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IIWH, MTOCPEACTBOM IKCTPAKIHU PACTBOPUTEIIEM, OTIIMYAIOIIEMYCA HHU3KOH WJIN HyﬂeBOﬁ TOKCUYHOCTBIO
1 BO3JECHWCTBHEM Ha OKPYXKAIOIIYIO CPEy, MPEANOYTUTENHHO, HO HE MCKIIOYUTENIBHO, MOIYIEHHOH M3
HCXOIHBIX MaTE€pHAIOB M3 BO30OHOBIISIEMBIX W HEUCKOIIAEMBIX MCTOYHHKOB, HAIpUMEp, MOCPEACTBOM
TepMHYEeCKOl 00pabOTKM B HMHEPTHOH arMocdepe WM IMOCPENCTBOM TEPMUYECKOH 00pabOTKH B
WHEPTHOH arMocdepe C MOCHenyromell SKCTpaKIUed pacTBOPHUTENEM, JUIA YHAJICHHS OCTaTKOB
MUPOJIN30BAHHOTO KaydyKa, 0CaXI€HHOT0 Ha IOBEPXHOCTH YITIEPOAHOM CaXKH, MOTy4YEeHHOH OT MHUPOIIH3a,
U TIOJIMIMKIMYECKUX apOMaTHYeCKUX YINICBOIOPOIOB, COAEpKalMxcs B HUX. M300pereHne Takke
OTHOCHUTCSL K CIIOCOOy SKCTPAaKIWU NWHKA M3 YIIEPOJHOW Ca)K, MOJyYCHHOW OT MHUPONIH3a, 3apaHee
OYHIIEHHOM MOCPEACTBOM IKCTPAKIINH PACTBOPUTEIIEM HIIH MOCPEACTBOM TEPMHUYECKONH 0OPaOOTKH, HITH
HOCPEICTBOM TEPMUUECKOH 00pabOTKH ¢ OCIEAYIOIel SKCTPaKI1eil paCTBOPUTEIIEM C UCTIONb30BaHUEM
KapOOHOBBIX KHCJIOT MPUPOJHOTO MPOUCXOKACHUS, TAKMX KaK JMMOHHAs KHCIOTa M BHHHAs KHCIIOTA,
TTOJTYYEHHBIX U3 TIOJIHOCTHIO BO30OHOBIISIEMBIX NCTOYHUKOB.
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OIIMCAHHUE U30BPETEHHUSA
2420-574501EA/022
IKOJOTMYHBII CIIOCOB OYUCTKH U PETEHEPAITAU YIJIEPOJHOM CAXKH,
MOJYYEHHOHU OT MUPOJIN3A H3HOIIEHHBIX IIITH

Hacrosimee n3o0pereHne OTHOCUTCS K SKOJIOTMYHOMY CIIOCOOY OYHMCTKU U PEereHepaLiiu
YTJIEPOAHON CakH, OJYYEHHON OT MUPOJIN3a U3HOIIECHHBIX LIMH.

B wactHOCTH, HacTOsIee H300pETEeHHE OTHOCUTCSA K CHOCOOY OYMCTKH YIJIEPOIHOH
Ca’kH, MOJIYYEHHON OT NMUPOJIN3a U3HOIIEHHBIX LINH, TOCPEACTBOM SKCTPAKIUU PACTBOPUTEIEM,
OTJIMHAIOLIEMYCsl HU3KOM WM HYJEBOH TOKCUYHOCTBIO M BO3AEHCTBUEM HA OKPY KAKOIIYIO
cpeny, MPEAINOUTUTENBHO, HO HE UCKIIOYUTENIbHO, TOJYUEHHOW M3 MCXOAHBIX MaTepuajioB U3
BO30OHOBJISIEMBIX M HEUCKOINAEMbIX HCTOYHHUKOB, HANPUMEP, IOCPEACTBOM TEPMHUYECKOM
00paboTKH B MHEPTHOHW aTtMocdepe WM MOCPEACTBOM TEPMHUYECKOW 0OpaOOTKM B HMHEPTHOM
atMocepe C TOCHEOYIOLEH SKCTpaKkUWedl pacTBOpPHUTENEM, I YHAJICHHS OCTATKOB
MUPOJIU30BAHHOIO KayuyKa, OCAXKI€HHOTO Ha MOBEPXHOCTU YIJIEPOAHON Caky, MOJY4eHHON OT
MUPOJIN3a, U MOJULUKINYECKUX apOMAaTHYECKUX YIIIEBOAOPOAOB, COEPIKALUXCSI B HUX.

Hacrosimee wu300peTeHne Takke OTHOCHUTCA K CIIOCOOY SKCTPaKLUMU LUHKA U3
YTJIEPOAHON Caky, MOJYUYEHHOH OT MHUpOJIN3a, 3apaHee OYMINEHHOH MOCPEACTBOM 3KCTPAKLUU
pPacTBOPUTENEM WJIHM TIOCPEICTBOM TEPMUYECKOH OOpabOTKH, MM TMOCPEACTBOM TEPMUYECKOH
00paboTKM € TMOCHEenyoLell SKCTpakiueld pacTBOPUTENEM, C HCIOJIb30BAHHEM KapOOHOBBIX
KHCJIOT MPUPONHOIO IPOUCXOXKAEHUS, TaKUX KAk JIMMOHHAas KHUCJIOTAa U BHUHHAs KHUCIOTA,
MOJIyYE€HHBIX M3 IOJIHOCTHIO BO30OHOBIISIEMBIX HICTOUHUKOB.

H3BecTHO, YTO cCpeAM pa3IMYHBIX MPENJIOKEHUH OTHOCUTEIbHO BOCCTAHOBJIEHUS
W3HOLICHHBIX LIWH, MUPOJU3, BUAUMO, SIBJIAETCS OJHUM U3 HAUIYYIIHUX PELIEHHUH, TOCKOIbKY OH
HIO3BOJISIET OCYIUECTBJISITh MPUHLUIBI OE30TXOJHON 3KOHOMHUKH, TO €CThb, BOCCTAHOBJICHHE U
BO3BpAllleHHe B IIOBTOPHOE OOpalleHHe H3BJIEYCHHBIX MaTtepuajoB Oe3 BbiOpocoB CO, B
armocdepy [cmompu J.D. Martinez et al., Sustainable Energy Reviews, vol. 23, pp. 179-213,
(2013)]. Ha camom nene, mMAPOJIU3 M3HOIICHHBIX IIMH MOXKET CIeJaTh BO3MOXKHBIM MOBTOPHOE
UCTIOJIb30BAHUE OTPENeNIEHHbIX (PpaKIUi MUPOJIN3aTa B HOBbIX COCTUHEHUSIX KaydyKa [crompu
F. Cataldo, (2006). Progress in Rubber, Plastics and Recycling Technology, vol. 22, p. 147-164
u 243-252, (2006)], HO KpOoMe BCEro 3TOr0, OH MAeJaeT BO3MOXXHBIM BOCCTAaHOBJICHHE U
MIOBTOPHOE HCIIOJIB30BAHUE MUPOJIUTUIECKON YIIIEPOIHON caku (HIKE COKPAIEHHO MMEHYETCs
"CBp") npu nmoyiyueHUN HOBBIX COSAMHEHHN Kay4yKa, KaK JJIsl TEXHHYECKUX U3IENUi, TaK U st
HOBBIX WUH [cmompu F. Cataldo, Macromolecular Materials & Engineering, vol. 290, p. 463-
467, (2005)]. IIpombineHHoe npou3BoAcTBO CBp yke OCyIecTBsSeTCs] B Pa3IMYHBIX CTPaHax
EC, a taxxe B cTpaHax He u3 EBpormnelickoro corosa, ¢ orpaHu4eHHbIM Hcnonb3oBaHueM CBp B
KauecTBe HU3KOAPMHUPYIOLIEro “HAMOJHUTENS B KaydyKoBOH mpombiiieHHocTH. Ha camom
7ene, Mpou3BOUMBIE B HacTosiilee BpeMs CBp MMEIOT psiA HENOCTaTKOB, KOTOPbIE HECKOJBKO
OTPaHMYMBAIOT UX [MOTEHLHUaJbHOE pacnpocTpaHeHue. Ilpexne Bcero, MOBEPXHOCTb
pOoM3BOAUMON B HacToslee Bpemst CBp nmokpeita u aesaktuBuposaHa npumepHo 10-22% macc

Kap6OHI/IBI/IpOBaHHOFO Kay4dykKa, IMPpOU3BOAUMOrO IPHU HETIOJIHOM IMHUPOJH3C KaydyKa HIHWHBbI, U3



KOTOPOrO OH TOJy4YaeTcs, WACHTU(PHULHPYEMOro HIDKE B HACTOSIIEM ONHCAHUU Kak
"OUTYMUHO3HBIA OCTaTOK WK (pakius”’, IPU TOM OTSTOIIAIIEM OOCTOATEIbCTBE, YTO 3Ta
bpaxkums kapOOHM3UPOBAHHOIO KaydyKa COAEPKHUT TAKXKe MOJULUKINYECKHE apOMaTH4YeCKHe
yTJIEBONOPOABI, HASHTUPHUIIPYEMbIE HIDKE B HacTosieM onucannu kak "PAH”, Hekotopbie u3
KOTOPBIX KaK H3BECTHO SIBJISIOTCS IMOTEHIMAIBbHO KaHUeporeHHbiMu [cvompu F. Cataldo,
Fullerenes Nanotubes Carbon Nanostructures, vol. 28, p. 368-376, (2020)]. Heobxogumo Taxxe
OTMeTUTh, 4TO oOmmee coxmepkanne PAH B coennHeHMsSX Kaydyka CTPOrO OrPaHUYHMBAETCS
nupexktuBamu, TakuMu kKak Regulation (EC) no. 1907/2006. KapOoHHM3HpPOBaHHBIN Kaydyk,
OUTYMHUHO3HBIA OCTaTOK OT MHUPOJIM3A, OCAXKIEHHbIM Ha moBepxHocT CBp, yMeHblnaer ee
yIEIbHYIO IJIOMAAb MOBEPXHOCTU ((YHIAMEHTAIbHBIA MapaMeTp apMUPYIOLIErO BO3AEHCTBUS
yraepogHoi caxku BooOme u CBp B 4YacTHOCTHM) WM TOKPHIBAET AKTHBHBIE LIEHTPbI Ha
nosepxHoctd CBp, koTopble, eciu OHH CBOOOAHBL, NPEACTABISUIM Obl OOJacTu IS
B3aUMOJEHCTBUSL Kay4dyK-yIJIepOAHAs Caka, KOTOPBIH NpPUBOAMIN OBl K YBEIHYEHHIO
apMUPYIOIIEro BO3AEUCTBUS, mMpu Hcnosb3oBaHnu CBp kak "HanmomHurtens" mpu MONyYeHUH
HOBBIX coemuHeHuil kayuyka [cmompu F. Cataldo, Carbon, vol. 40, p. 157-162, (2002); F.
Cataldo, Polymer International, vol. 50, p. 828-834, (2001)]. Kpome Toro, mpucyrcrBue
KapOOHM3MPOBAHHOTO Kay4dyka Ha TmoBepxHOCTH CBp HECKONBKO OrpaHUYHBAET €€
TEXHOJIOTUYHOCTb, Mellas M3MENbUEHUI0 Iocjae ee noaydeHus. Jlpyrumm ciosamy,
KapOOHU3UPOBAHHBIN KaydyK BemeT cedst mogoOHO OMTYMHUHO3HOW CMOJe, KOTOpasi MOPTHT
mo0ble MENbHULBI, TNpeqHa3HaueHHble a1 u3MenbueHus CBp, pemenune 31Ol mpobiembl
npenioxeno B nateHrax NL2015888B1 u WO2013/095145A1 nocpencTBoM KOHTPOJIUPYEMOM
TepMHUYECKOH OO0pabOTKM B NPUCYTCTBUM BO3AyXa MU YJIETYYUBAHUS U  CIKUTAHUSA
OutymuHO3HOH (¢pakumu. OgHako Takas oOpaboTka He siBisercs CBOOOMHOW OT OMAacCHOCTH
BO3TOPAHUS U B3pbIBA, KOTOPBIE PEATBHO MPOUCXOAAT B MACIITA0E MPOMBIIUIEHHBIX YCTaHOBOK.
Jpyroit Hemoctatok 0ObMHBIX CBp CBsi3aH ¢ BBICOKMM COIEpXKaHHEM MHHEpPaJbHON
(dpakuuy, OYEBHIHO, HE MPHUCYTCTBYIOIIEH B YIJIEPOAHOH caxke, MOJYYEHHOH MOCPEICTBOM
TOPEHUsI B OTCYTCTBUH KUCIOpoaa Gppakuuil TsSKeIoH HeTH W/ UM yIisl TOCPEACTBOM CIIoco0a,
U3BECTHOTO KaK “TeYHOI’. DTa MuHepaibHas (pakius, UHOTAA yIOMUHaeMas Kak "3oma" B
TEXHUUYECKOH JuTeparype, cocTasiseT npumepHo 13,5% macc CBp U cOCTOUT B OCHOBHOM U3
cyabduaa IHKA, CMEIIAHHOTO ¢ AMOKCUIOM KPeMHUS U crtnkatamu. IlocinenHue no0asistoT B
COCNWHEHHs] JJIsl IIWH BMECTe C YIJAEpOOHON caxeld Kak “HAloOJHUTENW , U OHHU
akkymysupyrores B CBp mocie mpouecca nuposusa. [Ipodiema munepanpHoii ¢pakuu B CBp
CBsI3aHa C TeM (PaKTOM, UTO OHA MPOYHO 3axBaThiBaeTcs BHyTpU CBp U Ha ee MOBEPXHOCTH, KaKk
CJIEJICTBHE OrpaHUYMBasl €€ apMHpYIollee BO3JEHCTBHE W OTPULIATENBHO BIHSAS HA CHCTEMY
BYJIKAHU3ALIMM HA OCHOBE CEPbL, TP UCIIONb30BAHUU B HOBBIX COEAMHEHUAX KaydyKa.
KapOoHu3npoBaHHbIH MaTepHal 1O ONPEAeNIEHHIO HEPACTBOPUM MJIH IIJIOXO PACTBOPUM B
opranuueckux pactsopurensax. C qpyroi CTOPOHBI, HEOXKUIAHHO OOHAPYKEH Psii OPTraHUYECKUX
pacTBOpPUTENEH, W CIIENOBATENbHO, OHH COCTABISIIOT IIPEAMET HACTOSILIEr0 H300peTeHMs,
KOTOpblE  CIIOCOOHBI ~ 3KCTparupoBaTh  (ppakuuioo  KapOOHU3MPOBAHHOTO  Kaydyka,

npucytcrBytouyio B CBp, ocrasnsass CBp cBoboaHoit oT 310N (ppaxiyy, KOTopast OrpaHUYHUBAET



€€ TEeXHOJIOTMYHOCTh B CIIy4ae M3MEJbUEHUs, TAKMM 00pa3oM, YCTpaHss KapOOHU3HUPOBAHHYIO
dpakumo, KOTOpas 3aHMMAeT AKTUBHBbIE LIEHTPbl M HECKOJIbKO OrPAaHUYMBAET aAPMHUPYIOLIEe
JeICTBHE COTJIACHO M3MEPEHUsIM YIENbHOH MoLanau NnopepxHocTu. Kpome TOro, skcTpakius
PaCTBOPUTENSIMY, SIBIISIOLIAACA IPEIMETOM HACTOSINEro H300peTeHus, Take 3(PPEeKTUBHO
ynanser Bce tunbl PAH, nmpucyrctBytomue B CBp, nenas CBp moOaHOCTBIO OYMINEHHON U
TOTOBOH JIsI MCIOJIBb30BAHMS B KA4e€CTBE HAIMOJHUTENS AJs1 HOBBIX COCAWHEHMH KaydykKa, He
BbI3bIBAsl MPEMATCTBUI Il UCIIONB30BAHUS, BMECTO TOM, YTO HCIIOJb3YETCS] BMECTE CO CBEXKEN
CBp.

Pemenne cornacHO HacTosiIero M300peTeHUs: BBOIUTCS B 3TOM KOHTEKCTE, OHO
npeayaraeT npeayCMOTPETh Coco0 OYUCTKH YIIIEPOIHON CaKH, MOJYYSHHOH OT MUPOIN3a INH,
OTJIMYAKOLIUICS OUE€Hb HU3KON WJIM HYJIEBOH TOKCUYHOCTBE) U BO3JICMCTBUEM HA OKPYKAOLIYIO
cpeny, MOCPEACTBOM 3KCTPAKLUU PACTBOPUTENEM, IMPEANOUYTUTENBHO, HO HE HUCKJIIOYUTENBHO,
MOJIYY€HHBIM U3 UCXO/IHBIX MAaTE€PHAJIOB U3 BO30OHOBIISIEMBIX U HEMCKOMAEMBIX HCTOUHUKOB FLTH
NOCPENCTBOM TepMHUYEeCKOH 0o0paboTKM B HWHEPTHOH armocdepe, WIM TOCPEICTBOM
TepMUYeCKolH 00paboTk B  HWHEPTHOW arMocdepe C TMOCHeAYIIeld SKCTpakuuei
pacTBopuTeNeM, A yAaleHUs OCTaTKOB IHMPOJIM30BAHHOTIO KaydyKa, OCaKIEHHOro Ha
MOBEPXHOCTU  YINIEPOAHOW CaXy, TONy4eHHOH OT NHPOINU3a, U  HNOJULUKIMYECKUX
apoOMaTUYECKUX YIJIEBOAOPOOB, COAEPKALUXCS B HUX.

Kpowme Toro, HacTosiinee n3o0peTeHne npeaaraeT OCymecTBIEHHE Crocoda SKCTPaKIUH
LIMHKA W3 YIJIEPOAHON CakH, MOJY4YEHHONH OT MHPOJIN3a, 3apaHee OUUIIEHHON MOCPENCTBOM
SKCTPAKLUU PACTBOPHUTEIEM WM MOCPEICTBOM TEPMHUECKOH OOpaOOTKH, WM IMOCPENCTBOM
TePMHUYECKOH O0palOTKH ¢ TOCIEeNyIOMel AKCTpakLuell pacTBOPUTENEM, C HCIOJIb30BAaHUEM
KapOOHOBBIX KHCJIOT NMPHUPOJHOIO NPOUCXOKACHUS, TAKUX KaK JIMMOHHAsl KUCJIOTa U BUHHAs
KHCJIOTA, MOJYYEHHBIX U3 MTOJHOCTHIO BO30OOHOBIISIEMBIX HCTOUHHKOB.

CrnenoBarenbHO, LEJIBI0 HACTOAIIEr0 HM300pETeHMs SIBISETCS CO3AaHUE KOJOTUYHOIO
croco0a OYHUCTKH U PEAKTUBALMH YTJIEPOAHOM CaKH, MOJYYEHHOW OT MHUPOJIH3a W3HOLICHHBIX
IIMH, KOTOPBIA JAejaeT BO3MOXKHBIM TMPEOJOJEHUE OrpPaHUYEeHUIH CIOCOOOB, HM3BECTHBIX U3
JUTEPaTyphl, U MOJTyYeHHE TEXHUUECKUX Pe3yJIbTaTOB, OMMCAHHBIX paHee.

Jlpyroli mpenMer HaCcTOSIIIEero H300peTeHHs 3aKIFYaeTcsl B TOM, 4YTO YyKa3aHHBIH
SKOJIOTUYHBIA CrOCO0 OYMCTKH M PEAKTHBALUHU YIICPOTHON CaXKH, MOJYYSHHOH OT MUPOJIH3a
M3HOLICHHBIX HIMH, MOXKET OCYIECTBISITHCS MPHU CYLIECTBEHHO MEHBIINX 3aTpaTax.

HaxkoHern, 1ienpr0 HaCTOSIIEr0 M300PETEHHsI SBIISIETCS CO3IaHUE SKOJIOTUYHOTO crocoba
OUHCTKU U PEaKTHBALMM YIJIEPOAHON Ca)XKH, MOJY4YeHHOH OT MHUPOJIM3a WU3HOLIEHHBIX IIHH,
KOTOPBIH SIBIISIETCS MPOCTHIM, O€30MACHBIM U HAaJIC/KHBIM.

CnenoBarenbHO, KOHKPETHOW ILENBI0 HACTOSILEro H300peTeHHs SIBISIETCS CIIOCO0
OUYHCTKU YIJIEPOAHONW CaKy, IOJYYEHHOH OT MNUPOJM3a W3HOUIEHHBIX IIHWH, IOCPEICTBOM
SKCTPAKLHUN PACTBOPUTENIEM CpenHEl MOJSIPHOCTH, WIM TePMHUECKONW oO0paboTKH B MHEPTHOMN
atMocepe, WM IOCPENCTBOM TEPMUYECKOH 0OpaboTKM B HMHEPTHOH armocdepe cC
NOCJEAYIOLIe 3KCTpaKLUell pacTBOPUTENEM CpeAHell MONAPHOCTH, NMPU 3TOM YKa3aHHBIN

SKCTpaKHHOHHblﬁ paCTBOPUTEIIb CpeI[HefI NOJIAPHOCTHU NPEANIOUTUTCIIBHO UMECT MOJIIDHOCTD B



npenenax 36,5<ET(30)<41,6 kkan/monp mo mxkane Pelixapna, a eme Oosee MpeanoOYTHTENBHO
BbIOMpaercs u3: Mermnrerparuapodypana (Me-THF), terparunpodypana (THF), stunanerara
(AcOEt), mumerunkapbonata (DMC), merunanerara (AcOMe), nuxnopmerana (CH,Cl),
stunopmuara (HCO,Et), azeorpornHoro coennnenus stunanerara u stanoja (AcOEt/EtOH),
3:1 oOpem/00BEM M TPU 3TOM yKa3aHHas TepMHu4eckas oOpaboTka B MHEpPTHOH aTmocdepe
IPEANOYTUTENIHO UMEET MECTO NpHU Temrepatype B npeaenax mexxay S00°C u 750°C, a Gonee
MPENOUTUTENIbHO TpU TemnepaType B mpenenax mexay 550°C u 600°C, a Ttakke B IOTOKe
WHEPTHOTO Tra3a, MPEeANOYTHTEIbHO BhIOpaHHOTO 3. N, Ar, CO,, meperperoro mapa wid ux
coveraHusi, a Ooyiee MpennouTUTENbHO, B MOToke CO,, meperpeToro napa Uik uX COYETaHusl.

Kpome Toro, coriacHo HacTosimeMy H300peTeHHUI0, Coco0 OYUCTKH YIIIEPOAHON CaxH,
NOJIy4eHHOW OT TMHPOJIHM3a HM3HOIICHHBIX IOUH, MOXKET JONOJHHUTENIBHO BKIIOYATh CTAIHIO
CEJIEKTUBHOW SKCTPAKIMU IIMHKA U3 3apaHee OUHWINEHHOW YIJIEPOIHOW CakKé IOCPENCTBOM
SKCTPAKLHUU PACTBOPUTENIEM W/WIIHM TepMHUYeCKol 00paboTKU B HHEPTHOH aTMocepe, mpu 3TOM
yKa3aHHasl CTagusl CEJIEKTHBHOM OSKCTPAKLUHU I[MHKA BKJIIOYAET HCIIOJNB30BAaHHE BOIHOTO
pacTBOpa, cCoaepsKanero KapOOHOBYIO KUCIIOTY, BRIOPAHHYIO U3. JINMOHHOW KUCJIOTHI 1 BUHHOH
KHCJIOTBI, IPEAMOYTUTENBHO, B COYETAHUU C (PTOPUCTOBONOPOAHON KUCIOTOM.

INPUMEPBHI 1-20

Hacrosimee nzoOperenne OyneT OMUCHIBATHCS HUXKE MOCPENCTBOM HEOTPAHUYMBAIOLIECH
WITFOCTPALIMU C KOHKPETHBIMU CChUIKAMU Ha HEKOTOPbIE MJUTIOCTPATUBHBIE IPUMEPHI.

B npumepax, SKCTpakuus pacTBOPUTENEM OCYINECTBIISETCS B SKCTPAKTOPE TBEPIbIH
npoAyKT-KuakocTh Tna Soxhlet [cmompu L. Gattermann, Die Praxis der Organischen
Chemikers, de Gruyter, (1957)], ¢ 500-mMn 3KCTpakLMOHHON KaMepoi. s xakno#l 3arpys3ku
SKCTpaKUMHU, npudam3uTenbHo 262 1 CBp moMemaroT B ClELUaNbHbINA LEJUTFOJIO3HbIH CTaKaH,
KOTOpBIi B CBOKO OYepelb BCTABIAIOT B SKCTPAKUMOHHYIO Kamepy Soxhlet. Jlns kaxmoro
npumepa, npuBeneHHoro B Tabmume 1, SKCTPAKIMIO OCYIIECTBISIOT HA CTAHAAPTHOM
NPOMEKYTKE BPEMEHH 8 4acOB, UCTOJIB3Ysl TIPU STOM PACTBOPHUTENH, IPUBEICHHBIE B MPHUMEPax
1-20 w3 cnenyromeii nanee Tabmuubl 1. B KOHIlE SKCTpakUMH, UEJJIFOJIO3HBIA CTaKaH,
comepskamuii skcrparupoBannyro CBp, ynamstor w3 Soxhlet M OCTaBISIOT CYIIMTHCS TOX
BBITSDKKOM, a 3aT€M B CYLIMJIKE, IIOKAa Macca HE CTAHET MOCTOSHHOW. 3aTeM, BBICYLICHHAs Caxa
yIAJISIeTCsl U3 LEJUTFOJIO3HOTO CTaKaHa, MPH HEOOXOAUMOCTH OCTOPOKHO U3MEJIBUYAETCS B IbUTh B
CTyIIK€ WJIH C WCIOJb30BAHUEM CIIELUAIBHOTO HW3MEJIBUUTENST TIOPOIIKOB U HAKOHEIl
B3BELIMBAETCsA. B3BemuBaHue omnpenessieT KojaudecTBO ouuiieHHON CBp, ocraromeilics B
crakaHe mnocne skcrpakuuu. IIponeHt maccoBbiii CBp u3BnedueHHON mocie 3KCTPAaKLUH, a
CJIEZIOBATENIbHO, M TIPOLIEHT MACCOBBIA YAAJEHHOH OWTYMHHO3HOH (pakiuy, MOJy4arT H3
Macchl ounineHHoi CBp. Ucnoneiys meton ASTM D6559-19, onpenensitoT Takke yAEIbHYIO
wiomans nosepxHoctu CBp mocne skcrpakuuu pactsopurenem. Csexass CBp, kak Takosas,
MMeeT YIeNbHYIO IUIOAb MTOBEPXHOCTH 41 MY/T 1 TOMbKO 5(QMEKTHBHbIE PACTBOPUTEIH MPH
SKCTPAKUUN OWUTYMHHO3HOH (pakimMu CHOCOOHBI NMPHUBOAWTH K 3HAYUTEIBHOMY YBEIHUYEHUIO
ynenpHOH muomanu nosepxHocT CBp, 3TOro He MpOMCXOMUT ISl APYrux Hea(pPeKTHBHBIX

pacTBOpUTENeH, NpUBENEeHHBIX I Lenel cpaBHeHus. [Ipumepst 1-5, mokazanneie B Tabmune 1,



SIBJIIIOTCS] CPABHUTENIbHBIMU M TIOKA3bIBAIOT KAK HEKOTOPbIE PACTBOPHUTENH, B 3TOM Clly4ae, psin
anupaTuueckux M LukiIoanupaTHueckux (MM Ha(pTEHOBBIX) VYIJIEBOAOPOIOB, TAaKUX Kak
NeHTaH, TeKCaH, JEKaJHH, JUTPOUH, TEPHEHTUHOBAs JCCEHLUS U JIMMOHEH, SIBJISIOTCS
Mano3(pPEeKTUBHBIMU NPH YAAJIEHUN OCTaTOYHON OMTYMHHO3HON (pakuuu ot nupoimsa CBp, u
o0paboTka MMM YacTO HE OKa3blBa€T BHMAMMBIX BO3ACWUCTBUH Ha YAEIbHYIO IUIOLIAb
nosepxHoctu CBp.

Tabmuua 1. Dxcrpakuns CBp nocpencrsom pacteopurens. [Ipumepsr 1-20

PactBOpuTens

ITonspHOCTH
pacTBopuUTeN
sI COTJIAaCHO
Petixapny
ET(30)

(B
KKaJ1/MOJIb)

*)

% CBp
HU3BJICUEHH
BIH TIOCJIE
ITOJTHOH
SKCTPaKLH
51

butymunosHas
¢dpaxums CBp
SKCTPArHpPOBAHH
asi u3
pacTBOpUTENS
(% ot ucxonHoM
CBp)

V nenpHast
miomanb
IMOBEPXHO
CTHU
CBp (M*/r)
ASTM
D6559

IIpumeuanue
OTHOCHUTEJIHO
s dexTUBHOCT
Y SKCTPAKIHH
OUTYMHUHO3HOM

bpaxm u3
CBp

CBp kak TakoBas

n.a. (*%)

n.a. (*¥%)

n.a. (*¥%)

41

1 IlenTan

30

99

41

CpaBHHTENBH
BIi1 IPUMED,
PacTBOPUTEIND
HE
s dexTBeH

T'excan

31

98

41

CpaBHuTeNnbH
BbII1 IPUMED,
pacTBOpPUTEIND
HE
s dexTBeH

3 JexanuH

31.2

98

41

CpaBHuTenbH
BII IIpUMED,
pacTBOpPUTEID
He
s dexTrBeH

Jlurpoun
(yaircupur)

32

98

41

CpaBHuTEBH
BIil IpUMeEp,
pPacTBOPUTEIDb
HE
s dexTBeH

DcceHuus
TEpIIeHTHHA
(TepreHTHH)

32,2

98

41

CpaBHuTeBH
BbIi1 PUMED,
pPacTBOPUTEIND
HE
s dexTBeH

JIuMoHeH

323

98

41

CpaBHHTENBH
Bl IPUMED,
pacTBOPUTEIND
HE
s dexTBeH




Kcunnon

(cMech M30MepoB)

33.1

91

58

CpaBHuTeNbH
b1 IPUMED,
pPacTBOpPUTEIND
HE
s dexTBeH

Tonyon

339

91

61

CpaBHuTenbH
BIN IIpUMED,
pacTBOpPUTEIND
HeE
s dexTrBeH

Bbenson

34,3

90

10

64

CpaBHuTEBH
BIi IpUMeED,
pPacTBOPUTEIb
HE
s dexTBeH

Tpuxnopstunen

35.9

90

10

66

CpaBHuTenbH
BIi1 IPUMED,
pPacTBOPUTEIND
HE
s dexTBeH

10

2-

Metunrerparunp

o-ypan

36.5

88

18

75

O PexTrBHBII
PacTBOPHTENb

11

Terparunpodypa

H

374

86

20

76

O dexTuBHbIH
PacTBOPHTEIIb

12

Ortuanerar

38.1

85

18

74

D¢ dexTuBHbIH
PacTBOPHTEIIh

13

HumerunkapboHa

T

38.2

87

16

74

D¢ dexTuBHbIH
PacTBOPHTEIb

14

Merunauerart

389

85

18

74

D¢ pexTuBHBIH
PacTBOPHUTEIIb

15

Huxnopmeran

40,7

79

21

77

D¢ pexTuBHBIH
PacTBOPHUTEIIb

16

Arunpopmuar

40,9

85

17

74

D¢ dexTrBHbIH
PacTBOPHTEIb

17

Ortunauerat/
staHoa 3:1

41,6

86

14

74

O dexTrBHbIH
PacTBOPHTEIb

18

AneroH

42,2

89

11

69

CpaBHuTeNbH
BIi1 IPUMED,
pacTBOPUTEIND
HE
s dexTBeH

19

OrtaHon

51.9

92

67

CpaBHHTENBH
BII IPUMED,
pPacTBOPUTEND
HE
s dexTuBeH

20

Bona

63.1

100

41

CpaBHuTeNbH
b1 IPUMED,
pacTBOpPUTEIND
HE
s dexTBeH
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(*) Reichardt C. "Solvents and Solvent Boznetictus in Organic Chemistry " 3a Ed., Table 7.3,
Wiley-VCH (2003).

(**) n.a.=HempUMEHUMO

CnenoBarenbHO, MOXKHO OIPENENNTh, YTO JIMTPOUH, PACTBOPUTENb, PACCMOTPEHHBIH J.
Piskorz et al. B cratbe [Energy and Fuels vol. 13, p. 544-551 (1999)], Bugumo sBisieTcs
COBepIIEHHO Hed((EeKTHBHbIM KaK pacTBOpUTENb OMTyMHUHO3HOH ¢pakumun CBp, Bmecte ¢
APYTHMMH HCCIIETOBAHHBIMH aMU(paTHUECKUMU M IMKJIoAIN(paTH4ecKumMu pacteopurensiMu. C
APYroil CTOPOHBI, OINpEJEeNeHHbIe apOMAaTUYEeCKUE PACTBOPUTENH, TakKhe KaK KCUJIOJI B CMECU
U30MepoB, Tonyon u Oenson (mpumepbl 6-8 B Tabmume 1), BHOAUMO HMEIOT Jydlnee
SKCTPAKLIMOHHOE BO3ACHCTBHE, ueM anupaTtudyeckue U Ha(TEeHOBbIE KHCJIOTHI, HO 0e3
NOJTHOCTBIO ~ YZIOBJIETBOPUTENIbHBIX ~ PE3yJbTATOB, MPEOIMET HACTOSIIEro  H300peTeHus
OTHOCHTEJIbHO psiia pactBoputeneli npuseneH B nmpumepax 10-17 Tabmumpr 1. CrenoBaTensHo,
Takke mpumepsl 6-8 Tabmuubl 1 NPUBOASTCS KaK CPAaBHUTEIbHBIE IPUMEPHI M TIOKA3bIBAIOT, YTO
Oenszon, Tomyon u Kcwioj, paccmorpeHHbie B mateHTe CIIA [G.W. Denison, US PAT.
2004/047779 Al] xaxk areHTbl JUIsl 3KCTPAaKLUM U OUYUCTKU YIJIEPOJHOM Caku, HE SIBJISIIOTCS
HAMJIYYIIUMH PACTBOPUTEISIMHA MPUTOJHBIMHU Uil 3TOH OMEpaluy, X AAJNEKO MPEBOCXOMST IO
3¢ pexTUBHOCTU paCTBOPUTENU, UACHTH(PUIIMPOBAHHBIE B HACTOSIIEM H300pETEHHUH U Kak
IpeaMET HACTOSIIEro M300peTeHHs], npuBeaeHHble B mpuMepax 10-17 Tabmuusr 1. Ha camom
7ene HEOKHWAAHHO OOHApy)KeHO, W 3TO, CJIEAOBATENbHO, OOpa3yeT MpeaMeT HAaCTOSIIEro
U300peTeHMs], YTO PsI PACTBOPHUTENICH CO CpelnHed MOJIIPHOCTBIO, U3MEPEHHOU MOCPEICTBOM
metona U mkaiel Peiixapna u HazeiBaemoit ET(30) [emompu C. Reichardt, Solvents and Solvent
Effects in Organic Chemistry. Wiley-VCH edition of (2003) and the updated edition of (2011)]
ABIIAIOTCST BBICOKO3(D(PEKTHBHBIMM TPU 3KCTpakuuu OuTymuHo3HoW ¢Qpakuuu CBp, nanexo
npeBocxons Mo 3(p(GEeKTHBHOCTH Kak anudaruveckue, LUKIoaTH(paTHUecKne, TEpIeHOBbIE U
apoOMaTUYeCKue yTreBOAOPOIbl, PacCMOTpeHHble Bbiie (mpumepbl 1-8 B Tabmuue 1), Tak u
OIpeeIeHHbIE XJIOPUPOBAHHBIE COSMHEHUs, TAKHe KaK TPUXJIOpITIIIeH, npumep 9 Tabnumps! 1,
paccmotpennblii Piskorz et al. [Op.cit.] kakx BO3MOKHBINA 3KCTPAKLIHMOHHBIA PACTBOPHUTENb JJIs
CBp, mpeBocxoast 1o 3P (HEKTUBHOCTH Jake OINpPEeIeHHbIE BBICOKOIOJISIPHBIE PACTBOPUTENH,
TakMe Kak auneroH u d5TaHod (mpumepsl 18 m 19 Tabmumsr 1), mpu 3TOM auneToH yike
pexomennoBaiics Piskorz et al. [Op.cit.] kak pacTBopuTenb mpuronHslii 1t ounctku CBp.

Ha camom pene, 3(p(}eKTHBHOCTb SKCTPAKIMM, a TakKKe YHUKAJbHOCTb padodynx
XapaKTePUCTUK PACTBOPUTENIEH MpeaMera HacTosmero n3odperenus (mpumepsl 10-17 Tadmuis
1) u3MepsroTCs MO KOJNUYECTBY OMTYMHMHO3HOW (ppakiun, skctparupoanHoi u3 CBp 3a
CTaHIAapTHOE BpeMsi dKCTpakuuu Soxhlet, B coueTaHun ¢ yBeIMYEHHEM YAEIbHON IUIOLIAIH
MOBEPXHOCTH, N3MepeHHON Ha ouMineHHoW CBp, koTopas He cpaBHHMMa U HE OTPa)kaeTcs ISl
JFO0Or0 W3  pacTBOpUTENieH, TPHUBENEHHBIX JUIi CPABHHUTEJBHBIX LEJNeH. ODKCTPaKIHs
PacTBOPUTEISIMH NpenMeTa Hactosmero nzodpereHus (mpumeps! 10-17 Tabnuus! 1) Brirodaer
3HAUUTEIbHOE YBEJIMUEHUE yAeNbHON mioianu nosepxHoctu CBp, xotopas nocturaer 74-76
M/r B npumepax 10-14 u 16-17 u nocruraer makcumyma 77 M/T B npumepe 15, no cpaBHEHHUIO C
41 M*/r mis cBexeil CBp. B uwacraoctn, Tabnuma 1 sicHo mokasbiBaer, 9To 3G (HEKTUBHOCTD

OKCTpaKIun HCCJIICAY EMbIMU PaCTBOPUTECITIAMHA clIeayer TpeHAOy IIKaJIbI MOJISIPHOCTHU



pacTBOpUTENEH, NPEANIOKEeHHONH U M3MepeHHo# Peiixapnom, ykxaszannoit ET(30) /cwmompu C.
Reichardt, Op.cit.], 1 MakcumanabHyI 3()(PEKTHUBHOCTD SKCTPAKLUM MOXKHO OINpPENENUTh IS
pactBopureneit co 3Hadenusmu ET(30) B mpemenax 36,5<ET(30)<41,6 xkan/mMoinb.
CnenoBarenbHO, TpPENNOYTHTENbHBIE pacTBOpuTeNnu s sKkcTpakuun CBp u  mpenmer
HACTOSIIEro U300peTeHust MPEACTaBISIIOT co0oil pacTBopurenu nmpumepoB 10-17, a KOHKPETHO
merunrerparuapopypan  (Me-THF), terparuapodypan (THF), ostunanerar (AcOEt),
numeruikapbonar (DMC), mermnanerar (AcOMe), nuxnopmeran (CH,Cly), sTundopmuar
(HCO,Et), azeorpomnHoe coenuHenue stunanerara u dranona (AcOEV/EtOH), 3:1 o6bem/00bem.
BaxHO mMOMUepKHYTh, YTO BCE PACTBOPUTENM NPEAMETa HACTOSLIEr0 H300PETeHUS HMEIOT
skonorndeckne ocodbenHoctu. Ha camom nene, Me-THF u THF mnony4aroT M3 MONHOCTBIO
BO300OHOBJISIEMBIX MPUPOIHBIX UCTOYHHUKOB, TO €CTh, HANPUMEP, U3 CEPALICBUHBI KYKYPY3HOTO
NoYaTKa, PHUCOBOM INENyXH, TPOCTHUKOBO-CaxapHOH Oaraccel W W3 APYruX IMOAOOHBIX
CENIbCKOXO35MCTBEHHBIX 0TX0A0B, 1 Me-THF umMmeer npeBOCXOAHBIH TOKCHUKOJOTMUECKUN U
OTHOCSILIUICS K OKpy»aromeit cpene npoduis [cmompu V. Pace et al. ChemSusChem, vol. 5, p.
1369-1379, (2012)]. B cBoro odepenb, STHIALETAT, METHJIALIETAT U STHI(POPMHAT TaKXKe MOXKHO
NOJIy4aTh M3 BO30OHOBIIIEMBIX HMCTOYHHMKOB, COOTBETCTBEHHO, NPU YKCYCHOH (hepMeHTaluy,
cupTOBOI (pepMeHTauu W aueToH-OyTuioBoil ¢epmentraunu [cmompu M. Giua, Chimica
Industriale, vol. 8, p. 283-386, (1975)], u OHU SIBJSIFOTCSl JIETKO OHWOAETrpaiupPyeMbIMH W,
CJIEIOBATENbHO, HE OKA3bIBAIOT MOYTH HUKAKOI'O BO3JEHCTBUSA Ha OKpyskarolnyro cpeny. DMC
UMeeT OYeHb MAJIOTOKCUYHBIN 1 OBICTPO OHOAerpaaupyeMblil mpopuiib ¢ O4eHb OIArONPUATHBIM
npoduaeM BO3AEHCTBHS HA OKpYKatoIyto cpeny [cvmompu F. Mizia et al. Chimica & Industria,
vol. 83, p.47-54, (2001)]. B nmpumepe 15 Tabmuust 1, moxkno yBunets, uto CH,Cl, Haxomurcs
cpenu Hambojnee >(QeKTHBHbIX pactBopurenel s ouuctku CBp um mo 3Toit mpuymnHe
BKJIIOYAETCSI B pacTBOpHTENu mnpeamera Hacrosimero usoOperenus. CH,Cl, Taxke MOXHO
NOJIYy4YUTh, IO MEHbLIEH Mepe, YaCTHYHO, U3 BO30OHOBIIIEMBIX HCTOYHHMKH, HAIpHUMeED,
MOCPEICTBOM XJIOPUPOBaHMsI OMOMeTaHa. XOTS MMEIOTCS MPEeayNpesKAeHUs] OTHOCUTENIBHO €ro
TOKCUYHOCTH, HEOOXOOUMO TMOMYEPKHYTb, YTO O5TO MOXKHO mpeonoderb, eciu CH,Cly
UCTIONB3YIOT B CHCTEME COOTBETCTBYIOIIEH KOHCTPYKLIHMU C 3aMKHYTbIM KOHTypoM. Ha camom
nene, CHpCl, wumeer HeocnmopuMble TMPEUMYINECTBA HHU3KOM CTOMMOCTH, BBICOKOH
3¢ (eKTUBHOCTH 3KCTPAaKIHMH, HHU3KOH Temmneparypbl kunenus (npumepHo 40°C), Huskoi
SHTambNUM ucnapeHuss npu 80,5 kkaw/kr (3TO BaXHO ISl CTAAUH PELUKIUPOBAHUS
PacTBOPUTENSI) U KPOME TOTO, UMEET MOYTH YHUKAJIbHYI0 OCOOCHHOCTh CPEAH PacTBOPUTENEH,
uccienyeMbix B mpumepax 10-17 Tabmumer 1, on He Bocmamensirouuiics. C TOYKH 3peHHS
BO3ACUCTBUSI HA  OKPYXKAOINYIO  Cpedy, OUXJOpMeTaH OBICTPO  pasjaraercss IpH
IUCTIEPTUPOBAHUU B OKPY’KAIOLIEH cpele U He BiIMsAeT Ha crparocdepHbiil 030H [cmompu C.M.
Trudinger, et al. Journal of Geophysical Research: Atmospheres, vol. 109 issue D22, (2004)].
Tabmuua 1 Takke NOKa3bIBAET, YTO YAAJEHHE IIOCPEACTBOM O3KCTPAKLUH PACTBOPUTEIEM
OCTaTKOB NHMPOJM30BAHHOIO Kay4dyka ¢ moBepxHOCcTH CBp BbI3bIBaeT yBeNnWYeHHE YIEIbHOM
mowanu nosepxHoctu CBp, usmepenHoi cornacHo merony ASTM D6559-19. Veenuuenue

yAEIbHON IUIOIIAAu TMOBEPXHOCTU COOTBETCTBYET YBEJIWYEHHIO aPMHPYIOIIETrO0 BO3IEHCTBUS



YIJIEPOAHON Ca)KH, MOCKOJBKY CTaHOBSTCS AOCTYNHBIMH AKTHBHbIE LIEHTPbI HA MOBEPXHOCTHU
CBp, oTBeTCTBEHHBIE 3a B3aMMOAEICTBHE yriepoaHas caxa-kayuyk. ClenoBarenbHO, yAaleHue
skcTparupyemoii ppakuuu u3 CBp Bkimtowaer He Tonbpko yaaneHne PAH (conmepskamumxcs B
OUTYMHUHO3HOHN (pakLKu), HO TAKXKe yJIydlIeHne apMUupyromux cBoiicts CBp, ecnu oHa nomKHA
HCIOJIb30BATHCS KAK HAMOJIHUTENb B HOBBIX COEAMHEHUAX KaydyKa.

ITPUMEPHI 21-28

B npyrom BapuaHTe OCyLIecTBiIEHHs Hacrosimero usobperenus, CBp moxpsepraror
TepMHUYeCKOH 00paboTke B TpyOuaToli meun B aTMocdepe BLIOPAaHHOTO ra3a, U B JIOOOM cliyyae,
C XMMHUYECKOHN MPUPOAOH, OTJIUYAKOILENCS KaK OT BO3AyXa, TaKk U OT Kuciopoaa. Tepmudeckas
00paboTKa OCyIIECTBIIIETCS TMpU Temreparype B mnpemenax wmexay S00°C u 750°C, a
NpeanoyYTUTeNbHO B mpepenax Mexay S550°C u 600°C. B sToM nuamazoHe TemImepartyp
ourymuno3Hast ¢pakumsi CBp otronsiercss m ormensiercs or CBp ¢ moMomer MOTOKa
BBIOPAHHOTO ra3a, U Mocje COOTBETCTBYIOLIETO BpeMEHH 00pabOTKHU, MOKA3aHHOTO B MPUMEpPaXx,
npuBeneHHbIX B Tabmume 2, OHa MOJHOCTBIO OUHWINAETCS M OCBOOOXKIAETCS OT OUTYMHHO3HOM
bpaxamm.

B cBOMX mpeAnoOuYTHTENBHBIX BapHAHTaX OCYIIECTBJIECHHWS, KBapLeBas TpyOka ¢
BHYTPEHHUM JIHaMeTpoM 2 cM U AauHOW 30 CM C AByMs BBINYKJIBIMH KOHYCaMHM Ha Kpasix
BcTaBisiercss B TpyOwaryro meub Carbolite Type MTF 10/25/130. Ksapuesas TtpyOxa
3arpykaercsi Maccoi ceexeir CBp st 06paboTku, OCTOPOKHO PaclojiaraeTcsi B UCTIOIb3yeMOH
CeKL[MM TPyOKHU BHYTpPH IeuH, Kak npuseaeHo B Tabmune 2, B npumepax 21-28. Kpas kBapueBoit
TPyOKH 3aKpBIBAIOT ABYMSI KpaHaMH, KaXIbIi U3 KOTOPHIX COEAMHEH C BHYTPEHHHM KOHYCOM.
Mexny BHYTPEHHMM KOHYCOM U KPaHOM BCTaBJIAE€TCS NMOPUCTAsl MEPEropoAka U3 CIEYEHHOIO
creksia ¢ mopuctocteio G1 s mpenoTBpaluenus aucnepruposanus nopouka CBp u3 peakropa.
IMpumepsr 21-28 Tabnuubl 2 OCYLWIECTBISIOT IMOCPENCTBOM HArpeBa I€YM TPU CKOPOCTH
20°C/mun no BbIOpaHHOW Temmepatypbl (mokazaHa B Tabmuue 2), W 3Ty Temmeparypy
NOJ/IeP’KUBAIOT B T€YCHUE BPEMEHH, YKa3aHHOro B Tabmuue 2, mepen BBIKIIOYEHHEM TeuH, U
OKUJAIOT TI0KAa OHA OCTBIHET 10 KOMHATHOH TeMIlepaTyphl.

Tabmuua 2 - VYnpanenue OutymuHosHoi ¢pakuum CBp mocpenctBom TepMuveckoi
obpabotku - [Tpumepsr 21-28

Macca butymunosH
CBEXKEU ast ppakuus | Y nenvHas| [Ipumeuanue
% CBp
CBp B | Temmneparypa CBp IJIOLAAb | OTHOCUTENIBHO
o U3BJICUEHH
TpyO4aTol °C) . yHajieHHas |OBepXHOC 3P PEeKTUBHOCT
Texnouor. oi1 mocie
Ne Tlp. rnevyu X BpeMs nocpeactso| T CBp | u akcTpakuuu
ras TEPMHYECK| 2 o
(r) 00paboTku ot M HarpeBa | (M/r) |OUTYMHHO3HOH
(MuH) 06DaGOTKH (% ot ASTM | ¢pakunu u3
P ucxonHoit | D6559-19 CBp
CBp)
CBp, xkak | n.a. (*) n.a. (*) n.a. (%) n.a. (%) 41
TaKOBAas
1 Asor 5 550°C x 15 30 20 68 O¢pdpexTuBHas
MUH obpaboTka
22 Azotr 5 550°C x 45 82 18 67 OpdexTuBHas
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MUH o0OpaboTka
23 | Apron o | B00°CX30 gy 18 70 | 2PbexrusHaz
MUH o0paboTka
Juokeun
24 |yrmepoma| 10 | 600°C x 60 78 20 75 9‘22)3;‘;::;&"
(COy) MUH p
Juokcun o
25 | yrmepona| 10 | % 1\(4:14; 1201 76 20 82 9‘1’%’6;;::;;"
(COy) b
Juokcun o
26 |yrmepoma| 10 | % SH; 1801 o4 20 86 a‘i’ébe;gff;a"
(CO) P
7 BonsHoii 10 600°C x 120 74 20 85 OddexTuBHas
nap MUH obpaboTka
23 BonsHoit 10 600°C x 180 7 20 29 O¢pdexruBnas
nap MUH o0paboTka

(*) n.a.=HEeNMpUMEHUMO

B xome Bcero mOCTENEHHOro IMOBBILIEHUS] TEMIIEPAaTypbl, B XO[€ NOAAEpKaHUS
TeMIlepaTypbl IpoLecca U B XOA€ Bcel craauu oxnaxaeHus, CBp npoayBaroT B peakLMOHHOMN
TpyOKe BBIOpaHHBIM ra3oM (IoToku B npexenax mexay 0,1 u 0,5 n1/mMuH): a30TOM B mpuMepax
21-22, aproHom B mpumepe 23, nuokcunom yriepoxna (COz) B mpumepax 24-26 U HakOHeL
neperpeTbiM BOASHBIM napoM npumMepHo npu 600°C B npumepax 27 u 28. IleperpeTslii BOAsSHOM
nmap MOJY4YarT IMOCPENCTBOM IMOABONA €r0 U3 CIELHaJbHOrO TeHepHpyrollero Ooiepa, OH
IPOXOIUT Yepe3 MEIHbIN 3MEEBHK, HarpeBaeMblii CHapy k1 OYH3€HOBCKOW rOpeNkoi ¢ OoIbIumM
IlaMeHeM, 1O0Ka OH He packanutcs nokpacHa [Cumompu Gattermann, Op.Cit., Aut similial.
ITpumepsr 21-23 Tabmuupbl 2 MOKAa3bIBAIOT, YTO WHEPTHbIE Ta3bl, Takhe Kak a30T M aproH,
CIOCOOHBI yAANIATh OMTYMUHO3HYIO (hpakuuio, kotopas nokpsiBaer CBp, korna oHa Harpera 10
550°C-600°C. Y naneHne OMTYMHHO3HOH (Ppakiyyi MOCPEICTBOM TepMHYECKOH 00paboTKu B
MHEPTHOM ra3e BKIIIOUaeT yBeJIUYeHHe yIeNbHON IOl MOBepXHOCTH ounleHHoH CBp, kak
y’Ke HaOJIONaloch MPU SKCTPAKIUH PAaCTBOpUTENEM M mnpuBeneHo B Tabmuue 1. Jpyrumwu
cnoBaMu, Tepmuueckas obpaborka CBp B armocdepe N wmiam Ar OKa3bIBaeT TaKUE Ke
BO3JIEICTBUSI, KaK JOCTUTAIOTCS MTOCPEACTBOM 3KCTpakiuu pactsopurenem. C Apyroil CTOPOHBI,
Kak wuroctpupyercs B Tabmume 2 B mpumepax 24-28, obpadorka CBp B moToke nuokcuia
yraepoaa CO,, B MOTOKE MEPEerpeToro mapa Wid UX COUETaHMs], BKIIOYAET HE TOJIbKO IOJHOE
ylnajeHne ONTYMHHO3HOW (Dpakiiy, HO TaK)K€ HEOXKUIAHHOE YBEIMYEHHUE YIENbHOW IUIOLIaTn
MOBEPXHOCTH y mojiydaemoil B pesyinbrare CBp. M3 nureparypbl U3BECTHO, UYTO 3TO SIBIEHHE
AKTUBUPOBAHMUS YIIIEPOAUCTON MOANOKKH MPOUCXOIUT COIVIACHO PEAKLIUSAM:

CO+C —2CO (1)

a TaKxe

H,O0+C — CO+H, (2)

2 H,O0+C — COx+H; (3)

HO TpeOyeT ropasno OoJjiee BBICOKUX TEMIIEpaTyp, Hampumep, B npeaenax mexay 850°C

u 1000°C, HO npu 3TOM MO3BOJIAET AOCTUYb YAENbHOMN IJIOLIAAN MOBEPXHOCTH TUIIUYHOW IS
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aKTUBUPOBAHHOTO yrisi [cmompu Lopez, FA, et al. Journal of Air & Waste Management
Association, vol. 63, p. 534-544 (2013)]. C npyroii cTOpOHBI, HEOKUAAHHO OOHAPYKEHO, U TEM
CaMbIM COCTaBJISIET MPEIMET HACTOSIIEro M300peTeHHs1, YTO MOXKHO akTuBupoBarb CBp Tonbko
npu 600°C, kak B atmocepe CO,, Tak u B arMocdepe meperperoro BoAsiHOro mapa. Becbma
BEPOSITHO, MpuMecH, npucyTtcrsytomne B CBp B ¢popme coennHeHuit 1IMHKa, AUOKCUIA KPEMHHUS
U CJIEJOB METAJUIMYECKOTO JKeJie3a U OKCHAOB Keje3a, AENA0T BO3MOXKHBIM KaTaIUTHUYECKOEe
aKTUBUPOBAHME IpPU HU3KUX Temmepatypax. C Jpyroil CTOpPOHBI, YyBEIHUYEHHUE YJEeNbHOM
rtommany nosepxHoctu y CBp B mpumepax 24-28 no cpaBHeHuro ¢ npumepamu 21-23 sBisiercs
O4YeHb HEOOJBIINM, HO UMeeT aOCOMOTHYI0 Ba)KHOCTb, €CJIM KOHEUHasl IeJib HUCIOJb30BAHUS
CBp, nonyuyeHHOW B HACTOSILIEM MAaTEHTe, OTHOCUTCS K €€ MOBTOPHOMY HCIOJB30BAaHUIO B
HOBBIX COCJUHEHUSX KaydyKa Ui LIUH, TAE SBIBIOTCA 3(PQPEKTUBHBIMU YAENbHBIC TUIOMIATH
nosepxHoctu npumepHo 100 m*/r. Clle10BaTeNbHO, tepmudeckas obpadborka CBp, kak onucano
N0 HACTOSIIEMYy H300pPETEHUI0, TAaKXKe TII03BOJIIET MOAYJHPOBATh VACIbHYIO IUIOIIA/b
nosepxHocTy ounieHHoNH CBp no sxenaHuro, OCTaBisAsA €€ OTHOCUTEIbHO HU3KOM, MOCPEICTBOM
oOpaboTtku B atMochepe N u Ar, Ui MIPUMEHEHUH B COEOUHEHUSX U LIHH, r1e TpedyroTces
MOJIlyapMUPYIOLINE YIJIePOAHbIE CaXXU, U BMECTO 3TOr0, /1aBasi Hauajo peajbHbIM apMHUPYIOLIUM
VIJIEPOAHBIM caxkaMm npumepHo no 90-100 M/r ¢ ToMOwBI Goree MPOAOJIKUTEIbHOM
TepMudeckoil oOpabotkm, ecnu ucnonb3ytoT CO, wwmnum mneperpersiii BoxsHOW map. B
yactHocTH, akTuBupoBanue CBp mpu 600°C B atmocdepe CO, w/mnu meperperoro BOIASHOTO
napa sIBJII€TCSI HEOKUAAHHBIM, KaK U TOT (PaKT, 4TO MOJydyaeMmble B Pe3yJbTaTe YIJIEPOAHbIE
CakM TNPEAHA3HAYAIOTCs JAJIsl UCHOJb30BAaHMS B COEAUHEHUSX [JId IIWH, a He Kak
AKTUBUPOBAHHBIII Yrojb C OYEHb BBICOKUMHU YJEJIbHBIMU IUJIOLIAASIMH IOBEPXHOCTH,
NPUTOTABJINBAEMBIH U1 Ipyrux npumeHenuit [Cuompu Lopez et al. Op. cit.]. ITonTeepxneHue
peammsanuu  peakuuid (1), (2) m (3) B coorBercrByromux mnpumepax 24-28 Tabmumsr 2
IPOUCXOIUT OT BbDKUraHWs Macchl, HaOmomaemoro B CBp, obpaGareiBaemoit mpu 600°C B
armocdepe CO,, u oHO coctasisieT 2% B npumepe 24, 4% B npumepe 25 u 6% B npumepe 26, B
To Bpemsi kak mpu 600°C B armocdepe meperperoro BOASHOrO Mapa BbDKHraeMash macca
HaxoauTcs B mpenenax oT 6% no 9%, cooTBeTcTBeHHO, B mpuMmepax 27 u 28. Brppkuraemas
Mmacca npencrasisier coborr maccy C, KOTOpBINA ra3uuuupyercst moJ ACHCTBUEM XUMHYECKOM
peakunu CO, nim nmapo ¢ noBepxHOcTh0 CBp, kak oxkupmaercst cornacHo peakuusm (1), (2) u
(3).

W3 u3nokeHHOro BbIIE CIEAYEeT, 4YTO B CBOMX MPEANOYTUTENbHBIX BapHaHTaX
OCYIIECTBIIEHHsI, HACTOsIee H300pEeTeHHe OMUChIBaeT 1Ba criocoba oumcTku ceexeil CBp,
KOTOpBbI€ SIBJSIFOTCS  COBEPIIEHHO SKBHUBAJIEHTHBIMH JAPYr JPYTY: CIOCOO 3KCTpPaKILUH
pacTBOpPUTENEM WM CIIOCO0 TepMudeckol oOpaboTku B aTMochepe HHEPTHBIX WM XUMHUYECKH
aKkTUBHBIX ra3oB. OmHako TepMmuyeckas oOpadoTKa MO3BONAET MOTU(DHUIMPOBATH YIAEIbHYIO
IUIOMIANb MTOBEPXHOCTH y TOJy4aeMol B pe3ynbrare MonupuumposanHoit CBp, dero Hembss
OCYIIECTBUTh C TMOMOLIBIO crocoba ¢ pactBoputeneM. OnHakO HEOOXOIUMO CKas3aTh, YTO JJIS
OTIPEENIEHHBbIX HULIEBBIX NMPUMEHEHHH, TaKUX HAmpuMep, KaKk HO, HE OrpaHUYMBAsICh 3THUM,

MIPUMEHEHUE YIJIEPOAHOM CaKM ISl KayuyyKOB M IUIACTUKOB, KOTOPBIE AOJDKHBI BCTYIAThb B
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KOHTAaKT C TMHUIIEBBIMH TPOAYKTAMH, W/HIN AN KOCMETUYECKOTO HCIOJIb30BAHUS, MOXKHO
NPEJIOKUTh MOCIEA0BATENbHOCTD IpoLeccoB, B KkoTopbix CBp cHawana Ttepmuuecku
OUHIIAETCA, & 3aTeM 3KCTPAarupyeTcs pacTBOPUTENEM, I YAANIEeHUs AaKe MOCIEAHUX CIIEAOB
PAH, 4T0OBI NpenyioXKuTh PHIHKY 3THUX HUIN NpUMeHeHus crporo uucrtyio CBp, koropas
aOCOJIIOTHO COOTBETCTBYeT Haubojiee CTPOTUM JUPEKTUBAM OTHOCHTENIBHO COAEpKaHHS
ocraTouHbix PAH.

Xumnueckuit aHanu3 tunuuneix CBp [emompu F. Cataldo, Fullerenes Nanotubes and
Carbon Nanostructures, Op. Cit] moka3biBaeT, 4To HUHK cocTaBiisieT 5,5% CBp, B TO Bpemsi Kak
o01iee copepikaHue 30J1bl, KOTOpPask COAECPIKHUT, B TOTIOJIHEHHE K LINHKY, TAKXKe TUOKCU KPEMHHSI
u cunukatel, coctasiseT 13,5% or CBp, u HakoHel, cepa, KOTOpas B OCHOBHOM HaXxOAWUTCS B
dbopme cynbdpuna nunka, cocrasser 3,2% CBp.

Kak ppyrast 4acTp HacTosimero M300peTeHus, HEOXKHIAHHO OOHApPYKEHO, YTO MOXKHO
KOJINYECTBEHHO 3KCTPArupoBaTh LUHK M3 3apaHee ouniieHHOH CBp mocpencTBoM 3KCTpakIuu
pacTBopuTeneM, Kak WLIOCTpupyercs B npumepax 10-17, mpusenenHeix B Tabmuue 1, wnmm
MIOCPENCTBOM TEPMHUUECKOH 00paboTku cormacHo mpumepam 21-28 Tabmumubl 2, ucmonb3ys
KapOOHOBBIE KHCJIOTHI MPUPOAHOTO MPOHMCXOXAEHUS, B 3TOM Clydae, JUMOHHYIO KHCJIOTY U
BUHHYIO KHCJIOTY, IOJYYEHHBIE OT MOJHOCTBIO BO3OOHOBIIIEMBIX HCTOYHUKOB, M CIIEIOBATEIBHO
¢ a0COMmOTHO ONaronmpUsATHBIM TOKCHKOJOTMYECKHMM NpoduieM u NpopuiIeM OTHOCHTEIBHO
okpykarommei cpenel [cmompu M. Giua, Chimica Industriale, Op. Cit.]. Ha camom nene
HEOXXKHJAHHO OOHApPY>KEHO, U 3TO COCTABJSIET IPYTOM NMpPeAMET HACTOSINEro M300pEeTeHus, uTo
BOJIHBIE PACTBOPBI JIMMOHHOW KHCJIOTBHI MJIM BOAHBIE PACTBOPHI BUHHOW KHCJIOTHI SIBJISIOTCS
3¢ exTuBHBIMU TIpU OSKCTPAKIMU IIMHKA, coxep:kamerocs B 3apaHee ounmeHHoW CBp,
HIOCPE/ICTBOM SKCTPAKIMU PacTBOpHUTENEM, Kak B npuMepax 10-17, npusenenubix B Tabmuue 1,
WM TIOCPENCTBOM TepMH4ecKoil 00paboTku kak B mpumepax 21-28 B Tabmuue 2. Kpome Toro,
nockonbky LMHK B CBp B ocHOBHOM Haxomurtcs B (opme cynbpuna muHka (ZnS), ynaneHue
LIMHKA TAK)K€ aBTOMATHYECKH BKJIIOYAET yaJeHUe MIUHEPAbHON Cepbl, U BOJHBIE PACTBOPBI KaKk
JUMOHHOM, Tak M BUHHON KHCIIOTBI MOTYT paszjaraTb ZnS U BBOJUTH B PacTBOP Zn**, dero He
MOTYT IPyTHe paCcIpOCTPAHEHHbIE KAPOOHOBBIE KUCIIOTHI, TAKUE KaK YKCYCHAsl KUCJIOTA.

IPUMEPHI 29-35

DkctparupoBaHHasi pactBoputenieM CBp, kak omucano B mobom u3 mpumepos 10-17,
win CBp, monydeHHass TOCPENCTBOM TepMHUECKOW oOpadoTku, kak B mpumepax 21-28,
B3BELIMBAETCS B KomuuecTBe 250 T' U MOMEIAeTCsT B TPEXTOPIYI0 KOJOy C TUIOCKHUM JHOM,
CHA0KEHHYI0 MEXaHMYECKOH MEINAaJIKOH, MpOoXoAslell yepe3 HEeHTPAJIbHYI0 TOPJIOBHUHY KOJIOBI.
B npyroii ropnoBuHe KONOBI YCTaHOBJIEH OapOOTaKHBIA OXJIAOUTENb, IOBEPX KOTOPOTO
YCTAHOBIIEH KpaH Ul BBIXONA ra3a, KOTopelii OapOotupyercs B Oosblioil ckisiHke Jpekcens
[emompu  Gattermann, Op.Cit.], comepxameti 600 mnm 10% pactsopa NaOH. B Tperbio
rOPJIOBUHY BCTaBJIEHA TPyOKa Ha Ui BBEAEHHUS IOTOKA CXKATOTO BO3AyXa (T€HEpHUPYEMOro C
MOMOIIBIO HEOOJBIIOro J1abopaTopHOro Kommpeccopa). 3ateM B kojOy nodasisitor 1000 mu
BOJHOI'O pacTBOpa KUCJIOTHI, MPUPOAA U KOHLIEHTpaLUsl KOTOPOH yKa3aHbl B npumepax 29-37 B

Tabnuue 3. BriroyaroT kak Memanky, Tak u komnpeccop. I'a3, koropeiii Beinensercs u3s CBp,
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COCTOUT B OCHOBHOM (H29), ZnS,

npucytcTBytouiero B CBp, o nefictsuem pactsopa kuciaoTsl. Beinensemsiii HoS nepenocurcs

U3 CEPHUCTOrO  BOAOPOAA U3-32  Pa3JIOKEHUs
C MOMOILBIO MOTOKA BO3JyXa M3 KOMIPECCopa B CKIAHKY JIpeKcesss U MOIIOAETCs: BOAHBIM
pactBopom NaOH. OO0paOoTky mNpomo/kalOT B TeueHHE 3 4YacOB, HArpeB pPEaKLHOHHOM
CYCIIEH3UH IOCPEICTBOM BHEIIHEW MacisHON OaHM mopanepkuBaeT Temmeparypy mnpu 80°-
120°C. B

¢upTpOBaNTBbHON

koHLe oOpabotku, cycnensuo CBp
“Rapid A”. CBp

JIeMHUHEPAJIM30BaHHOW BOAOH. Bonmy or ¢Quubrpanum aHamM3UpyoOT sl KOJWYECTBEHHOTO

cpasy (uabTPyIOT mNpOKaykol Ha

Oymare Ha (QuiabTpe OOMIBHO NPOMBIBAIOT
OTpeeNieHus] PaCTBOPEHHOIrO IMHKA, UCTOB3Yys crekTpodoromerpuueckuii meron Hach LCK
360. Ilocne mpomeiBku 10 HelTpaipHOcTH, CBp ocraBmstor cymutscs B meun npu 80°C B
TeueHue 12 4acoB npu OYeHb MEAJICHHOM NePEMEIINBAHUN.

Tabmuua 3 - Ynanenue nmaka u3 CBp, 3apaHee 5KCTparupOBaHHOH PacTBOPUTENEM -

IIpumepsr 29-37

%
No Morsipo | % % Iprka, JKCTparvipoBaH
- Tim CBp T kucnors! CTb 3omb! | Iyska | sxcrparvpoBaH HBII
Tip. xucnorel | BCBp| BCBp HOTO LIHK,
(Mone/n) i CBp krCBp
na. | CBpkakTakoBas HET na. 13,5 55 0 0
DKCTparvpoBaHHa
na. npy:\ag;i)ileO-U HeT na. 157 6.5 0 0
wm 21-28
DKCTparvpoBaHHa
o9 | ACBpin ) Xaopucrosonopon| 5 | g4 | o9 55 36
nprvepos 10-17 Hasl KUCTIOTA
w2128
KCTparvpoBaHHa
30 | ACBpm o Xmopuctosonopon| | 50|y 83 54
nipumvepos 10-17 Has1 KUCJIOTA
wm 21-28
OKCTparvupoBaHHA
sCBpm XJOpUCTOBOIOPO
31 npumvepos 10-17 Hast KACTIOTA 60 63 02 7 63
wm 21-28
DKCTParvpoBaHHA | XJIOPHUCTOBOIOPON
p | ACBpm Hanwcto |z | o0 | ol 9% 64
npumvepos 10-17 | droprctoBomopon | ’ '
wm 21-28 Hasl KUCJIOTa
DKCTparvpoBaHHA
3 np;wgiifm Vicyenanxuciora | 2560 | 131 | 47 7 18
wm 21-28
DKCTparvpoBaHHa
aCBpm JInmvonHas
34 rprviepos 10-17 CIOTA 0520 | 72 08 88 57
wm 21-28
35 | OkcrparvpoBaHHa JIvMOHHasT 0520/ 05 02 97 63
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aCBpm Kucnora/ 30
nprmvepos 10-17 | droprcToBonopon
W 21-28 Hasl KUCTIOTA
OKCTparvpoBaHH
s1CBp B
36 rpiviepos 10-17 Bunnasxuciora | 0520 | 64 03 9% 62
wm 21-28
37 > ACBpis q?ropncmi/locnma/ 02001 o4 | o1 9% 64
rpumepos 10-17 el ) ' '
Hast KHCJIOTa
wm 21-28

Conepkxanne  3ombl B ouumenHor ~ CBp  ompemenstoT € MOMOIIBIO
TEPMOIPAaBUMETPUUYECKOIO aHAIN3A B MOTOKE BO3yXa.

Tabmuua 3 moKa3bBaeT BCE AHAJUTHYECKHE MAaHHbIe npumepoB 29-37, BMecTe C
aHanuTudeckumu AaHHbIMH CBp Kak TakoBOI U TOH, KOTOpas 3KCTparupyercsi pacTBOPUTENIEM
coriacHo mpumepam 10-17, npuBenerasiM B Tabmuie 1 wim mocie TepMUYeCKOH oOpaboTKH
corynacHo npumepam 21-28 B Tabmune 2. U3 npumepos 34 u 36 Tabauubl 3 MOXHO chenarhb
BBIBOJI, YTO KaK JIUMOHHAsI KMCJIOTa, TaK U, MPeX/e BCero, BUHHAs KUCJIOTAa 3KBUBaJIEHTHBl 6 M
XJIOPUCTOBOIOPOHONW KHCJIOTE IO TIOYTH MOJHOW 3((deKkTuBHOCTH BKCTpakuuu Zn,
npucytcTBytoumero B CBp, ¢ He HMMEIOLUIMMH aHAJOrOB MPEUMYLIECTBAMU C TOUYKHU 3PEHMUS
OTCYTCTBHsI TOKCHYHOCTH, HYJIEBOIO BO3AECHUCTBUS HA OKPYXKAKOLIYIO CpeAy U MOJY4YEHHs U3
MOJTHOCTBIO BO30OHOBJISIEMBIX HCTOYHHUKOB JJIS1 INMOHHON 1 BUHHOM KUCJIOTHI.

Ha camom pene, UMHK UMEET MPUEMIIEMYIO KOMMEPYECKYHO LIEHHOCTb, U €rO SKCTPaKLUs
u3 CBp cunraercs mpeuMyIieCTBeHHON JJIs1 Lesiel MOHON SKOHOMHHU B criocobe ounctku CBp.
Kpowme toro, yaanenue Zn u3z CBp BKIOYaeT OJHOBPEMEHHOE MTOUTHU MOJHOE YAAICHHUE TaKXKe U
Cepbl, MOCIIEHssI HAXOAUTCSI B OCHOBHOM B (popme ZnS.

Korzaa nomkHa nponu3BOIUTHCS HE CoAepIKatas 305l 1 abcomoTHo unctas CBp, npumep
32 WUIIOCTPUPYET, YTO COYETaHHE XJOPUCTOBOIOPOIHON/ PTOPUCTOBONOPOIHON KHUCIOTHI
siByisieTCs: 3 (GEeKTUBHBIM IS MOJIHOTO yaajeHus MuHepaiabHol (pakuuun CBp. B camom nerne,
npuMepbl 35 u 37 MOKa3bIBAIOT, YTO COYETAHUE JIUMOHHON KHCJIOTHI M (hPTOPUCTOBOIOPOIHOM
KHCJIOTBI, a TAK)K€ COYETAaHHWE BHHHOW KHCIOTHI U (PTOPUCTOBOJOPOAHOW KHCIOTHI, SIBISIETCS
0nMHAaKOBO 3} (HEeKTUBHBIM NPU YAAJIEHHH MUHepanbHOH ¢pakimu CBp.

Hacrosimee wu3o0pereHne omucaHO B €ro  NPENNOYTHTEIbHBIX  BapHAHTaX
ocymectBieHus. [IOHSATHO, YTO CHEMUAIUCTBI B JAaHHOH OOJAacTH CMOTYT OCYIIECTBHUTH
U3MEHEHUs1, HallpUMep, TMPHU BbIOOpE pacTBOpUTENEH M KapOOHOBBIX KHCJIOT, O€3 OTKJIIOHEHUS

IPpU 5TOM OT OTHOCUTEJIbHBIX PaAMOK OXpPaHbl MATCHTHBIX ITPaB.
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D®OPMYJIA U3OBPETEHUS

1. Crioco® OYMCTKM YIIIEPOAHON CaXH, MOJYYEHHOH OT MUpPONN3a W3HOLIEHHBIX IIUH,
MIOCPENCTBOM 3KCTPAKIMH PACTBOPUTENIEM CpelHEH MOJISIPHOCTH WM TEPMHUUECKONH 00padoTKH B
UHEPTHOH aTtMocdepe, WM MOCPEACTBOM TePMHUECKOH OO0pabOTKM B MHEPTHOM aTmocdepe C
MOCEAYIOLIEeH SKCTpaKLUel paCTBOPUTENSIMHU CPEAHEN MONAPHOCTH.

2. Crioco0 OYHMCTKH YIIepOaHOM CaXkH, IONYUEeHHOH OT MUPOJIN3a U3HOIIEHHBIX IIHH, 110
1.1, rae ykasaHHbIN 5KCTPAKLUOHHBIN PACTBOPUTENb CPEAHEN MONAPHOCTU UMEET MOJIIPHOCTD B
npenenax 36,5<ET(30)<41,6 kkayn/moinb o mkaje Peiixapaa.

3. Cioco® O4MCTKU YIIIEPOAHOHN Casku, MOJYYEHHOW OT MHUPOJIH3a U3HOLICHHBIX IIKH, 1O
n.l wim 2, Tae yKasaHHbIA SKCTPAKLIHUOHHBIN PACTBOPUTENb CPEIHEH MOJISPHOCTH BBIOMpAETCS
u3: merwrrerparunpodypana (Me-THF), terparuapodypana (THF), stunauerara (AcOEt),
numetmikapbonata (DMC), merunanerara (AcOMe), nuxnopmerana (CH,Cl,), stundopmuara
(HCO,Et), aseorpomHoro coenwHenusi Stwianerata u 3tanona (AcOEt/EtOH), 3:1
o0beM/00BeM.

4. Cioco0 OYHMCTKH YTIEPOIHONW CaXH, MOJMYYEHHOH OT MUPOJIN3a U3HOIIEHHBIX LIHH, I10
n.l, roe ykasaHHas TepMudeckas oOpaboTka B HMHEPTHOH armocepe HMeeT MeCTO IpH
TeMIieparype B npenenax mexay 500°C u 750°C.

5. Crtoco0 OUMCTKY YIIIEPOAHOH CayKH, TMOJyUY€HHON OT MUPOJIN3a M3HOIIEHHBIX IIUH, 110
n.4, rae ykasaHHas TepMudeckas oOpaboTka B HHEPTHOH arMmocepe HMeeT MeCTO IpH
TeMIieparype B nmpenenax mexay 550°C u 600°C.

6. Crioco® OYMCTKU YIIIEPOAHOHN Cask, MOJTYYEHHONW OT MUPOJIN3a U3HOLIEHHBIX IINH, 1O
n.1, 4 unu 5, roe yka3aHHas TepMudeckas oOpaboTka B MHEPTHON atMocdepe MMEeT MECTO B
MOTOKE MHEPTHOTO rasa, BEIOpaHHOTO u3: N, Ar, CO,, neperperoro napa Uil ux COYeTaHusl.

7. Crioco® OYMCTKH YIIEPOAHON Caky, MOJYYEHHONW OT MUPOJIN3a M3HOIIEHHBIX IIHH, MO
1.6, rae ykasaHHas TepMuueckas oOpaboTka B WHEPTHOW arMocdepe MMeeT MEeCTO B IOTOKE
CO,, meperperoro napa Wi UX COUYETAHUS.

8. Crtoco0 OUMCTKY YIIIEPOAHOM CaXKH, MOJyUYEHHON OT MUPOJIM3a M3HOIIEHHBIX IIUH, 110
mo00My M3 TPEABIAYINMX IYHKTOB, AOIMOJHHUTENIBHO BKIIIOYAIOIUNA CTAJAHIO0 CEJIEKTUBHON
SKCTpPaKLUMU LMHKA U3 3apaHee OYMINEHHOM YIJIEPOJHOM Caku IOCPENCTBOM JKCTPaKLUU
pacTBOpUTENEM W/ WM TEPMUYIECKOH 00pabOTKH B MHEPTHOW aTMocdepe, rie yKa3aHHasi CTaaus
CEJIEKTUBHON 3KCTPAKLMU IIMHKA BKJIIOYAeT HCIOJIb30BAaHHE BOAHOIO PACTBOPA, COIEPIKALIEro
KapOOHOBYIO KHCJIOTY, BBIOPAHHYIO H3: JINIMOHHOM KHCJIOTBI 1 BHHHOW KUCJIOTHI.

9. Cioco® O4YMCTKU YIIIEPOAHOHN Caku, MOJIYYEHHOW OT MUPOJIN3a U3HOLIEHHBIX IINH, 1O
1.8, r/ie yKa3aHHBIA BOIHBIA PACTBOP COAEPKUT (PTOPUCTOBOAOPOIHYIO KHCIOTY B COYETAHUU C
yKa3aHHON KapOOHOBOW KUCJIOTOM, BHIOPAHHOW M3: TUMOHHOHN KUCJIOTHI U BAHHOW KHUCJIOTHI.

ITo noBepennocTn



U3MEHEHHASA ®OPMYVYJIA H3OBPETEHMUA,
HNPEUVIOKEHHASA 3AABUTEJIEM /UISA PACCMOTPEHUA

1. Cnoco® OYMCTKM YIJIEPOAHON CaXH, MOJYYEHHOM NHMPOJIU30M H3HOLIEHHBIX IIHH,
IIOCPENCTBOM 3KCTPAKIUH PACTBOPUTENIEM C MOJIPHOCTBIO Mexkay 36,5<ET(30)<41,6 kxayn/mMonpb
no wkasne Peiixapaa.

2. Cnocob OuMCTKH YIIIepOAHOM Caky, MOJYYEHHOH MUPOIU30M M3HOIIEHHBIX LIHH, IO
n.1, roe ykasaHHbBIH SKCTPAKIMOHHBIA PAaCTBOPUTENb BBIOMPAIOT M3 MeTHiITeTparuapodypana
(Me-THF), terparunpodypana (THF), stunanerara (AcOEt), numerunkapbonata (DMC),
metunanerata (AcOMe), nuxnopmerana (CH»Cl»), stundopmuara (HCO:Et), azeorpomnHoro
coenuHenus stunanerara u ataHona (AcOEt/EtOH), 3:1 o0bem/00beM.

3. Crioco® OYUCTKH yrIIepOAHON CaXKH, MOJYYEHHOH MUPOIM30M M3HOIICHHBIX IIHH, O
n.1 wiu 2, rne Tepmudeckasi o0padboTka B MHEPTHOM aTMocepe UMeeT MECTO Tiepel] YKa3aHHOM
SKCTPaKLUEH PaCTBOPUTEIIEM.

4. Crioco® OYMCTKH YIiepOJHON CaKH, MOJNYYEHHOH MHUPOJIM30M H3HOLICHHBIX IIWH, IO
m000My M3 TPEOBIAYIINX IYHKTOB, IOMOJHUTEIBHO BKIIIOYAIOIINN CTaJHI0 CEeNEeKTHBHON
SKCTpPaKLMU LMHKA U3 3apaHee OYMINEHHOH YIJepOJHON caXXu MOCPEACTBOM 3KCTPaKLMU
pacTBOpUTENIEM W/ WM TePMUYECKO 00paboTKHN B MHEPTHOH aTMocdepe, e yKa3aHHasi CTaaus
CEJIEKTUBHON 3KCTPAKIMM LIMHKA BKJIOYAET HCIOJb30BAHHE BOJHOTO PAacTBOPA, COAEPIKALIEro
KapOOHOBYIO KHCJIOTY, BBIOPAHHYIO U3 JJUMOHHOH KHCJIOTHI U BUHHOM KHCJIOTBL

5. Cnoco0 OYHCTKH YIIIEPOAHON CakH, MOJYYEHHOW MUPOJIN30M U3HOIIEHHBIX LIHH, IO
1.4, rae yKa3aHHbIH BOIHBIA PacTBOP CONEPKUT (PTOPUCTOBOJOPOAHYIO KHCIOTY B COYETAHUU C

yKa3aHHOH KapOOHOBOW KHUCIIOTOH, BBIOPAHHOM U3 TUMOHHOM KUCJIOTHI U BUHHOM KUCJIOTHI.
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