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V.A. Berezhnoy, O.V. Smirnova, I.V. Efimova, S.L. Khil’ko ANTIRADICAL ACTIVITY
DETERMINATION OF LOW-TEMPERATURE FRACTION OF HUMIC AND HIMATOMELANIC ACID
IN DIMETHYLSULFOXIDE SOLUTION

Humic and himatomelanic acids are natural compounds. They are a complex organic structure
with condensed aromatic rings and have side chains of varying degrees of branching. The structure of
humic and himatomelanic acids are hydrophilic functional groups: carboxyl, hydroxyl, amino groups.
The presence of these functional groups in the macromolecular structure determines the biological
activity of humic substances and involves their ability to antioxidant action. However, detailed studies
of the properties of humic substances in the literature. The aim was to study antiradical activity of
humic and himatomelanic acids.

One way to assess the anti-radical activity is a colorimetric investigation of free radicals, based
on the reaction of the stable free radical 2,2-diphenyl-1-picrylhydrazyl (DPPH) with sample antioxidant.
Purple-blue colour of solution pales by antioxidant reduction of DPPH, and the reaction is controlled by
the change in optical density of the conventional methods of spectrophotometry. The literature
describes many methods for determination of the antiradical activity of low molecular weight
antioxidants and their mixtures in various natural extracts, but the precise method to determine the
antiradical activity of macromolecular compounds are not developed. In this paper, antiradical activity
humic and himatomelanic acids in DMSO studied by analogy with plant extracts.

In this paper we study the interaction of free radical DPPH with low-temperature fractions of
humic and himatomelanic acids in DMSO. Parameter ECRsy, which characterizes the antiradical
activity of substances, found for humic and himatomelanic acids of 5.53 and 16.39 respectively.
Shown that humic acids have a more pronounced antiradical properties than himatomelanic acids.
Antiradical activity of humic substances increases with the keeping of humic and himatomelanic acids
in solution. Set amount of ascorbic acid equivalent concentration of studied humic substances.
Calculated that 1 g of humic acid restores the same amount of stable radical DPPH on 20 minutes of
interaction as 125.44 mg of ascorbic acid and 1 g himatomelanic acids respectively 34.94 g of
ascorbic acid. Kinetic experiments demonstrated that presented in this paper the method used to
analyze the anti-radical activity of humic substances.
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BJIMSIHUE OKCHJOB Y TUJIPOKCHI0OB METAJIJIOB U NX
HAHOPA3BMEPHBIX AHAJIOT'OB HA OTHE3AIIIUTHYIO Y®P®EKTUBHOCTH
HHTYMECHEHTHOM NOJIMMEPHOM KOMITIO3UITUN

UccnedosaHbl UHMyMecueHmMHble KOMo3uuyuu cocmasea nonugocgpam ammoHusi (MA®) /
neHmaspumpum (13) / menamux (MA) / cononumep suHunayemama u amusneHa (3BA) ¢ wupokum
gapbuposaHuem 006agoKk oKcudo8, 2u0poKcudo8 Memassio8 U UX HaHOPasMepHbIX aHasloeos.
BbinonHeH cpasHUmMesibHbIU aHasiu3 8MUSIHUSI 3MuX aHmMurupeHo8 Ha rpoyecchbl hopMuposaHusi
MONIUMEPHO20 KOKCO8020 Crlosi 8 uHmepsane memnepamyp 200-600°C. lMokazaHo, 4ymo Hauboriee
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agbgbekmuBHbIMU SBMSOMCH CMECU, KOMopbie codep)xam 8 c80eM cocmase HaHo4Yacmuuybl OKCUO08
mumaHa u xenesa. [NpednoxeHbl Haubonee 8epOsSIMHbIE MEXaHU3Mbl XUMUYECKUX rpespaweHull 8
UHMYyMeCUEHMHOU cucmeme ¢ yyacmueM OKcudos U 2uGpoKcudos Memarsios.

Knrodeeble crnioea: uHmMymecueHmHasi KOMIO3Uuusi, OsHe3auwumHas 3ggeKkmusHoCMb,
KOoaghghuyueHm ecryqusaHusi, aHmurnupeHbl, HAaHOPa3MepPHbIe OKCUObLI U 2UGPOKCUObI MEMAJIIOo,.

MHTyMecLEeHTHbIE (BCNyYMBaloLWMECH) KOMMO3MUMW MNPeacTaBnstoT cobon
Krnacc orHe3alnTHbIX CPeaCTB, BKNOYAOLWMX B CBOM COCTaB AOHOP KUCMOTbI, MOMAMON
n rasoobpasosatenb [1-3], KOTOpble MpuM  MOBLIWEHUM  TemnepaTypbl
B3auMoOenCcTBYT Mexay cobor ¢ obpazoBaHMeEM Heropto4ero NeHOKOKCOBOTO CIlOS.
O6pa3oBaHHbIA BCMyYEHHbIN CIIOM 3HAYUTENbHO OTOABUrAeT BO BPEMEHU Kak
MOMEHT BO3rOpaHus, TaK W HarpeB WCMNONb3yEMbIX FOPHYMX KOHCTPYKLUN
(ApeBecuHbl, NnacTtmacec, opraHM4eckux npeccmatepuanos u T.n). MNomumo 3aToro,
OCHOBHblE (PU3NKO-XMMUYECKME NPOLECChl, UMelLlmne MecTO Mpu BO3LENCTBUM
BbICOKMX TemnepaTtyp Ha MHTYMECLIEHTHYK KOMMO3ULUMIO, MPOTEKalT C 6onblimm
aHOoTEPpMUYECKMM adhhekToM, a 0b6pasyowmecs Npyu 3TOM rasbl, TakMe Kak ammuak,
napbl BOAb!, YrIekncnbli ra3, NPoXoas Yepes HarpeTble Crov NeHOKOKCa, oxnaxaarT
ero, OTBOAA TEM CaMblM 3HAYMTENbHYIO A0S0 TENNOBOW 3Hepruu [4].

Llenbto paboTbl ABMNOCb U3yyYeHne BNUSHUA 00OaBOK OKCWMOOB, M'MAPOKCMAOB
MeTannoB W WX HaHOPa3MEpPHbIX aHarioroB Ha OrHe3awmTHYI 3EEKTUBHOCTb
KOMMO3uuMn,  codepallen  cononvmep  BuHMMauetata C  9TUMEHOM ¢
WHTYMECLIEHTHYI0 cuctemy nonudocear aMmMoHUS / NeHTaspuTpuT / MenamuH ans
pa3paboTkM HOBbIX TEXHONOMMYECKMX PELUEHUA CHUXKEHUS rOpHOYEeCTU MONMMEPHbIX
MaTepuanos 1 co3gaHus peuentyp 3PEEKTUBHbIX OrHE3ALLMTHBLIX MOKPLITUNA.

B «kavectBe 6as3oBOro OrHesawMTHOro coctaBa Obila wccrnegoBaHa
WHTymecueHTHas komnosvuma MA® / M3 / MA / 3BA npu COOTHOLEHUN
komnoHeHToB 3,8 : 1,0 : 1,0 : 1.5, B kOTOPYtO nNpubaenanu 0.38 yactn coeguHeHus
MeTansna unm ero HaHocTpykTypHoro adanora ( MeO-n unn Me(OH),-n ).

MeToauka onpegeneHna orHesawuTHOW 3PEEKTUBHOCTU UHTYMECLIEHTHbIX
cucTem onncaHa B [5]. Pasamepbl BbICOKOOMCMNEPCHBIX YacTuL, KOTOpble onpeaensnm
Npyv NOMOLLM CKAHUPYIOLLIErO 3MEKTPOHHOro Mukpockona JSM-6490 LV, coctaBunu
60 —110 HMm.

OrHesawnTHyo 3PEKTUBHOCTL OLUEHMBaNM C WUCMNOSMb30BaHMEM 3HaYeHUM
06beMHoro koadpduumeHTa Benyumsanmst K (cm®/r) n notepu macchl o6pasuos Am
(%) B TOuKax MakcMmanbHOro Bcny4msaHus cuctem. CootHowenue a = K/Am, koto-
poe xapakTepusyeT NPOYHOCTb 06paszoBaHHOroO hocdopkapbOHN30BaAHHOIO Kapkaca,
MCNONb30BanoCb ANA  NPOrHO3NPOBaHUS  3PAEKTUBHOCTM  UHTYMECLEHTHbIX
Komnoauuun [6]: 3Ha4yeHne napameTpa a B npegenax 3 < o < 4 gaeT OCHOBaHWe
OXMAATb BbICOKYH OrHe3alUnTHYH 3(PPEKTUBHOCTb MHTYMECLIEHTHOMN CUCTEMBI, MpU
3Ha4ve-HUAX o < 3 OrHesallnTHbIe CBOMCTBA CMECU YMEHbLUATCA NPONOPLMOHANbsHO
CHWXKEHMIO BenuumHbl o. B 1abn. 1 npuBeneHbl 3HadeHus napametpoB K, Am, o
nccnegyemMblX CUCTEM.

MHTEHCMBHOCTL BCnyyMBaHWs Onsi cucteMm ¢ gobaBkamu OKCMAOB NagjaeT B
pagy TiO—n> Fe;O3—n > TiO, > ZnO-n >Fe,03 > ZnO > CuO >Al,03 > MgO > CaO,
a c pobaskamu rugpokengos - Mg(OH)o—n> Mg(OH), > Ca(OH),. >Al(OH)s.
N3yyeHHble rugpokenabl metannoB (Mg(OH),, AI(OH)s;, Ca(OH)z) nosbiwatoT
BCMy4MBaHMEe MO CPaBHEHUIO C HemMoaMULMPOBaAHHOW 6a30BON WMHTYMECLEHTHOW
komnoauumen (Ne1 B Tabn.1) n cuctemamm ¢ gobaBkaMmm COOTBETCTBYHOLLMX OKCUOOB
(MgO, A|203,CaO).
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Ta6nuua 1. 3HaueHust 06LEMHOro koadduumeHTa Benyunsanms K (cm®/r), notepu
mMaccol obpasuo Am (%) n napameTpa o ANa UHTYMECLLEHTHbLIX KOMMO3ULMI
MA® /13 / MA / OBA B npucyTCTBUM OKCUOO0B U TMAPOKCUA0B METasnsos
N UX HAHOCTPYKTYPHbIX aHaroros Npu pasHblX TeMnepaTtypax

Ne AHTUNMPEH T, °C K, cm®/r Am, % a
350 39 39 1,00
1 - 400 34 44 0,77
500 23 46 0,50
350 47 30 1,58
2 TiO, 400 51 37 1,33
500 45 40 1,36
350 48 21 2,29
3 TiO,-n 400 52 30 1,73
500 48 37 1,32
350 38 32 1,18
4 ZnO 400 39 38 1,03
500 30 42 0,71
350 42 30 1,40
5 ZnO -n 400 44 32 1,38
500 41 37 1,11
350 16 26 0,62
6 Fe,0s 400 44 37 1,19
500 42 41 1,02
350 52 31 1,68
7 Fe;O3 -n 400 40 36 1,11
500 35 38 0,92
350 30 36 0,83
8 MgO 400 25 42 0,60
500 15 44 0,34
350 43 35 1,23
9 Mg(OH), 400 42 40 1,05
500 35 43 0,81
350 44 28 1,54
10 Mg(OH), -n 400 41 35 1,17
500 36 39 0,92
350 32 31 1,03
11 Al,O; 400 29 37 0,78
500 20 45 0,44
350 38 36 1,06
12 Al(OH)3 400 37 41 0,90
500 31 44 0,70
350 17 34 0,50
13 CaOo 400 18 40 0,45
500 15 43 0,35
350 41 35 1,17
14 Ca(OH), 400 39 41 0,95
34 34 45 0,76
350 48 31 1,55
15 CuO 400 36 36 1.00
500 13 45 0,29
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3aBucnmocTn KoadpuumneHtTa BcnyumBaHnsa K oT Temnepatypbl OAHOTUIMHbI
ANs BCeX uccnegyemblX WHTYMECUEHTHbIX KOMNO3UUMI C aHTUnMpeHamu. [JaHHble
puc.1  cBUOETENbCTBYKOT O TOM, YTO OCHOBHbIE XUMWYECKME MPOLECCHI,
OTBETCTBEHHbIE 3a OrHe3allMTHbIe CBOWCTBA CMCTeMbl, HaunHatoTcsa nocne 300°C u
NpoTeKalT B OCHOBHOM B MHTepBane temnepatyp 350°C-550°C HesaBUCUMO OT
npypoabl aHtTunupeHa. Cnegyet OTMETUTb, YTO 3aBUCUMOCTb KO3UUMEHTA
BCMy4MBaHMs OT Temnepatypbl And cuctem C gobaBkamMym  HaHO4YacTuL
Xxapaktepuadyetcsa 6onee npoOormKUTENbHbIM CTabUNM3aLMOHHBIM  Y4acTKOM C
coxpaHeHnem bBoree BbICOKMX 3HavYeHun K (puc. 1) no cpaBHEHUIO C CUCTEMOW, He
coaepallen aHTUNUPEH, a Takke C CUCTeMaMK, KOTopble copepxaT OOblYHbIe
okcuabl meTannoB. HaHodacTuubl, yyacTBys B (POPMUPOBaAHUN HaAMOSIEKYNSIPHON
NONMMMEPHON CTPYKTYPbl, MNO-BUAMMOMY, MOMOXUTENBHO BNUSIOT Ha CBOWCTBA
obpasytoLierocs matepuvana.

50 -
45 -
40 -
35 -

Puc. 1. 3aBucumocTb koapduumeHTa BenyumBanus K (cm/r) ot Temnepatypbl T (°C) B
komno3anumsix MA® / N3 / MA / 3BA ¢ gobaekammn ZnO u ero HaHopaamepHon dopmsbl, rae 1 —Zn0O ;
2 —Zn0O-n ; 3 — 6a3oBbI COCTaB

BBegeHne okcugoB M TMOPOKCMOOB  METanfioB B UHTYMECLEHTHYHO
KOMMNO3MLMIO MOXeT MNPUBOAUTb KaK K MOMOXUTENbHOMY, Tak U OoTpuuaTeribHOMY
BMIUSIHUIO HA OrHe3alUTHYK 3MEMEKTUBHOCTL CUCTEMbl (Hanpumep, CpaBHUTb
AaHHble Ne2 n Ne 13 B Tabn.1). iccnegyemble coeanHEHUA MeTannoB MOryT urpatb
pOSib HE TOSbKO KaTanm3aTopoB MPOLECCOB KOKCOBAaHUS, HO, pacnagasiCb, MEHSTb
XapakTep gecTpykumn matepuana [7].

MonoxutenbHoe paenctene [00aBOK  UccnefyemblX  aHTUNMPEHOB B
komnoauumio NMA® / M3 / MA / 3BA nposiBnseTcs 1 B NOBbILEHUM MacCbl KOKCOBOMO
ocTatka BO BCEM MWHTepBane WCCredoBaHHbIX TemnepaTtyp, 4YTO LAEMOHCTPUPYHOT
AaHHble Tabn.1. MNpun BO34ENCTBMM BbICOKMX TEMMepaTyp 3Ha4YeHUs notepu maccobl
o6pa3uoB B NPUCYTCTBUM OKCMAOB METanfioB M WX BbICOKOAUCNEPCHBLIX OPM
CHWxatTca Ha 5-15% no cpaBHEHMIO C COOTBETCTBYHOLWMMW BeNMYMHAMKU Ons
Ga3oBOro cocrtaBa, 4TO $SBNAETCA CBUOETENbCTBOM MOBbILWWEHUS MPOYHOCTH
N30MMPYIOLLEro Crosi, a CriedoBaTeNlbHO, U CHWXKEHUSI TOpPHYeCcTU uccrnenyemomn
KOMMO3MLINN.
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[MpumeHMMoOCTb nNapameTpa o ANs  NPOrHO3MPOBaHUSA  OrHe3aLMTHOM
9(PPEKTUBHOCTU WMHTYMECLIEHTHBIX KOMMO3ULMKA MNOATBEPXOAeTCad U Koppensuuen
MeXay noTepen Macchbl AepeBsiHHOro Bpycka B NpoLecce UCMbITaHUIM OT 3HAYEHUs qQ,
Kak nokasaHo Ha puc. 2. MUHUMarnbHble 3HAYEeHUSI YMEHbLUEHUss Maccbl 06pas3uoB
(Am no TOCT 16363-98 [8]), KoTOpble SABNANTCA OAHVMW W3 BaKHENLUMX
nokasaTenen CTeneHn OrHesawnTbl [ApeBeCUHbl, MNPUXOAATCA WMEHHO Ha
MaKkcMMarbHble 3Ha4YeHUS COOTHoLeHUs K/IAm.

20
18
16

14 -

A M, %

0 1 | | | | | | |
0,5 0,7 0.9 1.1 1,3 1,5 1,7 1,9

a

Puc. 2. 3aBuUcMMOCTb OTHOCUTEMBHOW MNOTepy Macchl obpasuoB apeBecuHbl (AM, %) ot
3HayeHus napameTpa a Ans komnosuuun MA® /13 / MA / OBA, mogudumumposaHHbix gobaskamu: 1
— Alb,O3, 2 - Fe,03, 3—6as3oBbin coctaB, 4 —Zn0O, 5—-TiO,, 6 — ZnO-n, 7 — Fe;,03-n, 8 — TiOy—n

ObwenpuHato [1, 3], 4YTO MExaHuU3M OrHe3awuTHOro AEencTBuS
WHTYMECLIEHTHOM CUCTEMbI OMUCLIBAETCS CXEMOMW 3HO0TEPMUYECKUX NPEBPALLEHNIA U
B3aMMOOENCTBUA KOMMOHEHTOB CMECW, Cpeau KOTOPbIX B KayeCTBE OCHOBHbIX
BblAENSIOT:

— Tepmuyeckoe pasnoxeHne docdartoB unu nonmgocdartoB aMMOHUS C
BblaeneHnem pocdOopHbIX KUCNOT 1 amMmaka,

— pasnoxeHue rasoobpasoBaTtens (amvmHa) ¢ obpa3oBaHNEM HETOPHYNX ra3os
(NHs, CO,, N2 n gpyrue),

— pgermgpatauma un o atepudukaums nonuornia  POcdOpPHOM  KUCHOTOW C
obpasoBaHMEM NPOCTPAHCTBEHHbLIX CTPYKTYp KOKCOBOrO CNos —  OCHOBbI
TENnoM30nMpYyHoLLLEro Kapkaca.

PaHee O6bino yctaHoBneHo [5], 4TO HambOnbLUyd  OrHEe3aLMTHYHO
9PPEKTMBHOCTL MPOABMAKT CUCTEMbI, A€ BEPOATHA peakuusi HyKneoquibHOro
3amMelleHnsa mexay ocdopHOM KACIIOTON U aMUHOM, CIrieACTBUMEM KOTOPOW MOXET
SABUTbCS MNOCTPOEHME TEePMOCTOMKOro W3ONUPYIOLEro Kapkaca, cogepallero B
coen cTpyktype P—-N — cBasu:
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PesynbTatbl, nony4veHHble npu WK-cnekrpockonuyeckux uccrneoBaHmUax
NpoAyKToB TepMonunsa 6a3oBorn 1 moanuumpoBaHHon JobaBKkamMn MHTYMECLEHTHbBIX
CUCTEM, He NPOTMBOPEYaT BO3MOXHOCTU NPOTEKaHUsa peakuuun (1), a Takke MOXHO
KOHCTaTMpOBaTb (PaKT 3amMeaneHusi nNpoueccoB TEPMOOKUCIIUTENBHOW AeCTPYKUUK
WHTYMECLIEHTHOM KOMMNO3ULUKN B NPUCYTCTBUN UCCredyeMblX COeANHEHUIA MeTannos
N UX HaHOpa3MepPHbIX PopM.

YyacTtue okcuaos M rMapoOKCUA0B METansoB B XMMUYECKUX Npeobpa3oBaHNAx
WHTYMECLIEHTHOM KOMMO3ULMM MOXET ObiTb pas3HOOOpasHbIM U MHOrOMNSIAHOBbLIM:
NPOMOTUPOBaHME pPeakuun OKUCIUTENbHOIO OernapupoBaHng, npueogsLwee K
POPMUPOBAHUIO COMNPSPKEHHBLIX ABOMHbBIX CBS3EW; MEXMOEKYNnsipHOe ClUMBaHue,
peanusylolieecs B YCNOBUSAX  CTPYKTYPUPOBAHWUS  MOSIMMEPHOW  MaTpuubl
HeopraHmyeckumn gobaBkamu; Katanum3 nNpoueccoB Aernapartauuu, arepudukaumnmn.
CoegnHeHns mMeTannoB MOryT y4acTBoBaTb B npouecce  kapboHusauum
WHTYMECLIEHTHOM KOMMO3MumMM 3a cdeT ONOKMPOBKM Ha MNOBEPXHOCTM Monvmepa
“aKTUBHbIX” LEHTPOB, OTBETCTBEHHbLIX 3a MpoOTeKkaHWe LeCTPYKTMBHOro mnpolecca.
Mpnyem Takaa ORNOKMPOBKA MOXET OCYLLEeCTBAATbLCA 3a CYeT  3aMeHbl
pPeakUMOHHOCMOCOOHbIX  FPYNnMPOBOK, ferko  obpasylowmx npu  TensaoBoM
BO3AENCTBMN, HA TepMOCTaburnbHble oparMeHTbl C BbICOKMMU 3HAYEHUSIMU SHEPTUN
ceasm [9, 10, 11]. B HeKkoTOpbIX Ccry4asx oOKCcMAbl MeTannoB Moryt ObiTb
MHIMBUTOPaMN NPOLIECCOB, NPMBOAALLMX K 0Opa3oBaHUIO KOKCOBOro criosi. Ha Haw
B3rns4, Havbonblumin BKNag B POCT TEPMUYECKOW YCTOMYMBOCTU CUCTEMbI B
TemnepaTypHom auanasoHe 500°C — 600°C mMoryT NpuBHOCUTL peakLum, CBA3aHHbIe
C BHeZpeHMeM aTOMOB MeTasfioB B CTPYKTYPY NOSIMMEPHOIO KOKCOBOro ocTaTka.

Taknm obpasom, B pesdynbTaTe NpOBEAEHHbIX UCCneaoBaHWi ObINo NokasaHo,
4yTo [OoGaBKM OKCMAOOB, TMOPOKCMOOB METamnfoB M WX HaHopasMepHbIX ¢opM B
KNnacCuU4ecKyto MHTYMECLEHTHYI0 KOMMO3nLMIo nonudocat aMMOHUS/NEHTaapuUTpUT
/menamun/cononumep  3BA  3HaAuUMTENbHO  MNOBBLIWAKT €€ OrHEe3alUUTHYHO
3pbekTUBHOCTb, Hanbonee AENCTBEHHLIMU SABMSAIOTCA CMECU, KOTOpble coaepXaTt B
CBOEM COCTaBe HaHOYacTULbl OKCMOOB TUTaHa U xenesa. [onyyeHHble pe3ynbTaThl
MMEKT NpakTU4eckoe 3HavyeHne B obnactu paspaboTkm TEPMOCTONKNX MONMMEPOB U
OrHe3alUNTHbIX MONMMEPHbIX MOKPbLITUNA.
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H.A. Tapan BI/IMB OKCKHAIB | IQPOKCUAOIB METAJIIB TA IX HAHOPO3MIPHUX
AHAJIOIMB HA BOrHE3AXUCHY E®EKTUBHICTb IHTYMECLIEHTHOI NMOJIIMEPHOI KOMMIO3unLIi

HocnidxeHo iHMymecueHmMHi  Komrnosuuii  cknady  nonigpboccham  amorio  (MA®) /
neHnmaepumpum (F1E) / menamin (MA) / cononimep eiHinauemamy i emuneHy (EBA) 3 wupokum
eapirogaHHsM dobasok okcudig, 2iOpokcudie memariie ma iX HaHOPO3MIPHUX aHasiozie. BUKOHaHO
ropieHsANbHUU aHani3 ennuey Yux aHmurnipeHie Ha rpouecu ¢hopMysaHHs MONIMEPHO20 KOKCOB8020
wapy 8 iHmepsani memnepamyp 200-600 °C. Noka3aHo, wo Halbinbw epekmueHUMU € CyMili, Wo
Micmsampb 'y ceoemy cknali HaHoYacmuHKU okcudie mumaHy | 3anida. 3arnporioHogaHo Haubinbuw
UMOBIpHI MexaHi3Mu XiMIYHUX MepemeopeHb 8 IHmyMecueHmHiti cucmemi 3a ydacmio okcudie i
2idpokcudie memarniis.

Knrodoei croea: iHmymecyeHmHa KOMIO3UUisi, 802He3axucHa egekmusHicmb, KoegiuieHm
Criydy8aHHs, aHmuripeHu, HaHOPO3MIpHIi OKcudu U 2idpokcudu Mmemartis

N.A.Taran EFFECTS OF METAL OXIDES AND HYDROXIDES AND THEIR NANO-SIZED
ANALOGS ON FIRE PROTECTION EFFICIENCY OF INTUMESCENT POLYMERIC COMPOSITION

Intumescent systems involving a donor of phosphoric acid, polyol, and gas-forming agent are
considered to be the most promising fire protection compositions. With decreasing temperature, an
interaction of the ingredients results in formation of flame-proof foam-coke layer thus preventing the
ignition and retarding or eliminating fire propagation at their early stages. Such systems exhibit low
foxicity and fume-forming ability eliminate toxic action of halogen-containing components and increase
the level of human and environmental protection from numerous adverse effects.

Intumescent compositions involving ammonium polyphosphate/pentaerythritol/ melamine/vinyl
acetate and ethylene copolymer at variable metal oxides and hydroxides and their nano-structured
analogs were studied to develop new technologies for decreased combustibility of polymeric materials
and fire protection coatings. Comparison examination of the antipyrene effects on the polymeric coke
layer formation in a temperature range of 200-600 oC was carried out. It was shown that additives of
metal oxides and hydroxides and their nano-sized analogs result in a considerable increase in fire
protection efficiency of the intumescent composition ammonium
polyphosphate/pentaerythritol/melamine/vinyl acetate and ethylene copolymer. The mixtures involving
titanium oxide and iron oxide nanoparticles were found to be the most efficient. The most plausible
mechanisms of the chemical transformations in the intumescent system involving metal oxides and
hydroxides were proposed. Practical merit of the study consists in improving the development of
thermally stable polymers and fire protection polymeric coatings.

Key words: intumescent composition, fire protection efficiency, intumescense coefficient,
antipyrenes, nano-sized metal oxides, nano-sized metal hydroxides.
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