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HoBble KOMIIO3UTHBIE BOJIOKHA
C OCa’KIEHHBIM CJI0EM OHpPHECCHUTa

IIpedcmasneno unrenom-xoppecnondenmom HAH Yxpaunot I'.B. Jlucuuenxo

Cunmesupoeanvl HOBble KOMNOIUMHbBLE 60JIOKHA NYymeM in Siti (popMUposanust cios OUOKCUOA MAP2anya Ha no-
BEPXHOCTNU MOOUDPUUUPOBAHHBIX NOJUAKPULOHUMPUTLHBIX 60T0KOH. [lanHbLe SIeKMPOHHO -MUKPOCKONULECKO20,
unppaxpacrozo u penmeenoghaszosozo uccredosanui noomeepounu obpasosanue bupneccuma (5-Mn0,) na no-
BEPXHOCU BOJIOKOH 8 BUOE PABHOMEPHOZO NJOMHOZ0 CL0S, COCMOAU,C20 U3 HAHOAZPEZAMO8 OKPY2a0l (POPMUL.
Anpobuposaniie KOMNOIUMHBLX 6OTOKOH 8 NPOUEcce KAMAIUMUUECcK020 OKUCIEHUS O8YXBANCHIHOZ0 JCENe3a 8 PAC-
meope NoKasanio ux 8vlCoKy0 3¢hdexmusnocmn.

Kanrouesuvie cnosa: NOJAUAKPUSIOHUMPUTLHBbLE B0JIOKHA, KOMNO3UMHbLE B0JIOKHA, Juoxcuo Mmapzanua, 6upHeccum, Ka-
maaumudecKoe OKucjieHue.

PaspaboTka 1 BHeJpeHUE B TPAKTUKY HOBBIX (DYHKIIHOHATBHBIX MATEPUATIOB [IJIsI CEIEKTHBHOTO
M3BJIEYEHUS TSKEJIBIX METAJIOB U PAAUOHYKJINUIOB U3 3aTPSI3HEHHBIX MTPUPOJAHBIX U TEXHOJIO-
TUYEeCKUX BOJ, U3y4YeHUe MX (DU3UKO-XUMUIECKUX U COPOIIMOHHBIX CBOWCTB SIBJISIETCST aKTYaJlb-
HOH TEXHOJIOTUYECKOI 3a/1aueil.

Oco0blii HHTEPEC MTPE/ICTABIISIET CHHTE3 COBPEMEHHBIX MATEPHAJIOB Ha OCHOBE INOKCHU/IA Map-
ranna (MnQO,). IIpupoaHbIii 1 CMHTETUYECKUI JMOKCH]] MapraHila CyIeCTBYeT B BU/Ie HECKO/Ib-
KUX n0UMOphHBIX Moaubukanuii (o-, B-, v-, 8-, A-, e-MnO,)). MIx cTpyKTypa 3aBUCHUT OT pac-
1noJ10:KeHns OKTasipoB [MnOg] 1 MokeT GbITh 1IENMOYHOl, KaHAIBHOI MO0 CTOMCTOI 1 ompe-
JlesisieTcs yCJoBUsME Ttosryderus [1, 2].

B mpakTuke 04MCTKU MPUPOTHBIX W TEXHOJOTUIECKUX PACTBOPOB B HACTOSIIEE BPEMsI TITH-
poko npumensiercst 6Gupneccut (birnessite) — 8-MnO,. Maprauen B 6upHeccuTe HaXOAUTCS B
CTeleHsIX OKUcaeHus +4 u +3 (BO3MOKHO, ¥ +2), I09TOMY XMMHYECKHIT cOCTaB OMPHECCUTA He
otBevaeT opmyse MnO,, n GupHeccuT He ABJIAETCSA CTEXHOMeTpuueckuM okcugaom. Hampumep,
corsacHo [3], cocTaB THUIMUYHOTO KAJIMEBOTO OMPHECCUTA COOTBETCTBYET (HOpMYyJIe Koss - 0,5<Mn3+v
Mn?"),0 4(H,O)g5 14 B mreparype nox tepmutom “OupHeccuT”, Kak IIPaBUIIO, II0APa3yMe-
BAIOT JIMOKCH/I MapTaHIia CoO CTPYKTYPOIl GupHeccuTa.
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Oxcuapl Mapratia co CTpyKTypoil GUpHECCUTa UMEIOT CIOUCTYIO CTPYKTYPY C THUITUIHBIM
ME’KCJIOEBBIM paccTosnieM ~ 7 A, rie kapiil ci1oii mpejcTaBasgeT coboil CeTKY COeIMHeHHbIX
BepmmHamMu 0KTasaApos [MnOg] [2]. IIpucyTcTBrue Mn B HUBKMX CTENEHAX OKUCTEHNS TPUBOIUT
K MOSIBJIEHUIO OTPUIATEBHOTO 3apsi/la HA METAJJIOKCU/IHBIX CJIOSIX, KOTOPBIN KOMITEHCUPYETCS
3a cuer BXOskKAeHus pasinunbix katnonos (Na®, K*, Ca®* u ap.) u MoJsieKyJ1 BOIbI B MEKCIOEBOE
IPOCTPAHCTBO. ITO MpHUAAeT OMPHECCUTY SIPKO BhIPpasKEHHbIE KaTHOHOOOMEHHBIE U KaTaJliTH-
JyecKure CBOMCTBA. bupHeccuT MmpoKo pacmpocTpaneH B MPUPOJIE: B TTOYBAX, 0CAJIOYHBIX TOPO/IAX,
Ha J{He MOpEil 1 OKEAHOB B BUJIE JKEJIE30MAPTaHIIEBBIX 00Pa30BaHHUIL.

CuHTEeTHYeCKUN INOKCH/] MapTaHIla co CTPYKTYPOil GUpPHECCHTa TOTYYaloT B BUIE TOPUCTO-
ro TOHKOJUCIIEPCHOTO TopoIKka. OH MMeeT BBICOKYIO y/eJbHYIO IJIOIIAAb ITOBEPXHOCTH (OT
HECKOJIbKUX JI0 COTeH M2/T) U HU3KYI0 TOUKY HyJeBoro sapaaa ~ 2,25 [4]. Bupneccur xopoio
3apeKOMeH/I0BaJI ceOst B KauecTBe COPOEHTA JIJIST TSKEJIBIX METAIJIOB U PAITUOHYKJIU/IOB, @ TAKIKE
B IIPOIIECCAX KATAJTUTUYECKOTO OKUCJIEHUS KaK OPTaHMYeCKUX, TaK U HEOPTAaHWYECKUX 3arps3-
Huteseit [5—8].

OmHako moJsiyvyeHre OUPHECCUTA B BUJE TOHKOAUCIIEPCHOTO MOPOIIKA OTPAHMYNBAET €TO
MCIIOJb30BaHME B TeXHOJOTHYeCKUX Tporeccax. [locienname nocTukeHnss HAHOTEXHOJIOTUN
[IO3BOJISIIOT PEIINATH ATy MPOOIEMY ITyTeM CHHTE3a KOMIIO3UTHBIX MATEPUATIOB, B KOTOPBIX TOHKO-
JIUCTIEpCHAsT Heopranudeckas (asa TeM WM HHBIM 00pa3oM 3aKpeIrieHa Ha TBEPION MOJIOKKeE
(maTputie).

BoJioKHUCTBIE TOUMEPBI ¢ HOHOOOMEHHBIMU (DYHKIIMOHATBHBIME TPYTITIAMU SBJISIIOTCS
HEePCIEKTUBHOMN TBEPIOH OAI0KKOI JIJIsl CAHTE3a KOMIIO3UTHBIX MaTeprasios [9]. loHooOMeHHbIE
TPYIIIBI, 3aKpeIJIeHHbIEe HAa TOBEPXHOCTH BOJIOKHA, CJIy:KAT 1eHTpaMu (opMUpPOBaHUS Heopra-
Hiryeckoii haspl. [Togbupas npupoay GyHKIIMOHAIBHBIX TPYIIIL, IIOTHOCTD PACIIpe/ie/IeHUsT, MOK-
HO CO3/IaBaTh yCJOBU /i1 (POPMUPOBAHUSA HEOPTAHWYECKUX HAHOYACTHII, a TaK:Ke KOHTPOJIU-
poBath UX pazmep, MOpPhOIOTHI0, 0COGEHHOCTH POCTA HA MOBEPXHOCTU. YJIBTPAAMCIIEPCHbBIE
HeopraHnyecKye YacTHUIIbl XMMUYECKHU 3aKperJieHbl Ha TOBEPXHOCTH BOJIOKHA (depe3 (pyHKITNO-
HAJbHBIE TPYIIBI) W HE MOJABEP/KEHBI arJIOMEPAIliy B YCJIOBUSIX OHKCIUIyaTalliy COpOeHTa.
CuHTe3UpOBaHHBIE KOMIIO3UTHBIE BOJIOKHA, TAKMM 00pa3oM, 00beINHAIOT YHUKAJIbHbIE CBOUCTBA
HeopTraHnueckoil (azbl (CETEKTUBHOCTD, BBICOKASI CKOPOCTh XUMHWYECKUX PEAaKIUil) U TEXHOJIO-
ruyecKue CBOMCTBA BOJOKHUCTON MAaTPUILb! (BBICOKAs y/eIbHAsI TIOBEPXHOCTD, BBICOKAs THPAB-
JmgecKast TPOHUIIAeMOCTD ).

[lesbto TaHHOTO HCCIe0BaHKs ObLIH padpaboTKa crocoba TMoMydeHnsT KOMIO3UTHOTO Ma-
TepraJsia Ha OCHOBE MOIU(DUITMPOBAHHBIX TTOJUAKPUIOHUTPUIBHBIX (ITAH) BosIOKOH ¢ akTUBHBIM
CJIOEM JTMOKCH/Ia MapraHiia (Co CTpyKTypoil OMpHeccuTa), NCCae[0BaHie CTPYKTYPHO-MIUHEPATIO-
IMYECKUX 0COOEHHOCTEH OcaxAeHHOI (hasbl, arpodarys CUHTE3UPOBAHHBIX KOMIIO3UTHBIX BO-
JIOKOH B TIPOIIeCCe KaTATUTHYECKOTO OKUCTEHMS IBYXBAJECHTHOTO JKesie3a B pacTBOPE.

Marepuaibl 1 MeTObI. B KauecTBe OJUMEPHOI OCHOBBI JIJISI CHHTE3a KOMITIO3UTA UCITOJIb-
soBaiu moauduimposantbie [IAH BosokHa ¢ kapbokcuabHbiMu rpynnamu [10]. @opmuposa-
HUe€ CJIOS MOKCHUIa MapraHila Ha TIOBEPXHOCTU BOJIOKOH OCYIIECTBJISIIIN i1 Siti COTJIACHO METO-
nuke cunrtesa Gupneccuta (8-MnO,) [4] myTem moceoBaresbHOI BbliepKkkn ncxoaupix ITAH
BOJIOKOH B BoztHoM pactsope MnCl, (0,2 M), 3aTem — B 1ie/1o4HOM pacTBOpe TlepMaHTraHaTa Ka-
aus (0,2 M). Ilocre peakiiuu KOMIIO3UTHBIE BOJIOKHA OTMbBIBAJM B JAMCTUJJINPOBAHHOW BOJIE U
cymma ipu 60—70 °C.
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Puc. 1. Muxpodororpacdun ucxozu-
npix ITAH Bosokon (a, 6) u Kom-
nosutabiXx [TAH Bosokon ¢ ocax-
JICHHBIM CJIOEM JIMOKCUIA MapTaHIla

(8,2,0)

Mopdosroruio BOIOKOH UCCIEI0BATIH € TIOMOTIBIO CKAHUPYIOTIETO 3JIEKTPOHHOTO MUKPOCKO-
na (COM) mapku JSM6490LV (JEOL), ocHaleHHoTo TPUCTAaBKOH JIJIsT 9HEPTOANCTIEPCUOHHOTO
mukpoananusa (Oxford Instruments). Ilepen uccemoBatueM 00pasi(bl HAMBLISIN TIATUHOM.
Wudpakpacubie criekTpol orJionieHus peructpuposain Ha K dypbe-criekTpoMerpe “Spectrum
One” pupmbr Perkin Elmer B quanasone yactor 4000—400 cm~!. Ananus dazosoro cocraBa Bo-
JIOKOH TIPOBOJINJIM METOJIOM PEHTreHOBCKOH andpakunu na audpaxromerpe JIPOH-3 (CukK,, -
usJydenue, obractb ckanupoBanus 20 = 10—60° B pekrMe TOIaroBoro CKAaHUPOBAHUST ).

N3syuenne mporiecca KaTaJIUTUUYECKOTO OKUCJIEHWS MOHOB JIBYXBAJEHTHOTO JKeJie3a C UC-
MOJIb30BAaHNEM CUHTE3MPOBAHHBIX BOJIOKOH TPOBOIUJN B CTATUYECKUX YCJIOBUAX MPU COOTHO-
nmeHny TBepaoi u skuakoit (as 1 : 400. PacTBop ABYXBaJIeHTHOTO sKejie3a TOTOBUJIHM C MCTIOJb-
soBanueM coin FeSO, - 7H,O. B cepmio mosmmmepHbIX (h1aKOHOB MOMEITAIN HaBecKn aficopbenTa
(0,05 r), samBanu ux 20 M1 pacTBOpa ¢ HayalbHON KoHLeHTpanueil C; 1 BbIIEPKUBAIN TPe-
OGyeMoe BpeMsi. 3aTeM pacTBOP (GUIBTPOBAIN Yepe3 OYMasKHBINA (DUIIBTD “CUHSS JeHTa” U OTpe-
JIeIANN B HeM TeKyIIylo KOHIeHTparmio AByxsastentaoro (C) u obmero xenesa (C,,,;) ¢ TO-
motipio criekrpodoromerpa DR 2800 (“Hach Lange”, Tepmanust) ¢ UCIOJIb30BaHMEM PEaKTHBA
1,10-cpenanTposuh.

Pesyabrarel u ux 00CysKaeHne. B kauecTBe OCHOBBI JIJIsT CHHTE3a KOMITO3UTHBIX COPOEHTOB
ObLIN BHIOPAHBI MOAM(HUIIMPOBAHHBIE TTOJUAKPUIOHUTPUIbHbBIE BOJOKHA. [T0IMaKpPHIOHUTPIIT
obs1aaeT XMMUYECKOIl CTOMKOCTBIO B pa30aB/IeHHBIX PACTBOPAX KUCJIOT U IIeJI0Yeid, B IIMPOKOM
repevyHe OpraHuYecKNX PAacTBOPUTEJIEN, B OKHUCJIUTENHHBIX U BOCCTAHOBUTEJBHBIX YCIOBUSIX.
ITAH BoJIOKHA UMEIOT HEBBICOKYIO CTOMMOCTD, a [TAH marpuiia Moser ObITh JIETKO MOAU(DUIIN-
poBaHa ¢ MOJIyYeHneM PasHOOOpasHbIX HOHOOOMeHHBIX rpyiL. [Toatomy ITAH mmpoko ucmosib-
3yeTcs /I CHHTe3a Pa3HO0OPasHbIX MOJMMEPHBIX U KOMIIO3UTHBIX MaTePHAJIOB.

Jlnst cunTesa GupHeccuTa OBLIO pa3paboTaHO HECKOJBKO METO0B, OCHOBaHHBIE Ha MPOTE-
KaHWU OKUCJIUTETHhHO-BOCCTAHOBUTEIbHBIX TIporieccoB [11]. s mamux meseit Hanbosee
MOIXOIAIINM OoKazasucsd MeTo 1 okucaenns Mn(1) mepmanranaToM Kayus B MEJTOIHON cpefie

104 ISSN 1025-6415. Dopov. Nac. acad. nauk Ukr. 2017. Ne 9



Hoevie komnosummwle 6010KHA C OCANCOCHHBIM CLOCM 6upHeccuma

(pH 8,5 — 10). Bupneccut obpasyercst
B BHJIe TOHKOIUCIIEPCHOTO OCA/IKA TEM-
HO-KOPUYHEBOTO (UYepHOTO) T1BeTa [4].
MukpodoTorpacdun UCXOAHBIX U
KOMITO3UTHBIX BOJIOKOH, TIOJIyYeHHbBIE C
momotnipio COM, mpeacraBieHb Ha
puc. 1. Ucxonubie ITAH BoJsiokHa nMme-
10T KPEMOBBI IBET U TJIAJIKYIO TEKCTY-
py (cm. puc. 1, a, 6). Tlocae in situ hop- . . . . . ! !
MUPOBAHUS CJIOST AMOKCUJIAa MapTaHila 3500 3000 2500 2000 1500 1000 500
Ha nosepxaoctu ITAH Bojokon 1Ber BoJIHOBOE YHCIO, CM
BOJIOKOH U3MEHUJICS Ha TEMHO-KOPUY-

NurencuBuocTb

. . Puc. 2. K cnexrpor ucxoaunix ITAH Bonokon (7) u xommo-
HEBBII (YEPHBIIT), & TEKCTYPA CTANA M€~ syppiix BOIOKOH C OCAKICHHBIM CJI0EM THOKCHIA maprania (2)
poxoBatoii (cm. puc. 1, 8, 2). MoxHo Bu-

JIeTh, 4TO HeopraHmyeckas asa ocax-
JaeTcs Ha TOBEPXHOCTH BOJOKOH B
BU/Ie PABHOMEPHOTO CJIOS, COCTOSIIIETO
13 [JIOTHO TIPUJIETaIONUX JAPYT K APYTY
nHanoarperatoB (50—70 HM) OKpyTJIOii
dopmbr (cMm. puc. 1, 0). Pesyabrarer
MUKpOaHaJIM3a IM0Ka3adu B OCAKIEH-
HOM CJIOe IIPUCYTCTBHE 3JIeMeHTOB Na,
K, Mn, O, cooTBEeTCTBYIOINX COCTaBY
OGupHeccuTa.

O6pasoBanue cJI0st AUOKCUIA Map-
ratila Ha TIOBEPXHOCTU BOJIOKOH IIO/I-
TBep:KJaeTcss Takke paHHbiMu UK
dbypwe-ciextpockonuu (puc. 2). B UK
CTIEKTPE MUCXOHBIX BOJIOKOH (crieKTp 1) ' ' ' '

MO3KHO IMarHOCTUPOBATH 1OJIOCHI T10- 10 20 30 40 >0 60
rJI0IeHUs HUTPUAbHOI (2247 cm™!) 20, rpaz

kap6okcunbnoii (1670 u ~2900 cm~')  Puc. 3. Jludpaxrorpammpr ucxonnbix ITAH sonokon (7) u
rpymm, a ’liaK>Ke Mouteky.1 Boabt (1540 n ;{;)}l;&Lll'[aozig)'[‘HbIX BOJIOKOH C OCQKAEHHBIM CJIOEM JNOKCHA Map
~3550 cm~1). B MK criekTpe KoMIo3uT-

HBIX BOJIOKOH (CTIEKTp 2) MOSBISETCS HOBAs MHTEHCHUBHAS TI0JI0CA TTOTJIONEHUS ¢ MAKCUMyMaMiu
523 n 467 cm~!, KOTOpast COOTBETCTBYET BaJeHTHBIM Kosebanusam cBsasu Mn—QO. DTu JanHbie co-
BIIQJIAIOT C pe3yJbraTaMu, [TOJy4YeHHbIMU paHee IPU HCCIeIOBAaHUU TTPUPOHOTO U CUHTETHYe-
ckoro OupHeccuTa [12, 13].

JlndpakTorpaMmbl ICXOMHBIX W KOMITO3UTHBIX BOJIOKOH TIpe/icTaBIeHbl Ha puc. 3. Ha amd-
pakTorpaMMe KOMIIO3UTHBIX BOJIOKOH (CIIEKTP 2) MOKHO BUIETD MOSIBJICHUE TPEX HOBBIX IITHPO-
KHX ITMKOB € IeHTpamu 1pu 20 ~12,5°,25,2° u 37°. [TosioskeHnne MakcCMMyMOB Ha JirppaKkTorpaMme
U COOTHOIIIEHNE MHTEHCUBHOCTEHN 9TUX MUKOB MPAKTHUYECKH WAECHTHYHBI JAHHBIM, OTTyOJIMKOBaH-
HBIM JI7I MOHOKJIMHHOTO 6upneccuta (3-MnO,, JCPDS 80-1098). Iluku na pudpakrorpamme

ureHncuBHOCTD
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Puc. 4. COM-uzobpaskenne KOMIIO3UTHOTO BOJIOKHA MTOCTIE
72 4 peaknuu KaTaauTuaeckoro okucienus Fe(Il) nonos

CUJIBHO YIITUPEHBI, YTO CBSI3AHO C MAJIBIM PAa3MEPOM
gactuiy MnO, u ux c1abo OKPUCTAIIN30BAHHOIT
CTPYKTYPOIl.

Takum 00pasoM, IOJIyYEeHHbIE DKCIIEPUMEH-
TaJIbHbIE PE3YJILTAThI TIO3BOJISIIOT HAM C/IEJIaTh BbI-
BOJI, UTO CJIOHM TMOKCU/IA MapraHiia, chOpMUPOBAH-
wbiii Ha moBepxuocTu [TAH BosokoH, npencraBiis-
et coboii Gupneccut (8-MnO,).

: Xopo1I1o M3BECTHO, YTO OMPHECCUT KPOME COpo-

Anexrponnoe usobpaskenue 1 IIMOHHBIX CBOWCTB 00J1a/1aeT CBOIICTBOM KaTAJIUTH-
YeCKOTo OKUCJIEHUsT MHOTUX BelllecTB [8]. B coBpeMeHnHOI BOJOMOATOTOBKE AUOKCH/ MapraHiia
HaXOAWT IPUMEHEHHE /IJIsi CHUKEHUsI CO/IEP;KaHus CEPOBOIOPO/IA, JKeie3a U Mapraniia. OaHako
CUHTETHYECKUIT OMPHECCUT MOJYYat0T 0OBIYHO B BHUJIE TOHKOIMCIIEPCHOTO TOPOIIKA, KOTOPBIN
MaJIO TIPUTO/IEH JIJIST OYMCTKY BOJIBI, 0COOEHHO B IMTHAMUYECKOM peskuMe. [10aToMy B BOIOITOTO-
TOBKE MCTIOJIb3YIOT TBEP/IblE IPAHYJINPOBAHHBIE (PUIIBTPYIOITHE KOMIIO3UTHI. KOMITOBUTHBIN Ma-
Tepual peCTaB/IsieT cOO0i rpaHyJIbl U3 IIPUPOAHBIX MJIM CHHTETUYECKUX MUHEPAJIOB (11€0JIUTHI,
KBapIleBbIe TECKU U JIP. ), HA TOBEPXHOCTb KOTOPBIX B BUJIE TOHKOTO CJIOST OCAK/IAIOT IMOKCHUJT Map-
radia (KOTOPbIii, COTJIACHO ONMUCAHUIO TTPOIECCa CHHTE3a, SIBJISIETCS] OMPHECCUTOM ).

B ciyuae obGesxkenesnBaHusl IPUPOAHBIX U TEXHOJOMMYECKMX BOJZ C IHOMOIIBIO TPAHYIUPO-
BaHHbBIX KOMIIO3UTOB IPOUCXOIUT KAaTAJTUTHUYECKOE OKHCJIEHUE MOHOB JIBYXBAJIEHTHOTO JKeje3a
JI0 TPEXBAJIEHTHOTO COCTOSTHUSL. [[ByXBaJIEHTHOE 5KeJIe€30 B MPUCYTCTBUU AMOKCH/IA MapraHia Obl-
CTPO OKHUCJSETCS, a KOJJIOUABl TPEXBAJIEHTHOTO jKejie3a OCeHaloT Ha TOBEPXHOCTb TPaHYJI.
Brocsienctsun 60J1blias 4acTh OKMCAEHHOTO jKejle3a MOKET ObITh BBIMbBITA IIPU 0OPATHOM MIPO-
MbIBKe. Takim 06pa3oM, rpaHyIMPOBaHHBI KOMIIO3UT € OCaXkIeHHBIM c1oeM MnO, aBisgercs ne
TOJTbKO KaTAIUTHYECKUM MaTepruasioM, HO 1 husbrpytoteii cpenoit [ 14]. Takoit moaxo/ mo3B0JIs-
€T COKOHOMUTH PACXOJl PEareHTOB /IJId CMHTe3a JAMOKCUIA Maprania (MJau pacxoJ MPUPOTHOTO
MUHEPaIa) ¥ COBMECTUTH TPOIECCHI KATAJTUTHUYECKOTO OKUCTIeHUs 1 (PUIBTPOBAHMUS, MUHYS MIPO-
I[ECC KOATYJISIIUU KOJLIOUIOB TPEXBAJEHTHOTO JKeJe3a.

Pe3ybTaThl KaTaJMTHYECKOrO oKucaeHus uoHos Fe?* B pactBope
€ HCIOJIb30BaHHEM KOMIIO3UTHBIX BoJIoKoH IIAH - 5-MnO,

Konnenrparms
Obpasert Bpewmst Fe?* mr/n Konnenrparus
KOHTaKTa, 4 Fe a1 MI/1
CO C'c

Ucxonnstit pactBop | Ilocae  mpurorosie- 35,75 — 44,00
(FeSO, - 7H,0) HUS pacTBOpa — 3 4

1 1 — 0,75 2,22

2 3 — 0,80 0,57

3 72 — 0,0 0,12
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Ha ceropusimunii ieHb caMbIMU PACIIPOCTPAHEHHBIMU KATATUTUIECKUMU W (DUIIBTPYIOTIH -
MU Marepuaiamu siBistiorcst Birm Fine, Manganese Greensand, Pyrolox, MTM, MX® u ap.
Xopotio 3apeKoMeHI0BaIT ce0s1 KOMIIO3UTHBIN MaTepuas Ha OCHOBe 11e0auToBoro Tyda Coxup-
HUIIKOTO MecToposkaenust (3akaprarbe, Ykpanna) [15]. Ilo cpaBHeHUIO ¢ U3BECTHBIMU TPaHY-
JINPOBAHHBIMU KOMITO3UTAMU, OTMEUEHHBIMU BBIIIIE, ITOT MaTEPUAJ B HECKOJIBKO Pa3 JIeleBIIe,
a [[e0JIUTOBBIN Ty MOOBIBAIOT B YKpanHe.

Y100bI CYyANTH O CHOCOOHOCTH CUHTE3UPOBAHHBIX HAMU KOMITO3UTHBIX BOJIOKOH KaTaJuTH-
YeCKM OKHUCJISITH NOHBI JIBYXBAJIEHTHOTO Kejie3a U yAAIATh UX U3 PACTBOPA, ObLIN TPOBEIEHBI
HCCJIeI0OBaHMUS 110 UBMEHEHUIO KOHIIEHTPAIMK JABYXBAJEHTHOIO ¥ OOIIEro eJjesa B pacTBOpE, a
TakKe BU3yasbHble HAOJTIO/IEHNUS TI0 M3MEHEHHIO IBETa PACTBOPA CO BPEMEHEM.

[TapasutetbHO OBLT MTOCTABJIEH KCIIEPUMEHT 10 KATATUTUIECKOMY OKUCIEHUIO [BYXBAJIEHT-
HOTO JKeJie3a C MCMOJIb30BAHMEM MEIKOAUCIEPCHOTO OMPHECCUTA, CUHTE3MPOBAHHOTO B W/IEH-
TUYHBIX YCJA0BUsX. BusyasbHbie HaOI0AE€HUS TIOKA3aI1, YTO B PEAKIIMOHHOM (hJIAKOHE ¢ MEJIKO-
JIMCIIEPCHBIM OMPHECCUTOM PACTBOP TOCTEIIEHHO MYTHEET, a Ha JHO (hJIaKoHa OCeMaeT PhIKUI
0CaJIOK TUIPOKCH/IA TPEXBATEHTHOTO JKeJie3a. B ciyuae akcrepuMeHTa ¢ KOMITO3UTHBIMH BOJIOK-
HAMU PACTBOP OCTABAJICS TIPO3PAYHBIM B TeUeHUE BCero akciepuMenTa. Ha faue drakona He 0110
00OHapy’KeHO HIUKAKOTO OCajKa.

PesysibraTer onipenesiennst u3MeHeHUsT KOHIIEHTPAITUHY IByXBAJEHTHOTO JKeJie3a CO BpeMeHeM
(Tabmia) mokasbIBaoT, 4To 0K0J0 98 % Fe(Il) ObLI0 OKMCIEHO B TeYeHUE IIEPBOrO Yaca Peakx-
mun. [loce 72 4 skcnepuMenTa B pacTBOpe MPaKTUYECKU He OCTAIOCH IBYXBAJEHTHOTO JKeJe3a, a
coziepskaHie 00IIero skejesa ObLJI0 MEHbIIIE [TPeIeJIbHO A0IYCTUMO KOHI[EHTPAILIUH JKeJle3a B I11-
TheBoit Bojie (0,3 mr/i).

Ha puc. 4 npencrasieno COM-usobpaskeHne KOMIO3UTHOTO BOJIOKHA MTOCIe 72 4 peaKilnu
kaTanutuyeckoro okucaeHus Fe(I1) nonos. MoxkHO BUieTh MEJIKOAMCIIEPCHBIN OCAZIOK Ha TO-
BEPXHOCTHU BOJIOKHA. Pe3y/IbraThl MUKpOaHaIN3a B OTMEUEHHO 00J1aCTH TIOKa3aIu IIPUCYTCTBUE
asnemenToB Mn, Fe u O. 911 1aHHbIe KOCBEHHO YKA3bIBAIOT HA TO, YTO HA TTIOBEPXHOCTUA KOMITO3UT-
HBIX BOJIOKOH mpoucxoaut okucienue Fe(Il) moHoB m mocrienytoniee ocaxjaeHue KOJJIOUIOB
Fe(OH),. Takum 06pa3om, KOMIIO3UTHBIE BOJIOKHA € OCAXkKAEHHBIM c10eM 8-MnO, BBINOIHAIOT
He ToJibKO (hyHKIMIO KaTanutudeckoro okuciaenus: Fe(I1) no Fe(Ill), no n dynkimio ¢hpuasrpy-
TOIIETO CJIOS.

Takum 06pa3oM, CHHTE3UPOBAHbI KOMIIO3UTHBIE BOJIOKHA IIyTEM i Situ (hOPMUPOBAHUST CJIOST
JINOKCHJIa MapraHiia Ha MOBEPXHOCTU MOU(MUITIPOBAHHBIX MTOJTUAKPUIOHUTPUIBHBIX BOJOKOH.

Dopmuposanue cnosg MnO, Ha TOBEPXHOCTH BOJIOKOH HOATBEPKAEHO Pe3yJIbTaTaMy dJ1eK-
TPOHHO-MUKPOCKOTTNYECKOTO, MH(PPAKPACHOTO U PEHTTeHO(DA30BOTO NCCIIEIOBAHUIA.

DJIEKTPOHHO-MUKPOCKOTIMYECKIE MCCAeOBAHNS TTOKA3aH, YTO AUOKCU Mapradtia (hopMu-
pyeTcst Ha TIOBEPXHOCTU BOJIOKOH B BUJIE PABHOMEDPHOTO CJIOS, COCTOSIIIETO U3 TJIOTHO ITPUJIETAI0-
HIUX ApYT K 1pyTy Hanoarperatos (30—40 am).

PentrenodaszoBblii aHaM3 TO3BOJIUIT IMATHOCTUPOBATD JIMOKCH/] MApTaHIla Ha IIOBEPXHOCTH
BOJIOKOH Kak 8-MnO,, (;oKcn/i MapraHiia co CTpyKTypoii GupHueccura).

Anpo6upoBaHie KOMIO3UTHBIX BOJOKOH B IIPOIECCE KATAJIUTHUECKOIO OKKMC/IEHUs IByXBa-
JIEHTHOTO JKejie3a B pacTBOPE TI0Ka3aJi0 UX BBICOKYIO a(pdekTuBHOCTh. 13 pacTBOpa ¢ BBICOKUM
3HaYeHHEeM HayaJIbHOI KOHIIEHTPAI[MH [BYXBAJIEHTHOTO JKejie3a 3a MEePBbIil 4ac Peakiuu ObLIO
yaaneno o6osee 98 % Fe(II).
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OKucIeHHOoe JKee30 OCaKIA€TCA Ha ITIOBEPXHOCTDb BOJIOKOH B BU/I€ MEJIKOANCIIEPCHOT'O OCa/l-

Ka, ¥ KOMIIO3UTHBIE BOJIOKHA, TAKUM 00PA30M, BBITIOJHSIOT He TOJBKO (DYHKIIUIO OKHCJIEHUS
Fe(IT) no Fe(I1T), Ho 1 byHKINIO (PUABTPYIOTIETO CIIOS.
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HOBI KOMITIO3UTHI BOJTIOKHA 3 OCA/KEHIM HIAPOM BIPHECUTY

CunTe3oBaHi HOBi KOMIIO3UTHI BOJIOKHA TIJISIXOM 72 Sitil OCAJKEHHS Mapy JIOKCUIY MaPTaHITio Ha TOBEPXHIO MO-
nndikoBaHUX TOMIaKPUIOHITPUIBHUX BOJOKOH. JaHi €JIeKTPOHHO-MIKPOCKOTIIYHOTO, iH(DPadyepBOHOTO Ta PEHT-
reHo(a3oBoro OCJiKeHb Ti/TBepAUIN yTBopeHHs 6ipHecuty (8-MnO,) Ha TOBEPXHi BOJIOKOH y BUTJISL PiB-
HOMIPHOTO IIIJIBHOTO APy, [0 CKAAJAETHCS 3 HAHOATPEraTiB OKPYyrJIoi popmu. Anpobailiss KOMIIO3UTHUX BOJIO-
KOH y TIpoIieci KaTaJiTHYHOTO OKNCHEHHS IBOBAJIEHTHOTO 3aJ1i3a B PO3UNHI TIOKa3aJIa iX BICOKY e(heKTHBHICTD.

Kmouosi crosa: noniaxpuionimpuivii 6010KHA, KOMIOSUMML 60JIOKHA, 0i0KCUO Mapzanuio, Gipnecum, xamani-
Mmuune OKUCHEHHSL.
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NOVEL COMPOSITE FIBERS COATED WITH BIRNESSITE LAYER

New composite material is synthesized by the in situ formation of a manganese dioxide layer on the surface of
modified polyacrylonitrile fibers. Scanning electron microscopy, infra-red and X-ray diffraction analyses con-
firmed the formation of birnessite (8-MnO,) on fibers’ surface, which forms a compact layer consisted of rounded
nanoaggregates. The testing of composite fibers in the catalytic oxidation of divalent iron in a solution has shown
their high efficiency.

Keywords: polyacrylonitrile fibers, composite fibers, manganese dioxide, birnessite, catalytic oxidation.
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