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OmnpeneneHne MUKpOIPUMECEH TOKCHYHBIX BELIECTB B aTMOC(EPHOM BO3JlyXe Ha ypOBHE KOHIICH-
tpamuii 0.1-0.5 Mr/m> 3aTpyaHsierca cragueil KOHIEHTPUPOBAHHMS, KOTOpas ABISETCA OJHMM M3 OCHOBHBIX
HCTOYHHKOB MOTpeIIHOCTH. KOHIIEHTpHpoBaHHE OCYIIECTBISIETCS ¢ HCIOIh30BAaHUEM COPOEHTOB Pa3IMIHOM
npupoAbl. BIo9HEI MaTepral ¢ BappHpyeMoOid IOPO3HOCTHIO, pa3paboTaHHbld B CaMapckoM YHHUBEpPCHUTETE
(panee KyAll), oGmagaet nmpenMyIiecTBaMy 110 CPAaBHEHHIO C APYTUMH COpOEHTaMH, BCIEICTBHE BO3MOKHO-
CTH TPOITYCKaHMsI OONBIIOro 00beMa BO3MyXa M MPOCTOTHI AecopOuun. Llempio paboTsl SBISIIOCH H3YUEHHUE
BO3MOKHOCTH MCTIOJIB30BaHUS OJIOYHOTO MaTepHajia ¢ BapbUPYeMOi IMTOPO3HOCTHIO B KAUYECTBE OCHOBBI IS
COpOIIMOHHON CHCTEMBI, NTPpeJHa3HAuYCHHON JUIsi KOHIIEHTPUPOBAHHUS BBICOKOKHUITALIMX OPraHUYECKHX COeIH-
HEHUU.

JIyist U3roTOBICHUS YKCICPUMEHTANIBHBIX 00pa3I0B UCMOJb30Bagack cTanb Mapku X18H10T. IIpo-
1[ecC M3rOTOBIICHUS 00Pa30B BKIIOYAJ cTauK (HOPMHUPOBaHHUS OJIOKOB OCHOBBI, TPaBJICHHsI 00Pa3L0B B COJIsI-
HOW KHCJIOTE ¢ JajbHEHIIMM OKcHAupoBaHHeM Ipu Temmeparypax 350, 500 u 750°C — nBeT mOBEpXHOCTH
CTaHOBWIJICS Takke Ooiiee TEMHBIM: 4eM OOIIbIIE TemIlepaTtypa, TeM TeMHee. VccremoBaHWe MOITYYSHHBIX
00pa30B MPOBOAWIN Ha MPUMEpPE ONPEACICHUS BRICOKOKHITAMIETO coeAnHeHu — quokTmipranata (JOD).
Jis nccneioBaHMs MOTyYSHHBIX 00Pa3IoB, a TAKXKE I CPABHUTEILHON OIIEHKH aOCOpOIMOHHOTO (CHUcTEMa
KOHIICHTPHUPOBAHUS — MOTIOTUTEIh C H30MPOIIIOBEIM CITUPTOM) M aJCOPOIMOHHOTO (CHCTeMa KOHIICHTPH-
pOBaHHUS — CIJIMKOHOBasi TpyOka ¢ 0Opa3oM COpONMOHHOM CHCTEMBI) KOHIICHTPHPOBaHWs, ObLIa coOpaHa
YCTaHOBKa, IMO3BOJIAIOMIAS [TOJTydaTh Ta30BBIC TOTOKH, coaepkamue Mukponpumecu 10D B Bozayxe. Komm-
YeCTBEHHBIN aHAIN3 TOJIYUYCHHBIX KOHIEHTPATOB NPOBOJAUIIN METOAOM ra3oBoiu XpOMaTOI‘pa(bI/H/I.

B pesynbTate xonmmdyecTBeHHOTO aHanu3a skcrpakta JJOD B uzonponuiorom crnupte (UIIC), momy-
YEHHOT0 MyTéM abCcOpOIMOHHOTO KOHILIEHTPUPOBAHUS, OINpENeTHId OPUEHTHPOBOYHYIO KOHIIEHTPAIIHIO
JO®D B razosoii paze C=0.46+0.15 mr/m>. YcraHoBIeHO, 4To HauMeHbLIee KomuuecTBo JOD mecopOuposa-
HO ¢ HeoOpaboTaHHOTO 00pa3ua. ITO CBSI3aHO C TEM, YTO JaHHBIN 0Opa3el NpakTHYECKHU He 00JaJaeT BbICO-
KOpa3BUTBIM aJcOpOIMOHHBIM ciioeM. KommuectBo necop6upoBannoro JJO® c obpasnos, o6paboTaHHBIX
IpY pa3HBIX TEMIepaTypax, OTIMYaeTcs HEe3HAUYMWTEeNhbHO. B pamkax paboOTHI IpoBeneHa CpaBHUTENBHAS
OIICHKA PAa3JIMYHBIX CIOCOOOB KOHICHTPHUPOBAHHS. YCTAHOBICHO, YTO CTaHIAPTHU3MPOBAaHHAS METOIUKA
onpenenernust JJOD ¢ abcopOUMOHHBIM KOHIIEHTPUPOBAHUEM JaeT SIBHO 3aHIDKCHHBIC PE3YIIbTATHI 10 CpaB-
HEHUIO C a/ICOPOIMOHHBIM KOHIICHTPUPOBAHUEM. DTO MOXET OBITh CBA3aHO KaK C HETIOJHBIM YJIaBIHMBAHAEM
JO® u3 ra30BOro MOTOKA, TAK M C BHECEHUEM JOIMOIHUTEIBHBIX TIOTPEITHOCTEH MIPH yIIapHBAHUH IKCTPAKTA.
AncopOIoHHOe KOHIICHTPHUPOBAaHHUE C WCIOJIh30BAHWEM aKTHBHPOBAHHOTO YTIIS Takoke NaéT 3aHMKCHHBIN
pesynbrat. Hecopbuus JOD ¢ akTHBHPOBAHHOTO YISl MPOBOAMIACH TAKXKE, KAK U B CIIydae C MOJTy4eHHBIMHU
9KCIEPUMEHTAILHBIMUA 00pa3lamMy. 3aHWKEHHBIH pe3ybTaT MOXKET ObITh CBSI3aH C HEINOJHOTOW JlecopOunu
JO® ¢ aktuBupoBaHHOTO yriisi. Takum oOpa3oM, UCTIOIB30BAHUE MPEAJIAraeMbIX CHUCTEM TO3BOJISIET TIOBbI-
CHUTb HE TOJBKO NpaBWIbHOCTH onpenenenus JJOD 3a cuer 6onee 3h(heKTUBHOTO yIaBIMBaHUS KOMIIOHEHTA,
HO ¥ NPEIIM3MOHHOCTD aHaIN3a.

KiroueBble cjioBa: copOIMOHHOE KOHIICHTPHPOBAaHUE, BHICOKOKHITAIINE OPTaHUYECKUE COCIUHE-
HUS, MPOOOTOATOTOBKA, WCCIICAOBAaHHWE Ta30BBIX Cpel, XpoMmarorpadUvecKhii METO]| aHaln3a, OJIOYHO-
TTOPO3HBIC CUCTEMEI.
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BBegeHue

OnHoil U3 akTyaJlbHEHIINX 3a7a4 aHAJU-
TUYECKOM XMMHH SIBJISICTCSI ONpeesieHne
MUKPOIIPUMECEH B BO3IYIIHBIX Cpelax, Ta-
KHUX Kak aTMOC(epHBI BO3IyX, BO3AYX pa-
00Yell 30HBI M KIIBIX TIOMEIICHHA, BBIOPO-
CBI MPOMBIIIIEHHBIX MPeNPHUATHI.
Hanpumep, ans oOecrieueHust 3KOJOrHYe-
CKOM 0e30macHOCTM MPOU3BOACTB IMOJIU-
MEPHBIX KOMITO3UIIMOHHBIX MaTEepPHAIOB U
U3JIeMA Ha MX OCHOBE, a TakXKe B LIEJAX
NPOBEICHUS OLEHKH Oe30MacHOCTH UC-
M0JIb30BAHUS MOJIy4aeMbIX U3/eNuil B OBITY
HE00XO0IMMO TMPOBOIMTH ONPEICICHHE TIa-
CTU(PUKATOPOB B BO3JyXEe Ha YPOBHE KOH-
uentpanuu 0.1-0.5 mr/m>. Takoi aHamms
HEBO3MOXKEH 0e3 NpOBEJeHHS] KOHUEHTpPHU-
pOBaHMS, YTO SIBISIETCS OJHUM W3 OCHOB-
HBIX UCTOYHUKOM IOTPEUTHOCTEN MpU Mpo-
BEJICHUM aHanu3a. [|Jis KOHIIEHTPUPOBAHUS
OpraHMYECKUX MUKPOIIPUMECEH U3 ra30BbIX
Cpel IIUPOKO HCIONb3YIOTCS COPOEHTHI
pa3IUYHON MPUPOJBI, HO UX HCIOIb30Ba-
HUE XapaKTepU3yeTCs BBICOKUM Ta30/UHa-
MUYECKHUM COIPOTUBIICHHEM CJIOS COpOeH-
Ta, YTO SIBIISIETCS HEMAJIOBAXXHBIM CIIEPIKHU-
BaOIMM (HaKTOPOM MPH HEOOXOAUMOCTH
MPOIyCKaHUs OONBIINX 00BEMOB BO3yXa,
a TaKXke TPYAHOCTH MpPOBEICHHS aecopO-
IIUM, OCOOCHHO, BBICOKOKHIISIIUX OpraHH-
YeCKUX COSTUHEHUN.

B Camapckom VYHupepcurere (panee
KyAH) B 1960-¢ rompr mog pyKOBOJICTBOM
npodeccopa A.M. Coiidepa OblT co3maH
OJIOUHBI MaTepuaj ¢ BAPbUPYEMOU MOPO3-
HOCTbIO, U3BECTHBIN KaK «METaNIOpPE3HHAY.
JlaHHBII MaTepuan MUPOKO HCIOJIB3YETCs
B KauecTBe JIeMI(UPYIOIIEro Marepuaia B
rabapuTHBIX MEXaHU3Max, (QUIBTPOB, MOJI-
HIMITHUKOB CKOJIbKEHHS, BUOPOU30JIATOPOB
U YIOPYTOMOPHUCTHIX D3JEMEHTOB, a TaKXKe
KaK HOCHUTENIb JJIi MUKPO- M HaHOYACTHI]
karanuzaTopoB [1-3]. Cnexyer OTMETHUTb,
YTO BO3MOXXHOCTH BapbHUpPOBAHUSI MOPO3HO-
CTH U, KaK CIJIEZICTBUE, ra30JMHAMHYECKOTO
COTIPOTUBIICHUS CJIOS MaTepHala, a TaKxke
BO3MOXHOCTh (DOPMHUPOBAHUS COPOIIMOH-
HBIX CJIOEB PA3IMYHOIO CTPOEHHS MPHU CO-
XPaHEHUU TJIOMAJAN TTOBEPXHOCTH MaTEpHU-

aja JieJaeT MEePCIEeKTUBHBIM €ro MpUMEHe-
HHUEC B KAYECTBEC OCHOBHBI IJIs1 COp6I_[I/IOHHBIX
CHCTEM.

Llenpto paboOTHI  SABISUIOCH H3YyYEHHE
BO3MOXKHOCTH HCIIOJL30BaHUSA OJ0OYHOIO
Marepuajia ¢ BapbUpPyEMOM MOPO3HOCTHIO B
KaueCTBe OCHOBBI JUIsl COPOIIMOHHOHN CH-
CTEMBI, HpGI[HaBHaquHOﬁ JJI KOHI.[GHTpI/I-
POBaHMSI BBICOKOKHUITSIIIMX OPraHUYECKUX
COCIUHCHHUI.

JKcnepuMeHTanbHasa YacTb

JJis1 M3rOTOBICHUS YKCIIEPUMEHTATBHBIX
0o0pa3oB HCMONb30BANIACH CTallb MapKU
X18HI10T. IIporecc u3roroBneHust 06pa3on
BKJTIOYAJ CIEAYIOUIUE 3TallbI:

1 stan — dopmupoBanue 010k0B. Jls
dbopmupoBaHus OJIOKOB OCHOBBI Opayin
MPEIBAPUTEIILHO PACCUUTAHHYIO HABECKY
npoBosIokH. HaBuTyi0 U pacTaHyTyio mpo-
BOJIOKY YKJIQJBIBAJIH U CBOPAYMBAIIA TAKUM
o0pa3zoM, 4TOOBI 3aroTOBKa MOMECTUJIACh B
npecc-popMy, 3aTeM IMPECCOBAIU IIYTEM
BO3JICHCTBUSI MIyaHCOHOB JO OIpeAeaEHHO-
ro 3HaYeHHs BBICOTHI. Takum 0Opazom, ObI-
JU TIONTY4YeHbl OJOKH JuaMeTpoM 8§ MM U
BBICOTOM 5 MM, IMOPO3HOCTH IIOJY4EHHBIX
obpasma pasHa 0,7. Ilocne ¢popmupoBaHus
OCYIIIECTBISUIOCH  00e3KkupuBaHue o0pas-
L[OB MPY MOMOIIHM W30MPOMUIOBOTO CIHPTA
B YJIBTPa3BYKOBOW BaHHE B TeUEHUE 2 MU-
HYT U TOCJEaYIollee MPOMbIBaHUE OJIOKOB
MOTOKOM JUCTHJITMPOBAHHOW BOIBI ISt
yIaJeHus] OCTaTOYHBIX 3arpsS3HEHUN.

2 oran — TpaBieHue. TpaBineHue Omoka
ocyuiecTBiIsM B 20%-HOM pacTBOpe COJIsl-
HOW KHUCJIOTHI B T€YEHUE 2 MUHYT MPU TEM-
neparype 70°C, 3areM OJIOKM MHOTOKPATHO
MPOMBIBAJIA TUCTUJUIMPOBAHHOM BOJOW H
oOpabaTbIBaii  YIbTPa3ByKOM  YacTOTOU
18 k' B TeueHune 1-2 MHH. HA YCTaHOBKE
Y3V¥-0.25.

3 sran — okcuaupoBaHue. OKcUaANpPOBa-
HUE TMPOBOJWIOCH TPHU TEMIEpaTypax
350°C u 500°C B TedyeHue 3 4acoB U NpHU
750°C B Teuenue 1 yaca. 3aTeM OKCHIUPO-
BaHHBIM 00pazen moMemaiu B AUCTUIUIN-
POBaHHYIO BOAY M 0OpabaThIBaJId yIbTpa-
3ByKOM 4actoToil 18 kI B TeueHue
2-3 MUH JUIsl yIaJ€HUs OKAJIMHBI U PBIXJIBIX
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CJIOEB, IIJIOXO CIEIUIEHHBIX C IOBEPXHO-
CTBIO o0Opa3sia.

BusyanbHo 00pa3oBaHuME OKCHIIHOTO
CJIOSl HA TIOBEPXHOCTH 00pa3lloB MPH TpPaB-
JICHUH TPOSBISIOCH B BUJie Oosiee TEMHOTO
OTTEeHKa noBepxHocTu. [Ipu nocnenyromem
OKCHUAMPOBAaHUM OOpPa3lOB TMpHU Pa3HBIX
TEMIEpaTypax IBET IMOBEPXHOCTU CTaHO-
BUJICS Takke Oojiee TEMHBIM: 4eM OoJiblie
TEeMIeparypa, TeM TEMHEe.

HccnenoBanne MOIy4eHHBIX 00pa3oB
MPOBOAMIIN HA MPUMEpE OIpPEICICHHsS BbI-
COKOKHIISIIIETO COEIMHEHUs JTUOKTHII-
¢dramara (JJOD). [lanHOE COeAMHEHHE SIB-
JsieTCsl MPEACTaBUTENIEM TIaCTU(UKATOPOB,
IIMPOKO HKCIIONB3yEeMbIX MPU TOIy4YEeHUU
IIacTMacC M U3JeNUi Ha HX OCHOBE, B
YaCTHOCTH, TUHOJIEYMA.

s uccnenoBaHus MOMYyYEHHBIX 00pa3-
I[OB, a TaKXE JJIsi CPABHUTEIHHOU OIICHKU
aOCOpOITMOHHOTO W aJICOPOIIMOHHOTO KOH-
LEHTPUPOBaHUs ObUla coOpaHa yCTaHOBKA,
MO3BOJIAIONIAs TOJy4YaTh ra30BbI€ MOTOKH,
conepxkamue mukponpumecu 10D B Bo3-
nyxe (puc. 1). s momydeHus: maporaso-
BBIX CMECEH, COJepKalluX JIETy4yue opra-
HUYECKHE U HEOPraHUYECKHUE COCTUHEHUS,
CYIIIECTBYET MHOXECTBO CHoco0oB [4-8],
OJIHAaKO, MJIacTU(PUKATOPBI, B TOM YHCIE
JO®, ornuyatoTcs Mallol J€TY4YECThIO, YTO
CYILIECTBEHHO 3aTpyaHser mporecc. [ns
CO3/JJaHUs Ta30BOr0 MOTOKA MCMOJIb30BAJIC
MOTJIOTUTENb PhIXTepa, 3alOJHEHHBIN 4M-
ctbiM JJO® u noMEIIeHHBIM B BOASHOU
TepMocTar npu temmneparype 60°C, uepes

MOTJIOTUTENb MPOXOIUI MOTOK BO3ayXa CO
ckopocThio 0.5 cM>/MuH,

Jlst mpoBeieHusT aOCOpOIMOHHOTO KOH-
LEeHTpUpoBaHUs [9] B KayecTBE CHUCTEMBI
KOHIEHTPUPOBAHUS ObLT B3SIT OTJIOTUTEITb,
3arOJIHEHHBIA  M30MPOMUIIOBBIM  CIIUPTOM
06béMoM 5 cm’. T'a30BEI MOTOK, cojep-
xamuid Mukponpumecu JJO®, npomnyckanu
yepes norsioturesib Poixtepa ¢ UIIC, 3aTem
MOJIYYEHHBIE OJKCTPAKTHl yMapuUBaIH JI0
06béMa 2 cm’. IIpu agcopOIMOHHOM KOH-
LIEHTPUPOBAHUHU B Kaue€CTBE CHUCTEMbI KOH-
LEHTPUPOBAHMSI HCIOJB30BaNach CHIIUKO-
HOBas TpyOKa, B KOTOPYIO MTOMEIIaIH 00pa-
3e1] COpPOITMOHHOW CHCTEMBI. Takxe B pam-
Kax palOoThl MPOBOJIWIA CPABHUTEIHHYIO
OLIEHKY COpOLIMOHHBIX CBOWCTB, MOJy4Y€H-
HBIX 00pas’lloB W TPAJUIMOHHOTO HCIOJIb-
3yeMoro AJisi MPOBEACHUSI KOHIIEHTPUPOBA-
HUS cOpOEHTa — AaKTUBUPOBAHHOTO VYIS
BAY. B 3ToM ciiyyae B Ka4eCTBE CHUCTEMBI
KOHIIEHTPUPOBAHUS BBICTYIANla W30THYTas
CTEKJISTHHAsI TPyOKa, HAIOJHEHHAs COpOCH-
toMm. U3Bneuenne J1OP c obpas3ioB u ax-
TUBUPOBAHHOIO YIJISi MPOBOJIUIOCH C HC-
MOJIb30BAaHUEM H3OIPONHIOBOIO CHUPTa B
YJIBTPa3BYKOBOW BaHHE B TEYEHUE 2 MUHYT.

KonuuecTBeHHBIN aHaIM3 MOTYYEHHBIX
KOHIIEHTPAaTOB MPOBOJWIN METOJOM Ta30-
BO xpomarorpadpum Ha xpomarorpade
«Kpucrann 5000.1» Ha KBapueBOW Karui-
nsgpHOM KonoHke 8 mx0.53 MM c Hemo-
newkHON (azoit SE-30 ¢ ucmonab3oBaHHEM
[JIAMEHHO-MOHU3ALMOHHOTO JIETEKTOpA.

Puc. 1. Cxema yCcTaHOBKY [UIsl IPOBEJEHUS KOHLIEHTPUPOBAHUS
1 — KomIIpeccop ¢ PEryJIITOPOM Pacxoja rasa; 2 — CucTeMa KOHLIEHTPUPOBAHUS;
3 — nornotutens Peixtepa 3anonneHHsid JJOD; 4 — BongHoil TepmocTat; Co — MOTOK BO3AyXa,
C, — moTok Bo3ayxa ¢ Mukponpumecsmu J10D; L — cumkoHoBas TpyOka

Fig. 1 Diagram of the installation for the concentration process.

1 — compressor with gas flow regulator; 2 — concentration system; 3 — Richter absorber

filled with DOP; 4 — water thermostat; Cy — air flow, C, — air flow with trace amounts of DOP;

L — silicone tube
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Puc. 2. ®oTorpaduu 3KCepUMEHTaIbHBIX 00pa310B 0JIOYHOTO MaTepPHall ¢ BapbUPyEeMOi
MOPO3HOCTHIO: a — ¢ HeOOPaOOTaHHOM MOBEPXHOCTHIO, O — C TTOBEPXHOCTH, MMOJIBEPIHYTOH TpaBJie-
HUIO; B — C [IOBEPXHOCTHIO, IOJBEPTHYTOM TPABIECHUIO M OKcUApBoanuio npu 500°C

Fig. 2 Photographs of experimental samples of the block material with variable porosity:
a — with untreated surface, b — with etched surface; ¢ — with a surface etched and oxidised at 500 °C

O6cyxaeHue pe3ynbTaToB

[lpu peanu3anuu METOIWK, OTMCAHHBIX
BBIIIIE, ObUIA MOJY4YeHa CepHsl SIKCIIEPUMEH-
TaJbHBIX 00pa30B COpOIMOHHOTO MaTepHua-
na (puc. 2).

Ha moBepxHocTH 006pa3iioB ¢ HeoOpabo-
TAaHHOM NOBEPXHOCTBIO HAOIIOAETCsl OTHO-
CUTEJIHHO TJIaKasi MOBEPXHOCTh C PEIKHUMHU
nopamMu M HepoBHocTsaMu (puc.3a). Ha o6-
pasiax, KOTOpbIe IMOIBEPTad TEPMUICCKON
00paboTKe MOXKHO YBUIECTH HEOIHOPOIHYIO
MMOBEPXHOCTh, TIpHUEM HalroaeTcsi oOpa-
30BaHUE HE TOJBKO MOP M TPEIIWH, HO H
chepruieckux 4acTHI] TaMeTPOM
0.3-1 mxm (puc.36). BusyansHo obpa3oBa-
HUE OKCHJHOTO CJIOSi Ha TIOBEPXHOCTH 00-

SEMHV: 30.00KV  Dale(m/ay): 10227/17
View fied: 54.17 pm ~ Det: SE
SEMMAG: 400k Name: 12 ol

VEGANTESCAN

a

pa3loB MPHU TPABJICHUU MPOSBISIOCH B BH-
ne Oojee TEMHOTO OTTEHKA MOBEPXHOCTH.
[Ipu mocnenyromeM OKCUIUPOBAHUU O00-
pasloB MpH pa3HBIX TeMIlepaTypax LBET
MOBEPXHOCTU CTAHOBWJICS Takxke Oosee
TEMHBIM: 4eM OoJibllie TeMIeparypa, TeM
TEMHEe.

B pe3ynbraTe KOJIMYECTBEHHOTO aHaAIHU3a
skcrpakTa JJO® B UIIC, nomyueHHoro my-
TéM aOCOPOITMOHHOTO KOHIICHTPHUPOBAHUS
[10], onpenennunu OpUEHTUPOBOYHYIO KOH-
nentpaimto  JIO® B razoBoi  ¢aze
C=0.46+0.15 wmr/M> (n=3, P=0.95) mnpu
OMMCAHHBIX BBIIIE YCIOBHUIX IOTYYCHHUS
ra3oBOro IOTOKA, COJCPXKAIUM MHKPO-
npumecu JJO®D. Takum obpazom, mist obec-
neueHus: omnpeneneHuss J{OD Ha ypoBHe
0.5 Mr/™M® Heo6X0aUMO oToOparh 00BEM

1= 07t im

SEMHV:30.00KV  Dale(midh): 102747 Lot o100y |
Viewfleld: 43.24 ym  De: SE
el
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SEMMAG 501k Name:2

0

Puc. 3. DiekTpoHHbBIC H300paKCHHSI MOBEPXHOCTH 00pa3IioB OJI0YHOI0 MaTepHal
C BapbHpyEeMOH OPO3HOCTHIO:, MOTYUCHHBIE C UCIIOJIB30BAHUEM CKaHUPYIOILETO JIEKTPOHHOTO
mukpockomna TESCAN «Vega SB»: a — ¢ HeoOpaboTaHHOH MOBEPXHOCTHIO, O — C MOBEPXHOCTHIO,
MTOABEPTHYTON TPABJICHHIO M OKcuaupoBaHuto mpu 500°C.
Fig. 3 Electronic images of surfaces of samples of the block material with variable
porosity obtained using a TESCAN "Vega SB” scanning electron microscope: a — with untreated
surface, b — with a surface subjected to etching and oxidation at 500 °C
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Tabmmma 1 3aBucuMocTh Macchl aecopOupoBanHoro JJO® or THma SKCIEPUMEHTAIHLHOTO

oOpa3sia

Table 1 Dependence of the mass of desorbed DOP on the type of experimental sample

O6pa3ert Crioco6 00pabOTKH TTOBEPXHOCTH Macca 10D
m=+A (n=23,P=0,95), Mmkr
1 0e3 0bpaboTku 15+6
TpaBJICHUE 34+ 6
3 TpaBJicHUE U okcuaupoBanue npu 350°C 33+£5
4 TpaBieHUe U okcuaupoBanue npu 500°C 31+5
5 TpaBJicHUE U oKcuaupoBanue npu 750°C 28+ 7

BO3/yXa B pasmepe 20 1M, T.e. pu CKOpo-
CTH Ta30BOro motoka v=0.5 IM’/MHH OITH-
MaJIbHOE BpeMsi 0TOOpa MpoObI TOJKHO CO-
cTaBysITh 40 MUHYT.

Macca JIO®, necopOupoBaHHOTO ¢ 00-
pa3LoB COPOLMOHHBIX CUCTEM IPH OMHUCAH-
HBIX BBIIIC YCIOBUSX, IPEICTABICHA B Ta0-
e 1.

YcTaHOBIIEHO, YTO HAaWMEHbBIIEE KOJIU-
yecTBO JJO® necopbupoBano ¢ HeoOpado-
TaHHOTO 00pa3ma. DTO CBS3aHO C TEM, UTO
JAaHHBIN 00pasell MpakTUIeCKH He 00J1agaeT
BBICOKOPA3BUTHIM aJICOPOIIMOHHBIM CIIOEM.
KomuyectBo necopbupoanHoro JJOD ¢
0o0pa3noB, 00pabOTaHHBIX TMPH PAa3HBIX
TEMIEpaTypax, OTJIMYACTCSI HE3HAUUTENb-
HO. [Ipu sTom macca JIO® y obpasna, 00-
pabOTaHHOTO COJISTHOM KHCJIOTOM, HO HE
OKCUJIMPOBAHHOTO, COTIOCTABUMA C OCTallb-
HbeIMU. Macca aecopoupoBanHoro J[O® c
o0pa3loB  2-5 COCTaBHJIM B CpPEIHEM
346 wmkr (n=3, P=0.95), T.e. oTiauume
HAXOJWTCS B TpeJeNax IOrPElIHOCTH
onpezeneHus. Buaumo, 3To cBA3aHO C TeM,
YTO KIIIOUEBHIM (PaKTOPOM, BIHSIOIIUM Ha
COpOIIMIOHHBIE CBOWCTBA H3TOTOBJIEHHBIX
COpPOIIMOHHBIX CHCTEM, SIBISICTCS yIEIbHAs
IUIONIa/lb MOBEPXHOCTH, a HE €€ XHMHYe-
CKHMH cocTaB. 3ajaya CTaJuM TpPaBICHUS
3aKJII0YAeTCsl B PAaCTBOPEHUU IJIOTHOM OK-
CUJHOM TUICHKH, KOTOpasi 00pa3oBajiach Ha
MOBEPXHOCTU IMPOBOJIOKH B pe3yJbTaTe ee
U3TOTOBJICHHSI U (DOPMUPOBAHUH TTOPUCTOMN
BBICOKOPa3BUTOI MOBEPXHOCTH.

B pamkax pabGoThl mpoBelIeHa CpaBHU-
TelbHas OLIEHKa Pa3IMYHBIX CIOCOOOB
KOHIIEHTPUPOBAHUS, PE3yJIbTaThl KOTOPOI
npeacTaBieHsl B Tabm. 2. [Ipu sTom Bapbu-
poBan 06beM OTOMpaeMoil ra3oBoil cMecH

IIyTeM H3MEHEHMsS] BPEMEHHU IPOIYCKAHUS
MIOTOKA Yepe3 COPOLIMOHHYIO CUCTEMY.

VYCTaHOBIEHO, YTO CTaHAAPTU3UPOBAH-
Hasg Meroauka ompeneneHus JOD ¢ ab-
COpOLIMOHHBIM ~ KOHIIEHTpUpOBaHUEM [9]
JacT SIBHO 3aHMKECHHBIC PE3YJIBTAThl I10
CPaBHEHHIO C aJICOPOIIMOHHBIM KOHIIEHTPH-
poBaHUEM. DTO MOXKET OBbITh CBSI3aHO KaK C
HenoJHbIM yiaBnuBaHueMm J{O® u3 razoso-
ro MOTOKAa, TaK MU C BHECEHUEM JOIOJIHHU-
TEJIbHBIX IOTPEIIHOCTEN NpPHU yIapuBaHUU
skcTpakTa. CTOMT OTMETUTH, YTO IIPU pea-
au3aiu - aOCOPOLIMOHHOTO  yJIaBIMBAaHUS
OTHOCHUTEJIbHAS CIy4aiHasl MOrPEIIHOCTD B
1.5-2 pa3za Oomblie, YeM MPHU HCIIOJIB30Ba-
HUM TOJYYEHHBIX COPOILMOHHBIX CHCTEM.
Taxum 006pazom, UCIIOIB30BaHKE TIpeIara-
€MBIX CHCTEM IIO3BOJISICT IIOBBICUTH HE
TOJIBKO TPaBUIBHOCTH omnpeneneHus 1OD
3a c4eT Oosiee 3PGHEeKTUBHOTO YIaBIMBAHUS
KOMIIOHEHTA, HO U NIPELU3UOHHOCTh aHAJIN-
3a.

ANCOpPOIIMOHHOE KOHLEHTPUPOBAHHUE C
UCIOJIb30BAHUEM AKTHBUPOBAHHOIO YIS
TaKKe Ja€T 3aHMKCHHBIA pe3ynbrar. [le-
copbrus JIO® ¢ aKkTUBHUPOBAHHOTO YIJIS
IIPOBOAMJIACH TAKXKE, KaK U B CIy4yae C MOo-
Jy4eHHbIMH 3KCIIEPUMEHTAIbHBIMU 00pa3-
LaMU. 3aHWKEHHBIM pe3yibTaT MOXKET
OBITh CBSI3aH C HEMOJHOTOW JecopOnuu
JNO® ¢ aKTMBUPOBAHHOIO YIJISA: NPH IIO-
BTOpHOU necopbumu JJOD ¢ akTUBHUpOBaH-
Horo yris koHueHtpauus J{O® B pactBo-
putene Oblga CONOCTaBMMA C IEPBOM Jie-
copOLHei.

Taxke ycTaHOBIEHO, YTO I IIPOBEJE-
HUSl KOHLIEHTPUPOBAHUS C UCIOJIb30BaHUEM
IIpe/UIaraéMblX COPOLMOHHBIX CHCTEM J10-
cTaroyHo otobparb 5-10 JIUTPOB razoBoi
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Tabmuua 2. Onpenenennas konueHTpanua J1O® B ra3oBoM NOTOKE NpU MpoBeaeHUH abcopOu-

OHHOI'O 1 aZ[C0p6LII/IOHHOF0 KOHUOCHTPUPOBAHUA

Table 2. Determined concentration of DOP in the gas flow during the absorption and adsorption

concentrations
Konuentparus JO® C + A (n=3, P=0.95), mr/m>,
MIPY pa3IHYHBIX 00bEeMax ra30Boi (a3pl, OTOOpaHHOM
Tun KOHLEHTPUPOBAHUS
JUTSL aHAJTH3a
Vr@=20 ,Z[M3 Vr@=10 ,Z[M3 qu>=5 ,Z[M3
MeHee Tpeaena
AOGCopOITMOHHOE KOHIICHTPUPOBAHNE 0.46 +0.15 0.14 £ 0.06 peil
oOHapyXeHuUs
AncopOIIMOHHOE KOHIICHTPUPOBAHUE C
MEHee Tpesiena | MeHee Ipeaena
WCIIOJIb30BAaHNEM aKTHBHPOBAHHOTO 0.12+0.05
00HApYKCHHS 0OHapYy)KEHHSI
yrasi BAY
AcopOIIMOHHOE KOHIICHTPUPOBAHUE C
UCIIOJIb30BaHUEM COPOIIMOHHOMN CHCTE- 0.8 £0.3 1.2 £0.5 1.3 £0.5
MBI C He0OPaOOTaHHOW TOBEPXHOCTHIO
AncopOIHOHHOE KOHIIEHTPUPOBAHUE C
UCIIOJIb30BaHUEM COPOIIMOHHOMN CHCTE- 1.7£0.3 22+04 22+0.3
MBI C TPABJICHHOW TOBEPXHOCTHIO
AncopOIHOHHOE KOHIIEHTPUPOBAHUE C
UCIIOJIb30BaHUEM COPOLIMOHHOM cCHCTe-
copott © 1.7+0.3 23403 22403
MBI C TPABJICHHOW M OKCHIUPOBAHHON
pu 350°C noBepXHOCTHIO
AncopOIHOHHOE KOHIIEHTPUPOBAHUE C
UCIIOJIb30BaHHEM COPOIIMOHHOM CHCTe-
OPOH y 1.6£0.3 22405 24403
MBI C TPABJICHHOW W OKCHIUPOBAHHON
pu 500°C noBepXHOCTBIO
AncopOIHOHHOE KOHIIEHTPUPOBAHUE C
UCIIOJIb30BaHHEM COPOIIMOHHOM CHCTe-
OPOH y 14404 1.9+0.4 1.8+0.4
MBI C TPABJICHHOW Y OKCHIUPOBAHHON
pu 750°C noBepXHOCTBIO

da3pl: mpu yBenMUYeHUH oObeMa OTOOpaH-
HOW Tra3oBoW (a3pl HAOMIOTACTCS YMEHb-
IIEHUE  OMNpPENENEeHHOW  KOHLEHTpaluu
JO®, uro 00YCIIOBIIEHO HEMOJHBIM YJaB-
JMBAHUEM KOMIIOHEHTa M3 MPOIYCKaeMOro
MOTOKA.

3aknroyeHue

B pamkax paOoTbl OBUTM H3TOTOBJICHBI
SKCTIEpUMEHTAIbHBIC 00pa3Ibl COpOIMOH-
HBIX CHCTEM C BapbUPyEeMOI MOPO3HOCTHIO
JUISl KOHLIEHTPUPOBAHUS BBICOKOKHUIISALINX
OPraHUYEeCKUX COCIUHECHUM.

VYcTaHOBIIEHO, YTO HAWIYYIIUM COPOLIU-
OHHBIMU CBOWMCTBAMH 110 OTHOIICHHIO K
JO® ob6mamaroT 00pasipl, MOABEPTHYTHIC
TPaBJICHUIO W OKCHIUPOBAHUIO, MPHYEM

IpU JAHHBIX YCJIOBUSAX IPOBEIEHUS KOH-
HCHTPpUPOBAHUA HAJIUMYUC CTAaJUU OKCHUIU-
pOBaHMsI MPU U3TOTOBJIEHUM O0Opa3LoB CY-
IIIECTBEHHO HC BJIMACT Ha UX COp6I_[I/IOHHBIe
CBOMCTBA. DKCIEPUMEHTAJIBHO YCTaHOBIIE-
HO, uto omnpexaenenue JOD ¢ ucnonb3ona-
HUEM a0COpPOITMOHHOTO KOHIIEHTPUPOBAHMS
U aJCOpOIMOHHOTO KOHIICHTPUPOBAHUS C
UCIOJIb30BAaHUEM aKTUBUPOBAHHOIO  YIJIs
JlaeT 3aHIDKECHHBIE PE3yJIbTaThl 110 CpaBHE-
HUIO C aJCOpPOLMOHHBIM KOHIIEHTPUPOBA-
HUCM C HUCIHOJB30BAHUCM IOJTYYCHHBIX
cOpOLMOHHBIX cucTteM. [IpuMenenue npen-
JlJara€MbIX COp6I_[I/IOHHBIX CHUCTEM IIO3BOJIA-
€T YMEHBIIUTH BpeMsi TpoO00TOOpa, MOBHI-
CUTb MPAaBUIIBHOCTL U MNPCHU3UOHHOCTH
aHayu3a.
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The determination of high-boiling organic compounds
using block-porous sorption systems

© 2021 Platonov I.A., Novikova E.A., Karsunkina A.S.,
Lebedev A.N., Tupikova E.N.

Korolev Samara National Research University, Samara

The determination of trace amounts of toxic substances in atmospheric air (with a concentration of
0.1-0.5 mg/m®) is hindered during the stage of concentration, which is one of the main sources of error. Con-
centration is carried out using sorbents of different natures. The block material with variable porosity devel-
oped at Samara University (formerly Kuibyshev Aviation Institute) has advantages over other sorbents due to
the possibility to pass large volumes of air through it and due to the simple desorption process.

The aim of the work was to study the possibility of using a block material with a variable porosity as
a foundation for a sorption system designed to concentrate high-boiling organic compounds.

X18HI10T steel was used to manufacture experimental samples. The process of samples production
included the stages of forming base blocks and etching samples in hydrochloric acid followed by their oxida-
tion at temperatures of 350, 500, and 750°C (the colour of the surface became darker: the higher the tempera-
ture, the darker the colour). The study of the obtained samples was carried out using the example of identify-
ing a high-boiling compound, dioctylphthalate (DOP). To study the obtained samples, as well as to evaluate
and compare the absorption (the concentration system of an absorber with isopropyl alcohol) and adsorption
(the concentration system of a silicone tube with a sample of the sorption system) concentration, an installa-
tion was assembled used to produce gas flows with trace amounts of DOP in the air. The quantitative analysis
of the obtained concentrates was conducted by gas chromatography.

As a result of the quantitative analysis of the DOP extract in isopropyl alcohol (IPA) obtained by ab-
sorption concentration, the approximate concentration of DOP in the gas phase was determined C=0.46 +
0.15 mg/m?>. It was found that the smallest amount of DOP was desorbed from the untreated sample. This is
due to the fact that this sample practically did not have a highly developed adsorption layer. The amount of
DOP desorbed from samples treated at different temperatures differed insignificantly. As part of the work, a
comparative assessment of various concentration methods was carried out. It was found that the standardised
method to determine DOP with absorption concentration provided clearly underestimated results in compari-
son to the adsorption concentration. This may be explained by both the incomplete capture of DOP in the gas
flow and the introduction of additional errors due to extract evaporation. Adsorption concentration using ac-
tivated carbon also provided an underestimated result. DOP desorption from activated carbon was carried out
similar to the obtained experimental samples. The underestimated result may be associated with incomplete
DOP desorption from activated carbon. Thus, using the proposed systems allows increasing not only the ac-
curacy of DOP determination due to the more efficient capture of the component but also the precision of the
analysis.

Keywords: sorption concentration, high-boiling organic compounds, sample preparation, study of

gas environment, chromatographic method of analysis, block-porous systems.
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