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Meromamu MK-crieKTpockonuu, peHTre Ho(ha3oBOro aHajaM3a U PacTPOBOi 3JIEKTPOHHOI MUKPOCKOIUU
KUCCIeA0BaHO CIOHTAaHHOE 00pa3oBaHue U BO3pacTaHue KOJIMYeCTBA rTnaApoGTOpyIa Kaars BO BHYTPEHHE
obJracTi 0Opa3siia YaCTUIHO AETMAPODTOPUPOBAHHOMN XMMHUYECKUM crtocoooM uienku [TBJIM B mpouecce
ee IoJIroBpeMeHHOro crapeHus. Hanboiiee BepOsSITHBII MeXaHU3M CUHTE3a TUAPO(MTOPUIA KA — OKUC-
JIUTebHAas JECTPYKIMS oOpa3lia ¢ 0opazoBaHeM (PTOPKAPOOHWILHEIX IPYIII UM UX ITOCJIEIYIOLINIA TUAPO-
JIU3 MOJ AeCTBUEM aTMOC(EpPHOIi BOAbL. DTO IPUBOIUT K 06pa30BaHUIO (DTOPUCTOrO BOAOPOIA, KOTOPbIi
coenuHseETCs ¢ GTOPUIOM Kaylvs, IOOOYHBIM MMPOAYKTOM IIEPBUYHOIO AeruApOGTOPUPOBAHUS. YBEINYe-
HUE colepKaHus TUAPO(MTOPUIA KaIus IIPOIOJIKAETCS IO Mepe CTapeHus o0pasiia 40 TeX Mop, MOKa B HEM
ocraeTcs pTOpUCThI Kaiuii. BOSHUKHOBEHME U MTOCIIENYIOLIEE PA3BUTHUE CIIEKTPAIbHBIX OCOOEHHOCTEIA,
XapaKTePHBIX IUIS TMOPALIMOHHBIX BHEIUIOCKOCTHBIX KOJIEOAHUI TETpaMEPOB BOIbI, CBUIETEILCTBYET O (hop-
MHUpOBaHNU B 00beMe obpasiia nociie 100000 MUH ero cTapeHusl CUCTEMBI IIOp HAHOMETPOBEIX pa3MepOB.
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YIJIepON-yrjIepoaHble CBsI3U, 3TOKCUrpymibl, CH-CBsI3M, KOMITOHEHTHBIN aHAJIU3, TUAPOMTOPUI Kausl,
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BBEAJEHUWE

IomuBunmmnengropun (I1BA®M) — moaumepHbIiA
Matepua, o0JIagarolInii PSIIOM MOJIE3HBIX CBOMCTB,
Onarogapsi KOTOPbIM OH HAaXOIWT IIMPOKOE MprUMe-
HeHHe B MeMOpaHHEBIX TEXHOJIOTUSX, JIEKTPOHUKE,
MEIUlIMHE, aKyCTUKe, IPOU3BOACTBE aHTUKOPPO3H-
OHHBIX TTOKPBITUI, YITAaKOBOYHBIX CPEICTB U TakK
npanee [1]. Momudukanus [IBA®P myreM pa3sHO06-
pa3HBIX BHEIITHUX BO3ACHCTBUII N3MEHSIET ero (husm-
YyecKMe W XMMUYECKWE CBOWCTBa, pacUIMpsieT BO3-
MOXHEIE cpepbl NpuMeHeHMs1. B yacTHOCTH, paBHOE
KOJIMYECTBO (pTOpa 1 BOAOPOAA B LIETISIX CO3MAET MO-
TEHLIMAJIbHYIO BO3MOXHOCTb Ucrionb3oBaHus [1B/1®
B KaUeCTBE MCXOMHOTO MaTepHaJjia IUIsI CO3MaHUS OJl-
HOMEPHBIX YIJIEPOAHBIX HAHOCTPYKTYP ITyTEM XUMU-
yeckoro [2, 3] u/uimm paguaunoHHoro [4, 5] nerua-
podTopupoBanus. CorjlacHO M3BECTHOM MOAEIU
XUMUYECKON KapOOHM3aIUuM, a TaKXKe pe3yJibTaTaM

81

psa DKCIEPUMEHTABHBIX VICCIIEA0BAHMI, 1O/, BV -
SHUEM XKUIKOMI neruapoTopupymolleil cpeasl GTop
1 BOAOPOJ, B PaBHBIX KOJIMYECTBAX OTIIETLISIOTCS OT
YIJIEPOIHOTO KapKaca M yIAISIOTCS B BUIE MOJIEKYIT
(ToprcTOro Bomopoaa, KOTOPhIil CBSI3BIBAETCSI OCHO-
BaHUWEM JIernapo(dTOPUPYIOIIEN CUCTEMBI C 00pa30-
BaHMeM coau [2, 3, 6—8].

OnucaHHble paHee [9—14] Bapuauuu 31€KTPOH-
HOTO mapaMarHuTHoro pe3oHaHca u ¢opmbr MK-
CTIEKTPOB P CTAPEHUU XUMUYECKU AETUPOHTOPU-
poBaHHBIX TIeHOK [IBA® meMoHCTpUpYIOT Cylle-
CTBEHHYIO W JIOJITOBPEMEHHYIO HECTaOMJIBHOCTh MX
cBoiicTB. [1oaTOMY MHTEpECHOU HAyYHOU U TIpaKTU-
YeCKM BaXKHOW 3amaueil MpencTaBiseTcs U3ydeHue
5BOJIIOLIMU MOJIEKYJISIPHOU CTPYKTYPHI IPU CTApEHUU
MPOAYKTOB XUMHUYeckoil KapboHuzauuu [1BID.
Takyio Bo3MOXXHOCTb npenocTtasisieT Mmerod MK-criek-
TPOCKONUHU, OOJIaZaoIINi YHUKAJIILHON YYBCTBU-
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TEJIbHOCTBIO K M3MEHEHMSIM MOJICKYJISIPHOM CTPYK-
TYpBHI.

Panee [7—14] nyiss mpoMBIBKM 00pa31I0B IMOCHIE U3-
BJICYCHUS U3 IeTUAPOPTOPUPYIOLICH CMECH UCTIOJIb-
30BAaJICS AllETOH, KOTOPBII IMIPUBOAWI K pa30yxaHUIO
IJIEHKU ¥ 3(P(HEKTUBHOMY yAAJIEHUIO U3 HEE HEIIPO-
pearupoBaBIIMX KOMITOHEHTOB CMECU M ITOOOYHBIX
MIPOAYKTOB IIpolecca aeruapodropupoBanus. Omn-
HakKo Ul TMOJiydeHUs1 OoJjiee IIOJIHBIX CBEIEHUIl O
MIPOTEeKAaHUU peaKINU JeTUAPOPTOPUPOBAHUS HEOD-
XOIMMa MASHTU(hUKALIMS 3TUX IPoaykKToB. [ToaTomy
B [15] HaMepeHHO COXpaHWIN 3T NPOAYKTHI BHYTPU
IUICHOYHBIX 00Pa310B, pa3INdalolInXcsl IPOIOJIKI~
TEJIbHOCTBIO XUMUWYECKOIO BO3IEHCTBUSI, UCIIOIb30-
BaB ISl TIPOMbIBaHUSI TOJILKO 3TaHOJ. Ilpu m3yye-
HUY CTapEHUS 3TUX YACTUYHO JeTUAPOPTOPUPOBAH-
HBIX IUIeHOK MetomoM WMK-cmexTpockonuu Obuin
oOHapy:KeHbI He HaOIogaBIINeCsT paHee MUKW U T10-
JIOCHI TTomtoleHus. X MTHTEHCUBHOCTh YBEJIMYMBa-
JJach C POCTOM MPOIOJDKUTEILHOCTH XUMWYECKOTO
IeTuapoPTOpUPOBaHUS U BPEMEHU, IIPOIIEAIIETO
IOCJIe OKOHYAHUS BO3ACUCTBUS IeTUAPO(PTOPpUPYIO-
et cMecu. AHanu3 goctynHbix MK-cnekrpos [16],
MMEIOINX aHaAJIOTMYHbIE OCOOEHHOCTH, IT03BOJIUII
UICHTU(PULIMPOBATh BEIISCTBO, 0Opa3ylollieecs Ipu
CTapeHuM OeTUAPOPTOPUPOBAHHBIX IUIEHOK, KakK
ruapodropun kanusg (KHF,).

B nacrogmieit padbore metomom MK-crriekrpocko-
UM MCCJIEAOBAHO paHee HEOIIMCaHHOE SIBJICHUE
CIIOHTAHHOTO BO3PACTaHUS KOJMYECTBA THMAPOMTO-
puIa Kajausl B YACTUYHO IeTHAPO(MTOPUPOBAHHOI
XUMHUYECKUM criocoboM miieHke ITB® B mpoiecce
ee IOJITOBpeMeHHOTro ctapeHus. [IpoMbIBKY 00pa3sna
mocje ero W3BJIeYeHUs] U3 Aeruapo@Topupyloleit
CMECH OCYLIECTBIISIJIM B 3TaHoJIe. MeTon peHTIeHO-
da3zoBoro aHammza, a TakKXe METOObl PACTPOBOIt
9JIEKTPOHHOI MUKpocKoruu (POM) u ajieMeHTHOTO
MUKpOaHaIl3a NO3BOJIWINA IOIIOJHUTEIBHO 10/~
TBEPOUTbL OOHApY:KEHHOE SIBJICHUE U ACTATU3UPO-
BaTh XapakKTep paclipeaeIeHUsS XUMUISCKUX 3JICMEH-
TOB B 00beMe TUIEHKU.

CHUHTE3 OBPA3IIA.
METOANKA USMEPEHUU

HccnenyeMplii o6pa3er] M3roTOBIeH XUMIUIECKIM
neruapodropupoBaneM IuieHku IIBA® D-2m>
(000 “Ilnactnonumep” C.-TletepOypr) npu Kom-
HaTHOM TemIiepaType B TeueHue 40 muH. Jlermnm-
podTOopHUpYIOIIasi CMECh COCTOSIA M3 HACBIIIIEHHOTO
pactBopa KOH B »TaHojle 1 XMMWYECKM YUCTOIO
aleToHa B 00beMHOM cooTHolueHuu 1 : 9 [3]. U3 uc-
XOITHOM TUIEHKW BBIPE3aiM KBAIpaTHYIO 3arOTOBKY
(20 X 20 mMM), KOTOpylo TIOMeIIal B CTeKJISIHHYIO
rocymy, comepkarryio 50 Mir rotroBoit cMecu. Cpa3sy
TTOCJIe U3BSITUS U3 CMeCH 00pa3el] IPOMBIBAIM B 3Ta-
HoJIe, TIOCTOSIHHO TepeMelllBasi Ha BUOpalMoH-
HOM cTeHze B TedeHre 30 MUH, a 3aTeM TTOMeIIaan
MEXIY IBYMS JUCTaMU (UILTPOBAIIbLHOI Oymarwu,
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YTO TPEAOTBpAIIAIIO eTo AedopMalniio MPH ITPOCy-
IIMBaHUU. BBICYIIEHHBIN oOpa3el] MPOYHO 3aKpeIl-
JISUIM B KAPTOHHYIO PaMKY C IIPSIMOYTOJILHBIM OTBEP-
CTHEM W BBIIEPKWUBaJIM B (POPBAKYyMHOM Kamepe
IpY KOMHATHOM TeMIiepaType U JaBJeHUU OCTaTOY-
HBIX ra30B He Bbille 5 X 1072 Topp B TeUeHUE ABYX CY-
TOK, IOCJIe YeTO OBLIM ITOJIYYEHbI IEPBBIE CIIEKTPHI.
3aTeM B TeuyeHHME IMTEJIbHOIO BPEeMEHM OOpa3sell
XpaHWJICS PU KOMHATHOM TeMIlepaType B aTMocde-
pe Bosayxa. CucTeMaTHYeCKM PETUCTPUPOBAJIU
MK -cnekrpsl ¢ nomoibio MK-dypbe-criekrpoMeT-
pa Shimadzu IRAffinity-1 B reomeTpnu Ha IIpoITyC-
KaHME B MHTepBaJle BOMHOBLIX uncelr 4000—400 cm~ .
Jlepxartenb oOpa3lia Bcerma nmoMeniaid B KIOBETHOE
OTIEJIEHNE CIIEKTPOMETpa HIOCHTUYHBIM OOpa3oM.
DKCcIIepuMeHTaIbHBIC 3HaYeHUST KO3 dUIInmeHTa mpo-
nyckaHust T mepecuyuThIBaJId Ha BEJIMYMHBI ONITUYE-
CKOI1 IJTOTHOCTH ITyTeM JioTapudMupoBaHus. Benen-
CTBHE€ BBICOKOI TUTPOCKONMYHOCTH OOpasell mepen
U3MEPEHUSIMU HECKOJIbKO 4YacOB BBICYIIMBaJIM B
9TOI Xe KaMepe U IpH TeX Xe yciaoBusx. Kpome To-
TO, JUIST TIPOBEPKM BIAUSTHUS YCIIOBUII XpaHEHUS 00-
pasel] OCTaBJIsUIM B BaKyyMHOII KaMepe Ha 0OoJiee
mmrenbHoe BpeMs: 17000—29900, 54390—70230 u
83330—92 120 MUH 110CJIE CUHTE3A.

TopiieBbIe cpe3bl 00pa3LOB N3YYEeHBI C TOMOIIIBIO
POM Jeol JSM-7001F, cHabXeHHOTO MPUCTABKOI
Oxford INCA X-max 80 m1st hiryopeclieHTHOrO MUK~
poaHanu3a. s IMOAroTOBKM TOPILIEBOI MOBEPXHOCTU
YacTh 00pa3lia 3aKMMaJIi METAUTUYECKOUN CTpyO1In-
HOW, TIOCJIE YETO MPU MOMOIIY CHEUATBHOTO HOXA
JIeIaayu Cpe3 CTPOro NepIreHANKYISIPHO JTUIIEBOM MO~
BepxHoCTU mieHKU. [IBJI® 1 ero xumMmudyecKu AeTruI-
podTOoprpoOBaHHEIE TPOMU3BOAHEIE 00JIadalOT BEICO-
KM BJIEKTPOCONPOTUBICHUEM, TI0O3TOMY IS YMEHb-
meHus1 3¢p@eKra 3JIEKTPOCTATUUECKOM 3apsiaKu Ha
00pa3lbl METOAOM MarHeTPOHHOIO HAIIbUICHUS Ha-
HOCWJIW TOHKMIA CJIOI 30J10Ta.

Pentrenosckue nudpakTorpaMMbl ITOJTyJaiu IIpH
nomoinu audpakromerpa ¢upmbl Rigaku monens
Ultima IV B reomerpun bparra—bpeHTaHo ¢ uCIoiib-
soBanueM CuKk,,,-usnydenust (A = 1.5405 A).

PE3VIIBTATHI 1 X OBCYXIEHUWNE

Ha puc. 1 npeacraBiaensl ¢pparmenTel MK-criek-
TPOB B YAaCTOTHHIX MHTEPBaJIaX, COACPXKAIIUX MUKU
ripu 1840 1 2040 cM~!, xapakTepHbIe I TUAPOPTO-
puna kanusi. CIIeKTpbl peruCTPUPOBAIN B TeUEHUE
mmutenbHoro BpeMmeHu (mo 250000 MuH ¢ MOMEHTa
U3BJIeYeHUsT oOpaslia U3 IeruapodTOpUpyIolIeii cMe-
cn). Y13 pucyHka BUOHO, YTO MPH CTApEHUM IUICHKU
ob6a nmka pactyT. M3MepeHrsT ITOKa3bIBaIOT, YTO UX
WHTEHCUBHOCTH YBEJIMUUBAIOTCS TPOMOPLIMOHATIBHO
Apyr opyry.

Ha puc. 2 npuBeneHa 3aBUCMMOCTb TUKOBOI WH-
TeHCUBHOCTH nomoweHus npu 2040 cMm~! ot npo-
JIOJDKUTEIILHOCTH XpaHeHus1 oOpasna. M3meHeHwme
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Puc. 1. U3menenus ¢popmbl MK-criekTpoB B nHTEpBaje
1800—2300 cm ! MpU CTapeHUM YaCTUYHO AeruapodTo-
pUpoBaHHOM XuMU4ecKuM IyTeM rieHku [IBA®. Yucna
COOTBETCTBYIOT BpeMeHU (B MMH), MPOIIEAIIEMY C MO-

MEHTa M3BJieYeHMsI 00pa3lia U3 AeruapobTopupyromieit
CMecH.

nuka rpu 1840 cM~! abcomoTHO Takoe Xe. DT JaH-
Hble MokKa3biBaloT, yTo konnuectBo KHF, nmporpec-
CUBHO yBeauuuBaeTcs B TedeHue 170000 MmuH mocie
W3BJIEYCHUS IUICHKW W3 IeTHAPOGTOPUPYIOIIei
CMECH, a 3aTeM cTabmnm3upyercs. B mpomMexxyTkax
17000—29900, 54390—70230 u 83330—92120 mMuH
TUIEHKY OCTaBJISUTA B BAKYYMHOM KaMepe, 9TO IPUBO-
IO K TIPUOCTAaHOBKE pOCTa MHTEHCUBHOCTH 00EMX
JIMHUI TIOMIOIIEHUSI U CBUAECTEIBLCTBYET O TIPUHIIM -
MUATBHOM PO aTMOC(EPHOro BO3IyXa B CO3MaHUHI
VCIIOBUI IJISI TIPOTEKAHUST peaklMU CIIOHTAaHHOTO
oOpa3zoBaHUs TUAPO(TOPUIA KaTus.

XapaKTepHO, YTO B YaCTOTHBIX O0JACTSIX, COOT-
BETCTBYIOIIUX MOJIEKYJISIDHBIM KOJIe0aHUsIM CBsi3eit
CF, u srokcurpynn [11, 14, 17], uamenenus 6oiiee
cinabeie. B unrtepsane 400—550 cm~! (puc. 3) xord u
3aMEeTHBI HEKOTOpPbIe U3MEeHEHUsI (DOPMBI CIIEKTPOB,
CBSI3aHHbIE C TMepepacnpeie/ieHrueM BKJIaIOB pas-
JIMYHBIX KosebatenbHbIx Moa rpynn CF,, HoO mio-
1aab MOA KPUBBIMU TOMIONIEHUS (ITOC/IE BbIYUTA-
HMA 6a30BbIX JUMHMI B uHTepBase 420—570 cm™!)
yMeHbIllaeTcs 3a Bce Bpemst MK-MOHUTOpUHTA JTUIIb
Ha 7%. DTo 03HaYaeT B YaCTHOCTH, 4To rpynisl CF,
MpPOSIBJISIIOT TIPU CTapeHUU obpaslia BHICOKYIO CTa-
OUJILHOCTb M HE MOTYT OBITh OCHOBHBIMM JTOHOpaMU
¢ropa nnpu cunteze KHF,. Becbma nHTEpECHO BO3-
HUKHOBeHMe U pa3purue nociie 100000 muH crape-
HUs 00pasiia CreKTpajabHbIX 0coOOeHHOCTEM pu 650
1 680 cM~!, XapaKTepHBIX I JINOPALIMOHHBIX BHE-
TUIOCKOCTHBIX KOJIeOaHWil TeTpamMepoB Bomabl [11].
DTOT (aKT CBHACTEIBCTBYET O (POPMHPOBAHUU B
o0BeMe oOpa3ia Ha TaHHOM 3Talle €ro CTapeHUs CH-
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Puc. 2. 3aBUCUMOCTh MAaKCUMyMa OIITMYECKON IIOTHO-
ctu nipu 2040 cM™ OT IMPOIOKUTEILHOCTH XpPaHEHMUS
obOpasla nocje M3BJICYEHUS! U3 AeTUAPOdTOpUpPYIOLIEH
cMecH.

CTEMBbI TIOp HAHOMETPOBBIX Pa3MepPOB, B KOTOPHIX U
MOMEIIAIOTCS KIACTEPHI.

dopmupoBaHUe KIAaCTEPOB BOIBI TTOATBEPXKIACT -
Ccsl M paauKajJbHBIM U3MEHEHUEM (QOPMbI MOJIOCHI
nomtomenus OH-rpynm Beiie 3100 em~! [11] mocie
100000 muH cTapeHust oopasta (puc. 4). Ha aTom xe
pUCYHKe HabJI0AaeTCsl POCT ABOMHOIO MMKa HeOOJb-
IIOIi MHTEHCUBHOCTHU B uHTepBaise 2300—2700 cm~!,
KoTophiit xapaktepeH it KHF, [16]. W3 puc. 3 Tak-
e clielyeT, yTo hopMa MoJiocC MOMIOIIEHUS] MOJIEKY-
JsipHbix Konebanuii CH,- u CH;-cBsizeit aTokcu-
rpym (2850—3050 cm~!) [11, 14] u cBaseit =C—H
MpU IBOMHBIX YIJIEpOI-yIJIEePOAHBIX CBA3SIX (OKOJIO
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Puc. 3. U3menenus ¢opmbl MK-criekTpoB B MHTEpBaje
400—700 cM™ " TIpM cTapeHUU YaCTUIHO IeTUAPOGTOPH-
poBaHHOI xumMuiyeckuM nytem ruieHku [1BA®D. Yucna
COOTBETCTBYIOT BpeMeHH (B MUH), MPOLIECAIIEMY C MO-
MEeHTa M3BJIeYeHUsl oOpaslia U3 AeruapodTOpUpYIOLIEii
cMecH.
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Puc. 4. U3menenus ¢popmbl MK-criekTpoB B nHTEpBaje
2300—3700 cm~ ! MpU CTAPEHUU YaCTUYHO Aeruapodro-
pupoBaHHOM xuMu4eckKuM myTeM rieHku [IBA®. Yucna
COOTBETCTBYIOT BpeMeHU (B MMH), MPOIIEAIIEMY C MO-
MEHTa U3BJIeYeHUs oOpaslia U3 AeruapodTopupyroleit
CMecH.

3100 cm~!) [18] 3a BpeMs MOHUTOPUHTA TPAKTUIECKU
HE MEHSIETCSI HECMOTPS Ha yMEHbIIIeHUe o0111eit rio-
MIAIW IO CIIEKTPATbHBIMUA KPUBBIMU (TIOCJIE BBIYM-
TaHMS 6a30BbIX IMHUI B nHTepBaie 2830—3170 cm~')
Ha 14%.

Ha puc. 5 u 6 ipencraBiieHBl JaHHBIE, TTOJTYYEH-
HBIE ¢ MoMoIlIbi0 POM ¢ nipucTaBKoOit IJIST JIEMEHT -
HOTO MUKpOaHaJli3a B MPOMEXYTOK BpeMeHu 117 882—
117900 MuH mocie M3BIICYeHUST oOpas3iia M3 HeTH/-
podTOPUPYIOIIEH CMECH.

POM-uzobpaxenue (puc. 5a) moka3biBaeT HEOI -
HOPOIHOCTh CTPYKTYphl 00pa3iia. 3aMeTHEI ABa Iie-
pudeprnIecKnx, BU3YAITLHO MJIOTHBIX CI0OS ITPUOJIN-
3UTEJILHO OOWHAKOBOM ToiaIIUHBL 10—12 MKM u,
TIPEANOJIOXUTENBHO, TIOPUCTBI CPEOAMHHBIN CIIOM,
TONIIMHA KOTOpPOro OJm3Ka K 22 MKM. IpaHWIIbI
MEXIY CJIOSIMU YeTKHE, epeXoaHble 0071aCTH He Ha-
omroparorcst. OOIIast TOIIIMHA TaHHOTO yJacTKa 00-
pasna, TakKuM o0pa3oM, COCTaBIISIET OKOJIO 44 MKM, B
TO BpeMsI KaK TOJIIIIMHA UCXOMHOU (10 AeTuapodTO-
pUpOBaHUS) IUICHKHU II0JIMMEpa BIBOe MeHbIIIe. [laH-
HBIA (paKT CBUAETEIILCTBYET O TOM, YTO ITOOOYHBIC
MPOAYKTHI peakluu, ocTalolIrecs BHYTpU oOpaslia,
€CJIY TIpU IIPOMBIBKE HE MCITOIb3YeTCs alleTOH, IIpe-
MSTCTBYIOT €r0 YCaJKe MOCJie OKOHYaHMS XUMUYE-
cKkoro BoszaeicTBusi. Kpome Toro, Goiyiee kecTKue
no cpaBHeHU10 ¢ ucxomHbiM IIB/I® monmeHOBBIE
CTPYKTYpPBI, 00pa3oBaBIIMECS B pe3yJbTaTe HAETUII-
podToprpoBaHUs, TaKXKe MPETSITCTBYIOT BO3Bpallie-
HHUIO K IIPEXKHUM pa3MepaMm I10CIe YaaJleHUs pacTBO-
putens (alieToHa) U3 HAOyXIel IUIEHKU. DJIeMEeHTHbBIE
COCTaBBI ITeprUPEpUIESCKUX U CPEAUHHOTO CJIOEB 00-
pasia TakKe CyIIeCTBEHHO pa3nuyalorcs (puc. 50—5r),
BCE I'PaHMIIbI Y€TKHE, OMHAKO BOJIM3M HUX MOXKHO 3a-
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KHUBYJIMH u np.

(6)

10 MKM 10 MKM

10 MKM 10 MKM

Puc. 5. PODM-u3o6paxeHue cpeza TOPILEeBO MOBEPXHO-
¢t oOpasna (a), a TakKe KapThl pacpenesIeHusI yriiepo-
na (0), ¢propa (B) 1 kanug (T) 110 cpesy.

METUTH OYEHBb TOHKHUE NepexoaHbie ooaactu. s ne-
pudepun xapakKTepHO UCKIIOUUTETBHO MaJIOe KOJIU-
YeCTBO KaJlusl U MOHMXKEHHOe coiepxkaHue dropa.
B cpenunHOM cioe ¢ropa 6onbline. B obmactsx, co-
OTBETCTBYIOILLIMX TEMHBIM ydyacTkaM POM-uzobpa-
KEeHUsI, HET HU yriiepojaa, HU (Topa, 4YTo MOATBEP-
KIaeT TPEAToJIoKeHUe O TTopucTocTu ciosi. Kanuii
TOYTH PaBHOMEPHO 3aIl0JIHSET CPeAMHHBIH CJI0i 00-
pasua; nmpasia, B Mopax ero HeCKOJIbKO MEHbIIIE.

ATOMHYIO KOHIICHTpAaIINIo (dTOopa M KaJIusI OTHO-
CHUTEILHO KOHIIEHTpALMK yriiepoaa (MM KOJMYECTBO
aToMoB (Topa M Kajaus, Tpuxodsileecs Ha OOUH
aToOM YIJIepoJia) U3MEePSIIN B 00JIACTSIX, COOTBETCTBY-
oIX ITeprudepuitHOMY U CPEIUHHOMY CJIOSIM TLIE-
HOYHOTO 00pa3siia, KOTOphIe Ha pUC. 6 BbIIEJIEHBI, CO-
OTBETCTBEHHO, JIEBBIM U MPaBBLIM MTPSIMOYTOJIbHUKA-
MU. Pe3ynbrarhl M3BMepeHUit npeacTaBieHbl B Ta0. 1.
B mopuctom cpeauHHOM cjioe, 3a CUeT KOTOPOTro B

Puc. 6. Kapra pacnpezneneHust yriiepoaa 1 Kajusl I1o TOp-
1eBoMy cpesy obpasna. [IpsmMoyronbHuKamMu o603Have-
HBbI TpaHULbI 00JIaCTe, BHYTPU KOTOPBIX ONPENEIISIIN
3JIEMEHTHBIN COCTaB.
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Taomuna 1. AToMHBIE KOHLeHTpaluu ¢Topa M Kajus
OTHOCHUTEIBbHO KOHIIEHTpaluK yrjiepoaa u ¢GTopa OTHO-
CHUTEJTbHO KaJus

LeJIOM YBeJIMUIMBaEeTCs TOJIIMHA o6pa3iia, GTop pac-
npeneyieH, Kak BUAHO U3 pUC. 5B, OUeHb HEpPaBHO-
MepHo. B cpegHeM ocTaTouHOro ¢pTopa B HEM BIBOE

Jokanusauus OoJbliie, yeM B nepudepudeckoit odsactu (tadia. 1),
06IACTH M3Mepe Ui F/C K/C F/K a aTOMHOE OTHOLIeHMe (Topa U Kajusa ONU3KO K
JIBYM.
Mepudepust 0.27 0.02 17.5
Pesynbratel peHTreHO(Ma30BOro aHajiM3a MCCie-
Cepennna 0.54 0.29 1.9 IoBaHHOTO 06pasua crycra 1000 u 250000 MuH mo-
200
o]
v
=
O. 112
e %
8 ¢ 220
a 111 o
5 ° '
o W v
jon) ‘ 311222
é v } | | e Xe} 4g0 42)0
E llk() * 200 202 —_— A
= | : i 20 310 114 204 24 14
MJ&J"""““-—-—-_.UJ]L__ J 2
| | | 1 T"‘J“‘_r“"“—”h*‘r—q
20 30 40 50 70 80 90

20, rpan

Puc. 7. PentreHoBckue nudpakrorpammbl oopasiia ciryctss 1000 (7) u 250000 muH (2) mociie OKOHYaHMSI 1eruapoGToprupoBa-
Husa. CumBoiamMu O 1 * 0003HadYeHBI pediIeKChl (propuma U ruapodTopuIa Kaausi COOTBETCTBEHHO, CUMBOJIOM @ — pediieke
TIBA®. OTpaxeHusi, OTMEYEHHbBIE CTPEJKaMK 6€3 CUMBOJIOB, COOTBETCTBYIOT HEUAEHTU(DULIMPOBAHHOI (da3e.

MBA®
+H2 Fz* nKOH
c—cC n -nHF
DIMMUHUPOBaHUE
O: 0
|> ( JlecTpykiiust
—C=C—C! .C—C=C— -
I T Y A (e
F H F H F
[KF] | PekombuHarus
T'unponus
| H,0
—C=C—C + C—$:C—

I | 1
H

F H F

—C=C—C=C—C=C— +nKF + nH,0

I O O
H H F

F H F
0,
[KF] OkucneHue
0-5-0
-0
TTUTT
H FH F H
(0]
AN KF
/C—(|::(|:— + HF KHF,
HO H F

Puc. 8. Cxema miporieccoB neruapodropupoBanus [I1BJ® ¢ obpazoBaHreM (pTop3aMelIeHHBIX MTOJIMEHOBBIX (hparMeHTOB,
OKMCIIUTEJILHOM TeCTPYKIINK ¢ popMUpoBaHHEM (DTOPKAPOOHMIBHBIX TPYII M UX MOCIEAYIOIIEro TMAPOJIN3a ¢ MOoydeHUEM
(ropucroro Bogopona, KOTOPBIA B UTOTe CBA3BIBAETCS (DTOPUIOM Kasivsl, 06pa30BaBIINMCS Ha TIEPBO CTaIUK AETUIPOPTO-

PpUpOBaHMUA.
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86 XKWBYJIWH wu np.

cJie OKOHYAHMS NEeruApOo(pTOpUpOBaHUS IIPEACTaB-
JICHbl Ha pHUC. 7 U OEMOHCTPHUPYIOT IpeBpalleHUe
¢ropuma kanus B ruapodTopun. CiaeayeT TakxKe OT-
METHUTh, YTO BBIAEPXMWBaHUE IUICHKHU, COACpKAIlleid
KHF,, B cMecu Bobl ¢ alleTOHOM (B 0ObEMHOM COOT-
HomeHuu 20 : 80) B Te4eHUE ABYX CYyTOK IMPUBOIUT K
IMOJTHOMY MCYE3HOBEHMIO MTMKOB TUApOodTOpHaa Ka-
Just. Vcrionb3oBaHue alleToHa B CMeCcH ObLIO HE0O-
XOOUMO IJIsl HaOyXaHusl TIEHKHU, YTOOBI 00eCeUnThb
JIOCTYII BOOBI BITTyOb 0Opa3lia.

SAKJ/IIOYEHHME

HUcxonst n3 caMbIx oOIIMX TIpEACTaBICHUI O T10-
CTEIIEHHOM ITPOHUKHOBEHHMU IETUIPOMTOPUPYIOIICHA
CMeCU BHYTPb KapOOHU3UPYEMOM TUIEHKHU, MOXHO
JIOMYCTUTh, YTO NepudepudecKre CJIOu B3auMOIe-
CTBYIOT CO CMEChIO ITPOOIKUTEIbHOE BpeMsi. Kpome
TOTrO, IO Mepe MPOHUKHOBEHMSI AKTUBHBIE KOMITO-
HEHTBbI CMECU JTOJIKHBI TIOCTOSTHHO PacXomoBaThCs.
ITosToMy MeHbIIIasi KOHLIEHTpauus ¢pTopa U OTCYyT-
CTBUE KaJivsl B iepuepUitHOM cJ10€ TIEHKU, CBUIE-
TENbCTBYIOIINE O 00JIee TTOTHOM CTENEeHHM ero Kapoo-
HU3alLMU, TPEACTABISIFOTCS BITOJHE €CTECTBEHHBIMU.
Hpyroe neno, 4ro MogobHOe MpeacTaBlIeHue O MPo-
LIeCCe COBEPIICHHO He COIIacyeTcsi ¢ OJHOPOIHO-
CTBIO pacripefelieHust (propa BHYTpH Ilepudepude-
ckux cinoeB (puc. 58). CienoBajo cKopee OXUIaTh
IMOCTETICHHOTO YBEJWYEHUsI colepKaHusI (pTopa OT
Kpas K LeHTpy. BbIsIBJIeHNe IIPUYMH JAaHHOTO HECO-
OTBETCTBUS IIPEICTABISIET CIELUMATIBbHBIN HAayYHbII
WHTepeC U TPeOyeT TOMOJTHUTEIBHOIO SKCIIepUMEH-
TaJILHOTO U3yYeHUSI.

CaMbIM yIMBUTEIbHBIM PE3YJIbTaTOM UCCIEN0Ba-
HUS cliefyeT cuuTaTh OOHapyXeHHe CMOHTaHHOTO
oOpa3oBaHUs ruapodTopuaa Kajus Npyu CTapeHUU
yacTu4uHO AeruapodropupoBaHHoro [1BJI® B atmo-
chepe Bo3znyxa. Hanbosnee BepOSITHBIM MEXaHU3MOM
JIAaHHOTO Mpoliecca MPeACTaBIsIeTCS OKUCIUTENIbHAs
JIeCTpyKLMsI obpasia ¢ oopazoBaHueM (PTOpKapOO-
HWJIBHBIX TPYMIT U UX TOCJEAYIOLIMI TUAPOIU3 O
neiictBueM armochepHoil Boabl ¢ 0oOpa3zoBaHUEM
¢ropuctoro Bogopoaa. Ha puc. 8 mpencraBieHa cxe-
Ma Tocjie1oBaTe/IbHbIX peaklnii, UILTIOCTpUpPYIOIIast
aTOT Tpoliecc. PTOPUCTBIIT BOTOPOI, OCBOOOKICH-
HBIA TIpU TUApOAr3e (PTOPKApOOHUIBHBIX TPYIII,
CBSI3bIBAEeTCA C (TOPUIOM Kajausl, OCTaBIIUMCS B
TUIEHKE MOocJe NeTuapopTopupoBaHus, B pe3yJibTaTe
yero obpasyeTrcsl TUIApOoTOPUI Kausl. YBEJIUUeHUE
cofepxaHusi TuapodTopuaa Kaausi OyaeT MpoaoJi-
2KaTbhCsl 110 Mepe CTapeHus 10 TeX Top, MoKa B oopa3s-
11€ OCTaeTCsl CBOOOMHBIN (hTOPUCTHIN KaTUIA.

BJIIATOOJAPHOCTHA
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Spontaneous Formation of Potassium Hydrofluoride during Aging of a Partially
Dehydrofluorinated PVDF Film
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IR spectroscopy, X-ray phase analysis and scanning electron microscopy were used to study the spontaneous
formation and increase in the amount of potassium hydrofluoride in the inner region of a sample of a partially
chemically dehydrofluorinated PVDF film during its long-term aging. The most probable mechanism for the
synthesis of potassium hydrofluoride is the oxidative degradation of the sample with the formation of fluoro-
carbonyl groups and their subsequent hydrolysis under the action of atmospheric water. This results in the for-
mation of hydrogen fluoride, which combines with potassium fluoride, a by-product of primary dehydroflu-
orination. The increase in the content of potassium hydrofluoride continues as the sample ages until potas-
sium fluoride remains in it. The appearance and subsequent development of spectral features characteristic
of libration out-of-plane vibrations of water tetramers indicates the formation of a system of nanometer-sized
pores in the sample after 100000 min of its aging.

Keywords: poly(vinylidene fluoride) (PVDF), chemical dehydrofluorination, aging, IR spectroscopy, scan-
ning electron microscopy, X-ray diffraction, double carbon—carbon bonds, ethoxy groups, CH-bonds, com-
ponent analysis, potassium hydrogen fluoride, OH-bonds.
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