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CyXOMIIMHCBKOT'O

MOJUPIKALIA TEKCTHJIBHOI'O MATEPIAJTY
HJIAXOM CUHTE3Y HAHOYACTHUHOK IN SITU AJ51
HAJIAHHSI MATHITHUX BJJACTUBOCTEHA

Mema. Po3pobxa cnocody cmeopenHs HaHOKOMNO3UYITIHO20 MEKCMUIbHO20 MAmepiany 3
VPaxy8auHAM CIPYKMYPHUX 0COOIUBOCHEU 80IOKOH MA HAHOMEXHOIO02IYHUX NPOYeCis.

Memoouxa. Knacuuni memoou ximiunoi mexHonozii meKCmuibHUx mamepianis.

Pesynomamu. ExcnepumenmanvHo 6u3HaueHi 3aneHCHOCMI KITbKOCMI CUHME308aHUX
HAHOYACMUHOK MACHEMUM) | HAMACHIYEeHOCMI HACUYEHHS GOJOKHUCMUX Mamepianié pi3HOo2o
CUPOBUHHO20 CKNAOY; 6CMAHOGIEHI YMOBU MA PO3POOIEHO CHOCIO CMBOPEHHSA MASHIMHO20
MEKCMUIbHO20 MAMepiany 8 npoyeci 1oeo Mooupikayii wisxom cunmesy Hanouyacmurok in Situ
0J151 HQOAHHS MACHIMHUX 81ACMUBOCTIEII.

Haykoea mnoeusna. Bnepuwie cmeopeHo MacHImMHUUL MEKCMUIbHUL mamepianl, uwo
Micmums HAHOYACMUHKU MASHEMUMY i3 3ACMOCYS8AHHAM HOBUX NI0X00i8 Ma Memoois.

Ilpakmuuna 3unauumicmey nonseac y 3aOe3neueHHi KOMNIEKCY G1acmueocmel, sKi
BKIIOUAIOMb MACHEMU3M | eKPAHYBAHHS 8I0 e1eKMPOMASHIMHO20 GUNPOMIHIOBAHH.

Kniouosi cnosa: mexcmunvruii mamepian, Hanouacmunxu, cunmes in Situ.

Beryn. 3a  ocTaHHI  AECATHIITTS — CIIOCTEPIraeTbcs MiABMICHUN —iHTEpec 0
6araTo(yHKI10HAJILHOTO TEKCTHJIIO 3 TIOTCHIIMHUM TEXHOJOTIYHUM 3acTOCyBaHHSAM. Po3poOka
TEKCTHJIPHUX BHUPOOIB 3 MAarHiTHUMH HaHOYACTUHKAMHU 3a0€3MeYuTh HOBI BIIACTHBOCTI,
BKJIIOYAIOYM MAarHeTHU3M 1 €KpaHyBaHHS JUIS 3aXHCTY BiJl €IEKTPOMArHiTHOIO BUIPOMIHIOBaHHS
[1]. Tlomyk HOBMX MiAXOMIB Ta METOMIB CTBOPEHHS TEKCTHUJIBLHUX MaTepiamiB, IO MICTATH
HAaHOYACTUHKU  3a/i30-OKCHJHMX  CIOJYK, IIOB'I3aHUH 13  MOMJIMBHUM  CTBOPEHHSIM
HAaHOKOMITO3MIIIHHOTO ~ (P€POMICTKOTO TEKCTHJIBHOTO Marepiady 13 KOMIUIEKCOM 3aJlaHuX
BJIACTUBOCTEH (MarHiTHUX Ta 3aXUCHHX ).

OTpuMaHHS 1 BJIACTUBOCTI HAHOYACTHMHOK 3aTi30-OKCHIHUX CIIOIYK € TIPEIMETOM
Oaratbox JociiKeHb [2, 3] Ta CTBOPEHHIO MAarHiTHUX BOJIOKHHUCTHUX MaTepialiB MPUCBSYEHI
JUIIe ONUHUYHI poboTH [4, 5].

IloctanoBka 3aBaaHHsA. Po3poOka crmocoO0y CTBOpeHHS HAHOKOMIIO3ULIHHOTO
depomicTkoro (MarHiTHOro) TEKCTUJIBHOTO Marepiany B Ipoleci Horo Moaudikarii nuisxom
CHHTE3y HAHOYACTMHOK IN SitU 3 ypaxyBaHHSM CTPYKTYPHHX OCOOJIMBOCTEH BOJIOKOH Ta
HaHOTEXHOJIOTIYHUX MPOIIECIB.

Pe3yabTaT gocaigkenHs. MeTo1oM CIiBOCAKEHHS CyMIIIIl COJIEH 3alli3a HaTUIITKOM
JYTy MPU CHHTE31 HAHOYACTHHOK IN SitU oTpuMaHi MarHiTHi TeKCTHIIbHI Marepiaau. Panirre [6]
TEOPETUYHO OOIPYHTOBAHO, IIO BEIWYMHA HAMArHi9€HOCTI HACHYCHHS HaHOKOMIIO3HIIIIHOTO
(epOoMiICTKOTO TEKCTHJILHOTO MaTepialy BU3HAYA€ThCS KUIBKICTIO HAHOYACTHHOK B 3pa3Kax, I10
3aJISKUTh BiJl CAPOBHHHOTO CKJIaqy TEKCTWJIBHOTO Marepially Ta eKCIepUMEHTAIbHUX YMOB, a
caMme BiJl MOJISIPHOTO CIIIBBIIHOIIEHHS JIyTy 1 Cywmimi cojied 3ami3a y BUXigHii BanHi, pH
CepeNIOBUINA 1 TEeMIIEpaTypH PEaKilii CriiBOCaKEHHS.
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@®opmyna wmarHeruty — FeO e Fey,Os, TomMy peakuis BuMarae 1 MoOIb CIONYKH

Fe3* i CTEX1OMETPUYHOTO NEPETBOPEHHS Y

nBoBaneHTHOTrO 3amiza Fe?* i 2 monst conyku Fe
pasi Bukopuctanus cnonyk tuiy FeSOy4 i1 FeCls. Tomy monsipae cniBBinHomenns Fe(Il):Fe(IIl)
cknagano 1,1:2, tobro kinekicte FeSOs Opanacs y 10%-Bomy Ha[UIMIIKYy B TOPIBHSHHI 13
CTEX10METPUYHUM:
FeSO,-7H,0+ 2FeCl;-6H,0 + 8NH3-H,O < FesO4 + 6NH4CI + (NH4)2804 + 20H,0.

KinpkicTh CMHTE30BaHMX HAHOYACTMHOK MAarHETUTY y BOJIOKHHCTOMY Marepiaji MOXe
OyTH OXapakTepU30BaHA BEIIMYUHOIO ONITUYHOI T'YCTUHH (PO3YMHU BOJOKHUCTUX MaTepialiB, 10
MICTSTh HAaHOMAarHeTHT MiAKOPSIOThCS 3akoHy JlamOepra-byrrepa-bepa). Y 3Bs3ky 3 mum
NPOBOJIWINCS JOCHIUKEHHSI 3aJIeKHOCTEH BEJIWYMH ONTHYHOI T'yCTHHHM PO3YMHIB MarHiTHUX
BOJIOKHHCTUX MatepianiB (D) Bixg KoHIEHTpauii cipyaHOKUCIOTo 3aiiza y BuxigHiil BanHi (C,
/1), SKI ONUCYIOTHCS EMIIIpUYHUMH piBHAHHAMH (Hampukian, Quadratic Fit) 3 Bucoxummu
KoedilieHTaMu Kopesslii, OTpUMaHUMHU 3 BUKOpUcTaHHsSM mnporpamu CurveExpert 1.3: y=
at+bx+cx?, a = -1,499e-005, b = 0,001, ¢ = 6,094e-006, S = 0,001, R = 0,999.
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Puc. 1. 3ajie:kHOCTi BeJIMYMH ONTUYHOI T'YCTUHM PO34YHMHIB BOJIOKHMCTUX MaTepiaJiB, 110
MiCTAATh HAHOYACTHHKHN MarHeTuty (D), Bix KoHIeHTpauil CipuyaHOKMCJIOrO0 3a71i3a B
puxiaHiii BanHi (C, r/i1): 1 — Bicko3HUI; 2 — BOBHSIHUMN, 3 — IoriaMiTHAN; 4 — 0aBOBHSHHI
BOJIOKHHCTI MaTepiaiu.

ExcniepumenTanbHai nadi (puc. 1) cBiq4arh, Mo HaitMeHIIa KUTbKICTh MarHITHUX
HAaHOYACTHHOK OyJla CHHTE€30BaHa B 3pa3kax 0aBOBHSHOIO MaTepiany, HalOiIbIna — B 3pa3kax
BICKO3HOTO Marepiany. L{e mosicHI0eThCsl 0COOIMBOCTAMH HAIMOJIEKYISIPHOI CTPYKTYpH
BOJIOKHUCTHUX MaTepiajliB IEJIOJIO3HOTO MOXOKEHHS, TTOB’ I3aHUMH 13 CITIBB1HOIIICHHSIM
aMOp(QHO-KPUCTAIIYHUX 00JIaCTeH, 110 0Ope Y3TroJKYEThCS 3 YMCIOBUM 3HAUEHHSM CTYIIECHIO
kpuctaniynocti 3a ['.B. Ypbanuikom [7]:

Buj BoiokHUCTOTO Martepiany CrymiHp KpHCTaNIIYHOCTI
Bicko3za 0,35
BoBHa 0,45
TTomamizn 0,5
basosHa 0,7
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BB npupoau nyry Mae 3Ha4eHHS NIPH YTBOPEHHI MarHeTUTY 3 TOYKU 30pYy MarHiTHUX
BJIACTUBOCTEH 1 KPUCTANIYHUX CTPYKTyp. HamarniueHicTp HacH4eHHS 30UIBIIYETHCS B PSAY:
KOH>NaOH>LiOH>NH,OH, npore BukopucTanHs Takux cwibHux JyriB sk KOH i NaOH, o
nependauvae migsuineHHs pH cepenoBuma 1o 14, mpu3BOIUTH 10 YTBOPEHHS TaKUX KOMILIEKCIB
rigpatiB 3amiza, sKi HE 34aTHI 10 yTBOpeHHs wMarHetuty [8]. Tomy B maniit poborti
nociikyBanocs pH cepenoBuiia, mo peryimoBaiocs 3aCTOCYBAaHHSIM BOJHOTO PO3YHHY aMmiaKy
(25%), KUTBKICTB SIKOTO 3aJiexkana BiJ crexiomerpuuHoro criiBBinHomenHs Mix Fe(Il):Fe(Ill).

Ha puc. 2 ta puc. 3 mpuBeneHi KpHBi MOTEHIIIOMETPUYHOTO TUTPYBAHHS SIK PO3YHHY
CyMiIli cofiel 3ami3a, Tak i po3unHy coii FeSO, po3urnHOM TiIpOKCHTy HATPIIO OKPEMO.
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Puc. 2. KpuBa noreHuioMmeTpu4Horo Puc. 3. KpuBa noreHuioMmeTpu4Horo
TUTPYBAHHSA PO34YUHY CyMili coJiei TUTPYBaHHA po3uuHy coJii FeSO,-7H,0
3aJ1i3a pO34YMHOM TiAPOKCHIY HATPisl. PO3YMHOM TiIPOKCHIY HATPIsl.

CryniHuaTi MJaTo Ha KPUBUX THUTPYBAaHHS BIAIMOBIJAIOTH IPOIECY 3HUKHEHHS CyMIili
COJICH JBOXBAJICHTHOTO 1 TPHhOXBAJICHTHOTO 3alli3a B PO3YMHI 1 TMEpexoay iX 10 IOTaHO
po3unnHuX y Boai croiayk — FeCI(OH),, FeCl,(OH), Fe(OH)3;, FeCI(OH), Fe(OH); i BiamosiaHo
MarHeTuTy. KpuBi MOTEHIIIOMETPUYHOTO TUTPYBAHHS TMOKa3yIOTh, IO MPOIEC B3AEMOII coJei
3aJ1i3a 3 pO3YMHOM TiAPOKCUAY aMOHIs 3 YTBOPEHHSM HaHOYaCTHHOK MarHeTUTY 3aBEPIIYETHCS B
obomacti pH 11 - 12. Orpumani ekcnepuMeHTaJbHI AaHi (puc. 2 , puC. 3) 3HaXOIATh
MiATBEP/KCHHS] TPH JOCTIDKEHHI 3aJIeKHOCTI ONTUYHOI TYCTUHH PO3YMHIB MAarHITHHX
BOJIOKHHUCTUX MaTepiamniB Bif pH cepenosuia (puc. 4) i CBi4aTh, M0 MPOIEC CIIBOCAIKECHHS
cymimn comeit 3amiza Fe(Il) i Fe(Ill) i3 cuHTE30M HAaHOYACTHHOK MarHeTHTy IN SitU IOmiIbHO
MPOBOJAUTH MPAKTUYHO B TuUX camux Mexkax pH 10 — 11, 3a skux mocsAraeTbcsi MakKCUMallbHE
3Ha4YCHHs BeMWYuHU ontuyHoi ryctuHu (D = 0,14), a omke 1 KUIBKOCTI HAHOYACTHHOK Y
BOJIOKHUCTOMY Marepiani (puc. 4).
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Puc. 4. 3ane:kHicTh ONTHYHOI TYCTUHU PO3YHMHIB BOJIOKHHCTHX MaTepiaJjiB, 10
MIiCTATH NPOAYKTH peakuii cyMimi cosiel 3aj1i3a 3 amiadyHuM po3umHoMm, Big pH
cepeoOBHIIIA.

Takox BH3HAYCHO, WIO CHHTE3 HAHOYACTWHOK MArHETUTY CIi TIPOBOJAWTH 3
BUKOPHUCTAHHIM TIIBUIIEHUX TEMIEPAaTyp peakilii CIiBOCA/PKCHHS CyMIlll CoJied 3aiiza y
BOJIOKHUCTOMY Marepiani (t = 90+98 0C).

AHani3 3anexxHocred Ha rpadiky pHC. 5 TOKazye, IO BEIMYMHA HAMarHi4€HOCTI
HACUYCHHS MarHiTHUX TEKCTHWJIBHUX MaTepiajiB, 10 MICTSITh HAHOYACTUHKH MAarHETHUTY, 0CSTaE
IPaHUYHOI BEIMYMHU MPU KOHIEHTpAIlii CipYaHOKUCIIOro 3ami3a B o6nacti 60 — 80 1/1, MarHiTHI
BJIACTUBOCTI TEKCTUJIBHUX MaTepialiB B JaHOMY BUIQJKy BH3HAUYAIOTh SIK KUIBKICTh YTBOPEHHUX
HAaHOYACTHHOK, TaK 1 XapakTep PO3MOJLTY iX B CTPYKTYpi BOJOKHHCTOTO Marepiaily, TOMY IO
MaKCHMaJibHa KUIbKICTh HAHOYACTHHOK MarHeTHTY Y BOJOKHI Ta HAMarHiueHicTh HACUYEHHS MIPU
BapilOBaHHI BMICTYy cojieil 3amiza B (apOyBaibHIA BaHHI B IIMX MEXKax JOCATAIOTHCS 3a
OJIHAKOBUX YMOB (BHIXiJHI KOHIICHTpAIlili CyMiIlIl cojeil 3ami3a) Ta MalOTh MOAIOHUN XapaKTep
KpuBHX HacuueHHs (puc. 1, puc. 5).
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Puc. 5. 3ane:xxnicTh HAaMarHi4YeHOCTI HACHYEHHSI BOJIOKHHCTOro Marepiaiay (Ms) Bin
KOHIeHTpaii coJi 3a/i3a y BuxigHii BanHi (C): 1 — Bicko3HMii; 2 — BOBHAHMI; 3 —
noJriamignnii; 4 — 6aBopHstHuiE BM.
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BcraHoBieHo, 10 MarHiTHI BJACTHUBOCTI, SIKI XapaKTEPU3YIOTbCS  BEIMYMHOIO
HaMarHi4eHOCTI HACMUYEHHs TEKCTWJIBHUX MaTrepiajiiB, BU3HAYAIOTHCS: 1) KIJIBKICTIO YTBOPEHHUX
HAaHOYACTUHOK MAarHeTHTy y BOJIOKHHCTOMY MaTepiaii (BEJTMYMHOIO ONTUYHOI T'yCTHHH), IO
BUKOHYE pOJIb HAHOPEAKTOpa; 2) CHUPOBHHHMM CKJIaJOM BOJIOKHUCTHX MartepiaiiB, sKi
BIJIPI3HAIOTHCS HAJMOJICKYJIIPHOIO CTPYKTYPOIO, CIPUSAIOYM YTBOPEHHIO HAHOYACTHUHOK in Situ
npu  abcopbmii y amopdHHX oOmactax abo mpu amcopOmii HAa MOBEpPXHI MIiKpodiOpwI
BOJIOKHUCTUX MaTepiamiB [7]; 3) po3monijioM HAaHOYACTUHOK B CTPYKTYpPi BOJOKHHUCTOTO
Marepiany, mo Oyne BHU3HAYaTH NPOCTOPOBE PO3MIIICHHS, PO3MIPH Ta 1HIIN BIACTUBOCTI
HAaHOYACTHUHOK; 4) yMOBaMH CTBOPEHHS MarHiTHUX TEKCTUIBHUX MaTepiatiB.

BucnoBku. EkcrnepuMeHTanpHO BH3HAUEHI 3aJ€KHOCTI KIJTBKOCTI CHHTE30BaHUX
HAaHOYACTUHOK MAarHETUTY 1 HaMarHi4YeHOCTI HACHYEHHS BOJIOKHUCTHUX MarepiajiiB pi3HOrO
CHUPOBHUHHOTO CKJIay; PO3POOJIEHO CIOCIO CTBOPEHHS MAarHiTHOTO TEKCTHJIBHOTO Martepiany B
nporieci oro Moaudikarii IIIIXOM CHUHTE3y HaHOYACTHHOK IN SitU s HaJaHHS MarHiTHUX
BJIACTUBOCTEM.
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MOAUDPUKALINA TEKCTUWIBHBIX MATEPHUAJIOB HIYTEM CHHTE3A
HAHOYACTHII IN SITU JIJISI MIPUJTAHUSA MATHUTHBIX CBOMCTB

PEJIbKO 51.B*., POMAHKEBHUY O.B.”

Kuesckuil nayuonanoHwlll yHugepcumem mexHoni02uti U OU3atiHa

Huxonaesckuti nayuonanono ynusepcumem um. B.A. Cyxomaunckoeo

Heab padorsl. Pazpaborka crocoba co3maHus HAHOKOMITO3UIITMOHHOTO TEKCTUIBLHOTO
MaTepuaiga C Y4EeTOM CTPYKTYPHBIX OCOOEHHOCTEH BOJIOKOH M HAHOTEXHOJOTHYECKHX

IPOLIECCOB.
Metoanka. Knaccnyeckre METOIbI XUMHUYECKOW TEXHOJIOTHH TEKCTHIILHBIX MaTEPHUAIIOB.
Pe3yabTaThl.  DKCIEPUMEHTAJIBHO  ONPEACICHBI  3aBUCUMOCTH  KOJIHMYECTBA

CHUHTE3UPOBAHHBIX HAHOYACTUI] MAarHeTUTa W HAaMarHMYEHHOCTH HACBIIIEHUS BOJOKHHMCTBIX
MaTepHajiOB PA3JIMYHOTO COCTaBa; YCTAaHOBJECHBI YCIOBHS W pa3paboTaH crmocod co3gaHus
MarHUTHOTO TEKCTUJIBHOIO MaTepuaja B Ipolecce €ro MoAu(UKalMM IyTeM CHHTE3a
HaHouacTu1l IN Situ U NpuIaHusE MAaTHUTHBIX CBOWCTB.

Hay4ynas HoBHM3HA. BriepBble CO3/1aH MarHUTHBIN TEKCTUIIBHBIN MaTepHall, COAEPKAIIUI
HAHOYACTHIIBI MATHETUTA C TPUMEHEHUEM HOBBIX IIOJX0J0B U METOJIOB.

IIpakTHyeckasi 3HAYMMOCTb 3aKJIIOYaeTCs B OOECIEYCHMM KOMIUIEKCa CBOMCTB,
BKJIIOYAIOIUX MarHETU3M U SKPaHUPOBAHUE OT DIEKTPOMATHUTHOTO U3JIy4EHUS.

KiroueBblie ci10Ba: mexcmunvbHblil Mamepuan, HAHOYacmuybsl, CUnme3 in Situ.

MODIFICATION OF TEXTILE MATERIALS BY IN SITU SYNTHESIS OF
NANOPARTICLES FOR THE DEVOTION OF MAGNETIC PROPERTIES

REDKO YA'., ROMANKEVICH O.V.?

Kiev National University of Technology and Design

“Nicholas National University. VA Sukhomlinsky

Purpose. Development of ways to create a nanocomposite based textile fibers and
structural features of nanotechnology processes.

Methodology. The classical methods of chemical technology of textile materials.

Findings. Experimentally determined dependence of the amount of the synthesized
nanoparticles of magnetite and the saturation magnetization of fibrous materials of different
composition; set conditions and provides a method of creating a magnetic textile material during
its modification by the synthesis of nanoparticles in situ to devotion to the magnetic properties.

Originality. For the first time provides a magnetic textile material containing magnetite
nanoparticles with new approaches and methods.
Practical value is to provide a set of properties including magnetism and shielding from
electromagnetic radiation.

Keywords: textile material, nanoparticle, synthesis in situ.
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