Becmuux BI'TY um. B.I'. [llyxoea

2016, Ne4

Cmpoxoea B.B., 0-p mexH. Hayk, npodg.,
backaxoe I1.C., acnupanm,
Manvuesa K.II., cmyoenm

benzopoockuii zocyoapcmeennstit mexnonozudeckuil ynugepcumem um. B.I'. Illyxosa

CTABWIN3ALINA HAHOPASMEPHBIX YACTHI] CEPEBPA JIJISI YCJIOBUIA
PABOTbBI B COCTABE BOJHO-AUCIHEPCUOHHBIX
JJAKOKPACOYHBIX MATEPUAJIOB*

edgel1199@gmail.com
B pabome uccnedosanvl ¢husuxo-xumuveckue Xapaxmepucmuku pacmeopos Hamowacmuy cepeopa
(HYC), ucnonvzyemvix 6 kauecmee OUOYUOHBIX HANOAHUMENEU 6 S00HO-OUCNEPCUOHHBIX JIAKOKPACOYHBIX
mamepuanos (BI-JIKM); npednosicena cmpyKmypHas cxema Muyeiivbl U GIUSHUS HA Hee MOOUpurayuu
HYC c yenvio nogviuenus ee cmadbunvnocmu 6 cocmaese B/[-WJIKM, npedomepawenus aznomepayuu u co-
XPAaHeHUsl XUMUYECKOU aKMUBHOCIU, KAK CledCmaue, OUOYUOHBIX CBOUCTS.
Knrouesvle cnosa: nanowacmuynvl cepedpa, KOMIOUOHAS YCMOUYUBOCTb, (-NOMEHYUAL, CMPOEHUE MU-

yenuu.

B nacrosiee BpeMss BeChbMa aKTyaJIbHBIM SIB-
JISIETCSL BOIIPOC 3aIUTHI CTPOUTEIHHBIX KOHCTPYK-
M OT arpecCUBHOTO BO3JECUCTBHUS OKpYKarOIIeH
cpenpl [1-3] U, B 4aCTHOCTH, OT OMOJIOTHYECKOI0
3apakeHus U noBpexaeHus [4—6]. Oqaum U3 Bapu-
AQHTOB PEIICHUS JaHHBIX IPOOJEM MOXKET OBITh
BBEICHHEC B HAHOCHMBIC HAa HHX JIAKOKPACOUHBIC
nokpeiThst Ha ocHoBe BJI-JIKM HaHopasmepHbIX
YacTHIl cepedpa C MOBBIIICHHONW OMOLMIHON aKTHB-
HOCTBIO [7].

Hanouactunper cepedopa (HUC) npeacraBisior
co00i KOJUTOMIHBIA PACTBOP HAHOPA3MEPHOTO Me-
TaJUIMYECKOr0 HYJIBBAJICHTHOTO cepebpa, Crocoo-
HOT'0 MPUHUMATh aKTHMBHYIO KaTHOHHYIO (hopmy [8].
B pa6ore wucnonw3ytorcs HYUC, npousBomumbie
MPOMBIIIUICHHBIM CITIOCOOOM C ITOMOILBIO OMOXMMH-
YEeCKOro CHHTE3a CTaOWIM3HPOBAHHBIX aHUOHOTEH-
HeiM  [TAB  AOT  (muoktuicynb(ocyKIMHaTA
HATpHs) B BOJAHOM pacTBope [9], a Takxke crabuiu-
3UPOBAHHBIX MOTH—N—BUHUIITUPPOIUIOHOM B pac-
tBOpe mponwieHraukons [10]. Hdnsa HaHodactwir,
MOJIyYEHHBIX JaHHBIM CIOCOOOM, XapaKTepHa BbI-
COKasi CTaOMJIBHOCTh Ha BO3/AyXe (0 HECKOIBKHX
JIeT), HU3Kasi OCTaTOYHasl KOHIIGHTPAlMsA MOHOB Ce-
pebpa, He TpeBpalleHHBIX B HAHOYACTHUIIBI, y3KOE
pacmpenencHie Mo pasMmepy, JKolormueckas 0es-
OIMMaCHOCTh KOMIIOHEHTOB JUIsI MaKpOOpPraHHW3MOB
[11]. Cpenu HEemocTaTKOB AaHHBIX pacTBopoB HUC
MOXXHO BBIJICIUTh HU3KYIO KOJJIOMTHYIO YCTOWYH-
BOCTh HAHOYACTHI] K arJioMepaii B TMPUCYTCTBUU
coJsei 3iekTpoauTos [12].

st manpHEHIIero M3y4eHus: CTPYKTYPhI MH-
HE/UTBl U TI0I00pa ONTHUMAaIIBHBIX YCIIOBHH ee CTa-
OWUNM3aNuu CIeyeT H3Y4UTh €€ DIICKTPOKHHETHYE-
CKMIl TOTEHIMaJl, KOJIMYECTBEHHO OIpeesaeMblii
HaNpsLKEHHOCTBIO JIBOITHOT'O 3JIEKTPUYECKOTO CIIOS
a7ICOpOMPOBaHHBIX HMOHOB Ha IIOBEPXHOCTH B3BE-
mennbix HYC B pactBope (C-moTeHnnan:) ¢ moMo-
IIbI0 METOJa CTAaTHYECKOTO CBETOPACCEMBAaHUA Ha

npubope Zetatrac Nanotrac (IBT BI'TY um. B.T.
[TyxoBa). JlaHHBI{ MOKa3aTeNb MOXET HCIOIb30-
BaTbCA 1A COBMECTHMOCTH III/ICHepCI/Iﬁ B pasjiny-
HBIX YCJIIOBHAX CpC, B CPaBHCHHUU 110 BOAOPOAHOMY
noka3zarento pH.

CormacHo meromamke cuHTe3a [11] mporecc
BoccranoBienne HYUC mpoucxomun w3 BOJHOTO
pacTBopa HUTpaTa cepedpa MO JEWCTBHEM pas-
JIMYHBIX BOCCTaHOBHUTENEH. Takxke CTpyKTypa sapa
HYC npencrapnena aromamu cepedpa U acCOLMH-
POBaHHBIMH C HEFO HOHAMH cepebpa (puc. 1).

BBuay BeIIIECKa3aHHOTO, CTPOEHHE MHIIEIUIBI
TaKK€ MOXXHO OIKUCATh CIENYIOIIEH CTPYKTYpPHOMR

(hopMyJI0ii:
{m[Ag.’] nAg" (n-x) NO;3} xNO5".

W3 storo crmemyer, 4To mpu JAaHHOM COCTaBe
MHUIIETUTBI ¥ HH3KOM KoHueHTparmu AgNOsz (mpu
mepecuere Mo MOHY Bomopoda pH=4) B pactBope
3omp HUC Oyzner mpuHHUMATh TONOKUTEIBHBIA 3a-
pSAA, YTO TOATBEPXKIAETCS pe3yNbTaTaMU HCIbITa-
HUS TIpU JoBeleHnH pactBopa AgBion-2 nmo yka-
3aHHOT'O COCTOsTHUS a30THOM kucinoToi (HNO3 map-
ku X.4.).

[Ipu BBemeHHH B CUCTEMY 3JEKTPOJIUTOB, CIO-
COOHBIX JocTpanBarh Ha moBepxHocth HUC xpu-
CTaJUIMYECKYIO0 PEUIETKY, MPOUCXOMUT OOMEH Mpo-
THBOHUOHOB. Tak, B Cily4yae BBEIECHUS B BOAHBIA WIN
MpONMIIEHTINKONEBbIl  pacTBopel HUC BomHOrO
ammuaka (NH4OH) npoucxoaur 3ameHa moTeHIHa-
nonpenensroriero AgNO; k 3omo AgOH, crabuiu-
3upoBaHHOMy MoHamu NHj':

{m[Ag.’] nOH™ (n-x) NH,"} xNH,".

st noseiuenus ypoHs pH u mpeanonarae-
Moro yBenudeHust ruapoduinbHocTH pactBopa HUC
B JIUCIIEPCHOHHYIO cpeny OblT J00aBlieH Ooree
KOHIIEHTPUPOBAHHBIA 25 %-bIii BOAHBIN pacTBOp
ammuaka (Y.J[.A.), 9TO JOIKHO CHOCOOCTBOBATH
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00pa3oBaHUIO THUAPOKCHAA cepedpa Ha TOBEPXHO-
ctu HUC:

Ag’ + 2NH4OH passans) — AgOH + 2NH,".

s nompobHoro m3ydenus Biausiauss NHsOH

Ha ycroiunBocth HUC Obul m3ydeH (-moTeHIMan
MpH MoBbIeHNH pH cpeapl aMMHAKOM OT YPOBHA,
MIOJIY9CHHOT0 TTpou3BoaAuTeNeM (puc. 1).

Puc. 1. Ctpoenune muremist HUC

[IpousBoautenem AgBion-2 moarBepxmaercs
HaJu4yue aMMHaKa B COCTaBe, YTO COrjacyercs C
MIPEJCTaBIIEHHEM O COCTaB€ MMIIEUIBI, Y€M U BbI-
3BaH OTpHIATENbHBIN 3apsa moBepxHoctd HUC B
HeWTpanbHON cpene. Ilpu nmanmpHelinem pa3basie-
HuM BogHoro pacreopa HUC NH4OH nHaGmonaercs
CHIDKEHUE YPOBHA (-TIOTEHIMaNa 10 KPUTHIECKOTO
ypoBHS (MeHee 20 MB mo mMozaysro), YTO IPUBOAUT
K MOTepe YCTOMYMBOCTH K arperaiy U MOCIenyro-
Iero yKpymHeHus 4actull (puc. 3). DTo moka3biBa-
€T CKa4YKooOpa3zHOe YBENUYEHHE DIICKTPOKHHETHY e~
CKOM akTMBHOCTH B paiione pH=10.

PacTBOp Argitos mposiBIsieT 3JEKTPOOTpHIIA-
TeNbHBIC CBOWCTBA NMPH HEHTpalbHOH W craborie-
JIOYHOW Cpelie, 4TO aHaJOTMYHBIM 00pa3oM JoKa-
3bIBaET COJICPYKAHHWE OKWCIIEHHBIX HOHOB Ha TO-
BepxHoctu HUC.

HpI/I IMOBBIICHNHM KOHICHTpAalMU aMMHAaKa B
cpere, cepedpo mepexoauT B Oojiee BOAOPACTBOPH-
Myto popmy — ammmuakar cepedpa. JlanHoe coeau-
HEHHE B BOJIE MPEACTABISCT CO0O0M Cl1a00auCCOIH-
upyronmii komriekcHbiii non Ag(NHs)," u rumapo-
okcuanyio rpynmy OH :

AgOH + 2NH4OH (oun) — [Ag(NH3):]OH + 2H,0.

OTuM OOBACHSETCS TOBBIIICHUE BOAOPAC-
tBopuMoct HYUYC u mocnenyiomiee CHIKEHUE
3apsina moBepxHocTH. OCHOBBIBAsICh Ha TOM, YTO
CTaHJAPTHBIA PENOKC-TIOTEHIMAN mapsl Ag/Ag
Gosiee MONOKHUTENbHBIH, yem mapsl Ag(NH3)*/Ag

(+0,799 V u + 0,373 V, coorBerctBenHo [13]),
MOXKHO CKa3aTh, YTO 3TOMY IIPOLECCY COIIYTCTBY-
€T €lI€ U CHHXCHUC XUMHUYECKOM aKTHUBHOCTH
HMOHOB HAHOYAaCTHUIIbI.
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Hcxonst u3 3T0r0, MOXHO ONpPENETUTH OMNTH-
MaJbHBIN Muana3oH pH, mpu koTopoM obecrieunBa-
€TCA Haujy4diaasa GI/IOXI/IMI/I‘ICCKHH AKTUBHOCTh H
CcTaOWIIBHOCTh HaHOpa3MepHOro cepedpa: st Ag-
Bion-2 pH=7-9, misa Argitos pH=7-10. O1um 00y-
CIIaBNIMBACTCI WX CTaOMIBHOCTL B cocraBe JIKM
IIPOMBIIIVICHHOI'O Ha3HAYCHUA, OUCIICPCHUU COIIOJIN-
MEpPOB KOTOPBIX, OJlaroiaps HAIMYUIO MOIUKapOo-
HOBBIX KHCIJIOT, TIOKa3bIBAIOT BBICOKYIO CTaOMIIb-
HOCTh B 3TOM Auana3oHe. K ToMy ke, gomyckaercs
IIPUMEHEHUE NUCIEPTUPYIOIINX areHTOB, KOTOpbIE

nin noBeimaioT pH B pesynbpTare runponusa (Tpu-
nonudocdar Harpus [14]), wim TpeOyroT criadorie-
JIOYHOH peakiuu cpenpl (kapookcunaTHeie [15]).

BriBOaBI.

B uenom naHHBIM SKCHEPUMEHT MO B3aUMO-
neiictBuio ammuaka u pactBopoB HUC xocBeHHBIM
o0Opa3oM MojaenupyeT mporece Haxokaenus HUC
COBMECTHO C AKPWJIOBBIMHU U CTHPOJI-aKPUIOBBIMU
nucriepcusiMu monuMepoB B coctaBe BJI-JIKM, B
KOTOPBIX aMMOHHUEBBIE COCUHEHUS TaKKE UCIOJb-
3yercs i perynupoBku pH.
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Taxke MOXHO caelaTh BBIBOA, YTO IIPH FC-
MOJIb30BAaHUU OOJIBIIIMHCTBA OTEUECTBEHHBIX aKpH-
JIOBBIX JIATEKCOB, (-TMIOTEHIIMAT KOTOPBIX OOBIYHO
HaxomuTcs B mMHTepBaie oT — 37 MB mo — 43 B,
nonyctuMo ucnoib3oBanue HYC (Omoxummuecko-
ro CHHTe3a) ¢ ypoBHeM pH akpuiIoBBIX Aucrepcuit
0e3 BBEACHUS JOMOJHHUTEIBHBIX MOAU(PHUKATOPOB
YCTONYMBOCTH.

* Paboma 6binoiHeHa 8 pamMKax pearu3ayuu
Ilpoepammer cmpameauueckozo paszsumusi BI'TY
um. B.I'. lllyxosea; c¢ ucnoavzosanuem 060pyoosa-
nus [{enmpa evicoxux mexuonocutt FI'TY um. B.T.
Lyxosa.
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Strokova V.V., Baskakov P. S., Maltsev K.P.

STABILIZATION OF NANOSIZED SILVER PARTICLES FOR WORKING CONDITIONS

IN THE COMPOSITION OF WATER-DISPERSIVE PAINT MATERIALS

Presented research studied the physicochemical characteristics of solutions of silver nanoparticles (SNP),
that are used as biocidal fillers for water-dispersive paint materials (WD—PM); schematic structure of the
micelle and the influence of SPN modification on it in order to increase its stability in the composition of
WD—PM, prevent agglomeration and save the chemical activity and, as a consequence, biocidal properties

was proposed.

Key words: silver nanoparticles, colloidal stability, (—potential, structure of the micelles
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