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KIHETUKA TEPOKCHJHOT'O 3HEBAPBJIEHHSI A3OPYBIHY
3A HAABHOCTI KOMITIO3UTA NOJIAHIJIIH-MAHI'AH OKCH/I(1V)

B. OcranoBuu*, 5I. Kopanumun, A. Xapkis

Jlveiecvkutl nayionanvHuil yHigepcumem imeni leana Opanka,
eyn. Kupuna i Megoois, 6, 79005 Jlvsie, Ykpaina
e-mail: bohdan.ostapovych@Inu.edu.ua

OuncTka BOJHHUX EKOJIOTIYHUX CHCTEM BiJ] 3QJIMIIKIB CHHTETHYHHUX OapBHHKIB, SKi
BUKOPYCTOBYIOTh y TEKCTWIBHIH Ta mojirpadidHii IPOMHUCIOBOCTI, € aKTyaJbHOI HpoOIeMoio
ChOTOJIeHHS. JIOCTHIAHMKH YCHIIIHO BHBYAIOTH MOKJIHMBOCTI 3aCTOCYBaHHS peakTHBIB DeHTOHA i
Padda nns 3HeOapBIeHHS BOAHUX PO3UMHIB OAPBHUKIB, IPOIOHYIOYH Pi3HI CHOJIYKH MEPEXiTHUX
METaliB, I0HU SIKUX MOXYTh CIIyTyBaTH KaTalizaTopamu mpoiiecy poskinananus H202 no pagukaiis
HOe, saxi € moTyxHrMH okucHIOBauamu. OIHAK BiZOKPEMIICHHS TaKUX TOMOT'CHHHX KaTali3aTopiB
micist poOOTH 3 HMPOMHUCIOBUMH OapBHHKAaMU B TPOIECI OYMINEHHS € TEXHIYHO W EKOHOMIYHO
HEOUITbHUM, TOMY BHHHMKAa€ IOTpeda y HEpO3UYMHHUX TBEPAHX KaTalli3aTopax i3 BHCOKOIO
a7IcOpOIliHHOI 3JaTHICTIO, HANPUKIaA, y BHUIJIAAI IMOJIMEPHHUX KOMIIO3UTIB TojdianimiH—MnO2
(ITAE—-MnO2). TBepaodasHuii KaTtamizaTop i3 ancopOOBAaHMMH NPOIYKTaMU 3HEOAPBICHHS MOXE
OyTH JIErKO BiAJUICHHH Bil BOJHOTO PO3YMHY METOJIOM imbTpanii.

JlocnimkeHo KiHETUKY MEPOKCHIHOTO 3HeOapBICHHS CHHTETHYHOTO OapBHHKA a30pyOiHy 3a
HasIBHOCTI a/IcopOyl04Y0oro areHra — MOJIiaHUTiHY, SKAH 3aCTOCOBYBAJIM Y BHIVIAAI HOTO KOMITO3HTA 3
okcunoMm Manrany (IV), karamituuna gis MnO2 00yMoBIIOE po3nan mepokcuay Ao pamukainis HOe,
OKHCHEHHS 32 IXHBOIO Y4acTIO MOJIEKYJ OapBHHKA 1 yTBOPEHHS 0e30apBHHUX MPOAYKTIB.

Kommnosur momianinii—MnO2 cHHTE3yBald METOJOM OKHCHIOBAJIBHOT MOJIIKOHICHCAIT 3a
YBEICHHS aHUIIHY B peakUiiiHy NOCYIUHY, sIKa MICTHTh HeBHY KibkicTh MnQO2, AnCIIEproBaHoro y
BOJJTHOMY PO3uMHI CyIb(}aTHOI KHCIOTH, MOJIbHE criBBigHOomenHs MnOg2: An = 1:3.

Metomom IY-cmekTpockomii Mmoka3aHo, MmO 10 CKJIaay KOMIo3uTa mojiaHimin—MnO:
BXOJATH TOJiaHITiHOBI XiHOimHI 1 O6eH30imHi rpynmu Ta Mn—O TpymH, MiX SKHMH, OYEBHIHO,
BHHHMKAE MIKMOJIEKYISpHA B3acMoJid. AmcopOuiiimi miku mornuuadss Mix 500 i 800 cm™
HaJexartb A0 KoauBaHb aToMiB MN—O B oktaenpax MnOs, BalleHTHI KOJMBaHHS IS XiHOIMHOT 1
6enzoinnoi Gopm ITAH npocTexyroTbed mpu 1 5751 1 495 em™t, miku npu 1 300 i 1 243 cmt
Hanexatb 10 C—N BajeHTHHX KoJWBaHb OeH301aHOI (GOopMH (BTOPMHHHMH apOMaTHYHHI aMiH), a
nik npu 1 142—1 153 cm™! Hanmexuts m0 XiHoimHOT popmu monosanoro ITAH, nik npu 800 — 10
koauBaHb aToMiB y 3B’s13kax C—C i C—H 6ensoignoi hopmu.

Metonom Y ®—CrieKTpoCKOMil JOCIiIKEHO KIHETHKY IePOKCUIHOTO 00€30apBiIeHHsI PO3UHHY
OapBHHKa 3a HAasSBHOCTI OIHAaKOBHX KilnbKocTeidl cumHTe30BaHOro kommosuta (ITAH—MnO2) a6o
MEXaHIYHHUX CyMilIedl BUXiHOTO OKCHAY MaHTaHy i3 unctuM nomianitinom (ITAH+MnO2).

Iloka3aHo, 1m0 KOHCTaHTH IIBHIKOCTEH KaTamiTHdHOrO 3HeOapBieHHS A3P mepokcumom
Boguio 1t kommosura (ITAE—MnO2) i mexamiuamx cymimeir (ITAE+MnO2) marots umcioBi
3HaueHHs oHoro nopsaky (= 10 ¢t), T=20 C.

36inbuienns Bmicty ITAH y ckiani Mexaniunoi cymint Bix (MNnO2:ITAl = 1:3; ko=6,67 10° ¢1) o
(MnO2:I1AH = 1:30; ko = 8,17 10 ¢! ) mpusBoAUTH 10 IEAKOTO 3pOCTAHHS KOHCTAHTH INBUIKOCTI
peaxiiii 06e36apBieHHs1 a30py0iHy, MpoTe y BUMaAKy cuHTe30BaHoro komnosuta (MnO2:I1AH = 1:3;
ko = 3,17 10°') eexTuBHiCTh KaTamisy 3MEHIIYEThCS, OYEBHIHO, OOMEKYETHCA JOCTYI IO
KaTalITHYHAX I[EHTPIB Ha IMOBEPXHI YAaCTHHOK OKCHIY MAaHTaHy BHACIIJOK IXHBOI IHKANCYJSIIT
MOJTIaH1TIHOBOIO MaTPHIICIO i/l 9ac CHHTE3y KOMITO3UTA.

© Ocramnosuu b., Koamumun f., Xapkis A., 2021
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1. Beryn

CHHTETHYHI OpraHiyHi OapBHUKH IITHPOKO BUKOPHUCTOBYIOTH JJIS TOTPeO JTIOIMHA Y
TEKCTIIBHIM Ta momirpadiuHiii mpoMHCIOBOCTI, MPOTE iXHSA CTIHKICTH O O10IOTIYHOTO
PO3KIIay Ta PO3UYMHHICTH Y BOJI CTBOPIOIOTH MOTPe0y OYMCTKH BOTHHUX eKocucteM [1, 2],
o MOXKe OYyTH MOCATHYTO TaKUMH METOJaMH, SIK MeMOpaHHa (inbTpamis, Koarymsiis-
(hrokymAmis, XiMi9YHEe Oca/pKEeHHs, ancopOris, okucHIoOBanbHa aerpamamis [3—8]. Cepen
MepeTiueHNX Hale(eKTUBHIIIAM METOJIOM 3aJIMIIAE€ThCS ancopOmis 3aBASKH TPOCTOTI
OYHCTKH, THYYKOCTI Ta €KOHOMIYHOCTI.

Crorogni 0araro JOCHIIHHMKIB 3afiMalOThCS PO3POOKOIO  alNbTEPHATHBHUX  JIO
AKTUBOBAHOTO BYTULIS aJcOpPOYIOUYMX MaTepialliB, OXOILIIOIOYM MOOIUHI MPOAYKTH CLILCHKOTO
rOCIO/IapCTBa, NMPHUPOIHI IJIMHM Ta mojiMepu [9-12], ski CTaHOBIATH YHIKaJIbHHI Kilac
asicOpOCHTIB 3aBJSIKM IXHIH TOPHCTI CTPYKTYpi, 34ATHOCTI O 3B’S3yBaHHs,  BHCOKOL
a[cOpOIIIHHOT 31aTHOCTI Ta XOPOIIIOi MEXaHIYHO1, XIMIiYHOI Ta TepMiuHO1 cTabinpHOCTi [13].

HaficTifikimM y TOpUPOJHBOMY CEPEIOBHUINI Cepel CHPKEHHX IMOJIMEpiB €
MOJIAHIIIH Ta WOro aHaNoTH. 3 Mi€l NMPWYMHA BUKOPUCTaHHIO [IAH Ta KOMIO3HTIB
COpSDKCHUX TONIMEpiB K  aAcOpOYIOUMX MaTepialiB MOpsAA i3 OKHUCHIOBAJIBHOIO
Jerpajamicto OapBHHUKIB  JUIsI OYHMINCHHS BOTHHUX PECYpPCiB MIAMPHUEMCTB  OCTAaHHIMH
poKamu IPUILUIAIOTH 3HaUHy yBary [14—16].

OmTxe, MH  JOCHIIWIM KIHETHKY NEpOKCHIHOIO 3HEOApBICHHS CHUHTETHYHOIO
OapBHHKa a30pyOiHy 3a HasSBHOCTI aACcOpOyIOUOro areHra — IMOJIaHUTIHY, KU
3aCTOCOBYBaJIM y BUIJISAAI KOMIO3UTy 3 okcupoM manrany (IV). Bracmigox mnepebiry
kartanizoBaHoi 3 gormomoror (ITAH-MnO;) peakiiii po3many MEPOKCHIY YTBOPIOIOTHCS
pamukamun HOe, i3 yuyacTiO sSKMX BiJOYyBAarOThCS MPOIECCH OKHUCHEHHS 1 3HEOapBIICHHS
MOJIeKyJl OapBHHMKa, a ajcopOoBaHI Ha MOBEpXHI TBepAOI (Pa3M KOMIIO3HMTY HPOIYKTH
MIEPETBOPEHD MOXKYTh OYTH BUALUICHI 13 PO3YUHY (PiIETPYBAHHIM.

2. Martepiaim Ta METOIHKA eKCIIEPUMEHTY

Buxioni pevosunu ma mamepianu

Jns cunTe3y kommosnTa moiiaHimiH-MnO2 BHKOPHCTOBYBAJIM TakKi pPEaKTHBH:
agimin (AH) — “Aldrich”; okcug Mn (IV) mapku “Y”; po3umHU cynb(haTHOI KHUCIOTH
(H2S04) — i3 (ikcananiB BHPOOHUITBA YepKaChbKOro JAEPKAaBHOTO 3aBOAY XiMIiUHHMX
peakTHBiB, nepokcua BoaHO 35 % — VYkpximmnpom (TY 24.1-25548301.002-2001). VYci
PO3YMHM TOTYBajM HAa JUCTHILOBaHINA BOAL. Y poOOTI K MOJENb Il OKHCHIOBAIBHOTO
3HEOApPBJICHHS BUKOPUCTOBYBadM OapBHUK a30py0iH (A3P): 3arameHa opmyia
CaoH12N2Na07S, (munatpiii 4-rigpokeu-3-(4-cynbgonaro-1-Hadrunaso)-1-napramincyns(oHar).

Memoouxa cunmesy komnozuma nonianinin—MnO;

Komnosur momianimin—MnO; roTyBanm NUIIXOM YyBeAeHHS aHuTiHy (AH) B
peakIiifHy TOCyIuHy, ska MicTUTh 2 T MnQO; mucmeproBanoro B 100 mu 1,15 mons/n
BOJHOTO pPO34YMHY Cyib(paTHOi KHCIOTH, cmiBBigHOmeHHs AH:MnO, = 1:3 Mob.
[Monmimepuzaniro aniniHy mnpoBoawmm 3a Ttemneparypu 20 °C, micns JopaBaHHS
KOMITOHEHTIB CyMilll MEPEMILIyIOTh MPOTATOM IIECTH TOJUH 1 3aJIMIIAIOTH 10 HACTYITHOTO
nua. Temuo-3zenenunit ocan (ITAH-MnOz) Oys 3iOpanuii nuisixom (inbTpyBaHHS, HOTO
npomuBanu 0,2 M po3umHOM Cynb(aTHOI KHCIOTH HOTH, AOKH (GinbTpar HE CTaHe
6e30apBHNM, TUCTHIIFOBAHOIO BOJIOIO, OO BUMUTH KHCJIOTY, 1 CYIIWIIN TIiJT BAKyyMOM IpH
50 °C 12 rogn.
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Jis TOpIBHSHHSA BJIACTUBOCTEH KOMIIO3WTA 1 TONiaHUTIHY cuHTe3yBamm [IAH
OKHCHIOBAJILHOIO TIOJIIKOHCHCAITIEIO i Ji€F0 aMOHIN MTEPOKCUANCYIb(ATy B aHAIOTIIHAX
YMOBaX i3 0Jiep>KaHHIM KOMITO3UTA.

Memoou docridicenns snracmusocmeil peioguH

BynoBy kommno3ura (ITAH-MnO>) mocnimxyBanu 3a nqonomoroto 1Y-cnekrpockomnii,
cnekrpodoromerp Specord-M80. 3miHy KoHIEHTpalii a30opyOiHy B Mporeci OKUCHEHHS
OLIIHIOBAJIM METOJOM BHMIpPIOBaHHS ONTHYHOI T'YCTHHHM PO3YHMHIB 3a jJomnomororo Y®
cnektpodoromerpa Specord-M40 3a OJHAKOBMX IIBUAKOCTEH pO3rOPTKU CHEKTpA.
PesynbraT nocnimpkeHb, noaaHi Ha puc. 2—4, olepKaHO 3a TaKMX YMOB: KOHIGHTpALlis
A3P = 0,5 x 10 monn/m; kKatamizaTop = 2 r/1; MoibHE criBBinHomenns H2O2/A3P = 100/1.
pH = 6,95, T=20°C.

3. Pe3yabTaTH A0CTiIKEHb Ta X 00roBOpeHHS
Y IY-cnektpi kommosuta (puc. 1) momiaHUTIH-MNO2, TPOCTEXKYETHCA MIMPOKHN
niamazoH abcop6uilinmx mikiB Mix 500 i 800 cm™, sKxi HanmexaTh JO KOIMBaHbL aTOMiB Mn—
O B okraeapax MnOs, BaJIeHTHI KOJIMBaHHS JJIs XiHOInHOI 1 OeH3oigHoi ¢opm ITAH
nposBisoThes mpu 1 5751 1 495 emY, miku npu 1 300 i 1 243 cm? nanexars go C—-N
BJICHTHOT'O KOJIMBaHHs JUIs 0eH30iqHO0T (hopMH (BTOPMHHHH apOMaTHYHUI aMiH), a MiK Ipu
11421 153 em*- o xinoinuoi popmu nonosanoro ITAH, ik mpu 800 cm™* — 10 xKonMBaHb
atomiB y 3B’s3kax C—C i C-H OGenzoimHoi ¢opmu. o ckimagy KOMIO3UTa BXOISTh
MOJIIaHIIIHOBI XiHOIMHI 1 OeH30imHi Tpymu Ta Mn—O, MK SKHUMH, OYCBHIHO, BHHUKAE
MIKMOJICKYIISIPHA B3a€MOZIIsL.
404
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Puc. 1. IY-cniextp koMno3zura nomianinias—MnO2
Fig. 1. IR—spectrum of polyaniline—~MnO2 composite

Peaxuiro oxucHenHst A3P (20 °C) npoBoauiay B yMOBaX MCEB0-TIEPIIOTO MOPSAKY
CTOCOBHO KOHIIEHTpallii GapBHHUKA, A€ MOYaTKOBa KOHIEHTpaLis nepokcuay Boanto [H20]
Oyna npunaiimMi B 100 pasiB OunbIna BiJi KOHLEHTpALil AOCI/UKyBaHOTO OapBHHMKA. Y
peakuiiiHy mocyauHy mowmimanu po3dnH A3P, HaBakKy KarajizaTopa 1 BiAMOBITHY
KimpKicTh H2O2. Uepes meBHI MPOMDKKH 9acy BHMIPIOBAJIN ONTHYHY TYCTHHY IpoOHM Yy
kroBeTi Y@ criektpodoromerpa Specord-M40 3a nosxkuHu XBuiti 515 HM, siKa BiANOBixae
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MaKCUMyMY XapaKTepUCTHIHOI CMYTH ITOTJIMHAHHS a30py0iHy y BHAMMIH 007acTi CIIeKTpa.
KinetnuHi KpuBi, fKi BiqoOpaxaroTh 3MiHy KOHIICHTpaIlii OapBHUKA (ONITHYHA TYCTHHA) i
yac OKHCHIOBaJbHOI Jexoyopm3amii mif miero kommosuta (ITAE—MnO.) abo mMomenmpHIX
Mexanigaux cymimeit (IIAE+MnO>), TIoKa3aHo Ha PUCYHKY 2, a—4, a).

0.10
1,05 4 a B 6
'\ 005 .,
1,00 \ 0,00 | ..\‘-;
® ; SR
< oo54 \ 0,05 e
= S
0,104 m,
0,90 4 © [a] n
« c 1 2
T = m
F 0,15 .
E 0,85 1 Sy
.
o 0,204
- 1 k"m.
0.80 -0.25 | h m
o ~
0.75 T T T T T T T T 1 0,30 T T T T T T T T 1
20 0 20 40 60 80 100 120 140 160 20 0 20 40 60 8 100 120 140 160
Yac, x8 Yac, xB
a b

Puc. 2 . 3anexxHiCTh ONTHYHOT TYCTHHU PO3YUHY a30pyOiHY BiJ Yacy OKMCHIOBAIbHOL
JieKoJIopu3altii (@) Ta BU3HAUCHHs KOHCTAHTH IIBUAKOCTI peakirii (D).
Peakuiiina cymim [bapsauk A3P + H202 + komnosut (MnO2: [TAH = 1:3)]
Fig. 2. Dependence of the optical density of azorubin solution on the time of oxidative
decolorization (a) and determination of the reaction rate constant (b).
Reaction mixture [Dye AZR + H202 + composite (MnO2: PAN = 1:3)]. Concentration of
AZR = 0,5 x 10" mol/I; catalyst = 2 g/I; the molar ratio of H202/AZR = 100/1. pH=6,95. T=20°C
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Puc. 3. 3anexHICTh ONTHYHOI TYCTHHU PO3UMHY a30pyOiHYy BiJl 4acy OKMCHIOBAJIBHOT
nekosopu3ariii (a) Ta BU3HAYCHHsI KOHCTAHTH HIBUAKOCTI peakitii (6).
Peakniitna cymim [bapsank A3P + H202 + cymimr (MnOz2: TTAr = 1:3)]
Fig. 3. Dependence of the optical density of azorubin solution on the time of oxidative
decolorization (a) and determination of the reaction rate constant (b).
Reaction mixture [Dye AZR + H202 + mixture (MnOz: PAN = 1: 3)]. Concentration of
AZR = 0,5 x 10" mol/l; catalyst = 2 g/I; the molar ratio of H202/AZR = 100/1. pH=6,95. T=20°C

Ha ocHoBi HamiBiorapuMidyHHX 3aJe’KHOCTEH ONTHYHOI TYCTHHH peakIiiHOi
cymilni BiJ 4acy BU3HAa4YeHO KOHCTaHTH mBuakoctei KO 3a HasBHOCTI KOMIO3UTa Ta
MexXaHIYHUX cyMileil nomianininy i3 MnOz (puc. 2, b—4, b). YmoBu npoBeneHHs Ta
KOHCTaHTH MIBHIKOCTEH TOCIIKCHUX PEaKIIii MOJaHO B TAOJIHIII.
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Puc. 4. 3anexxHicTh ONTHYHOI TYCTHHH PO3YHHY a30py0OiHy BiJl 4acy OKMCHIOBAJIBHOT
Jexosopu3aiii (a) Ta BU3HAYCHHSI KOHCTaHTH WBUAKOCTI peakuii (b).
Peaxuiiina cymim [Bbapsauk A3P + H202 + cyminr (MnO2: ITAH = 1:30)]
Fig. 4. Dependence of the optical density of azorubin solution on the time of oxidative
decolorization (a) and determination of the reaction rate constant (b).
Reaction mixture [Dye AZR + H202 + mixture (MnO2: PAN = 1:30)]. Concentration of
AZR = 0,5 x 10 mol/l; catalyst = 2 g/I; the molar ratio of H202/AZR = 100/1. pH=6,95. T=20°C

KaraniTuuHe OKHMCHEHHs  OapBHHMKA, OYEBHIHO, CYIPOBODKYETHCS IMPOICCAMH
azcopOIii— aecopOiii Ha MOBEpXHI TBEPAOTo KaTamizaTopa. MoOKHAa MOMYCTUTH, IO
MepIIo cramieto peakiii € agcopouis HoO, Ha moBepxui kommosuta (IIAE-MNOy), ae i
BiIOYBaeThCs po3Maj MEepOKCHIY Ha BiibHI paaukaibpHi yactuHkn HOO*, abo HO*, a
takox OO*,

KoHcranTn mBuakocTeil kataniTHIHOTO po3kiany OapBHHKa a3opyoiny. T =20 C
Rate constants of catalytic decomposition of azorubin dye. T =20 C

Ckran peaxiiiHoi cyminri KoHcraHTa MIBUAKOCTI pO3KIaLy
A3P, c?
Bapsuauk A3P + H202 + [cymimn MnO2: ITAs= 1:30] 8,17 10°°
Bapauk A3P + H202 + [kommozutr MnOz2: ITAH =1:3] 3,17 10°
Bapsuuk A3P + H202 + [cymin MnO2: [TAu = 1:3] 6,67 10°

YTBopeni BimbHI panukamum HO* BOMOIIIOTP BHCOKOI OKHCHOKO 3JaTHICTIO i
3yMOBJIIOIOTh MEPETBOPEHHs ancopOoBanux Moiekyn OapBHuka A3P mo CO,, H,O Ta
IHIIUX MPOAYKTIB, HAPUKIIAJ, TIHOTETUYHO:

C20H12N2Na,07S; +40H,0, =20CO; +2S04% + 2NO3" +26H* +2Na* +33H20

Opepxani mix uac poskinany A3P  mpoayktn peakiuiii  MOXYTb  IIBHJIKO
JudyHIyBaTH BiJl MOBEPXHI TBEPJOrO KaTaiizaTtopa HUISIXOM JecopOLil, 3BUIBHIIOUH MICIe
JUTS HOBUX KaTaTITHYHUX aKTiB.

4. BUCHOBKH

ExcriepuMeHTanbHO  1OKa3aHO, 10 KOHCTAHTHM HIBHAKOCTI  KaTaJiTHYHOTO
3HeOapeneHHs A3P st komnosurta (IIAE—-MnOy) i mexaniynux cymimeit (ITAE+MnOy)
MaroTh YHWCJOBI 3HAUCHHS OJHOTO MOPSAKY 3 MONPABKOIO Ha, OYEBHIHO, MU(Y3iiHI
oOMexeHHsl y BUMaaky iHkancymranii MnO; momiaHUIIHOBOIO MaTpHIel0 B KOMIIO3UTI,
BHACJIIZIOK 9OTO OOMEXYEThCA JAOCTYI OO0 KaTaliTHYHHX IEHTPIB Ha MOBEPXHI YaCTHHOK
OKCHJly MaHTaHy.
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BigmoBimHO [0 [MaHWX, MONAaHWX B TaONHWIN, MOXXHa 3pOOMTH BHCHOBOK, IO
30impmenas BMicTy IIAH y ckimami KaTamiTHYHOI CyMimli TPWU3BOAWUTH 10 3POCTAHHS
KOHCTaHTH MIBHIKOCTI peakilii 00e30apBiieHHs a30py0iHy.

MosKHa TIPUITYCTHTH, 10 Y BUMaaKy MexaHigroi cymimri (ITAE+MnO,) 3a HasBHOCTI
PEIOKC-aKTUBHUX MaKpOMOJIEKYJI HOJIiaHUTiHy 3poctae posib [IAH y MexaHi3Max peaxuin
3a y4acTIO BIJIbHUX paJuKalliB (PiBH. HA CXeMi):

(ITAH)ox + H202 <> [(ITAH)ox. H20; ] )
[MTAH)ox. H202 ] — (ITAH)req + HO2e + H* (2)
dye + HO2* — mpoayKkTH OKHCHEHHS (3)
(ITAH)ed + HF — (protonation) — (ITAH)ox 4

Ha monaniit cxemi (ITAH)ox Ta (ITAH)red BIAIOBITAIOTH (OPMAM TIONIMEPY Y BUTIIAII
eMepaJIbIHHOBOI COJIi Ta eMepaIbJHHOBOT OCHOBH. OUYEeBHIHO, NEPIIUM ETAIOM pPEakKilii €
agcopbmis H»O, Ha OKHCHEHHX MiNHKaX NOMiaHimiHYy (1), IO CYNPOBOMXKYETHCA
HacTymHUM BimHOBIEHHAM (I[TAH).x 32 momomoror H>O» no paankanpanx gacTHHOK HO»e
(2). ChopmoBani pamukanu aTaKkyBaTUMYTh MOJICKYJTH OapBHHUKA (3), MEPETBOPIOIOYH X Yy
NPOJYKTH peaKLii.

OpepxHi AaHi TIATBEPIKYIOTh MPHUIYIICHHS, 10, 3MIHIOOYH CITiBBIIHOIICHHS
KOMIIOHCHTIB Yy CKJIaJi CHHTE30BAaHOTO KOMIIO3UTa, MOYKHA PETYyJIIOBaTH IIBUAKICTH
JOCTIKYBAHOI ~ KaTamiTHYHOI peakifii. J[1s JTOCKOHANIOro BHBYCHHS MEXaHI3My
JOCTIKYBaHHUX MPOIIECIB HACTYIHMM KpPOKOM € BCTAHOBICHHS BKJIAAy HasBHUX
MOJIAHUIIHOBAX PEINOKC-TPYNl Yy KaTaliTHYHAN Tmporec o00e30apBieHHS a30pyOiHy
MIEPOKCHIIOM BOJHIO, sIKe Mae Micme y 3acrtocyBaHHI kommo3uta (ITAH-MnO;), xomu
JIOCTYII IO aKTHUBHHUX LEeHTPiB MnO; oOMex)eHHWH YHACTIOK B3a€MOJIi i3 IMOIIMEPHOIO
MATPHIIECIO M/l YaC CHHTE3y KOMITO3UTA.
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KINETICS OF PEROXIDE BLEACHING OF AZORUBIN
IN THE PRESENCE OF POLYANILINE-MANGANE OXIDE COMPOSITE (1V)
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Kyryla i Mefodiya Str., 6, 79005 Lviv, Ukraine
e-mail: bohdan.ostapovych@Inu.edu.ua

Purification of aquatic ecological systems from residues of synthetic dyes used in the textile
and printing industry is an urgent problem. Researchers are successfully studying the possibilities of
using Fenton and Raff reagents to decolorize aqueous solutions of dyes, they offer various
compounds of metals with variable valence, whose ions can serve as catalysts for the decomposition
of H202 to HO - radicals, which are powerful oxidants. However, the separation of such homogeneous
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catalysts after interaction with industrial dyes is technically and economically impractical, so there is
a need to create insoluble solid catalysts with high adsorption capacity, as exemplified by polymer
composites polyaniline - MnOa. After the process of purification of water from the dye residues, the
solid phase catalyst together with the adsorbed purification products is removed by filtration.

We investigated the Kinetics of oxidative decolorization of the synthetic dye azorubin in the
presence of an adsorbent agent—polyaniline, which was used in the form of its composite with
manganese (1V) oxide. The catalytic action of MnO2 causes the decomposition of hydrogen peroxide
to HOe radicals, with their participation the oxidation of dye molecules takes place, products that have
almost no color are formed.

The polyaniline-MnO2 composite was synthesized by oxidative polycondensation by adding
aniline to a reaction vessel containing a certain amount of MnO2 powder, which was ground in an
aqueous solution of sulfuric acid, the molar ratio of MnO2:An = 1:3.

Infrared spectroscopy showed that the composition of the polyaniline—~MnO2 composite
includes quinoid and benzoid groups of polyaniline and groups of atoms (Mn-0O). A number of
adsorption absorption peaks between 500 and 800 cm! are attributed to the oscillations of Mn-O
atoms in MnOs octahedra, valence oscillations for quinoid and benzoid forms of PAN are traced at 1
575 and 1 495 cm!, peaks at 1 300 and 1 243 cm® belong to C-N valence oscillations of the benzoid
form (secondary aromatic amine), and the peak at 1 142-1 153 cm is attributed to the quinoid form
of doped PAN, the peak at 800 — to the oscillations of atoms in the C—C and C—H bonds of the
benzoid form of polyaniline.

The kinetics of oxidative decolorization of the dye solution in the presence of equal amounts
of the synthesized composite (PAN-MnO2) or mechanical mixtures of the original manganese oxide
with pure polyaniline (PAN+MnOz2) was studied by UV spectroscopy.

It is shown that the rate constants of catalytic decolorization of azorubin with hydrogen
peroxide (T = 20 C) when using such catalysts have numerical values of the same order (= 10-° ¢1).

Increasing the content of PAN in the mechanical mixture from (MnO2:PAN = 1:3; ki1 = 6,67
10 s1) to (MnO2:PAN = 1:30; k2 = 8.17 105 s) leads to some increase in the rate constant of
azorubin decolorization reaction, however, in the case of the synthesized composite (MnO2:PAN =
1:3; ks = 3,17 105s1) the catalysis efficiency decreases. This fact can be explained by the restriction
of access of reagents to the catalytic centers on the surface of manganese oxide particles during the
encapsulation of MnOz inside the polyaniline matrix during the synthesis of the composite.

Keywords: polyaniline, composite, MnO2, catalysis, dye azorubin
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