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NHINKATOPHBIE AJICOPBEHTBI HA OCHOBE
PEAKIIMOHHOCHOCOBHBIX ITIOJIMMEPOB

B paGote ommcaHbl OCHOBHBIE MPUHIUIILI CHHTE3a TPAHYINPOBAHHBIX MHAUKATOPHBIX aICOP-
OEHTOB HOBOTO IOKOJICHMSI C WHJMKAI[HEHl MOMEHTa OTPaOOTKHU MOIIOTUTENHFHOH €MKOCTH.
AncopOeHTsl IpenHa3HaYeHbl ISl CHApSDKEHHA (UIBTPOB CHUCTEM MOATOTOBKH Ta30BBIX
po0 ra30aHaIN3aTOPOB U CIIOCOOHBI CEJIEKTHBHO YIAIISITh MEIIAIOIe HOpMaJIbHOH paboTe
qyBCTBHTEIBHBIX SJIEMEHTOB HEM3MEPsIEMble KOMIOHEHTHI aHAIN3UPYEMOH Ta30BO CMECH.
Ba)kHBIM OTJIMYHUTEIILHBIM CBOWCTBOM I'paHyII HOTJIOTHTENIS SIBIISICTCSI N3MEHEHUE UX IIBETa B
MpoIeCcce MOMIOMIEHNS TOTO I MHOTO yAAIsieMOT0 KOMIOHEHTA, YTO (PMKCHPYETCS BU3Yallb-
HO CKBO3b IPO3PayHyI0 CTEHKY KopIyca (HIbTpa, oiierdas pereHne npodiaeMsl CBOEBpe-
MEHHOH 3aMeHbI aficopOeHTa. B kauecTBe OCHOBBI ISl CHHTE3a MHUKATOPHBIX a/ICOPOSHTOB
HCIIOJIb30BaHbI TPAHYIMPOBAHHBIC MAaKPOIIOPHCTHIE HOHUTHI, KOTOPBIE B PE3yJIbTaTe Olpe/ie-
JIEHHOH XMMHYeCKOil MOAMU(UKANNT MPUOOPETaTl CIIOCOOHOCTh CEIEKTHBHO M3BIEKATh M3
aHaJIM3UPYEMBIX I'a30BbIX CMeCEl Takue MeNIalolie KOMIIOHEHTBI, KaK rajoreHbl, aMUHBI,
NH,, SO,, H,S, HCI, HF, HI, HCN, NO,, O,, SiF,, NO.

KuroueBble cjioBa: ra3oananusarop, GuisTp, aHHOHHT, aCOPOCHT, I3MEHEHHE 1IBETA.

IIpu mpoBeaeHNN Ta30BOTO aHAIM3A 3a4ACTYI0 HEJJOCTATOYHASI CEIEKTHBHOCTD UYB-
CTBHUTEIBHBIX 3JIEMEHTOB Ta30aHAIN3ATOPOB, HCIOJB3YEMBIX TSI KOHTPOMIS COCTaBa
OKpY’Karolled cpelpl U MapaMeTpoB TEXHOJIOTMYECKUX IPOLECCOB MPOMBILUIEHHOIO
MIPOM3BOICTBA, HE MO3BOJISIET C IOCTATOUYHON TOYHOCTHIO UACHTU(DUIIMPOBATH WHIUBU-
JyajbHbIE KOMIIOHEHTBI B PeaJbHON aHAIU3UPYEMOM ra30BO CMeCH.

B taknx ciaydasx HeoOXoauMa MpeABapuTeNIbHAs MOATOTOBKA ra30BOH MPOOEI, 3a-
KJIIOYAIOLIasicsl B MPOIYCKAaHUM aHAJIM3UPYEMOW Ira30BOM cMecH uepe3 clielualibHbIe
(UIBTPBI, CENEKTHBHO YIAJSIONIIE MEIIAONINE KOMITOHSHTHI [ 1-4].

B Takux ¢uasTpax Melarolye OnpeiesIeHHI0 H3MEPIeMOro KOMIIOHEHTa IPUMECH
VAAISIOT IyTeM MPOIYCKaHUSI aHATM3UPYEeMOU ra30BOM MpoObl Yepe3 CJIOH MOPUCTHIX
HOCHTENeH (CHKareis, Gpapdop, I1aMoT, em3a, CTeKJIOBaTa U T.I1.), UMIIPETHUPOBaH-
HBIX pa3JIMYHBIMU XUMpeareHTaMu. CBeJIeHHsI O KOHCTPYKLMHU U COCTaBe MOIIOTUTENeH
TaKuX (DPUIBTPOB, UCTIOIB3YEMBIX B CEPUHHBIX ra30aHAIN3aTOPAX, BECbMa OIPaHUYCHBI
1 3a4acTyI0 MPOTUBOPEUMBHI [5-9]. OnbIT 3KCIUTyaTaluy 1moKas3al, 4TO OHU UMEIOT Psiji
CEPbE3HBIX HEJOCTATKOB U HE MOJHOCTBIO YIOBJIETBOPSIOT CIEIYIOLUM OCHOBHBIM TpPe-
00BaHUSAM, KOTOpPbIE IPEIBSIBISIOTCS K IOJOOHOTO poja ycTpoiicTBam:

*  COXPaHHOCTH NPEJCTABUTEIBHOCTHU MPOOHI;

*  KOJWYECTBCHHOE ylaJeHHE MEIIAIOIINX IPIMECEH;

*  TIOCTOSHCTBO XapaKTEPUCTHK MpU padoTe B IIUPOKOM JHAITa30HE TeMIIeparyp,

BJIQKHOCTH M KOHLIEHTPALUK U3MEPSAEMOro U yAalsieMOro ra3os;

*  JUIUTENbHOE BPeMs XpaHEeHus (GpuibTpa;

*  HaJEeXKHbIM KOHTPOJIb 32 CBOEBPEMEHHOH 3aMEHOM 1TONIOTUTEIIS.
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[Tocnennee TpeboBaHne 00YCIOBICHO TEM, YTO KOHIICHTPAIHS MEIIAIOMINX IIPHMe-
Ceil B pealibHBIX aHAU3UPYEMBIX ra30BBIX CMECSX MPAaKTHUCCKH HUKOTJa HEM3BECTHA,
TaK 4YTO OMNpeesieHNe MOMEHTa 3aMEHbl OTPa0OTaHHbBIX MOIIOTUTENCH B TakuX (puib-
Tpax MPEACTaBISCT COOOH OMPECICHHBIEC TPYIHOCTH.

Hawmu pa3pabortansl ancopOeHTHI HOBOTO MOKOJICHUS, YAOBICTBOPSIOINE BBIIICYKa-
3aHHBIM TPEOOBAHMSM U 00JIAIAI0IINE PSIIOM CYIIECTBCHHBIX IPEUMYIIECTB IO CPaBHE-
HUIO C TPAJULIMOHHBIMHU: OHU O00JIaZat0T OOJIbILIEH MOIIOTUTEIBHON CIIOCOOHOCTHIO, HE
OTPABJISIIOTCS TapaMH BOJIBI, pabOTAIOT B MIMPOKOM JHANa30He 3HAUCHUN TeMIeparyp 1
BIIYKHOCTH aHAJIM3UPYEMBIX Ta30BbIX CMeCcel, He TOKCHYHEI. Erie omHIM BaKHBIM OT-
JIYHEM SIBJSICTCS] CBOMCTBO TPaHYyJT IIOTIIOTUTENSI H3MEHSTH CBOH IIEPBOHAYAIBHBIN [IBET
B IIpoliecce MOMIOIEHHS TOTO HJIM HHOTO yAaJIsieMOro rasa.

WHnukaTopHbIe CBOMCTBA YKA3aHHBIX aJCOPOCHTOB CBSI3aHBI C HAJMYHECM UYETKOTO
I[BETOBOTO TEpexona, 0OyCIOBICHHOTO 00pa30BaHUEM OKPAIICHHBIX MPOXYKTOB PEaK-
UM TIPY TODVIOIICHHN MEIIAIOMNX IPHMECEH aKTHBHBIMU LEHTPAMHU. JTOT MEPEXO.
JeTKo (PUKCUPYETCs BU3yallbHO CKBO3b MPO3PavyHyI0 CTEHKY KopIyca (uiIbTpa B 11000
MOMEHT BPEMEHH 3KCILTyaTalluy acopOCHTa, YTO 3HAYUTEIILHO 00NIEryacT peleHne Bo-
Ipoca ero CBOeBpeMeHHOH 3ameHbl. OCHOBOH ISl TAKMX MOTIIOTUTENICH SBISIOTCS TIO-
PHCTBIC COMOIMMEPEI CTHPOJIA U TUBHHUIOCH30]1a — TAaK HAa3bIBAEMbIC HOHHUTBI, KOTOPEIC
Onarofapsi HAIMYMIO MAKPO- U ME30IOP B CBOEH CTPYKType 00JaialoT JOCTATOYHO pas-
BUTOM y/IEIBHOHN MOBEPXHOCTHIO. B oTiInYKe OT HEMOMSAPHBIX THAPO(HOOHBIX COPOSHTOB
THUIA TOIHCOPOOB, XPOMOCOPOOB M MOPOIAKOB, UMEIOIINX aHAIIOTHYHOE CTPOCHHE, HO-
HUTHI CONEPIKAT B CBOCH CTPYKTYpe MOHOTCHHBIC aKTUBHBIC (DYHKIIHOHAIBHBIC TPYIIITHI
pa3IMYHON IPUPOJIBIL:
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Jnst mpuanust HEOOXOANMBIX XeMOCOPOIIMOHHBIX M KOJIOPHCTHUECKUX CBOMCTB
(DYHKITOHATIBHBIC TPYIIIHI HOHUTOB MOABEPTAINCH XUMUIECKONH MOIU(HUKAIIUH, B TIPO-
I[ecce KOTOPOi B MX COCTaB BBOAMJIMCH JIETKO OKHCISIEMBIE B Ta30BOH (pa3e HeOpTraHH-
YECKUE aHUOHBI, MOHBI IEPEXOAHBIX METAJUIOB, OPraHUYECKUE KUCIOTHO-OCHOBHBIE MH-
JUKaTOPBl U APYrHe COSAUHEHM S, BCTYIAIOLUE B PEAKLIMY OKUCIEHUS-BOCCTaHOBIICHMS,
KOMITJIEKCOOOpa30BaHus, CONe00pa3oBaHus M HEUTPATH3AIINH, COTPOBOXKATONTHECS H3-
MEHEHHEM IIBETa TPaHyll aCcOpOCHTA.

Jl1st cuHTE3a MHIUKATOPHBIX aJCOPOEHTOB OBIIM UCIOIb30BaHbI J[BA TUIIA MAKPOIIO-
PUCTBIX aHHOHUTOB: CHJILHOOCHOBHBINM aHUOHUT AB-17I1 u cnaGooCHOBHBIN aHUOHHUT
mapku AH-511 [9]. OcHoBHBIE XapaKTEPHCTUKH NOHUTOB NIPUBEACHBI B Ta0M. 1.
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Tabmmma 1
OCHOBHbBIE XaPAKTEPUCTHKH MAKPONIOPUCTHIX AHHOHUTOB
M COE" no 0,1u Cpennuii Vneabnast CymmapHsbIii Juamerp
apka
HCl, paauyc nop, MOBEPXHOCTD, 00beM nop rpamy.Ji,
aHHOHMTA > 3
(MMOJIB/T) A M*/r cm’/r MM
AH-511 49 90 78 0,36 0,55-1,5
AB-1711 2,1 55 44 0,25 0,35-1,2

*COE — crarnyeckast OOMEHHas EMKOCTh

Annonut AB-1711 B kauecTBe MOHOTCHHBIX aKTHBHBIX I'PYIII COACP)KUT TPHMETH-
JIAMMOHHUEBBIE OCHOBaHuUs cienyrouero crpoenus: — [N(CH,)]"OH". Anuon ruapokcu-
ja B DYHKIIMOHAIBLHON TpyIIie aHUOHUTA SIBIISICTCS MOABUKHBIM U B PAaCTBOPE MyTEM
COOTBETCTBYIOIIEH 00pabOTKH MOXET ObITh 3aMEHEH Ha Jpyrue aHuoHbL. Hampuwmep,
IIpY BBEICHUU B COCTAaB aKTHBHOTO IIEHTpa aHWOHOB-BoccTaHoButene (I u Br) cop-
OeHT TpuodpeTaeT CroCOOHOCTh 3M(EKTHBHO YIIABIUBATH I'a3bl U Maphl, 00IAAAOIINE
OKHCJIUTEIILHBIME CBOMCTBAMU, TAKKE KaK 030H, PTOP, IHOKCHU]T a30Ta, XJIOP, OpoM, Ko,
Amnnons! (I” 1 Br) okucnsioTes 10 cBOOOIHOTO COCTOSIHUS, TIPU 3TOM I'PAHYJIBl H3MEHSI-
IOT CBOU MEPBOHAYAIBHBIN OCJBIA IIBET HA KOPHYHEBBIN 32 CYeT 0Opa30BaHMs ITOJIHTa-
JIOTEHUIHBIX KOMILICKCOB, OCTAIOIIMXCS B (pa3e noHuta. Jjis ycuiieHuss KOHTPaCTHOCTH
[[BETOBOTO MEpPEX0/ia Ha MOBEPXHOCTU T'PAHYT MOHHUTA MOTYT ObITh UMMOOHIIH30BAHbBI
OpPTaHWYECKHE COCAWHECHMUS, PE3KO M3MEHSIOINE CBOW IBET NMpPH B3aMMOICHCTBHH C
MPOMYKTAMH PEaKINi, HApUMep, IIPH MOTIOMICHUH XJIopa OpOMHIHON GopMOl aHHO-
HUTA, BBIIEISIOMINICS MOJICKYIIIPHBIA OpOM B3aMMOAEHCTBYET C MOJIEKYIaMu (ryopec-
[IEMHa, UMMOOMITU30BAHHOTO HAa BHEITHEH MOBEPXHOCTH IpaHys ajacopbeHTa, oOpa3ys

TeTpadbpomMdiryopeciienH:
Br Br
o 0}
@
o Br

HO ! 0 l 0 HO
= o Br
_—
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OH OH

Kenrerii KpacHblii

ITyTem BBENEHHS B COCTaB aKTUBHOTO IIEHTPa aHMOHOB-oKuciuTenei (BrO,, 10,
Cr,0,*) mosy4ensl aicopoeHThl, 3QGEKTHBHO MOMIOIIAKOIIUE Ta3bl, 00/1aIa0IHe dIeK-
TPOHOIOHOPHBIMH CBOMCTBAMH, TAKUE KaK JHOKCHI CEPBI H OKUCH a30Ta U 00pasyromiie
TIPY DTOM IIBETHBIC IPOAYKTHI peakuuu. JlomonanTenpaas 00padoTKa TOBEpPXHOCTH Ipa-
HYJ KHCJIOTHO-OCHOBHBIM HHANKATOPOM, IMEIOIINM HHTEpBaI riepexona pH 3-4, nanpu-
Mep METHIOPAH)KEM, MTO3BOJIIET PE3KO YBEIHIUTh KOHTPACTHOCTh M3MEHCHHMS I[BETA 32
cueT oOpazoBaHMs KUCIBIX poaykToB peakuuu (HI, HBr). Konebanus oTHOCHTETRHON
BIXHOCTH aHAJIM3UPYCMOIl Ta30BOM CMECH MPAKTHUCCKH HE OKA3BIBAIOT BIMSHHUE Ha
9KCIITyaTaIlMOHHBIC XapaKTePUCTHKH TAKUX MOMIOTUTENICH, TaK KaK IPUCYTCTBUE ITAapOB
BOJIBI HE TOJIBKO HE MEIIAET, @ HA000POT, CIOCOOCTBYET NMPOTEKAHUIO TU(P(Y3HOHHBIX U
MacCOOOMEHHBIX ITPOIIECCOB 3a CYET TMJIPATAIlMU aKTUBHBIX TPYIIT M YBEIUYEHUS KOH-
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(hopMaIlMOHHOH TOJBMKHOCTH IIETICH MOJTUMEPHOW MAaTpPHUII HOHHUTA, MPH 3TOM I'pa-
HYJIbl HE CIIMIIAIOTCS, OCTaBasChb CyXUMH, YTO JAeT CYILECTBEHHOE IPEUMYLIECTBO 110
CPaBHEHUIO C TPAAUIIMOHHBIMU TOTIOTUTEISIMU.

Annonut AH-511 B kauecTBE HOHOOI'€HHBIX I'PYIII COAEPHKUT II€PBUUHBIE, BTOPUU-
Hble ¥ TpeTHuHble amuHorpynnsl (= NH, — NH,, =N), Bxozsiuuie B COCTaB OCTAaTKOB
JUATHICHTPUAMHUHA. DJIEKTPOHOIOHOPHBIE aTOMBI a30Ta ATUX AMUHOTIPYIII CIIOCOOHBI K
MIPOTOHUPOBAHUIO C yHaCTHEM TaK Ha3blBaeMOU «CcBOOOAHOI» Boabl [10, 11], uTo mo3Bo-
JSIET MOMVIOIIATh TaKue KUCIBIC T'a3bl, KaK JUOKCHUJIBI CePhl U a30Ta, XJIOpUI, GTOpUI U
[IIaHUJI BOAOPOa, TeTpadTOPUI KPEMHUS, a TakxkKe rajoreHsl. FiMmoOmm3aryst Ha mo-
BEPXHOCTH TPaHyJI aHHOHHUTA JCIPOTOHHPOBAHHBIX (POPM TAKHX KHCIOTHO-OCHOBHBIX
HHIUKATOPOB, KaK OPOMTHMOJIOBEIA CHHUH, METHIIOPAH)K, TPOIICOJINH, aJH3apHH U PsAaa
JIpyTUX, HHTEPBAJ Mepexoja OKpacku KOTOPhIX HaxoauTcs B auanasone pH or 6,0 no
8,5, MO3BOMSICT MOIYYUTH OTUCTIMBYIO MHIUKAINIO OTPAOOTKH COPOCHTOB B IITHPOKOM
JlMara3oHe 3HaYeHUH BEIMYUH OTHOCUTENIbHOW BIaKHOCTU M KOHLEHTpALMM ra30BbIX
cMmecel.

OyHKIMOHANBHBIE Tpynnbl aHuoHuTa AH-511, o6magast SMEKTPOHOZOHOPHBIMHU
CBOWCTBaMH, MPU B3aUMOJACUCTBUHU C COSIMH TiepexoaHbix MetamioB (Co?*, Cu?*, Ni*")
00pa3yIoT KOOpAMHAIIMOHHBIE COeTMHEHNS (KOMIUIEKCUTBI) ClleAyIomero ctpoeHus [12]:

HN,  NH— —N—~Me<~N—
H, H,
Me

HoHbI mepexoaHbIX METAUIOB B TAKMX COEIUHEHHAX OCTAIOTCA PEaKIMOHHOCIIOCO0-
HBIMH ¥ MOTYT BCTYTIaTh B PA3IMYHBIC XUMUIECKHE PEAKIINH, YTO MO3BOJIMIIO HCIIOIh-
30BaTh KOMIJICKCUTHI B KaYECTBE MHIMKATOPHBIX CEJICKTUBHBIX M IPYIHNOBBIX IOIIOTH-
Tesell pa3aMYHbIX ra30oB. Tak, K MpuUMepy, KOOATbTCOACPKAIUN aHHOHUT 3()(HEKTUBHO
azicopOupyeT aMMHaK M aMHHBI U3 Ta30Boil (a3bl ¢ 00pa3oBaHHEM aMHHOKOMILIEKCOB,
OKpAILICHHBIX B KOPUUHEBBIII I[BET, a MEAbCOACPIKAIINIT aHMOHUT MOIVIOIIAET ra3000pas-
upiii H S ¢ o6pazosannem yeproro cynbpuna menu. Homenknarypa paspaboTaHHbIX ce-
JIEKTUBHBIX UHUKATOPHBIX a7ICOPOEHTOB MpUBEEHA B Ta0II. 2.

B 3axiroueHre HEOOXOIMMO OTMETUTb, YTO BOIIPOC O MPUMEHHMOCTH a7cOPOCHTOB
B CHCTEME ITOJTOTOBKH I'a30BOH MPOOBI TOTO MJIM WHOTO Ia30aHAIM3aTopa JIOMKEH pac-
CMaTPHUBATHCS OTAENTBHO B KQKIOM KOHKPETHOM CIIydae, U 3aBHCHT OT JHara3oHa KOH-
[EHTpannil H3MepsieMOro M YAaIsIeMOoro KOMIIOHEHTOB, 00beMa MPOOBI, T0ITyCKaeMOit
HOTPEIHOCTH U PsAfa APYTUX (HaKTOPOB, BIUSHNE KOTOPHIX TPeOyeT TOMOIHUTEIHLHOTO
HCCIIEI0BAHHSI.
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IHAUKATOPHI AACOPBEHTHU HA OCHOBI
PEAKHIMHOCITPOMOKHUX ITOJIIMEPIB

Y po0oTi omucaHi OCHOBHI MPUHIMITA CHHTE3y TPAHYNHOBAHUX 1HIMKATOPHUX aICOPOCHTIB
HOBOTO TOKOJIIHHS 3 IHJMKAI[IEI0 MOMCHTY BIANpPAIOBAaHHS MOTTHHAIBHOI €MHOCTI. AJ-
cOopOCHTH TpHU3HAYEHI UIA CHOPSDKEHHS (UIBTPIB CHCTEM MIATOTOBKM Ta30BHX MPOO
ra30aHaJIi3aTopiB Ta 3AaTHI CEICKTUBHO BHAJISITH KOMIIOHEHTH aHaJIi30BaHOi ra30Bo1 CyMili
1110 3aBaYKAIOTh HOPMaJIbHIN pOOOTI Uy TAMBUX EIEMEHTIB. BayKIIMBOIO BiIMiHHOIO BIACTHUBICTIO
rpaHyl afcopOCHTIB € 3MiHa 1X 3a0apBJIeHHs Y MPOIECi MOIMHAHHS TOrO 200 1HIIIOTO KOMIIO-
HEHTY, SIKHI BUIATSETHCS, 10 (IKCY€EThCS Bi3yalbHO Kpi3b MPO30PY CTIHKY KOpIyCy (HinbTpa,
TIOJIETIIYIOUN PILIeHHS IIPOOJIEMH CBOEYACHOI 3aMiHM afcopOeHTy. SIk OCHOBa ISl CHHTE3Y
IHIWKATOPHHUX aJCcOpOEHTIB Oyl BHKOPHCTaHI TPaHYyITbOBaHI MAaKpPOIOPUCTI aHIOHITH, SKi
B pe3yibTaTi meBHOI XimMiuHOI Moau¢ikanii HaOyBany 34aTHOCTI CEJIEKTHBHO IOIIMHATH 3
aHaJi30BaHMX ra30BUX CyMilllEH Taki 3aBajkarodi KOMIOHEHTH, K rajgorenu, NH,, SO, H.S,
HCI HF, HIL, HCN, NO,, O,, SiF,, NO.

KurouoBi csioBa: razoanainizarop, GiisTp, aHiOHIT, aCOPOCHT, 3MiHa 3a0apBICHHS
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INDICATING ADSORBENTS BASED ON THE REACTIVE
POLYMERS

Summary

The basic principles of synthesis of granulated indicator adsorbents of the new generation with
a visual determination of the moment of the operation end are described in the present paper.
Adsorbents are designed to equip the gas analyzers filter systems. They are able selectively
remove from the gas mixture components complicating the normal operation of sensitive
elements. The important feature of the absorbents is their color change in the absorption
process that is fixed visually through the transparent wall of the filter. Thanks to this important
quality it is easily possible to determine the time of replacement of the adsorbent in the filter.
We used granular macroporous ion exchangers as a basis for the creation of such adsorbents.
As a result of specific chemical modification these adsorbents can selectively extract from the
analyzed gas mixtures such interfering components as halogens, amines, NH,, SO,, H,S, HCI,
HF, HI, HCN, NO,, O,, SiF, and NO.

Keywords: analyzer, filter, anion exchange, adsorbent, color change
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