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Pe3lome

Uenbro Hacmosiwel pabomel 6815710Cb uccrnedogaHUe o2HecCmoUKocmu meKkcmurbHbIX Mamepuarsos, obpabomaH-
HbIX aHMUNUPEHOM Ha OCHO8€e 3IIeKMpPO3PO3UOHHO20 NMOpoWKa 2uOpoKcuda antoMUHUS.

Memodsi. Ha akcnepumeHmarnsHoU ycmaHogke Oucrepauposasnu amoMuHuUesblie Memarnnoomxoosl Mmapku ALOE
8 ducmunnuposaHHol 8ode rpu macce 3agpy3ku 250 2. [NonyyeHHbIl 3MeKmMpOo3PO3UOHHBIU MOPOWOK amoMUHUS
uccnedosanu pasnudHbiMu memodamu. MukpoaHanus ebinonHsanu Ha mukpockone QUANTA 600 FEG. ®a3osbil
cocmase uccriedoganu Ha dugppakmomempe Rigaku Ultima IV. UccnedosaHue oeHecmolikocmu obpabomaHHoU
mkaHu rpoeodunu no credyrowel MemoduKe: MosIoCKy mKaHu wupuHou 5 cm, dnuHol 10 cm nodeewusarnu 8 sepmu-
KaribHOM rOIoXeHUU 3a 0OUH KOHel, 8 3aXKUM wimamuea (Opyzol koHely ocmaemcsi c80600HO aucems). 100 HUXHUL
KoHey obpa3sua nodeodunu nnams crnupmosol eopesiku Ha 12 ¢ (no cekyHAomepy). Mo ucmeyvyeHuu ykaszaHHO20 8pe-
MeHU riiamMsi 20pesiku ybupanu u ommeydarnu epeMsi 20peHUs U mieHusi obpa3sya rocrne rpekpauweHusi delicmeus nna-
meHu. lNocre okoHYaHUs onbima usmepsinu nnowads obyanuswelics yacmu obpasya.

Pe3ynbmamsl. QkcnepumeHmarbHbie uccriedogaHusi 02HeCcmoUKOCmU meKCcmusibHbIX Mamepuaros, obpabomaH-
HbIX @aHMUMNUPeHOM, roKa3asiu 8bICOKYI0 3¢hgheKmuUBHOCMb NpuMeHeHus 0711 3mux yenel 3/1eKmpo3pO3UOHHO20 M0-
pouwka audpokcuda anromMuHus. lNopowok audpokcuda anoMuHUs bbirl NoayYeH 8 ducmuinupoeaHHoU eode U3 me-
marsnomxo008 3/1eKMpPomMexHU4ecKoe2o amomuHusi. OcobeHHOCMb NPUMEHEeHUS 10J1y4eHHO20 2UdpoKcuda antoMUuHUS
cesi3aHa ¢ meM, 4mo OH obecriequsaem rosnyveHue mpydOHOBOCHIaMeHSIeMOU MKaHU, yMeHbWaem criocobHocme ma-
mepuara K 80crsiaMeHeHuro, flokanusyem nnamsi; obecriequeaem 0051208pEMEHHbIU 02He3awumHbIl u o00Hospe-
MeHHO aHmucenmuyeckuli 3chgpekm, obpabomaHHble mKaHU He umerom 3anaxa, 6e3epedHb! Orisl Yernoeeka U Xusom-
HbiX; pacxod Ons nponumxu mkaxel: 100-250 a/mM? @ 3agucumocmu om MA0MHOCMU MKaHU.

3aknroyeHue. ShhekmusHOCMb aHMUMUPEHa Ha OCHOBE 3/IeKMPO3PO3UOHHO20 opowika audpokcuda antoMuHuUsI
rnodmeepxdaemcsi meM, 4mo 011 e2o rnpoudsodcmea rnpuMeHsitomcs deweable Memarnioomxo0dbl U poepeccusHas
aKornoaudecku yucmas (6e3 cmoyHbIx 800 U 8b16p0OCO8) MaroaHepeoeMkas mexHoroaus (0o 5 kBm-y/ke).

Knroyeesie cnoea: aHmuriupeH, ZU0,00KCUO antMUHUS; 02HeCcCmMoUKOCMb, MeKCMUIIbHbIU Mamepuar.

KoHdbniukm unmepecoes: Aemopbl Oekiapupyrom omcymcemaue sI8HbIX U MOMeHyuUasibHbIX KOHGIUKMO8 UHmepe-
co8, ces3aHHbIX ¢ nybnukayuel Hacmosweld cmambu.
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Fire resistance of textile materials treated with flame retardant based
on electroerosive Aluminum hydroxide powder
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Abstract

The purpose of this work was to study the fire resistance of technical materials treated with flame retardants based on
electroerosion powder of Aluminum hydroxide.

Methods. Aluminum metal wastes of the ADOE brand were dispersed in distilled water at a loading weight of 250 g at
an experimental installation. The resulting electroerosive aluminum powder was studied by various methods. The
microanalysis was performed on a QUANTA 600 FEG microscope. The phase composition was studied using a Rigaku
Ultima IV diffractometer. The fire resistance of the treated fabric was studied according to the following method: a strip
of fabric 5 cm wide and 10 cm long was suspended in an upright position by one end in a tripod clamp (the other end
remains hanging freely). The flame of an alcohol burner was placed under the lower end of the sample for 12 seconds
(according to a stopwatch). After the specified time, the flame of the burner was removed and the burning and smol-
dering time of the sample was noted after the flame ceased to act. Gorenje After the end of the experiment, the area
of the charred part of the sample was measured.

Results. Experimental studies of the fire resistance of textile materials treated with flame retardants have shown high
efficiency of using an electroerosive aluminum hydroxide powder for these purposes. Aluminum hydroxide powder was
obtained in distilled water from electrical aluminum metal waste. The peculiarity of the use of the obtained aluminum
hydroxide is due to the fact that it provides a difficult-to-ignite fabric, reduces the ability of the material to ignite, localizes
the flame; provides a long-term flame retardant and at the same time antiseptic effect; treated fabrics are odorless,
harmless to humans and animals; consumption for impregnating fabrics: 100-250 g/m2, depending on the density of
the fabric.

Conclusion. The effectiveness of flame retardants based on electroerosive Aluminum hydroxide powder is confirmed
by the fact that cheap metal waste and progressive environmentally friendly (without wastewater and emissions), low-
energy technology (up to 5 kW-h/kg) are used for its production.
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kksk

BesepeHue OruHe3anmra TKaHEW — Ba)XXHOE MEPOMNpPHsi-
THE, HAPaBJICHHOE Ha oOecreueHne moxap-
HOUM 0€30MacHOCTH, KOTOPOE MO3BOJISET CO-
XPaHUTh KU3Hb U 3]I0POBbE YETIOBEKA B CITY-
yae BO3HUKHOBEHHS moxkapa [3]. OcobeHHo
aktyanpHO Juisi Ooiiriop CBO, moskapHBIX,
CBapIIUKOB, METAJUIYPIOB U T. [.

B nacrosmee BpeMs 00JIbIIION HAyYIHBIN
U TIPaKTHUYECKUN MHTEPEC BBI3BIBAIOT paspa-
0O0TKH B 00J1aCTH MOJIyYECHHUSI HOBBIX aHTHUITH-
PEHOB — BENIECTB, KOTOPbIE 3aMEJJISIIOT BOC-
IJIAMEHEHHE U TOpPEeHHE TeKCTUIIbHBIX MaTe-
puanoB [1]. OO6paboTaHHBIE AaHTHIHUPEHAMH
TKaHU Ha3bIBAIOTCS OTHE3AIHUIIEHHBIMU [2].
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[IpyHIIMIT  OEWCTBUA  OTHE3AIIUMTHBIX
MPOIMUTOK: MPHU ONpPEJEICHHBIX TeMIIepary-
pax B IPONUTKAX MPOUCXOIUT XUMHUYECKas
peakuus ¢ IOIVIOUIEHHEM SHEPruu, 4eM U
caepxkuBaetcs ropenue. Hanocurcst antunu-
pEeH METOJIOM pACMbUICHHUS JO IOJHOTO
HACBILEHUS WA OKYHAHHUEM.

B Hacrosee Bpemsi OrHE3alIUILEHHbBIE
TEKCTUJIbHBIE MaTepHalibl MOIYyYaroT MyTeM
MPOIMUTKU JIOPOTOCTOSIIIMMU TaJIOr€HCOoAep-
x)amumu, (ochopconepkammmMmu, a30TCo-
JEpKAIMMUA aHTUIIUPEHAMH, a TaKXe THU-
pOKCUIaMU aTIOMUHUS [4].

B nacrosmieit pabore aBTopamu mpeasia-
raercsd K NPUMEHEHHI0 B KayecTBe OrHesa-
IIUTHOTO CPENCTBA Ul TEKCTHJIBHBIX Mare-
pUAJIOB aHTUIIMPEH HA OCHOBE 3JIEKTPOIPO-
3MOHHOTO TUApoKcuaa amomuuus (O3I'A)
[5]. OOI'A nmpennaraercss moiydatb U3 Me-
TaJVIOTXO/I0B AJIIOMMHHUSI DKOJIOTMUYECKU Y-
CTBIM (0€3 CTOYHBIX BOJ U BHIOPOCOB) U Ma-
JI03HEproeMKuM (110 5 kBT-4/kr) cocobom
ANEKTPOIPO3UOHHOTO JUCTIEPTUPOBAHUS
(394) [6].

Ilon nelicTBMEM BBICOKMX TEMIIEpaTyp
OOI'A  BbAENAET KPUCTALUIM3ALHUOHHYIO
BIIAry (map) U T€M CaMbIM IMOHMKAET TEMIIe-
paTypy HMWXKe TOuYkHM BocriameHenus. Ilo-
MHUMO TOT0, OOpa3yloIMiCs BOASHOW map
IIPEMSTCTBYET IPOHUKHOBEHUIO KHUCIOPO/a B
30HY ropenus [7].

Orxe3amuTHas MPOIUTKA — 3TO BOJHBIE
pacTBOpbl AHTUNMPEHOB. JIaHHBII MeToA
npocT U 3pdexTuBeH [8].

Oco0eHHOCTH NPUMEHEHUsl MPOMUTKH
HOBOT'O aHTHIHpEHA: 00ecreynBaeT Moayye-
HUE TPYJHOBOCIUIAMEHSEMON TKaHU, YMEHb-
IIaeT CIOCOOHOCTh MaTepHala K BOCIUIame-
HEHUIO, JIOKAIMW3YyeT IlaMsi; obOecreunBaer
JIOJITOBPEMEHHBI OTHE3alUTHBIA U OJHO-
BpPEMEHHO aHTHcenTHueckuit 3¢pdekr; odpa-
OoTaHHBIE TKAHH HE HMEIOT 3alaxa, Oe3-
BPE/HBI JUIsl YEJIOBEKA U JKUBOTHBIX; PacXo

JUIsl IpONUTKY TKaHen: 100-250 r/M® B 3aBH-
CHMOCTH OT IJIOTHOCTH TKaHH [9].

OpHako B HacToOsIIEEe BpeMs OTCYT-
CTBYIOT MOJHOLICHHBIC CBCACHUS O BJIIMSAHUU
AQHTUIHPEHOB HA OCHOBE 3JIEKTPOIPO3HOH-
HOT'O MOPOLIKA THAPOKCHIA ATIOMUHUS, YTO
HNPENATCTBYET UX MPAKTUYECKOMY IIPUMEHE-
Huto [10].

Llenvro HacToOsmeH pabOTHI SABISAIOCH
HCCJIEJOBAaHHE OTHECTOMKOCTH TEKCTUIIbHBIX
MaTepuaioB, 00pabOTaHHBIX AHTHUITUPEHOM
Ha OCHOBE 3JEKTPO3PO3MOHHOIO MOPOLIKA
TUAPOKCHU A AJIFOMUHHAL.

MaTepMaﬂbI n MetToabl

B xauecTBe MCXOHOTO ChIPbS U1 MOJTY-
YEHUS AJIEKTPOIPO3UOHHBIX AITFOMHUHHEBBIX
IIOPOUIKOB MCIIOJIb30BAJIA OTXO/Ibl ATFOMUHHU-
€BBIX IIPOBOJOB. ODTOT MaTepuay IIHPOKO
pacnpocTpaHéH U JIETKO AOCTYIEH, T. K. B
HACTOsILee BPEeMs aJIIOMHMHUEBAs IPOBOJKA
4acTO 3aMEHAETCS Ha MEJIHYIO.

DNEKTPOIPO3UOHHBIN THIPOKCHU] allto-
MUHHS TOJy4Yadd B JUCTUIUIMPOBAHHOMN
BOJie Ipu Macce 3arpy3ku 250 r [11].

Cxema nponecca nosnyuenust I0I'A me-
togoMm D3/] npuBeaeHa Ha pucynke 1. [Ipu
3TOM yJI€JIbHBIE 3aTPaThl JIEKTPOIHEPTUU HA
NOJyYeHHUE JIaHHOTO IOpPOILKAa COCTABHMIIN
4,7 xr/(xkBt-4) [12].

O0I'A u3ydanu ¢ UCIIOJIB30BAHUEM CO-
BPEMEHHOI'0 HCCIIE0BATEIBCKOTO 000py/10-
Banus, B Tom umucie QUANTA 600 FEG
[13] u Rigaku Ultima IV [14].

ITocne nomy4eHus mopoiIKa roToBUIach
OTHE3allUTHAasE KOMIIO3ULUS CIIEAYIOIIEro
COCTaBa: AEKTPOIPO3NOHHBIN MOPOIIOK, 110-
JTY4YEHHBIH 3JIEKTPOAPO3UOHHBIM JUCHEPIH-
pOBaHMEM aIIOMHMHMS; amMMmuak 14%-Hbli
BOJIHBIN pacTBOp; XJIOPUJ HATpuUs; BoAa Iu-
CTHJUIMPOBAHHasL.

IlocnenoBarenbHOCTh  ITPUTOTOBICHUS
OTHE3aIUTHON KOMIIO3UIUM TpeACTaBIeHA
Ha PUCYHKE 2.
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,

Puc. 1. Cxema npouecca nonyyenunsa 33IA metogom 33[: 1 — reHepaTop UMNybCOB; 2 — Ny3blpbKX rasa;
3 — anekTpoapl; 4 — avcneprupyembli matepuan; 5 — nepcdopmpoBaHHas pelueTka; 6 — paboyas

XXUOKOCTb; 7 — ocagok Q3lA

Fig. 1. The scheme of the process of obtaining EEG by the EED method: 1 — pulse generator; 2 — gas bubbles;
3 — electrodes; 4 — removable material; 5 — perforated grid; 6 — working fluid; 7 — EEG sediment
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Fig. 2. The scheme of preparation of a flame retardant composition

IIpu nmocTaHOBKE 3KCIIEPUMEHTOB OTHE-

HOCHGI[OB&TGJIBHOCTB HaAHCCCHHA OI'HC-

3amuUTHOW 00paboTKe MoABEpraiy J[Ba TUIA 3alATHON KOMITO3UIIMM HA TEKCTUJILHbIEC Ma-
TEKCTWJIBHBIX MaTepHaoB: XJOMOK [15] u TepUaJibl IPEJCTABIICHA HA PUCYHKE 3.
BUCKO3Y [16].
[TponuTka TKAHH
P T O1inm Cyiuka oOpabGoTaHHOI
OrHE3AUHTHOH 6 6 - | 7
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temnepartype 25 °C e ngnegg?ge
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mika oGpaGoTaHHOH l
<y ma}?}l TpH Orinm [TpomeiBKa TKaHKU B
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ERtRpaTpe TKaHH 10 mMuH
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Puc. 3. Cxema HaHeCeHMs OrHe3aLNTHON KOMMO3ULUKN HA TEKCTUNbHbIE MaTtepuanbl

Fig. 3. The scheme of applying a flame retardant composition to textile materials
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Jlanee oCyIIECTBISUIOCH HCCIEI0OBaHUE
orHecTorkocTu oOpaboranHoi Tkanu [ 17] mo
clieyIoleld MEeTOIUKE: MOJIOCKY TKaHH IIH-
puHOM 5 cM u niuHOM 10 cM noBeIIMBaIu B
BEPTUKAIHHOM IOJIOKEHHUHU 32 OJIMH KOHEII B
32KUM IITaTHUBa (APYrod KOHEIl OCTaeTcs
cBOOOMHO BHUcCEeTh). [lom HWKHUN KOHEIl
oOpasua TMOABOAMIM IUIAaMsl CHHPTOBOM
ropenku Ha 12 ¢ (o cekyHmomepy).

[lo wucreyeHUM YKa3aHHOTO BpPEMEHH
amMsi TOpPENIKA yOupanu U (HUKCHPOBAIH
BpeMs TOpPEHHs U IUIOMAAb OOYTJUBIIEHCS
YacTU TKaHHU.

Pe3synbTaTtbl U ux o6cyxaeHue

DNIeKTPOIPO3UOHHBIN TUAPOKCHU]T
QTIOMHUHHS, COCTOSIIIMI B OCHOBHOM W3
arJoMeparoB, NpPEACTaBIeH HU300paxe-
Huem ¢ mukpockona QUANTA 600 FEG
(puc. 4).

da3oBbIil cocTtaB DII'A, npenacraBieH-
HBIH TudpakTorpaMMoi ¢ auQpaKTOMETpa
Rigaku Ultima IV, Bxirodaet dazer AI(OH)3
u Al (puc. 5).

Puc. 4. MukpodoTtorpacusa 33TA

Fig. 4. EEG micrography
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Puc. 5. Qudpakrorpamma 33MA
Fig. 5. EEG diffractogram
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[TpoBeeHHBIC HCCIIEIOBAHUS TIOKA3AIIH,
YTO AJIEKTPOAMCIIEPTUPOBAHUE SABISIETCA (-
(EKTUBHBIM CIIOCOOOM TIOJNYYEHHS JIeIIIe-
BOTO aHTHIHUPEHA M3 METALIOOTXOIIOB TpE-
OyeMoro TpaHyJIOMETPHUYECKOr0, XHMHYe-
CKOTO U (ha30BOTO COCTABOB.

M3ameHeHWe cKopocTM, %o

a

6

OrHEeCTOMKOCTh XJIONKA U BHCKO3EI, 00-
pabGorannbsix DOI'A, mpencraBieHa Ha pu-
cyHke 6. Pe3ynbraThl mMccaeqoBaHUsSI MOKa-
311 BBICOKYIO 3()(PEKTUBHOCTH TPUMEHCHUS
O0I'A B kauecTBe aHTUINUpeHa [18].

¥ |cxonHan TKaHb

= ObpaboTaHHanA
TKaHb

Puc. 6. VIameHeHMe CKOpOCTM OCTAaTOYHOIO FOPEHUSI U OCTAaTOYHOrO TreHMs obpasLoB TkaHel nocne
npekpaLleHus AeNCcTBMS NilaMeHun: a — Xnonok; 6 — Bucko3a

Fig. 6. The change in the rate of residual combustion and residual smoldering of tissue samples after
the cessation of flame action: a — cotton; 6 — viscose

3KCH€pI/IMeHTaJIBHO YCTaHOBJICHO,
TKaHU (XJIOMIOK W BHUCKO3a), 00pabOTaHHBIC
O0lI'A, UMET B JIBa pa3a MEHBIIYIO CKO-
POCTh OCTaTOYHOTO TOPEHHSI U OCTATOYHOTO
TJICHUS TI0O CPAaBHEHUIO ¢ HEOOpaOOTaHHBIMH
TKaHsAMHU. JlaHHBIH 3QQeKT mocTuraercs 3a
CYeT SHJOTEPMHYECKOTO Pa3NIOKEHUsI aHTH-
nupeHa [19] Ha ocHoBe DOI'A u oOpazoBa-
HUS BOJSIHOTO TIapa B 30HE TOPEHUSI.

OOpasyromnuiics map Ha TOBEPXHOCTH
YacTUIl AHTUIIMPEHA CIIOCOOCTBYET YMEHb-
IIEHUIO JOCTyIa KHCIOPOAa K 30HE TOPEHHUS.
[Tornomast yacTh TEMJIOTHI, AHTUIIUPEH CHU-
KaeT CKOPOCTb FOPEHHSI U CKOPOCTh Pa3iio-
JKE€HUS TeKCTUJIbHOTO MaTepuana [20].

BbiBOoAbI

1. Ha ocHOBaHMM NPOBEIEHHBIX IKCIIE-
PUMEHTAJIBHBIX MCCIEAOBAaHUN, HAIIPaBJICH-

HBIX HA HCCIIEZIOBAaHUE OTHECTOMKOCTU TEK-
CTHJIbHBIX MaTEepHAJIOB, MOKa3aHa BHICOKAs
3¢ PEeKTUBHOCTh TPUMEHEHHUS ISl OTHE3a-
IIUTHONH 00pabOTKM aHTUIIMPEHAa Ha OCHOBE
AJIEKTPOIPO3UOHHOTO TIOPOIIKA THIPOKCHIA
AIFOMUHUSL.

2. D¢ peKTUBHOCTh aHTUITUPEHA Ha OC-
HOBE 3JICKTPOIPO3MOHHOTO TOPOIIKA THJI-
pOKCHIa aTIOMUHHS TOATBEPKIAACTCS TEM,
9TO ISl €70 MPOU3BO/ICTBA TPUMEHSIOTCS Jie-
[IEBBIE METAIOOTXOJBI W MPOTPECCHBHAS
HKOJIOTUYECKU 4YncTast (6e3 CTOYHBIX BOJ U
BBIOPOCOB) MAaJIODHEPTOEMKasi TEXHOJIOTHUS
(mo 5 xBt-u/kr).

3. IlpoBeneHHBIE HCCIEIOBAHUS MTO3BO-
JISIIOT PEKOMEHJI0BaTh 00paOOTaHHBIE OTHE-
3alUTHBIM CPEJICTBOM TEKCTHIILHBIC Mare-
puainsl Ui mommBa ofexasl 6oiinos CBO,
MOYKapHBIX, CBAPIIUKOB, METAJUTYPTOB U JIp.
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