOJIMUMHUIHOIO TOKPBI-
Tust. [Inams OyTaHOBOW TOPEJIKH SIBJISIETCSI BOCCTAHO-
BUTENBHBIM, T.€. TOPEHUE IPOUCXOAUT IIPHU HEAOCTAT-
Ke kucnopona. Kucnopos B 30He ropeHust IOJIHOCTBIO
BBITOpAcT, B pe3yJbTaTe Yero MoJMUMHIHAs 000J104-
Ka 101 IeliCTBUEM HarpeBa He Cropaer, a KapOOHU3HU-
pyercsi.

[Tocme 06pabOTKM MIaMeHeM TOpeNKH Ha MOBEepX-
HOCTH Kamuyuisipa oOpasyeTcs phIXJIbIA YepHBIN CIOi
Ha OCHOBE yrjiepoja U APYIUX MPOAYKTOB AECTPYK-
nuy noymuMua. Jis yraneHuss IpoayKTOB JECTPYK-
YU MMOJIMMMUIHOTO MOKPBITUA H€O6XO[LI/IMO HCIIO0JIb-
30BaTh MEXaHMYECKYIO OYMCTKY IPHU ITOMOIIN CIIELH-
aJIbHOTO HOXA.

TonmuHa KBapUEBbIX KaWIISIPOB, UCIOIb3YEMBIX
B CHCTEMax KalHWJUIIPHOTO 3JeKTpodopesa, 0OBIYHO
cocrapmsier 100-500 mxM. Kamuuisipel sBISIOTCS
O4YC€Hb XPYIKHMHU, MMOITOMY HAXKC IMPU HE3HAUYUTCIIb-
HOM YCHWJIMH OHH MOTYT Jiomatkcsi. Kpome Toro, mpu
MEXaHMUYECKONH OYMCTKE Ha KalWuIIpax MOTYT OcCTa-
BaTbCs PAa3IMYHbBIC CJIEJIbl BO3IEUCTBUA U TPELLIMHBI.
[Inoxasg BOCHPOU3BOIUMOCTbH YCIOBHA OUYHCTKH, CO-
CTaBa Ta30BOH CMECH, TEMIIEPaTypbl, PABHOMEPHOCTH
HarpeBa W BPEMEHHM TEMIIEPaTypHOTO BO3JEHCTBUS
TAKXXE MOXCT MNPUBOJUTH K IOABJIICHUIO PA3JIMYHBIX
nedeKTOB: HEMOIHOMY YAAJICHHIO 3alUTHON 000I04-
KW, HEMIOJTHOW KapOOHM3aIMH MOITUUMHUIHON 000104-
KH, eopMaluil W OIUIABICHUIO KaWLISIPOB, MOSB-
JICHUIO HATUTBIBOB Ha Kparo 3aIMUTHOW 0000YKH [5].
Bee 3T0 npuBOAWT K OCTATOYHO BBICOKOMY IPOLIEHTY
Opakxa — npumepHo 10% ot o011ero yncia ouMIaeMbIX
KamuispoB. OUUCTKAa KaWUISIPOB TPU MOMOIIH OY-
TAHOBOM TOPEJIKM TaKXe HMEET TEXHOJIOTUYEeCKHe
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Puc. 1. Pe3ynbpTarhl OYMCTKM KBAapLEBOTO KamWuLsIpa
IIaMeHeM OyTaHOBOM TOPEJKH IPU ONTHMAJIBHBIX YCIIO-
BUSIX.

a — KapOOHHM3MPOBaHHAs 3allUTHas 000JIOYKa IOCie
00paboTKU IUTaMEHEM TOpeskd, 0 — KapOOHU3MPOBaH-
HBIW CJIOM yJlaJIeH IIPYU IOMOILHU CIIELUAIBLHOTO HOXA

orpannueHus. Ha o4ncTKy OJHOTrO Kanwuisipa yXOIuT
0T 5 710 8 MUH B 3aBHCUMOCTH OT KBAIU(DUKAIIUU OTIC-
paropa. ORHOBPEMEHHO MOXXHO OYHMILATH TOJIBKO
oMH Kanwiisip. [iss OYMCTKY KamuuisipoB TpeOyIOT-
Csl CHELUAIbHBbIE HABBIKM M BBICOKAs KOHLEHTPALMS
BHUMaHUS OnepaTopa.

JIOCTOMHCTBOM HMCIIOJIb30BaHUsl OyTaHOBOI ropel-
KA JUI OYHUCTKM KallWUISIPOB SIBJISIETCS HEBBICOKAst
CTOMMOCTbB PacXOAHBIX MaTEPHUAIOB U HCIOIb3yEMOTO
obopymoBaHus.

DKcliepuMeHTaNbHas MPOBepKa TEXHOJOTUH yIia-
JICHHS 3aIIUTHOTO TOKPBITHS IIPU IIOMOIIN OyTaHOBOM
TOpENKH TIPOBOAMIIACH HAa KBapIlEBBIX Kamwuisipax Po-
lymicro Molex [2], TSP050192 (BHemHuit muameTp —
186 £ 6 MKM, BHYTpEHHHU IMaMeTp Kanwuiipa —
50 £ 3 MKM, TOJIIIHHA 3AI[UTHON MOJIMUMHUIHON 000-
moukn — 14 = 1 mxm). Ilepen ynameHuem 3amuTHOM
000JIOYKM KanmwuIAp MOMENaeTcsl B CHEHUANBHYIO
OmpaBKy A1 (UKCAlMU KallWUIsipa U OTPaHUYEHUs
30HBI OYMCTKH MUPHUHON 10 MM. J{71s1 OUMCTKY Kamui-
JIIPOB UCIOJIB30BAJIaCh ra3oBas ropenka B-597, koto-
past 3ampaBisIach OyTaHOM.

PesynpTar OYMCTKM KBapleBOTO Kamwuigpa Iuia-
MEHEM OyTaHOBOM TOpEJIKH IPU ONTHUMAaJIbHBIX YCIIO-
BUSIX MMOKa3aH Ha puc. 1. [Tocie 06paboTKy miameHem
TOPEJIKM Ha Kanmwusipe o0pa3yercst CIoH U3 NpOIyK-
TOB TEPMHUUYECKOW NECTPYKUWHU MOJUMMHUIAHON 000-
modku (a). MexaHudecKas OYHUCTKAa 3TOTO CJOS II0-
3BOJIET MOJIYYUTh OUYHMIEHHBIH KBAPIEBBIN KaHILISIP
(0), MPUrOMHBIA IS JATBHEHUINETO HCIIOJIE30BaHUS
B COCTaBe KalMJUTIIPHOH COOPKH.

VY iajeHue 3alIMTHOTO TOKPBITHA MPH MTOMOIIN OY-
TAHOBOM TOPEJIKH B LEJIOM IO3BOJIIET MOJIYUYHUTh MIPHU-
eMJieMOe KaueCTBO OYMCTKH IPH MEIKOCEPHIHOM
W3rOTOBJICHNH KalMJULSIPHBIX COOPOK.

OnHako WCHONb30BaHHE OYTaHOBOHM TOPENKH MPH
KPYITHOCEPUHHOM IPOU3BOJCTBE KaMMJUIPHBIX cOO-

POK CTaHOBUTCS HEIEJIeCOO0pa3HbIM H3-32 HU3KOMU
MPOU3BOAUTEIHFHOCTH, HEOOXOTUMOCTH  JIOTIOTHH-
TEIbHOW MEXaHWYECKOH OYHCTKH, WCITOJb30BaHUSI
PYYHOTO TPy/a U BBICOKOTO YPOBHs Opaka.

NCIIOJIbB3OBAHUE BOAOPOJHOTIO ITNIAMEHUA
A OYUCTKU KATIMJUIAPOB

s momydeHuss BOOJOPOAHOIO IUIAMEHH IIPH OYU-
CTKE KalMJUIIPOB NPUMEHSIACH 3JIEKTPOJIM3HAS Ia30-
cBapouHas ycranoBka "Jlura-02C" [6]. B ycraHoBke
UCTIONB3YETCs DIEKTPOXUMUYECKOE pa3/ielieHue BOJIBI
Ha CMECh BOJOpOAa M Kuciopoza. [na yBenmuueHHs
3¢ (HEeKTUBHOCTH TIpOIecca 3JICKTPOIHM3a B BOAY JI0-
OaBIISIIOT LIEJI0Yb, KOTOPAask HE PacXoIyeTcsl B POLeC-
ce BBIpAOOTKH ra30BOM CMeCH. Y CTaHOBKA MO3BOJISIET
[OJIy4yaTh JIaBJICHUE BOJOPOI-KUCIOPOJHOM TIa30BOU
cmecu a0 0.4 atm. [lns ynaneHus mapoB BOJIBI U3 Tra-
30BOM CMECH CITYXKHT OXJIaUTEIb-000raTuTelNb, B KO-
TOPOM KOHAEHCHpyeTcs: u30bITouHas Biara. Kpome
TOTO, OXJIAIUTENIb-000TaTUTENh HCIOIB3YETCS IS
BBEJICHUSI B Ta30BYI0 CMECh IApOB JIETY4HX YIJIEBO-
JIOPOJIOB, TaKMX Kak aleToOH, OeH30J, 3TaHON. JTO
MO3BOJISIET PETYIUPOBATh XapakTep IUIAMEHH —
OT OKHUCIUTEIBHOTO JI0 BOCCTAaHOBUTENIHHOTO. B oku-
CIIUTENTFHOM IIJJaMEHH MMeeTCsl M30BITOK KHCIIOpOJa,
IpU 3TOM IBET IUIAMEHM KENThlii. B BoccTaHOBH-
TENBHOM TNIAMEHH — HEAOCTATOK KHCIIOpOJa, a LBET
TJIaMEHU OJIeAHO-TOITy0O0.

MakcuManbHas TeMIepaTypa TopeHHs BOJIOPOTHO-
KHCIIOpOIHOM cMecu cocrtasisteT 2600 °C, 4to mo3Bo-
qseT Oonee 3((HEKTUBHO YIAIATh 3alUTHOE MOJU-
nmMuaHOe NokpeiTHE. CocTaB ra3oBOM CMECH MOXKHO
monobpaTh TakuM 00pa3oM, 4TO TuTaMs OYyAET OKHC-
JIUTEIILHBIM, T.€. C U30BITKOM KuciIopojaa. CoueraHue
BBICOKOW TeMIEpaTypbl U HAINYKME KHCIOPOAa B 30HE
TOpPEHUs] MPUBOAUT K TOMY, YTO HOJIMUMHUAHAS 000-
JIOYKa Ha KBapLEBOM KallWIISIPE CrOPaeT MOJHOCTHIO.
KBapueBblii kanmuuisip mociie 06paboTKK BOJOPOIHBIM
IUIaMeHeM He TpeOyeT AOMOJHUTENIbHON MexaHuue-
CKOM OYHMCTKH, YTO SIBJISIETCSl CYLIECTBEHHBIM IIpe-
WMYIIECTBOM IO CPaBHEHHUIO ¢ OyTaHOBOW TOPEJIKOM.
CocraB BOZOPOIHO-KUCIOPOJHON CMECH SIBIISIETCS
Oosiee cTaOMIBHBIM, M3-32 YETO BOCIIPOU3BOJUMOCTD
ycioBuil 0unuCTKH Oonee Beicokas. OxgHako Ooee BbI-
COKasl TeMmIeparypa BOJOPOIAHOTO IUIAMEHHU IO CpaB-
HEHUIO ¢ OYyTaHOBOW TOpENKOW MOXKET TPHUBOAHTH
K OIJIaBIICHUIO U jAedopMaluu caMoro KBapleBOrO
Kaluisipa, TOCKOJNBKY TeMIlepaTypa pa3MsrdeHust
kBapia cocrapisier 1400-1600 °C. s Toro 4ro0bl
KBapIeBbIi Kamwuiap He AedopMupoBacs, TemIiepa-
TypHOE€ BO3JEHCTBHE IOJKHO OBITh KPAaTKOBPEMEH-
HBbIM — JIOCTAaTOYHBIM JUJIS YAAJICHUS 3aIUTHONH 000-
JIOYKH, HO HEOCTATOYHBIM JUIS pa3MsIrdeHus: KBapiie-
BOT0 Kamwuisipa. ITo TpebyeT OT onepaTopa BBICOKOI
KOHLCHTpalluW BHUMAHUA. I[J'[H OYHMCTKH OJHOI'O Ka-
musipa Tpedyercs He Oonmee 1 mmH. Bomopon
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Puc. 2. Bogopoanast ropenka "JIura-02C", ucnosnb3yemMas Jyis yAaJeHHS 3aIIUTHON 000JI0UKH

C KBAapIUECBbIX KAITUIIJIAPOB

Y KHCJIOPOJ MONydYaroTcs U3 JUCTUIIMPOBAHHON BO-
OBl IMyTeM aJekTponu3a. CToumMocTh 000pyIOBaHUS
TaKXe BechbMa HeBbIcokas. OXulaeMblil ypoBeHb Opa-
Ka IpHU HCIOJb30BAHUU BOJOPOIHOW TOPEIKH —
He Oonee 1%. TouyHoe 3HadeHue OyneT OmMpeneieHo
B IIPOLIECCE OMBITHOM IKCIUTyaTallHu.

TectupoBaHrEe TEXHOJIOTUM YAAIEHUS 3aIUTHOTO
MOKPBITUS TIPY TIOMOIIH BOAOPOIHON TOPEIKH TPOBO-
JUIach Ha TEX e CaMbIX KBapLEBBIX Kanuiusipax Po-
lymicro Molex [2], KOTOpbIE OYHMINAIKMCH TPU TTOMO-
oy OyTaHOBOM TOpeNKH. YCTaHOBKA OCHAIAIACh
CHENUANBHBIM COTJIOM C BHYTPEHHUM JHAaMETPOM
0.5 MM, KOTOpOE TO3BOJISUTO TONYYUTH IIaMsi HE0O-
XOIUMOW MOMIHOCTH. Kammmisipel (HUKCHPOBaJIHCh
B CIENHAIBHOW ONpaBKe, MO3BOJSIONICH pEryiupo-
BaTh pa3Mephl 30HbI OUYUCTKH.

Ucnonp3yemas BopoponHas ropeika W AONOIHHU-
TeIbHOE 000pyAOBaHWE TMOKa3aHbl Ha puc. 2. Pe3ynb-
TaThl OYMCTKU KBAPILEBBIX KAMMLUISPOB MPEICTABICHBI
Ha puc. 3.

Puc. 3. Pe3ynbraT OYMCTKH KanwuIsipa MIaMeHeM BOJIO-
POJTHOM TOPENIKH — MOJHUMHUIHAS 000JI0YKa OITHOCTHIO
cropena

HAVYYHOE ITPUBOPOCTPOEHUE, 2026, Tom 36, Ne 3

Puc. 4. Jluneiika xanmuiapoB, coOpaHHas W3 KaIlHIUIA-
POB, OUHUILEHHBIX PU TOMOIIK BOJJOPOJIHON FOPEIKH

[Tocne 00pabOTKU KaNWILIPOB BOJOPOIHBIM ITjia-
MEHEM 3allUTHas TOJUAMHUAHAS O000JOYKa MOIHO-
CTBIO Cropaja U HHUKAaKOW JOMOJHUTEIHHON MeXaHH-
YECKOH OYMCTKH HE TPeOOBaIOCh.

W3 ouunieHHBIX BOAOPOIHON TOPENKOW Kamuiuls-
poB Obutla coOpaHa MpoOHas JUHEWKa KalmuUIsIpoB
(puc. 4).

[IpoBeaeHoO TecTUpOBaHUE H3TOTOBICHHOM JIMHEH-
KU KalUISIPOB Ha TeHOMHOM aHanm3aTtope "Hanodop
05" [7] (puc. 5).

@OHOBOE H3JIYUCHHE B JIMHEHKE KanWLIIPOB
B 3HAYUTENBHON CTENEHH OIpeesieTcss KOJIMUECTBOM
LEHTPOB PACCEsIHUs, KOTOpPble (OPMUPYIOTCS Ha Jie-
(hexTax KamuuIIpoB, BO3HUKAIOIINX B MPOIIECCE OYH-
CTKH M MEXaHHYECKOTO BO3JACHUCTBHSL.



22 @. JI. BTAJUMUPOB, A. C. AJIbAEKEEBA, A. A. DEJJOPOB

= 1]

Macrep ®X OF e ea
FlelFlelelc =]~ ][nr]ee
2 r

fEFET

Clconaese spensrpyonsssn mofpamensl  ~ IC'

Verpassssse mesipomn - ropeso reccnel

=

i
-
-
2

Razp a5 1 [ Feraronc maon T xr
o] [Kmanls o T nonmese ) D0 e ) 00

Crane Perucrpsn &% | &

e R - v

Ban [v]n]

opt[TZ|F1 F2 wins 8 Coet= Q0N WMPS=

Puc. 5. PesynbraTel TecTUpOBaHUs NPOOHOI JTMHEHKH KalMILUISIPOB

Bennunna dona, B CBOIO ouepespb, ONpenesiseT mo-
pOroBYIO YyBCTBUTEIIbHOCTh T€HOMHOI'O aHaJIM3aToOpa
[8]. ®oHOBOE M3ITydeHHUE B JMHEWKE KalMIUIIPOB, U3-
TOTOBJICHHBIX W3 KallMJJIAPOB, OYMIICHHBIX IIPpU II0-
MOIIM BOJOPOJHOIN TOPENKH, COCTABISIET NMPUMEPHO
10000 enuHUII, YTO CBUIIECTEIHCTBYET O XOPOIIEM Ka-
YCCTBEC OUUCTKHU KalIUJIJIAPOB IMPU IOMOINHU BOJOPOA-
HOW Topenku. YpoBeHb (OHA JTMHEHKH KaIlMJUISIPOB,
HU3TOTOBJICHHBIX 110 Tpa)lPIHHOHHOﬁ TEXHOJIOI'nu
13 KalWUIIPOB, OYMIIEHHBIX [UIAMEHEM T'OPEJIKH, CO-
craensier 10 000-30 000 equnnn. Takxke Obuia mpoBe-
JieHa TIPOCTpaHCTBEeHHas KanuOpoBka (cm. [lpumoxe-
Hue). Ha aTom pucyHke otoOpaxaercs: Tabnuna ¢ pe-
3ylbTaTaMU MPOCTPAHCTBEHHON KaNMMOPOBKH, Tpaduk
c mpodmieM paMaHOBCKOTO PACCESIHUS JIA3€PHOTO
M3JIyYeHUs Ha BOJie B Kanwuispax. Orubaromias Mak-
CUMYMOB TIMKOB Ha Tpadke MMeeT KOJIOKOI000pas-
HYI0 (OpMYy C MAaKCUMyMOM B LIEHTPAJIbHBIX KaIlui-
napax. [luku B KpallHUX Kanwuigpax UMEIOT JAOIyC-
TUMBIH pazOpoc mo aMrumTyaaM. llomydeHHBIE JKc-
NEPUMEHTAIbHBIE PE3YyJIbTaThl IOATBEPKIAIOT BO3-
MO>KHOCTb HMCIIOJIb30BaHUSI BOAOPOAHONW TOPEJKH IS
OYHMCTKU KAIMWJUIAPOB OT HOJ]I/II/IMI/IILHOI\/'I O6OHO‘IKI/I.

CPABHEHME METO/IOB VJIAJIEHWS 3AILIUTHOM
OBOJIOYKH C KBAPLHEBBIX KAIIMJUISIPOB
ITPU TIOMOII BYTAHOBOUM U BOJOPOAHOU
T'OPEJIOK

OCHOBHBIM NPEUMYIIECTBOM BOJIOPOAHOM TOPEIKU
10 CPaBHEHHUIO C OyTaHOBOHW TOPENKON SIBISAETCS TIOJ-
HOE YJaJIcHUE 3aIIMTHOW IMOJMUMUIHON O0O0JIOUKH,
TOrAa Kak IPU HCIOJIb30BaHMU OYTaHOBOW T'OPEIKH
HEo0XoIMMa JOTONHUTENbHAS MEXaHUYeCcKas OYHCT-
Ka IPOJIYKTOB KapOOHMU3ALUHN NOJIUMUMHUIHOTO TOKPBI-
tus. [lomHOE cropanne NoAMUMUIHON 000IOYKH B BO-
JOPOJHOM IUIAMEHH OOYCJIOBJIEHO €ro OKHCIUTENb-
HBIM XapaktepoM. [lmams OyTaHOBOW TOpENKH SBIIS-
€TCd BOCCTAHOBHUTCJIIbHBIM — TOPCHUC IPOHUCXOAUT
IIPU HEJOCTATKE KUCIOPOIa.

B Ttabnune mpencraBieHbl OCHOBHBIE apaMeTphI
OyTaHOBOI W BOJOPOJHOW TOPENOK MPUMEHHUTEITHHO
K WX HUCIOJIB30BAHMIO IS JOKAJIBHOIO YIAJICHUS 3a-
IMUTHOTO IMOKPBITHA C KBAPLECBLIX KAITUIIJISIPOB.

HAVYYHOE ITPUBOPOCTPOEHUE, 2026, Tom 36, Ne 3
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Ta6auma. OCHOBHBIE MapaMeTPpbl OyTaHOBOU U BOJAOPOTHOM FOPENOK

OcHOBHBIE IapaMeTPhI

Ouncrka n1aMeHeM
OyTaHOBON ropejku

OuucTka NJIaMeHeM
BO/IOPOJAHOM TOPeJIKHU

MaxkcuMmanbHast TeMIie-
parypa riamenu, °C

1300

2600

CopeprkaHne KHCIOPO-
Jla B 30HE OYHCTKH

CozmepxaHue KHCIOpOAa HH3KOE
(BOCCTaHOBHTENILHOE TIIIAMS)

ConmepkaHne KHCIOpPOAa pery-
JIUPYETCs, IUIaMs MOXET ObITh
KaK OKHCIHTEIbHBIM (C H30BIT-
KOM KHCIIOpOJia), TaK U BOCCTa-
HOBHTEIIbHBIM

Crenenp  KapOOHHU3a-
UM B MPOLECCE OUUCT-
K1

Bricokas

Hwuskas

HeobxomumocTs Mexa-

TpeOyercss MexaHWUYECKass OYHUCT-

Mexanuueckas OYUCTKa HE Tpe-

HUYECKOW OYMCTKU Ka IPOIYKTOB KapOoOHM3aLuM Io- | OyeTcs.
muumuna. [lommumunHas 00o04- | 3anuTHas 00O0JOYKa Cropaet
Ka IOJHOCTBIO HE CroOpaer, Hpo- | IOJHOCTHIO
UCXOJMUT KapOOHU3AIHsI

Bocnpounzsogumocts Ilmoxass BoCIpoW3BOAMMOCTh yC- | Xopomas BOCIPOU3BOAMUMOCTb

JIOBUH OYUCTKU:

— HecTaOWIBLHOCTH COCTaBa ra3o-
BOI cMecH;

— TEMIIEpaTypbl U PaBHOMEPHOCTH
HarpeBa Kammuispa;

— BPEMEHH TEMIIEPaTypHOrO BO3-
JIEUCTBHS.

VYcnoBust OYHUCTKH  KOHTPOJIUPY-
I0TCS CYOBEKTHBHO

YCJIOBHM OYHCTKU:

— CcocTaB Ta30BOl cMmecH CTa-
OMJIbHBIN;

— TeMIiepaTtypa, paBHOMEpPHOCTb
Harpeesa  KalWUIAPOB, BpeMs
TEMIIEPATypHOrO  BO3JIECUCTBUSA
XOpOIIO KOHTPOJIUPYIOTCS TIpH
WCIIOJIb30BaHUHM  aBTOMATHU3HPO-
BaHHOM CUCTEMBI OUHCTKH.

IIpu pyuyHOIl OUYHCTKE YCIOBUS
00paboTKn KOHTPOJIHUPYIOTCSI
CyOBEKTHBHO

BosMmoskHbIE edeKTh

HenonHoe ypaneHue 3amiuTHOMN
000JI04YKH,

pa3Hasi CTeIIeHb KapOOHU3aIHH;
nedopMansl W OIUIABICHHE Ka-
M TIPH TIEPETPeBe,
HAIJIBIBBI Ha KpaIO 3aHH/ITHOI7I
000JI04KH,

clebl MEXaHHUYECKOTO BO3JICHCT-
B W TPEIIUHBI HA KalWuIsipe,
II0JIOMKHN Kanunnﬁpa HpI/I Mexa-
HHYECKOM OYHCTKE.

Hedopmanus u omsaBieHHE Ka-
MAJUISIpa TIPH TIeperpeBe
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Tabémuua. [Ipoodoncenue

OcHoBHbIEe TapaMeTpbl

OuucTKa NVIaMeHeM
OyTaHOBON ropejaku

OuncTKa JIaMeHeM
BOJOPOJIHOM ropeJIKu

OXxunaeMplii  TPOIEHT
Opaka

Bricokuii nporeHT Opaka npu uc-
N0JIb30BAaHUH T'a30BON TOPEIIKU —
npumepHo 10.0% ot obmiero uuc-
Jla oYMIIaeMbIX Kamwuisipos. Ha-
JMYRe CKpbITOro Opaka (mpumep-
HO 1-2%), KoTOpBIil nposBIsieTCS
Ha JTafne TECTUPOBaHUS COOpaH-
HOHM SYeiKH, YTO KPUTUYHO HpHU
U3FOTOBIICHUN  24-KanWLISIpHOU
STYEUKH

OxupaeMblii IPOLIGHT Opaka He
Oynet npesbiaTth 1% mnocie or-
pabOTKH TEXHOJOTHMUYECKOT0 pe-
KHUMa

CKOpOCTh OYUCTKHU

JInst OYMCTKH OJHOTO Karmuisapa
NPy MOMOIIU OYyTaHOBOU TOpENKH
Tpebyercs oT 3 10 § MHUH B 3aBH-
CUMOCTH OT KBJIU(PHUKAI[UH OTIe-
patopa. OmHOBPEMEHHO MOXKHO
OYUIIATH TOJBKO OJIMH KaIMILIAP

JsIsl OYMCTKH OJHOTO Kamwjuisipa
NpyY MOMOILIA BOAOPOIAHON TO-
penkun Tpebyercas He Ooee
1 mMuH.

OnHOBPEMEHHO MOXHO OYHUINAThH
10 u OoJiee KaMILISIPOB.
OcHOBHOE BpeMs TpU PYIHOU
OYHCTKE TPAaTUTCS Ha YKIAIKY
KaIlUJUISIPOB B OIIPABKY

TexHOMOrMYECKHE OCO-
OEeHHOCTHU

TexHoIornyeckue OrpaHuueHus —
HEBO3MOYKHOCTb:

— OYMCTKU HECKOJIBKHX Kalluuls-
POB OZTHOBPEMEHHO,

— OYMCTKH KalWUIIpOB B cOOpaH-
Hoi JIK,

— aBTOMaTH3alll{ Tpoliecca OYu-
CTKH

MosxHO ounmIaTh OOINBIIOE KO-
JMYECTBO KaMWUIIPOB OJHOBpE-
MEHHO.

Mo>xHO OYMIIATh  KallWIAPbI
B COOpaHHOW IWHEIKe, TIpU HC-
MOJIb30BaHUM OMNpPaBKU U3 Tep-
MOCTOMKOr0 Matepuarna.
Bo3moxxHa aBTOMaTH3auus Ipo-
1ecca O4MCTKU

CyObeKkTHBHEBIHN (PakTop

TpebyroTcs crenuanbHble HaBBIKU
Y BBICOKasl KOHIIEHTPALlUU BHUMA-
HUS

[Ipu pyuHOif ourcTKe TpeOyIOTCS
ClicliMaJIbHbIC HABBIKHU W BbICOKas
KOHIICHTPAIIN BHUMAHHSL.

HpI/I HUCIIOJIB30BAaHUM aBTOMATH-
3UPOBAHHON CHCTEMBI yd4acTHe
orepaTopa CBOJHUTCS K YKIaJKe
U TocieaymieMy cOopy odu-
MIEHHBIX KaIWUIIPOB. Pexum
CKaHMPOBaHMsI 3a/aeTcsi U KOH-
TpOJIUpYEeTCA MPOrpaMMon
YIPABJICHUS CUCTEMOH, TeMIIe-
patypa 0OpabOTKH KalWUIsIpoOB
3aj1aeTcsl FeHepaTOpoOM BOAOpOJa
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OCOBEHHOCTHU MCIIOJIb30BAHMS BYTAHOBOM M BOJOPOJIHOM I'OPEJIOK

Tabéauua. Oxonuanue

OcHoBHbIEe TapaMeTpbl

OuuncTKa NVIaMeHeM
OyTaHOBON ropejaku

OuncTKa NJIaMeHeM
BOJOPOJIHOM ropeJIKu

Bo3MOXHOCTE HCIIOJNB-
30BaHUs [IPU CEPUHHOM
MIPOM3BOJICTBE

Ucnonp3oBanue OyTaHOBOH TO-
PENKU IpPH CEPUHHOM MPOU3BOA-
CTBE JIMHEEK KaIWUIIPOB Helele-
cO00pa3HO W3-3a HU3KOW IPOM3-
BOAUTECIBHOCTH, HUCIIOJIb30BaHUA
PYYHOTO TpyJa, BEICOKOTO YPOBHS
Opaka mpu OYMCTKE KaWLISPOB

BoxopoaHyto Tropenky MOXKHO
WCIONb30BaTh IPU  CEpUHHOM
MMPOU3BOJICTBE JIMHECK KaIllnJIJidg-
POB IpH aBTOMAaTH3aLMU IPO-
necca ounucTku. Mcrnonb3zoBaHue
BOJIOPOIHON TOpeNKu obecredn-
BaeT CTaOWJIbHBIC YCIOBHS OYH-
CTKH, BBICOKYIO CKOPOCTb OYHCT-
KM, 3aIIUTHOE ITOKPBITHE Y-
€Tcs TIOTHOCTBI0 — HeT HeoOXo-
JUMOCTH HCIOJb30BaTh JOIOJ-
HUTCJIBHYIO MCXAaHUYCCKYIO OYU-
CTKY KapOOHU3UPOBAHHOTO CJIOS

CTouMOCTH
BaHUs

obopy1o-

Huzkass — cTouMOCTH Tra3oBOil

TOPEJIKH

Cpennsis — CTOMMOCTH Ta30CBa-
pouHoro ammapara Ha Boae "JIu-
ra-02"

CTOMMOCTBh PacXOIHBIX
MaTepuaIoB

Huskas — crouMocts GayuioHUM-
ka OyTaHa Julsl 3alIpaBKU TOPEIIKH

Huskas — B kadecTBe pacxon-
HOr0 Marepuajla HUCIOJIb3yeTCs

25

JUCTWIJIMPOBAaHHAS BOJAA

VYposens ¢ona B ka- | 10000-30000 10000
NHUTIAPHOM coopke,
y.e.

3AKIIIOYEHUE

[IpencraBnenHsle B paboTe pe3ysbTaTbl CpPaBHU-
TEIbHOTO HCCIENOBaHUA TEPMHUECKOTO yJaJeHUs
3aIUTHON TIOMMUMHUTHONH O0OJIOYKH C KBAapIEBBIX Ka-
NUUIAPOB MlaMeHeM OyTaHOBOM M BOJOPOAHOM rope-
JIOK TIOKa3bIBAIOT 11€7IeCO00Pa3HOCTh HMCIOIB30BAHUS
BOJOPOAHON TOPEIKU Ul JOKAJIBHOTO YAAJIEHUs I0-
JUMMUIHOW 000JIOYKH C KBAPLEBBIX KAIMIUISIPOB TPH
M3rOTOBJICHUH KalWUISIPHBIX COOPOK.

[Tpu ucnonp3zoBaHUM OYyTaHOBOH TOpPENKH, IIaMs
KOTOpPOH SIBIISIETCSI BOCCTAHOBUTENIBHBIM, HA IOBEPX-
HOCTH KalnuJuIsipa OCTAal0TCs MPOAYKTHI KapOOHU3AIUH
HNOJMHUMHUIHOTO TIOKPBITHS, KOTOpPble HEO00XO0ANMO
yAaIsaTh MEXaHW4YeCcKH. Vcronb30BaHNEe OKHUCIUTENb-
HOTO BOJIOPOJHOTO IIJIAMEHH I03BOJISIET TOJIHOCTBIO
YIAIUTh 3alIUTHOE IIOKPBITHE O€3 MCIIOIb30BAHUS
JIOTIOTHUTEIFHOM MEXaHUYECKOH OYUCTKU. OTCyTCT-
BHE MEXaHMYECKOH 0OpabOTKH ITOBBIMIAET KadecTBO

HAYYHOE [NPUBOPOCTPOEHMUE, 2026, Tom 36, Ne 3

OYHMCTKH, YMEHBIIAET CBETOPACCEIHHE B KBapLEBBIX
Kamuuigpax M3-32 MUHUMH3AIUK CJIEI0B MEXaHWde-
CKOTO BO3/EHCTBHS, MOBBILIAET CKOPOCTH YyJalCHHS
3alIUTHOI'O HOKPBITHS, YMEHBIIAET BEPOSITHOCTH IIO-
BpeXJcHUS Kanwuispa. JIuHeilka kanuuisipoB, U3ro-
TOBJICHHASI U3 KAIIWIISIPOB, OUUILEHHBIX IPH MOMOLIN
BOJIOPOJHON TOPENKH, U MPOTECTHPOBAaHHAS B I'eHE-
TrdeckoM aHanmmzatope "Hanodop 05" mokazama xa-
PaKTEepPUCTUKH, COMOCTABUMBIE C XapaKTEPUCTHKaMHU
JUHEHKN KalWUISIPOB, M3TOTOBJICHHBIX W3 KaIlMLIA-
POB, OUUIIEHHBIX 0 TPAJULHUOHHONW TEXHOJOTHH IPH
MOMOIIY OyTaHOBO TOPENKH.

@OHOBOE M3Iy4YEHUE B JIMHEUKE KaNWUISIPOB, W3-
TOTOBJIEHHBIX W3 KalWUISIPOB, OYMIIEHHBIX NPH MO-
MOIIM BOJOPOJHOIN TOPENKH, COCTABISIET NMPHUMEPHO
10000 yCHOBHBIX EOWHHI], YTO CBHUAECTEIHCTBYET
0 XOpOILIEM Ka4eCTBE OYUCTKH KalWUIIPOB. Y POBEHb
(oHa NMHMHEWKHN KanWIspOB, U3TOTOBJICHHBIX 110 Tpa-
JTUIIMOHHOW TEXHOJIOTHH U3 KallWUIIPOB, OUHUIIIEHHBIX
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MiaMeHeM OyTaHOBOHM T'OpeNKH, OOBIYHO HAaXOAUTCS
B npezaenax 10000-30 000 ycnoBHBIX €AMHMII.

[lomy4yeHHBIE 3KCIIEPUMEHTANbHBIE PE3YJIbTAThI

MOATBECPKAAOT BO3MOKHOCTL HCIIOJIb30BAHUSA BOIO-

POAHON TOPENKHU JUIsl JOKaJbHOM OYUCTKU KaluJUIs-
POB OT IMOJMUMHIHOW OOOJOYKH TPHU H3TOTOBICHUH
KaImAJUTAPHBIX COOPOK.
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FEATURES OF USING BUTANE AND HYDROGEN TORCHES
FOR REMOVING PROTECTIVE COATING

FROM QUARTZ

F. L. Vladimirov, A. S. Al

CAPILLARIES

dekeeva, A. A. Fedorov

Institute for Analytical Instrumentation of RAS, Saint Petersburg, Russia

This article presents the results of a study on the thermal removal of a protective polyimide coating from

quartz capillaries using butane and hydrogen torches. When using a butane torch, whose flame is reducing, car-
bonization products of the polyimide coating remain on the capillary surface and must be removed mechanical-
ly. Using an oxidizing hydrogen flame allows for complete removal of the protective coating without the need
for additional mechanical processing of the capillaries. The experimental results demonstrate that using a hy-
drogen torch for localized removal of the polyimide coating from quartz capillaries is promising for serial pro-
duction of capillary arrays.

Keywords: quartz capillary, polyimide coating, hydrogen torch, gas torch, capillary array

REFERENCES

. Alekseev Yal., Belov YuV., Malyuchenko O.P.,
Monakhova Yu.A., Natyrov AN., Orekhov V.A,
Konovalov S.V., Kurochkin V.E., Petrov A.I. [Genetic ana-
lyser for DNA fragment analysis]. Nauchnoe Priborostroenie
[Scientific Instrumentation], 2012, vol. 22, no. 4, pp. 86-92.
URL: http://iairas.ru/mag/2012/full4/Art12.pdf (In Russ.).

. MOLEX. Polymicro Capillary Tubing Documentation.
URL: https://www.molex.com/en-us/products/capillary-
tubing/capillary-tubing-documentation

. Kurochkin V.E., Vladimirov F.L., Al’dekeeva A.S., Kor-
neva N.A., Volkov M.V., Shlyakhtin M.S., Zhurba D.V.
[Laser technology for removing polyimide coating from
quartz capillaries]. Nauchnoe Priborostroenie [Scientific
Instrumentation], 2025, vol. 35, no. 2, pp. 3—19. URL:
http://iairas.ru/mag/2025/full2/Art1.pdf (In Russ.).

. Polyimide Removal from Silica Fibers or Tubes. URL:
https://www.molex.com/content/dam/molex/molex-dot-

27

com/en_us/pdf/product-reference-guides/polymicro/user-
guide-
lines/polyimide removal from_silica_fibers_or tubes.pdf
?inline
. Kurochkin V.E., Vladimirov F.L., Al’dekeeva A.S., Kor-
neva N.A., Volkov M.V., Shlyakhtin M.S., Zhurba D.V.
[Laser technology for removing the protective coating
from quartz capillaries]. Tezisy dokladov Tret'ei ezhegod-
noi vserossiiskoi molodezhnoi konferentsii po metodam
i priboram dlya analiza biologicheskikh objektov: "Ana-
litBioPribor-2024" [Proc. III Ann. All-Russ. Youth Con-
ference on Methods and Instruments for the Analysis of
Biological Samples: "AnalytBiolnstrument-2024"], Saint-
Petersburg, 2024, pp. 111-115. (In Russ.). DOI:
10.52565/9785911553333
VEHMZ. Rukovodstvo po ehkspluatatsii na svarochnyi ap-
parat "Liga" [Operating Manual for the “Liga” Welding
Machine]. URL: http://www.zaovemz.ru/info/manual/ (In
Russ.).

6.



28 @. JI. BTAJUMUPOB, A. C. AJIbAEKEEBA, A. A. DEJJOPOB

7. Kurochkin V.E., Alekseev Y.I.,, Petrov D.G., Evstra- analyzer].  Nauchnoe  Priborostroenie  [Scientific
pov A.A. [Domestic devices for molecular genetic analy- Instrumentation], 2025, vol. 35, no. 4, pp. 47-60.
sis: developments of the IAP RAS and SINTOL LLC]. /z- URL: http://iairas.ru/mag/2025/full4/Art4.pdf (In Russ.).

vestiya Rossiiskoi Voenno-meditsinskoi akademii [Russian
Military Medical Academy Reports], 2021, vol. 40, no. 3,
pp. 69-74. DOI: 10.17816/rmmar76918 (In Russ.).

8. Kurochkin V.E., Vladimirov F.L., Al’dekeeva A.S., Kor-
neva N.A. [Concerning analytical sensitivity of a genetic

Contacts: Viadimirov Fedor L vovich, The article was received by the editorial office on 08.06.2026

fedor.vlv3008@gmail.com

HAVYYHOE ITPUBOPOCTPOEHUE, 2026, Tom 36, Ne 3



INTRODUCTION

The main element of capillary electrophoresis sys-
tems is a quartz capillary, in which the separation of
charged particles occurs under the influence of an
electric field [1]. Quartz capillaries commonly used in
such systems are coated with a protective polyimide
shell to ensure mechanical strength [2]. To obtain high
optical transparency in the detection zone, the protec-
tive shell must be locally removed [3]. Various me-
thods for removing the protective coating are known:
thermal, chemical, laser, each of which has its own
advantages and disadvantages [4]. This paper presents
experimental results on the use of a hydrogen torch in
comparison with a butane torch to remove the polyi-
mide protective coating from quartz capillaries.

USING A BUTANE TORCH
TO CLEAN CAPILLARIES

Gas torches, particularly butane torches, are widely
used for the localized removal of the protective po-
lyimide coating from quartz capillaries during the fa-
brication of capillary assemblies, primarily due to the
low cost of the necessary equipment and materials [3].

The maximum flame temperature of a butane torch
is approximately 1300-1400 °C, which is sufficient to
destroy the polyimide coating. A butane torch flame is
reducing, meaning combustion occurs in the absence
of oxygen. Oxygen in the combustion zone complete-
ly burns off, resulting in the polyimide coating being
carbonized rather than burned under the influence of
heat.

After treatment with the torch flame, a loose black
layer of carbon and other polyimide degradation
products forms on the capillary surface. To remove
degradation products from the polyimide coating, me-
chanical cleaning with a special knife is necessary.

The thickness of the quartz capillaries used in capillary
electrophoresis systems is typically 100-500 pm. Capil-
laries are very fragile, so even minor force can cause
them to break. Furthermore, mechanical cleaning can
leave various marks and cracks on the capillaries.
Poor reproducibility of cleaning conditions, gas mix-
ture composition, temperature, heating uniformity,
and thermal exposure time can also lead to various
defects: incomplete removal of the protective coating,
incomplete carbonization of the polyimide coating,
deformation and melting of the capillaries, and the
appearance of burrs on the edge of the protective coat-
ing [5]. All this leads to a fairly high percentage of
defects—approximately 10% of the total number of
capillaries cleaned. Cleaning capillaries with a butane
torch also has technological limitations. Cleaning one
capillary takes 5 to 8 minutes, depending on the op-
erator's skill level. Only one capillary can be cleaned

at a time. Cleaning capillaries requires specialized
skills and high operator concentration.

The advantage of using a butane torch for cleaning
capillaries is the low cost of consumables and equip-
ment.

An experimental test of the technology for remov-
ing the protective coating using a butane torch was
conducted using Polymicro Molex TSP050192 [2]
quartz capillaries (outer diameter 186 + 6 um, inner
diameter 50 = 3 pm, protective polyimide shell thick-
ness 14 = 1 um). Before removing the protective shell,
the capillary is placed in a special holder to secure the
capillary and limit the cleaning zone to a width of
10 mm. A B-597 gas torch, fueled with butane, was
used to clean the capillaries.

The result of cleaning the quartz capillary with
a butane torch flame under optimal conditions is
shown in Fig. 1. After flame treatment, a layer of
thermal degradation products of the polyimide shell
forms on the capillary (a). Mechanical cleaning of this
layer produces a clean quartz capillary (6), suitable for
further use in a capillary assembly.

Fig. 1. Results of cleaning a quartz capillary with
a butane torch flame under optimal conditions.

a — carbonized protective shell after flame treatment;
6 — carbonized layer removed with a special knife

Removing the protective coating with a butane
torch generally provides acceptable cleaning quality
for small-scale production of capillary assemblies.

However, using a butane torch for large-scale pro-
duction of capillary assemblies becomes impractical
due to low productivity, the need for additional me-
chanical cleaning, the use of manual labor, and a high
rate of defects.

USE OF HYDROGEN FLAME
FOR CAPILLARY CLEANING

A Liga-02C electrolytic gas welding unit [6] was
used to generate a hydrogen flame for capillary clean-
ing. The setup utilizes electrochemical separation of
water into a mixture of hydrogen and oxygen. To in-
crease the efficiency of the electrolysis process, alkali
1s added to the water; this alkali is not consumed in
the gas mixture production. The setup allows hydro-
gen-oxygen gas mixture to achieve pressures of up to
0.4 atm. A cooler-enricher, in which excess moisture
is condensed, removes water vapor from the gas mix-
ture. The cooler-enricher is also used to introduce vo-
latile hydrocarbon vapors, such as acetone, benzene,
and ethanol, into the gas mixture. This allows the
flame character to be controlled — from oxidizing to
reducing. An oxidizing flame has an excess of oxy-
gen, resulting in a yellow flame color. A reducing



flame has a deficiency of oxygen, resulting in a pale
blue flame color.

The maximum combustion temperature of a hy-
drogen-oxygen mixture is 2600°C, allowing for more
efficient removal of the protective polyimide coating.
The composition of the gas mixture can be adjusted so
that the flame is oxidizing, i.e., with an excess of oxy-
gen. The combination of high temperature and the
presence of oxygen in the combustion zone results in
the complete combustion of the polyimide coating on
the quartz capillary. After treatment with a hydrogen
flame, the quartz capillary does not require additional
mechanical cleaning, which is a significant advantage
compared to a butane torch. The composition of the
hydrogen-oxygen mixture is more stable, resulting in
higher reproducibility of cleaning conditions. Howev-
er, the higher temperature of a hydrogen flame com-
pared to a butane torch can lead to melting and defor-
mation of the quartz capillary itself, since the soften-
ing point of quartz is 1400-1600°C. To prevent de-
formation of the quartz capillary, the temperature ex-
posure must be short — sufficient to remove the pro-
tective coating, but not sufficient to soften the quartz
capillary. This requires high operator concentration.
Cleaning one capillary takes no more than 1 minute.
Hydrogen and oxygen are obtained from distilled wa-
ter by electrolysis. The equipment is also quite inex-
pensive. The expected defect rate when using a hy-
drogen torch is no more than 1%. The exact value will
be determined during trial operation.

Testing of the protective coating removal technol-
ogy using a hydrogen torch was conducted on the
same Polymicro Molex quartz capillaries [2], which
were cleaned using a butane torch. The setup was
equipped with a special nozzle with an internal diame-
ter of 0.5 mm, which allowed the flame to be generat-
ed with the required power. The capillaries were fixed
in a special mandrel, allowing the cleaning zone to be
adjusted.

The hydrogen torch used and additional equipment
are shown in Fig. 2.

Fig. 2. The Liga-02C hydrogen torch used to remove
the protective coating from quartz capillaries

The results of cleaning the quartz capillaries are
presented in Fig. 3.

Fig. 3. The result of cleaning the capillary with
a hydrogen torch flame is that the polyimide shell is
completely burned

After treatment with a hydrogen flame, the protec-
tive polyimide coating completely burned off, and no
further mechanical cleaning was required.

A test array was assembled from the capillaries
cleaned with a hydrogen torch (Fig. 4).

Fig. 4. A capillary array assembled from capillaries
cleaned with a hydrogen torch

The manufactured capillary array was tested on the
Nanofor 05 genomic analyzer [7] (Fig. 5).

Fig. 5. Results of the trial capillary array test

Background radiation in the capillary array is
largely determined by the number of scattering centers
that form on capillary defects that arise during clean-
ing and mechanical stress.

The background radiation, in turn, determines the
threshold sensitivity of the genomic analyzer [8]. The
background radiation in the capillary array made from
capillaries cleaned with a hydrogen torch is approx-
imately 10 000 units, indicating good quality capillary
cleaning using a hydrogen torch. The background lev-
el of a capillary array manufactured using traditional
technology from flame-cleaned capillaries is 10 000—
30000 units. Spatial calibration was also performed
(Fig. 5).

Figure 5 displays a table with the spatial calibra-
tion results and a graph showing the Raman scattering
profile of laser radiation on water in the capillaries.
The envelope of the peak maxima in the graph is bell-
shaped, with the maximum in the central capillaries.
The peaks in the outer capillaries have an acceptable
amplitude spread. The experimental results confirm
the feasibility of using a hydrogen torch to clean ca-
pillaries of their polyimide coating.

COMPARISON OF METHODS FOR REMOVING
THE PROTECTIVE COATING FROM QUARTZ
CAPILLARIES USING BUTANE AND HYDROGEN
TORCHES

The main advantage of a hydrogen torch over a bu-
tane torch is the complete removal of the protective
polyimide coating, whereas using a butane torch re-
quires additional mechanical cleaning of the carboni-
zation products of the polyimide coating. Complete
combustion of the polyimide coating in a hydrogen
flame is due to its oxidizing nature. The flame of
a butane torch is reducing — combustion occurs in the
absence of oxygen.

The table presents the main parameters of butane
and hydrogen torches applicable to their use for loca-



lized removal of the protective coating from quartz
capillaries.

Tab. Main features of butane and hydrogen torches

CONCLUSION

The results of a comparative study of thermal re-
moval of the protective polyimide coating from quartz
capillaries using a butane and hydrogen torch flame
demonstrate the feasibility of using a hydrogen torch
for localized removal of the polyimide coating from
quartz capillaries during the fabrication of capillary
assemblies.

When using a butane torch, which flame is reduc-
ing, carbonization products of the polyimide coating
remain on the capillary surface and must be removed
mechanically. Using an oxidizing hydrogen flame al-
lows for complete removal of the protective coating
without additional mechanical cleaning. The absence
of mechanical processing improves cleaning quality,
reduces light scattering in quartz capillaries by mini-
mizing traces of mechanical impact, increases the
speed of protective coating removal, and reduces the
likelihood of capillary damage. When examined in the

Nanofor 05 genetic analyzer, an array of capillaries
generated from capillaries cleaned with a hydrogen
torch showed characteristics similar to those of an
array of capillaries made from capillaries cleaned us-
ing conventional technique with a butane torch.

The background radiation in the arrays of capilla-
ries made from capillaries cleaned with a hydrogen
torch is approximately 10000 conventional units, in-
dicating good quality capillary cleaning. The back-
ground level of a capillary array manufactured using
traditional technology from capillaries cleaned with
a butane torch flame is typically in the range of
10 000-30 000 conventional units.

These experimental results confirm the feasibility
of using a hydrogen torch for localized cleaning of
capillaries from the polyimide shell during the fabri-
cation of capillary assemblies.

APPENDIX

Spatial calibration results




