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B Hacros1meit pabote mpoBeAcHO NCCIeA0BaHNE BIUSHUS JOMOJTHUTEIbHON 00pabOTKM ITOPOIIIKa Je-
TOHAIIMOHHOTO HaHoaiMa3a (JIHA) 6a30Boif 0ouncTKI Ha cocTaB ToBepxHOCTH yacTull JIHA, mx amek-
TPOKMHETUYECKHE CBOMCTBA, a TAKXKE arpeTaTUBHYIO YCTOMYMBOCTh B pacTBOpax MHIN(GepeHTHOTO
anekTpoauta (NaCl) B mpokom nuamnazoHe pH. YcrtaHoBiieHO, 4TO O0Jiee BhIcOKasl CTeNeHb OUMCT-
K1 00pa3loB U YBeJIUYEHUE KOJIMYECTBA MPOTOHUPOBAHHBIX KAPOOKCUJIBHBIX TPYIIN Ha MOBEPXHO-
ctu yactuu, JIHA BcieacTBue JOMOMHUTEIBHOM KUCIOTHOM U TepMOAMMUAaYHO 00pabOTKU MPUBO-
IST K CMEIIEHUIO MOJIoKeHUS n3o03iekTpruueckoit Touku (MOT) ot pH 7.0 nisa ncxomHoro obpasiia 1o
pH 6.3 u pH 6.0 coorBeTcTBeHHO. [ToKa3aHO, YTO BEIMYMHbI [IOPOrOB KOATY/ISILIUUA THUAPO30JIei Mpu
ectectBeHHOM pH U monoxeHune 30H ycroiunsoctr B 10~ M pacTBope XJI0pya HaTpUs HAXONATCH B
MOJTHOM COOTBeTCTBMU co 3HaueHUussMU MOT. Hanbonbiire noporosbie 3HaueHus npu pH 5.8 HaG10-
narotes s ucxonHoro JIHA, torna kak st aucnepcuu yactui JIHA nociie repmoamMmMuadyHoit odpa-
OOTKM OBICTpast KOATyIsALUs MTPOTEKAET yxKe Npy KoHueHTpaunuu 10~* M. TTokazaHo TakXe, YTO 30HEI
arperaTUBHOM YCTOMUMBOCTU IUISI MOIOJIHUTEIbHO 00paboTaHHBIX 00pa3ioB JIHA mpakTuyecku co-
BriagatoT. B cayuae JIHA 6a30Boit 04MCTKM 30HA YCTOMUYMBOCTY B 00J1ACTU MOJIOXKUTEAbHBIX 3HAYEHU I
I3eTa-TOTeHIINAJA PACIIUPSIETCS, a B 00JIaCTH OTPUIIATEIBHBIX 3HAUYCHUI YCTOMIMBOCTH HEe HAOIIOma-
€TCsl, BEpPOSITHO, BCIEACTBUE YACTUUHOTO PACTBOPEHMSI MOBEPXHOCTHBIX MpUMeceit TTpu BhICOKUX pH 1
rnepexoaa ux B MIOHHOI (popMe B pacTBOp, UTO BhI3bIBAeT KoaryJsiuuio yactui JJHA.
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BBEAEHUNE

JleToHalIMOHHBIE HAaHOAIMa3bl, OJarogapsi TAKUM
KJIacCUYeCKHUM CBOMCTBaM ajiMasa, Kak TBepAOCTb U XU-
MUuYecKasi MTHEPTHOCTb, IIMPOKO UCTOJIb3YIOTCS B Ka-
YyecTBe MaTepuasaoB J1Jisd GUHUIITHOTO TTOJUPOBaHUS,
B rajibBaHuKe, B MacsiHbIX KoMno3uiusx [ 1, 2]. Bos-
MoxHo npumeHeHue JI{HA B kauecTBe COpOEHTOB C MOH-
HOOOMEHHBIMU CBoiicTBaMu [3—5]. B mocnenHue romast
HaHouacTuibl JIHA BBI3BIBaIOT BCe OOJIBIINIT MHTEPEC
B CBSI3U C MEPCNEKTUBHOCTHIO UX UCTIOIb30BaHUS B OMO-
MEIWITMHCKUX TIPIIOXeHUSIX [6—9]. BosaMoxxHOCTD 3¢h-
(beXTHBHOTO TTPAKTUUYECKOTO IMMPUMEHEHUS KaK pa3dan-
JIEHHBIX, TaK U KOHLIEHTPUPOBaHHbIX Auctiepcuii JITHA
BO MHOTOM OMpPEAESISIeTCs] X JIEKTPOINOBEPXHOCTHBIMU

CBOMCTBaMU, a TAKXKE CEAMMEHTALlMOHHOI U arperaTuB-
HOI YCTOMYMBOCTBIO, KOTOPBIE 3aBUCIT OT COCTaBa IO~
BEPXHOCTH a, CJIeAOBATENbHO, 1 OT YCJIOBUM MOTYYeHUs
JMeTOHAIIMOHHOTO HaHOoanMa3a. IIpu aToM cenmMeHTa-
LIMOHHAs1 yCTOMYMBOCTh B KOHIIEHTPUPOBAHHBIX TUC-
nepcusx (Harmpumep, Mpu MOJTyYeHUU MOJMPOBATbHBIX
KOMIIO3UIINI) MOXET JOCTUTAThCS 3a CUeT 0Opa30BaHUs
MEPUOINYECKUX KOJUIOUIHBIX CTPYKTYD, T.€. 32 CUET
MOTepPU CUCTEMOI arperaTuBHoOM ycroituuBoctu [10].
Ha nosioxxeHre TOYKU HyJIEBOTO 3apsiia U U303J1eKTPU-
YeCKOM TOYKH, a CJICTOBATENbHO, U HA COPOIIMOHHBIE
CBOMCTBA U 3HAYEHUS ANEKTPOKUHETUYECKOTO MOTEHIIN-
ana yactuu JIHA nipu mpouux paBHBIX YCIIOBUSIX, MOXKHO
MOBJIUATH C TTOMOIIBIO JOOUUCTKU 0a30BbIX TOPOLIKOB
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JHA Kxak oT moBepXHOCTHBIX IIpUMECeii, B TOM YHCIIe
OT BOIIOHEPACTBOPUMBIX MeTajtocoaepxamux [ 11, 12],
TaK ¥ HeaJIMa3HbIX opM yriiepona. YHU(ULMPOBaHUE
MOBEPXHOCTHU JIETOHALIMOHHOTO HaHOA/IMa3a, YacTo Mpu-
BoZsIIIEE K Ae3arperalyy MOpoIIKOB BCAENCTBYE yaajie-
HUS, 110 KpaiiHeil Mepe, GoJblLeii yacTu Sp? — yIiepona,
MPOM3BOAST MyTEM XMMUUYECKOU U/WUU TePMUUYECKOMN
o6pabotku JIHA Kak 6a30Boit, Tak U IITyOOKOM OUUCTKHU:
HauboJiee 4acTo OKMCIeHUEM WJIM BOCCTAHOBJIEHUEM
B >KMIKOU WY ra30Boii a3e (Bo3dyxe, 030HE, aproHe,
Bomopone) [13—20].

ITomumo atoro, BogHbie 30au JIHA MoryT ciy>kuth
MOJEIbHOMN CUCTEMOI 1T U3yYEeHUSI BJIEKTPOKUHETUYE-
CKUX XapaKTEPUCTUK U CTPYKTYPbl TPAHUYHOTO CJI0sI B 3a-
BUCHMOCTH OT (hyHKIIMOHAJIBHOTO COCTaBa IMOBEPXHOCTH,
KOHTaKTHUPYIOIIEl ¢ paCTBOPOM 3JIEKTPOJIUTA, a TAKXKe
3aKOHOMEPHOCTEH MPOTEeKaHUs arperaliii B HAaHOIVC-
MepCHBIX cucTeMax [21], conepKalmx Kak HAHOYaCTULIbI,
TaK U TIepBUYHBIE arperathl. Takue dyHIaMeHTaIbHbIE
HCCJIeIOBaHUsI BaXXHBI KakK JIJIs1 YCOBEPILEHCTBOBAHUS
TEOPETUUYECKUX MPEACTABICHUI O CTPOSHUU TBOHHOIO
2JIEKTPUYECKOTO CJIOSI HA TPAaHULIE pa3/ienia TBEPIOE TENO0 —
pacTBOp, TaK Y JJIs1 Pa3BUTHUS CYLIECTBYIOIINX TEOPUIA
YCTOMUMBOCTHU peaibHbIX nucnepcuit. CienyeT OTMETUTD,
YTO OOJIBIIIAS YACTh padOT, TTOCBSIIIEHHBIX UCCICTOBAHUIO
3JIEKTPOKMHETUYECKUX CBOMCTB U YCTOMUYMBOCTHU 30J1€1
JHA, paccMaTpuBaeT CUCTEMBI, B KOTOPBIX 3HaK 3apsiaa
noBepxHocTH yacTull JJHA He MeHseTcsl MpaKTUIeCK
BO Bceii obnactu pH [22—28]. B cBoto ouepensb, moo-
xkenue UDT B HeliTpanbHOM ob6nactu pH (Kak B ciryyae
nopoikoB JIHA, nccienoBaHHBIX B HACTOSIIIEH paboTe)
JaeT BO3MOXKHOCTb M3y4aThb KOATYJISILIMOHHOE TTOBEeHE
30JI€ii B 3aBUCMMOCTHU OT UX KOJUTOMIHO-XUMUYECKUX
CBOICTB KaK B MOJIOXUTEbHOM, TaK U B OTpULIATEIbHO
o6sactu 3apsina noBepxHocTU. C TOUKU 3peHust MPUKJIIa/-
HBIX 3aga4 Takue mopowmku JJHA B 3aBucumoctu ot pH
MOTYT UCIIOJIb30BaThCsl, HAIIPUMeEp, B KaueCTBe COpOEeH-
TOB 7151 U3BJIEUEHMST U3 KUIKOM (pa3bl KAK KATUOHHBIX,
TaK Y aHMOHHBIX TTpuMeceit, 00pa3oBbIBaTh Pa3IUYHOTO
pona KoaryJisiiiOHHbIe CTPYKTYPbI B KOHILIEHTPUPOBaH-
HBIX IUCTIEPCHUSIX.

B cBs131 ¢ BhIIIECKa3aHHBIM LIE/IbIO HACTOSIIIEH pa-
OOTHI OBLJIO MCCIIEMOBAHNE arperaTUBHOM YCTOMYMBOCTH
BOIHBIX 30J1€i1 MpoMbIILIeHHBIX TTopoikoB JITHA (6a3o-
BOW U JOIOJHUTEJIbHON KUCIOTHOM U TEPMOAMMMAYHOM
OYMCTKM) B IIMPOKOM IMaIa3oHe KoHeHTpauuii u pH
PacTBOPOB XJIOPUA HATPUSI, @ TAKXKE YCTAHOBJICHUE B3a-
MMOCBSI3U MEXIY YCIOBUSIMU UX MOJTYYEHUST, COCTABOM
MOBEPXHOCTHU, 3JIEKTPOKMHETUYECKUMHU CBOMCTBAMU
U MOJIOKEHWEM 30H YCTOMUYMBOCTU U KOATYJISILIUY TH-
JIPO30JIEN IETOHALIMOHHOIO HAaHOAIMa3a.

OKCITEPUMEHTAJIbHAA YACTD

B xagecTBe 00BeKTa UCCIETOBAHMS UCIIOIH30BAIH
TTOPOIIIOK TTPOMBITIIEHHOTO JeTOHAIIMOHHOTO HaHOAIMa-
3a ipousBoncTBa @I'YIT CKTB «Texnomor» (Cankr-Ile-
TepOypr, Poccust), mojydyeHHbIH Mpu 1€TOHALIMN CMECU

TPOTUI—TeKCOTeH B cooTHomeHun 60/40 1 BeIaeIeH-
HBII 13 aJIMa30CoAepXKalllei IUXThl TEPMOOKHCIEHUEM
BOJIHBIM PaCTBOPOM HUTpaTa aMMOHMUS ¢ JoOaBKaMu
A30THOI KHCJIOTHI COIJIAaCHO CITOCOO0Y, MpeaCcTaBIeHHOMY
B nareHTe RU2599665C2. O6pa3el; MapKUpOBaH B CTa-
The Kak JJHA. /17151 ycTaHOBJIEHUSI B3aMMOCBSI3U MEXIY
YCJIOBUSMU OUUCTKU M YHUGDULIMPOBAHUS TOBEPXHOCTU
nopoikoB JIHA u arperaTuBHOI yCTOHUMBOCTBIO T10-
Jnydyaembix u3 Hux qucnepcuit CKTB «TexHomor» Takxke
ObLIU MpenocTaBIeHbl 00pasiibl IeTOHAIIMOHHOTO ajiMa-
3a, MoJiydeHHbIe U3 ucxogHoro JJHA 6a30Boit ouncTKu
(«chIpua») MmyTeM JOTOJHUTEIbHON TEpMOaMMUAUYHOM
o6pabotku (IHA-TA) 1 06paboTKI CMEChIO a30THOI
(56%) n dropucroBomoponHoii (40%) xkucnor (JIHA-K)
MpY KOMHATHOW TeMIepaType.

st ynaneHust BO3MOXHBIX MOHHBIX TIPUMeECEid,
OCTaBIIMXCS MOCJIE XMMUUECKOM 00paboTKM MOPOIIIKOB
JIHA, Bce mipenocTaBiieHHbIE 00pa3Ibl OBUIN TPEXKPATHO
OUMILEHBI METOMIOM 3JIEKTpoarain3a. JleTalibHO LMK
OYMCTKM OIKCaH B [29].

BennuunHbI y/iebHO# TIOBEPXHOCTH Sy, TOPOIIKOB
ObLIM onpeaesieHbl MeTogoM bAT 1o TeruioBoii necop-
OLuu a3zora ¢ XpoMaTorpaduueckKoil perucTpaiueii.
Cpennuii pazmep NepBUYHBIX HAHOYACTUL] ¢, ObUI pac-
CUUTaH I10 (hOopMyIIe:

d, = 6/pSyﬂ,

e p = 3.52 r/em? — motHoceTs JIHA.

Onpenenenue (a3oBOro cocraBa MOPOIIKOB ObLIO
BbInojiHeHo B PecypcHoM 1ieHTpe (PLI) «PenTreHonud-
PaKIMOHHBIE METONBI MCCIIENOBAHMUST» C UCTIONb30BaHUEM
HACTOJBHOTO aBTOMAaTUYECKOTO MOPOIITKOBOTO TU(D-
pakTomeTpa Bruker «D2 Phaser» (Bruker AXS, I'epma-
Hus). Unentudukaims ¢as mpoBoanIach C IIOMOIIBIO
nporpammHoro komruiekca PDXL 2.0 ¢ ucnojyib3oBa-
HUEeM 6a3bl MTOPOITKOBEIX TU(MPAKIIMOHHBIX TaHHBIX
Powder Diffraction File (PDF-2 Release 2020 RDB,
PDF-2/Release 2011 RDB).

DeMeHTHBII aHanu3 mopoikoB JIHA Obu1 ocymiect-
BJICH METOIAaMU PEHTT€HOBCKOM (hOTO3IEKTPOHHOMI
criekrpockornuu (PM®DOC) ¢ ucnonb3oBaHMEM KOMITIEKC-
HOTO (hOTORIEKTPOHHOTO 1 PACTPOBOTO OKe-3JIEKTPOH -
Horo cnekTpoMmeTpa Thermo Fisher Scientific Escalab
250Xi (Thermo Fisher Scientific, Benukoopuranus) B Pe-
cypcHoM nieHTpe Hayunoro nmapka CII6IY «®usnueckuie
METO/Ibl UCCJIEIOBAHMS TIOBEPXHOCTH» U SHEProaucnep-
CHOHHOI PEeHTTeHOMIIyOPECIIEHTHOM CITEKTPOCKOINHU
Ha criekTpomeTpe Shimadzu EDX-800P (Shimadzu,
Anonus) 8 P Hayunoro mapka CIIGI'Y «MMHHOBamu-
OHHBbIE TEXHOJIOTMH KOMITO3UTHBIX MaTepUaIOB».

M3zyuenue coctaBa nmoBepxHocTu yactull JJHA Obu1o
Tak>ke BBIMTOJIHEHO MeTOIaM1 KOMOUHAIIMOHHOTO pac-
cesiHus cBeTa Ha Iipubope Senterra (Bruker, Iepmanus)
B TeOMETPUM 0OPaTHOTO paccessHUSI U HapyLIeHHOTO MOJI-
Horo BHyTpeHHero oTpaxeHust (HITBO) na MK-®ypbe
cnektpometrpe Nicolet 8700 (Thermo Scientific, CILIA)
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KOJUJIOUOHBIM )KYPHATT  Ttom87 Nel 2025



BJIMUAHUE YCIOBUM MMOJIYUYEHUSA JETOHALIMOHHOI'O HAHOAJTIMA3A 5

¢ npucraBskoit HITBO (Smart iTR) ¢ anma3HbIM Kpu-
crayuioM B PecypcHoM nientpe Hayunoro napka CII6I'Y
«OnTryeckue v lJa3epHble METOIBI MCCIIETOBAHUS Be-
mecTBa». Bo3oyxxmeHrne KOMOMHAIIMOHHOTO PAacCesTHUS
OCYIIECTBIISITIOCH C MCTIOIh30BAaHUEM BHEIITHETO TBEPIO-
TEJILHOTO Jla3epa ¢ IJIMHOM BOJIHBI 532 HM. Perucrpanust
CIEKTpa ocyLUeCTBIIsIach B tuanasone 100—2200 cm—.
CnekTpbl MK-1oroieHus mocie BbluMTaHus1 6a30BOi
JIMHUM, BBI3BAHHOM paccesiHUeM, ObUTU IMTPUBEICHBI
110 MaKCHUMaJIbHOMY 3HaUYE€HHIO B 00JIACTH BaJICHTHBIX
kosiebanuit OH-rpyrmn.

JItst M3y9eHUs 2IEKTPOKMHETUIECKUX CBOMCTB
W arperaTUBHON YCTOMYMBOCTH BOXHBIX TUCIICPCHIA Jie-
TOHAIIMOHHOTO HaHOAJIMAa3a B 3aBUCUMOCTHU OT KOHIICH-
Tpauuu pacTBopos xjopuaa Hatpus (1074—10"! M) npu
ectectBeHHOM 3HaueHun pH (5.8—6.0) u pH (4—11.5)
B 10~ M pactBope NaCl 6bLU11 IIPUTOTOBJIEHBI, COIIACHO
MeTtoauke [29], pazbaBiaeHHble ruapo3oau JJHA, coxpa-
HSBIITME CBOIO TUCIIEPCHOCTH B TEUEHME BCETO BpEMEHHU
aKcrnepuMeHTa. PazMephl yacTUIl MCXOMHbBIX BOTHBIX
3ojeit JIHA nipuBeneHsl B Ta0a. 1. CinemyeT OTMETUTD,
YTO MOJIyYeHHbIE UCXOMHBIE 30J11, pa3baBlieHHbIE B 1Ba
pa3a I€eMOHU3UPOBAHHOI BOIOM, UMENN OJIU3KUE
3HauyeHus ontudeckoii maorHoctu (0.19 = 0.01 npu
JJIMHE BOJIHBI cBeTa 380 HM) M YaCTUYHOI KOHLIEHTpa-
uuu (2—4)x 10 yactui/cM?, onpeneseHHON METOIOM
aHaJu3a TpaeKTOpUU YacTull Ha mpuodope NanoSight
NS300 (Malvern, Beauko6putaHus).

Pa3mepsl yactuu ruapo3soneii JIHA Obutn onpene-
JIEHbl METOJIOM CKaHUPYIOLIEH 3JIEKTPOHHON MUKPO-
ckonuu (COM) ¢ UCIoNIb30BaHUEM CKAaHUPYIOIIETO
aeKTpoHHOTro MukKkpockora Carl Zeiss Merlin (Carl
Zeiss Merlin, I'epmanus) B MeXIUCUUIIIMHAPHOM pe-
CYpPCHOM LIEHTpe 10 HanpaBieHuto «HaHoTexHomornmu»
Hayunoro napka CII6I'Y 1 MeToqoM TMHAMUYECKOTO
paccessHus ceeta (JIPC) Ha aHanuzaTope Zetasizer Nano
ZS (Malvern Instruments, Beauko6putanusi) B yHuBep-
cajbHol KanuuisipHoii U-o6pa3Hoii ktoBete (DTS1070)
C UHTETPUPOBAHHBIMU MO30J0YEHHBIMU JIEKTPOAAMU
C TIpeABAPUTEIbHBIM TEPMOCTATUPOBAHMEM B TEUECHNE
2 muH 1ipu 20°C.

Jl1s1 u3ydeHus mpoliecca Koaryasiuuu 3oeil JJHA
ObLIY MCIOb30BaHbI METONBI TYPOUIUMETPUU (IETATbHO
METOIMKA SKCTIEpUMEHTA oImrcaHa B [29]) ¢ ucronab3oBa-
HueM dotoanekrpokanopumerpa KOK-3-01 (ontryeckuii
myTh 50 MM, [UTHA BOJIHBI cBeTa 380 HM) M TMHAMUYECKO-
o paccessHusI cBeTa. Mi3MepeHust ONTUYeCKO IJIOTHOCTU
MPOBOAVIIA B TeUeHHE 15 MUHYT C MOMEHTA TOOaBICHUS
BJICKTPOJINTA K 30J110, pa3Mepa 4acTHUIl 110 UCTEUEHU
20 MUHYT IIOCJIE CO3MAHUS CUCTEMBI.

BennuuHbl 251eKTpOohOopeTUUEeCKON MOABUKHOCTU
(U,) yactun JJTHA 6bL11 OTpeneneHbl METOAOM JIa3ep-
HOTO IOMNIIEPOBCKOTO 3J1eKTpodope3a Ha aHAIU3aTope
Zetasizer Nano ZS (Malvern Instruments, Bennkoopu-
TaHMsI) TTapajjieibHO C U3MEPEHUEM paclpeneeHut
YacTHUII IO pa3MepaM B aHATIOTMYHBIX YCIOBUSIX. Benmuu-
HBI 5JIEKTPOKMHETUYECKOTO NoTeHmana (C3) B nepsoM
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NpUOJIMKEHUMN OBbIJIM pacCUYMTaHBI IO ypaBHEHUIO
CMOJIyXOBCKOTO:

s_ Ny
& = le

()

Hist IpUTOTOBJIEHUS PACTBOPOB U AUCIHEPCHUit
HCII0JIb30Bajach IeMOHU3UPOBAHHAS BOIA, YAEIbHAs
3JIeKTPOIPOBOIHOCTh KOTOPOil HE IIpeBbIIIaia
1.5x107° Om~'cm~! (cucTema ouncTku Boabl AKBanabd
AL Plus). Heooxogumrbie 3HaueHus pH 3amaBanu
¢ nomowbio 3x107> M u 10~! M pacTBopoB COISIHOI
KUCJIOTHI U TuaApoKcuaa HaTpust. pH cpemsl uamepsuiu
¢ nomoiublo pH-MeTpa SevenMulti (Mettler Toledo).

PE3VJIBTATBI MU UX OBCYKJIEHUE.
DPA30BbBIN COCTAB U COCTAB
ITOBEPXHOCTHU YACTHUIL JIHA

Ha puc. 1 npeacraBieHbl pe3yabTaTbl pEHTTEHO-
¢azoBoro aHanuza (PMA) uccienyeMbiX MOPOIIKOB
JHA. BugHo, 4TO ITOMMMO OCHOBHOI (pa3nl aiMasa
Ha peHTreHorpaMMax MpUCYTCTBYIOT Takxke caadble TUKU
NpUMeECHBIX (pa3, KOTOphle HanboJiee BEpOSITHO OTHO-
caTes K (pazaM cynbduaa HIMHKA U TMOKCUIA TUTAHA
B Moaupukanuu pytuia. BugHo Takxe, 4To, COIJIaCHO
WHTEHCUBHOCTHU 3THX MTMKOB, CONEPXKaHUE MPUMECHBIX
(baz makcumManbHO B ucxonmHoM obpaste JIHA, npu aTom
B oopasue JJHA-TA npakTtudecku He onpeneiaseTcs
daza ZnS, a B nopouike IHA-K ¢a3za TiO,. B cBa3n
C 3TUM CJIelyeT OTMETUTh HEKYIO CEIEKTUBHOCTD KaxKIIOTO
METOoJa JOTIOJTHUTENLHOU 00pabOTKH MO OTHOIIEHUIO
K TTOBEPXHOCTHBIM MTPUMECSIM.

PesynbraThl 3HEproaucrepCuOHHOTO peHTIeHO DTy
OpPECLIEHTHOIO aHajIn3a ImokKa3anu (puc. 2), 4To J0I0JI-
HUTEIbHAs1 06paboTKa UCXOMHOTO MOPOIIKA JeTOHAIIU -
OHHOT0 HaHOaJIMa3a MPUBOAUT K YBEIMUEHUIO OTHOCU -
TEJILHOTO CONMEPXKaHUS TaKUX DJIEMEHTOB, KaK XeJIe30

I, oTH. en.
- ﬁ 1 — JHA-TA
2 — JTHA-K
4000 A 73— ﬁHA
L I Anmas
| ZnS
3000 \ . TiO,
| I
2000 \W, \“\‘
1
I [ \L‘W’Jf\"wp/\ﬁ
L 1\ A 1
1000 [ W / | \ h‘“‘Z
0F I | 3

1 1
0 20 40 60 80 100 120
20, rpan

Puc. 1. peHTFCHOFpaMMbI IIOPOLIKOB N€TOHAIIMOHHOT'O
HaHoOaJiMasa.
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(ocob6enno B ciayyae JIHA-TA) u TuTtaH BeliencTeue
YaCTUYHOTO yaajeHus ¢ moBepxHocTu yactui JIHA,
MO-BUANMOMY, 00Jiee paCTBOPUMBIX B KMCJIOTaX U 1IeJI0-
Y1 KOMITOHEHTOB: KaJIbLIWsSI, KDEMHUS, AIIOMUHUS U T.]I.
Bbosee BhIcOKOE CyMMapHOe cofepKaHUe BJIIEMEHTOB
Xene3a u TuTaHa B obpasue JIHA-TA no cpaBHeHUIO
¢ IHA-K mMoxeT cBUaeTeIbCTBOBATh 0 Ooiee 3 Pek-
TUBHOI B OOIIIEM CTydae TepMOaMMUAYHOK 00paboTKU
ounctke. [1Ipu aToM HabIIOJaEMOE HAMMEHBIIIEE CONEP-
KaHWe [IUHKA U cephl 11 oopasua JIHA-TA Bnonne
cornacyetcs ¢ pesyiabraramu POA.

Ha puc. 3 npuBenens UK-®ypbe CrieKTphI Uccie-
nyeMbIx rmopoinkoB JIHA. BunHo, 9To mist Bcex Tpex
06pasuos npu 1325 cMm~! HabogaeTCA MUK HAaHOAIMa-
3a, COOTBETCTBYIOIIMI BaJIECHTHOMY KOJIEOAHUIO CBSI3U
C—C B kpucrayummyeckoit pemerke JIHA [30, 31]. Bun-
HO TaKXe, YTO OCHOBHBIE OTJINYHUS B CIIEKTpax o0pas-
11oB HabmonaoTes B auanasone 1330—1800 cm~!. Tak,
3aMeTHoe nomtouieHue npu 1350 cM~! g ucxonHo-
ro oopasiia, KOTOpOe, BEpOsITHEE BCEr0, 00YCIOBICHO
CUMMETPUYHBIMU KOJIEOAHUSIMU AETTPOTOHUPOBAHHOM
KapOokcuibHO rpyrmbl (COO™) [17], ropa3mo MeHee
BoeipaxkeHo 1151 JIHA-TA u npakTUyecku OTCyTCTBYET
B criekTpe oopasua JJHA-K. O0painaer Ha ceOs1 BHUMA-
HUEe U3MEHEHUE COOTHOIIEHUSI MHTEHCUBHOCTEN MHKa
nipu 1735 cM~!, KOTOPBIii XapaKTepu3yeT BaJeHTHBIE
KoJebaHus KapooHubHO# rpynibsl C=0O B cocTaBe
NPOTOHUPOBAHHOI KapOOKCUILHON IpyIIIIbI, M MUKA
npu 1555 ¢cM~!, KOTOPBIiA MOXKHO OTHECTH K ACUMMETPUY -
HBIM BajieHTHBIM C=0 KoJieOaHUsIM B COCTaBe AEIIpPO-
toHupoBanHoit COO™ rpymnmsl. BeposiTHO, BeiencTBue
CBSI3bIBAHUSI YACTU KapOOKCUJIbHBIX TPYIIIT C TIpPUME-
CSIMU YMCJIO AEMPOTOHUPOBAHHBIX KAPOOKCUIILHBIX
rpymil Ha moBepxHocTu yactull JIHA 6a30Boii ouucTKM
0oJbllle, YeM MPOTOHUPOBAHHBIX. JLOMOIHUTEIbHAS
XUMHUYecKkas 00paboTka, MpUBOASILIAs K yIATEHUIO Ya-
CTHU 3TUX NTPUMeECEi C TOBEPXHOCTH, IPUBOIUT K POCTY

0, %
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S0 I Ca

40

30

20

10

JHA

JHA-K JHA-TA

Puc. 2. OTHOocuTenbHOE coaepKaHUe HEKOTOPHIX dJie-
MEHTOB Ha rnoBepxHocTu yactull JJHA.
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YuciIa TPOTOHUPOBAHHBIX U YMEHBIIEHUIO KOJTMIeCTBA
JIETTPOTOHNPOBAHHBIX KapOOKCHIIBHBIX TPYIIIT, TIPUIeM
makcuMasibHoe cooTHoueHue COOH/ COO™ Habo-
nmaetcs mist oopasua JHA-TA.

Elie omHO BO3MOXHOM MPUYMHON YBEJIUYEHUS
kosnyectBa COOH-rpynm aJisg JOIIOJHUTEIbHO
00paboTaHHBIX 00pPa31[OB, BEPOSITHO, SIBJISIETCS
YMEHbILIEHUE KOJIUYECTBA Sp2-yIJepoa Ha ITOBEPX-
Hoctn yactul JJHA BciencrBue okuciennss C=C
cBsseit. Tak, monoca momtomennd 1555 cm~! MoxeTt
TakKXe COOTBETCTBOBATh BO3MOXHOMY, HO MEHee
HWHTeHCUBHOMY, Y4eM C=Q0, BaJIeCHTHOMY KOJICOAaHUIIO
B cBs3s1ix C=C, Hanm4yne KOTOPBIX TAKKE IMOATBEPXKIA-
ercd pesyiasratramu KPC.

Kaxk BuaHo u3 puc. 4, B cnekrpax KPC nmomumo nuka
HaHoanMmasa 1328 cm~! [32], mpuCyTCTBYET IULMPOKUIA
ACUMMETPUYHBIHA MUK ¢ MAKCUMyMOM Tipu 1620 cM~!,
COOTBETCTBYIOLIUIA YITIEPOLY B SP>-TUOPUAN3ALINM.
I1pu paznoxenun 3Toro rmmka (Ha npumepe JHA-K,
puc. I11 ITpunoxeHus ) Ajas Bcex 0Opa3110B HAOJO-
narorcst D- u G-aunuu rpaduta. Ciaenyer OTMETUTD,
yto nosiieHue D-nuHum rpadura B KP-cnekrpe JIHA
B JIUTEpAType CBI3bIBAIOT C OOpa30BaAaHUEM BOKPYT
aJIMa3HOTO s1Ipa 000JI0YEK CO CTPYKTYPOIi TUIIA «onion-
like» carbon («WIyKOBUYHOI1» 000JI0UKOIi), HA KOTOPOI
pacnojiaraloTcsi BKparjieHus rpautonogo0HoMl
daswbl [33, 34]. boabluass MHTEHCUBHOCTb D-1uHUU
rpacdura B criektpe JJTHA-TA 1o cpaBHEeHUIO C UCXOI-
HeiM IHA u IHA-K (puc. 4), no Bceit BUAMMOCTHU, Xa-
paKTepU3yeT MEHBIIIYIO YIIOPSIIOYEHHOCTb U OOJIbIIYIO0
nedekTHoCcTh rpadurononodbHoit pasnl B JHA-TA.
BT0, BEpOSITHO, CBUACTEILCTBYET O 0ojiee 3(pheKTUB-
HOM yIaJIecHUM IpUMecCe, comepXaluxcs B 3Toii ¢ase,
¢ noBepxHoctu yactull JJHA-TA, yTo moarBepxaaeT
BBILIEONMCAaHHBIE pe3ynbTaThl. CleayeT TakKe OTMETUTD,
yto B KP cniekTpax Bcex mopoinkos JIHA HaGmomaeTcs

A, OTH. ef.
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— JHA-K
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0_

500 1000 1500 2000 2500 3000 3500 4000 4500
1

V,CM

Puc. 3. Cniektp UK nomoienus nopoiukos JIHA ¢ Bbi-
YuTaHUeM 0a30BOii TMHUU U PUBEAECHUEM 10 MAKCUMYMY
B 00Js1acTU BaJieHTHbIX Kosiebanuit OH-rpymnm.
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Puc. 4. CriekTp KOMOMHALIMOHHOTO paccesIHUs
nopomkos JIHA.

muk npu 1735 cm™!

B C=0 cB4a3mu.

, XapakKTepu3yIOLINii KoJieOaHUs

PentrenoBckue potoaneKTpoHHBIe crieKTphl Cls
nopoiukoB JIHA nmpuBeneHsl Ha puc. 5. BugHo, 4yto
cnektp Cls mis mopoiika JIHA 6a30Boi 04ncTKY cMe-
1IIeH B 00/1aCTh OOJIBIIINX YHEPTUIT CBSI3M 10 CPABHEHUIO
C IOIMOJHUTEIBHO 00paboTaHHBIMU oOpa3iamu. Pe-
3yJbTaThl AEKOHBOMIOLUMY MUKOB C1s 1S TTOPOIIKOB
JHA n JHA-K (anamornuno aiust JHA-TA) (puc. 6) no-
Kas3aJii, 4To JJig BCeX 00pa3loB XapaKTepHO HaJUUKe
nuka ¢ sHeprueit 287.7 £ 0.1 3B, oTBeyaromiero cBsa3u
C=0 B KapOOHWIBHOM [35, 36] min KapOOKCWIBHOI
rpymnne [14], n nuka 286.7 = 0.1 3B, cooTBeTcTBYIOIIE-
ro c¢Bs3u C-0 B cocTaBe TMAPOKCUIBHBIX U 9(PUPHBIX
rpyni [14, 35—37] u, BepositHo, cBsi3siM C—N u C=N
comacHo padotam [32, 38] u nanHbIM N 1s crieKTpoB (1K

1, umi/c (@)
[ 286.6 (C—O—C, C—OH)
500 -
| ‘rr(‘l"’ll, Cls
400 - ] ".IEI
- i 'II 'I
3001 (o
200 i 11287.9(C=0)
100 {1\ 2888 (COOH
_ ]} s coom
ol SRR L e
1 1 J
280 290 300
E. . 5B
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80001 — JHA 1400
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Puc. 5. PentreHoBckue hOTO2EKTPOHHbBIE CTIEK-
Tpel Cls nmopouikos JJTHA.

399.3 3B, puc. I12 IMpunoxenust). [Tuk c sHepruei cBa3u
403.1 3B, BepogTHO, XapaKTepu3yeT CBSI3b aTOMa a30Ta
C TpeMsl CoceqHUMU aToMaMH yriepoga [32]. Haume-
Hee MHTeHCUBHbIN MUK IPY SHEepruu cBsi3u 288.8 3B,
MOSIBJSIIOIIUIACS TOJILKO B cIieKTpe ucxogHoro JHA
(puc. 6a), 4aCTO OTHOCSIT K YIJIEPOI-KUCIIOPOIHOM CBSI-
3u B COOH-rpymnne [39]. BugHo Takke, 4TO ecliv 1J1s1
HMCXOIHOTo 00pasiia HauboJee UHTEHCUBHBIM SIBJISIETCS
nuK npu 286.7 3B, To mst oopastos JJHA-TA u JHA-K
(puc. 66) OCHOBHOM MUK COOTBETCTBYET SHEPTUHU CBSI3U
285.5 3B, orBeyvaroLLeil sp® — TMOPUIM3UPOBAHHOMY YIJIE-
poIy B aJIMa3HOM KPUCTAJIMYECKOMN peIIETKE, KOTOPBIA
Ha CIIeKTpe UCXOTHOIo odpasiia oTcyTcTByeT. Habmonae-
Mble u3MeHeHus B Cls criekTpe ucxomHoro oopasiia 1no-
cJie TOMOJTHUTENbHOM KUCTOTHOM WX TEPMOAMMUAYHOMN
00pabOTKM CBUAETEILCTBYIOT O OoJiee ITyOOKOM OUMCTKE

Puc. 6. PentrenoBckue poroanekrponHsie criekTpel Cls mopomikos JIHA (a) u JHA-K (6).

1, umn/c ©)
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00pas310B OT HeaJIMa3HoM a3kl U, B IIEPBYIO OYEPEb,
CYMMMUPY$ BCe TTOTYIeHHBIE PE3YJIBTAThI 110 U3YUYEHUIO
COCTaBa MMOBEPXHOCTH, TTO-BUIUMOMY, OT 0OBEMHOM
rpa¢uTorogqo0oHoOI (askl.

W3 puc. 7 BugHo, uto O1s cieKTpsl A1s1 BCEX UCCTe-
JIOBaHHBIX 00Pa31I0B 10CTaTOYHO 0113KU. [1pu nekoH-
BoutoLiy MMKoB O1s crieKTpoB (IToKa3aHo Ha IIpUMepe
OHA-K, puc. I13 IlpuioxeHus) Ipu 3HEPTUU CBSI3U
533.1 = 0.1 3B HaGm0maeTcst OCHOBHOM MUK, COOTBET-
CTBYIOLIWIA CBA3U MEXIY aTOMaMU yIJIepoaa U KUCI0pO-
1a B C—0O—C u C—O—H rpynnax, a Takxke MUK Majaoi
MHTeHCHUBHOCTU ¢ MakcumymoM 530.8 = 0.1 3B, orBe-
yaromuii sHeprun cBsg3u C=0 B KapOOHUIBHOUN WU
KapOoxkcuiabHoi rpyrie [35—37, 40].

M3BecTHO, 4TO 3apsiKeHrEe MOBEPXHOCTHU YaCTUIL
HaAHOAJIMa30B B XUJKOW AUCIIEPCUOHHOMN Cpeae
NpU HaJIMYUU HA UX IMTOBEPXHOCTU MOHOTEHHBIX
KapOOKCUJIbHBIX U TUAPOKCUIBHBIX (PYHKIIMOHATBbHBIX
TPYMII ONMCHIBAETCS CAEAYIOIIMMU MOBEPXHOCTHBIMU
peakuusmu [23, 41]:

—COH," = —COH + H,",
—~COOH=-COO0™ + H.,

—~COH= —CO™+H,".

AHaJIu3 BCex MOJyYeHHBIX pPe3yJbTaTOB IToKa3all,
4TO HAOII0MAeTCsI OUEBUAHBIM BO3pacTaIOIIAI BKJIAT
KapOOKCHJILHBIX I'PYIII B 00pa3oBaHUe TMTOBEPXHOCT-
HOTO 3apsiia 00pa3LoB C JOMOJHUTEIbHONR KUCIOTHOM
WU TepMOaMMUavYHO 06paboTKOI MO0 cpaBHEHUIO
C MCXOJHBIM 00pa3loM IETOHALIMOHHOIO HaHOAJIMa3a.

I, umni/c 1, umn/c
3000 - 1
L Hﬂ_ Ols
2500 - il — IHA-TA |00
! A — JTHA-K
2000} [ — TIHA
[
F II." I.'|I|II b
1500 - JL b
L .III.':,' I"{',II 150
1000 - o
L b ‘]',
500 - (. '
_ o L
0F SR MWMW& 10
—500 1 1 1 1 1
520 525 530 535 540 545 550
E.,2B
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Puc. 7. PeHtreHoBckue oToasieKTpoHHBIE crieKTphl O1s
nopoiukoB JIHA.
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Yemotiuueocme u s1exmpokunemuyeckue ceolicmea
600Hbix 30nei [ITHA 6 pacmeopax NaCl.

M3ydeHne 351eKTpOKMHETUIECKIX CBOMCTB U arpera-
TUBHOM YCTOMYMBOCTH BOIHBIX 30JI€i1 MPeI0CTaBIeHHbBIX
nopoikos JIHA 6bu10 Hauaro B 10~ M pacTBope xj10pu-
Ila HATpUs TIPY pa3IMYHBIX 3HaYeHUsX pH. Pe3ynbraTer
HCCIIeIOBAaHUSI DJIEKTPOKUHETUIECKUX CBOMCTB MpUBE-
JIeHbI Ha pyc. 8 ¥ B Ta0J1. 2. BUugHO, 4TO KMCIoTHas oopa-
0oTka ncxomHoro nopomika JJHA mpuBoauT K cMEIgHUIO
niotoxeHust UDT ot pH 7.0 no pH 6.3, a repmoammuay-
Hast — o pH 6.0, 4To BrIOJTHE comTacyeTcsl ¢ pe3yJisTaTaMu
HCCIIEIOBAaHMS COCTaBa IMTOBEPXHOCTH 3TUX 00Pa3IIOB:
KaK ¢ yBeJIMUeHUEeM KOJIMUYeCTBa MOBEPXHOCTHBIX Kap-
OOKCUJIbHBIX TPYIII, TaK ¥ C YMEHBIIEHUEM COAEePXKaHUS
pHUMeceii B pe3yJbrare JOMOJHUTEILHOR 00paboTKN.
BumHO TakKe, YTO HAKJIOH JIMHEITHOTO y9acTKa 3aBUCH-
mocreit U, (¢5) — logC mist o6pasiio JHA u JIHA-TA co-
BITagaeT 1 paBeH npumMepHo 16 MB/en. pH, a misa JTHA-K
cocraBisieT 34 MB/en. pH. Ciienyetr oTMeTUTD, YTO IIpU
onnHakoBoM cmemiennu ot UOT (ApH = pH —pH;51)
(puc. I14 IlpuioxeHus1) B 00JaCTU MOTOKUTEIbHBIX
3HAYCHUI BEIMINHBI JIEKTPOKNHETUIECKIX TTOTEH-
1IMaJIOB COBMAAAIOT B Mpeeliax MOrpelrHOCTH JIsl BCeX
ucciaegoBaHHbIX oopasuos JJHA, uto, mo-BuauMomy,
CBSI3aHO C BKJIAIOM JIMIITb THIPOKCHIBHBIX (DYHKITNO-
HaJILHBIX I'PYTIIT B 06pa3oBaHue 3apsina (3). B obnactu
OTpUMILIATEIbHBIX 3HAYEHU I HaOII01aI0TCSl HEOOJIbIIIME
pasIMIMs: TaK, MUHUMAJTbHBIC TT0 aOCOTIOTHOMY 3HAYe-
HUIO BeJIMYMHBI A3€Ta-TOTeHIIMaaa COOTBETCTBYIOT UC-
XogHoMYy o0pa3iy, MakcumajbHble — JIHA-K. Bo3Moxk-
HO, 9TO CBSI3aHO KaK C Pa3TNYHON CTETIEHBIO BIMSTHUS
MOBEPXHOCTHBIX MTPUMeECE Ha 3JIEKTPOKUHETUUYECKUE
cBoiicTtBa yactull JIHA npu usmeHenuu pH, kotopoe
IJIABHBIM 00pa30M IPOSIBIISIETCS B LIETOYHOM 001acT

U.-10%, m*/Bc ¢S, B
[ 1w THA
2k 2ATHA-K 283
2 3 e IHA-TA
1+ J ] 1142
@ i
0 0
1k N {1-142
i ]
ol 1283
L [ ]
3F {-425
" 1 " 1 " 1 " 1 " 1 1 " 1 " 1 " 1

Puc. 8. 3aBucumMocTs 351eKTpohOpeTUIECKOiT TOIBIK-
Hocty (U,) ¥ 3J€KTPOKMHETUIECKOTO TIoTeHrana (55)
YacTUIl TUIPO30Jiei pa3nuuHbix oopa3unos JJTHA ot
pH 10~3 M pacTBOpa xyopuaa HaTpus.
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Ta06muna 2. 3nHauenus pH BT obpasuos JIHA 1 moporos OBICTpOit M MEIIEHHOM KOATYIISIIIAY VX TUAPO30Jeii B pac-

tBopax NaCl mmpu ecrecTBeHHOM 3HauyeHUU pH

O6pasen pHyo7 ITopor MemyieHHOI ITopor 6sIcTpOIL
(10-* M NaCl) koarynsauuu Cy, M koarynsauuu Cgy, M
JOHA 7.0 2.5x1073 7.5%1073
JHA-K 6.3 2.8x107* 1.5x1073
JHA-TA 6.0 — <10#4M
pH, Tak v pa3aMYHbIM BKJIaJIOM KapOOKCUIIBHBIX TPy D
B 00pa3oBaHMe OTPULIATEILHOTO 3apsiaa. 0.36
PesynbraTsl U3ydeHUs KWHETUKU KOATyJIsSIUU U OTIpe- - 7w IHA
IeNeHNs CpelHero pasMepa yactull 3oneit JIHA Ha pone 37 L DH. o 6.3 24 THA-K
103 M pacrtBopa NaCl B 3aBrucuMocTy oT pH npuBeneHs! et
L 3 e JIHA-TA
Ha puc. 9, I15 — I17 Ipunoxenus u puc. 10, coorBer-
CTBeHHO. BHHO, 9TO GbICTpast KoAryIsiiys 3oneii mpo-  0-28
TeKaeT B 00J1aCTU U302JIEKTPUIECKOM TOUKHU, TIO Mepe " VicXOmHbIit
yaaJIeHUs1 OT Hee B CTOPOHY OobInnX U MeHbIIUX pH (.24

HaOJogaeTcs repexo K 30HaM MeIJIEHHOM KOaTryIsIiiiu,
COIPOBOXIAIOIIMUIACS YMEHBIICHUEM ONITUYECKOM TIIOT-
HOCTH Y CpEIHEro pa3Mepa YacTUll, a 3aTeM K 00JIacTsIM
arperaTUBHOM ycToianuBocT. ClenyeT OTMETUTh, YTO
B 00JIaCTU MEIJICHHOM KOaryJsluu IIPpU HEKOTOPBIX
pH HabGmomanock buMomanbHOE paclipeaeieHre ya-
CTUII 10 pa3MepaM (3HaYeHUE CPEIHNX Pa3MEPOB ITMKOB
Ha puc. 10 coenHeHbl MyHKTUPHOI TuHKel). Kak BugHO
u3 puc. 9 u 10, mist BogHbix 3oneit JTHA-TA u JTHA-K
30HBI arperaTUBHOM YCTOMYMBOCTH IIPAKTUIECKH CO-
BITagaloT (Tuapo30u ycroituussl Ipu pH < 4.9 u nipu
pH > 8.4 — 061acTU MOJOXUTENBHBIX U OTPULIATETbHBIX
3HAYEHU JIEKTPOKMHETUIECKOTO IIOTCHIINAJIA, COOT-
BETCTBEHHO), YTO CBSI3aHO, ITO-BUAMMOMY, C OJIM3KUM
MOJIOXKEHNEM M303JIeKTpuueckux Touek. Copur UOT
1mo pH 7.0 o JIHA 6a30Boit ouncTK 00yCIaBIMBaeT
paciMpeHune 30Hbl YCTOMYMBOCTHU B 00JIACTU I10J10-
KUTEIbHBIX 3HaYeHUI n3eTa-moTeHnuana 1o pH 5.8.
CraenyeT OTMETUTD, 4TO Ijist ucxogHoro JJHA B otin-
yuye oT 00pa3loB, MOABEPTIIMNXCS JOMOJHUTEILHOM!
00paboTKe, He HaOJIIomaeTCsl yCTOMYMBOCTHU B 00/1aCTU
OTpUILIATEIHLHBIX 3HAYCHUI C-TtoTeHImMana. [1o-suomumo-
My, TIpU BBICOKMX 3HaYeHUSIX pH MOXeT IpoucxonuThb
YaCTUYHOE PACTBOPEHUE MOBEPXHOCTHBIX IIPUMECEI,
koTtopsle ynansiores B ciaydae JIHA-K u JIHA-TA nipu
JIOTIOTHUTEIBLHOM 00paboTKe, cConmpoBoXKIaloieecs 1mo-
SIBJICHUEM B IMCIIEPCUOHHON cpeae MHOro3apsiTHbIX
KaTHMOHOB, KOTOPHIE€ BBI3BIBAIOT KOATYJISIIIAIO YaCTHUI]
JHA. BugHo Takke, 4TO B 00J1aCTH OTpULIATEIbHBIX
3HAYEHM A3eTa-NMOTeHIMaJIa B 30HE YCTOMYMBOCTH
nnsg JHA-TA u JTIHA-K B psine ciydaeB HaOmomaloTcs
3HAYE€HUS ONTUYECKON MIIOTHOCTU AaXKe HIKE, YEM JJIsT
HMICXOIHOTO BOIHOTIO 30JIs1. DTO, IO-BUANMOMY, MOXET
OBITH CBSI3aHO C YACTUYHBIM PACIIafoM IIEpBUYHBIX arpe-
raToB U yBEeJIMUYEHUS J0JI1 0oJiee MEJIKMX YaCTUIL IIpU
YBEJIMUEHUY aOCOJTIOTHBIX BEIMUMH 3apsiaa IIOBEPXHOCTU
M 3JIEKTPOKMHETUYECKOI0 MIOTeHIIAA.

0.20

0.16 O

0.12

Puc. 9. 3aBUCMMOCTh ONTUYECKOM TNIOTHOCTHU BOTHBIX
30J1eil IeToHAMOHHBIX antMa3oB oT pH 10~ M pacTtBopa

XJIOpUIa HATpUs s 15 MUHYT

HaOJIIoneHMS.

d, HM
1200 3 IwHA
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800 92.5
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2005 e , SR .
L T N T X Y )
CrOIBOCTE NN VeroiguBOCTS ol
FRRAEA "&!““‘ £ 77
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Puc. 10. 3aBucumocTs cpenHero pazmepa dactuil JJTHA,
OMpeeIeHHOTO U3 paclpeie/ieHUit MTHTEHCMBHOCTH pac-

CEAHHOTIO CBETa IO pa3sMeEpy, OT

pH 10-3 M pacrtsopa xy1o-

puna HaTpus st 20 MUHYT HaOJTIONEHMSI.
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B cBs13u ¢ TeM, 9TO HanboJIee YaCTO IIPOU3BOAUTENIEIH
JAHA uHTepecyeT B IepBYyIO OYepeab UX YCTOMUYMBOCTh
B BOIHOM cpene npu ectecTBeHHOM pH, miist 3oieit uc-
cnenyeMbix JIHA ObLIu onpeneneHbl ITIOPOTU Koary-
JIIUMU B pacTBoOpax xjopuaa Hatpus. st aToro Onuia
n3ydyeHa KUHeTUKa Koarynsiuuu 3ojeit JTHA (pesynbra-
THI IpUBeIeHbI Ha puc. 11—13) u onpenesneHsl cpeaHue
pa3Mephbl YacTull Aucrnepcuii (puc. 14) mpu pasauuHbIX
KoHIeHTpaiusx pactBopoB NaCl u ecrectBeHHOM pH
5.8 £ 0.2. Ha ocHOoBaHUU MOJIy4eHHBIX KUHETUUECKUX
JaHHBIX TTOCTPOEHBI KOHIIEHTPAIIMOHHBIE 3aBUCUMOCTH
OINTUYECKOM MJIOTHOCTH 30Jieit rpu 0.5 u 15 MuHyTax
HaOJTIOMeHNsI, M3 KOTOPBIX TpadIecKu (COITIacHO Me-
TOAMKE, ONMCaHHO B [29]) HaliieHbl 3HAYEHUSI TOPO-
roB MemneHHoi C,, u obicTpoit Cg,. [Tpumep omnpene-
JIEHUsI TIOPOTOB KOoaryJ/siuuy npeacTasieH Ha puc. 118
Tlpunoxenns. HalimeHHble TAKMM 00pa30M 3HAYEHUS
MOPOTOBBIX KOHLIEHTPALIMI 3JIEKTPOJIMTA PUBEIEHBI

D
0.30F
I vaoTTanTew 450y
0.28 ?.EI'-"".:':-' S : - _p-—_:— - »_4_ ) _._]07 1\4
;. St 4 3.10°M
0.26 j’i 4 . 5.1073]§/I
& . 75 10°M
0241 & 4 . zl\é[
0l # ML
. q: A,J"_"_]OIM
020;? an ae T
' + -l!“--—l - _ . 8= —
0.18 _ WcxonHslii 3016
0.16 1 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 )
0 2 4 6 8 10 12 14 16

f, MUH

Puc. 11. 3aBUCUMOCTB ONTUYECKOI1 MJIOTHOCTU TUAPO30JIsT
JHA ot BpeMeHU HabJroneHK S MTPY pa3IMYHbIX KOHIIEH-
TpaIMsIX PACTBOPOB XJIOPUIA HATPUS U €CTECTBEHHOM
3HayeHuu pH.
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Puc. 12. 3aBrucuMOCTh ONTUYECKOI TIIOTHOCTH THUAPO3OJIST
JAHA-K ot BpeMeHM HaOIoaeHUs TTPY Pa3IMYHbIX KOH-
LIEHTPALUSIX PACTBOPOB XJIOPUIA HATPUST M €CTECTBEHHOM
3HauyeHuu pH.
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B Ta0j1. 2. BumHo, 4TO BETMYMHBI IIOPOTOB KOATY/ISIIINI
HCCIIe0BaHHBIX 00Pa31I0B XOPOIIO COMIACYIOTCS C pe-
3yJbTaTaMU OIpeNesIeHUsT pa3MepoB YacTull (puc. 14) u
HaXoAsTCs B MOJHOM COOTBETCTBUU C MOJIOKEHUSIMU UX
HNIT. Tak, mist JIHA 6a30Boii 04NCTKM HAOIIOAAIOTCS
HauOoJbIlIMe 3HaUEeHUS A3eTa-ToTeHuana (puc. 15) u,
COOTBETCTBEHHO, [TOPOTOB KaK MeVIEHHOM, TaK 1 ObI-
CTpoit Koaryasuuu (TabJ. 2), Toraa Kak Jisi IUcrepcuu
yactull JHA-TA, Haxons1umxcs mpu ectecTBeHHOM pH
MPaKTUYECKHU B U303JIEKTPUUECKOM COCTOSIHUM, TIOPOT

D
0.26

025}
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W cxonHEblit 301

Puc. 13. 3aBucuMOCTh ONTUYECKOM TIIOTHOCTH TUIPO30JIST
JHA-TA ot BpeMeHM HaOMOAeHUS TTPU Pa3TUIHBIX KOH-
LIEHTPALMsIX PACTBOPOB XJIOPUIA HATPUSI U €CTECTBEHHOM
3HaueHuu pH.
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Puc. 14. 3aBucrMoCTb CpeaHero pa3Mepa 4acTHlL d; OT KOH-
neHTpauuu pactBopoB NaCl mpu ecTeCTBEHHOM 3Haye-
auu pH. YucieHHbIe 3HaYeHUS IIPU TOYKaX — 10Jst (%)
MHTEHCUBHOCTH CBETa, PacCesSTHHOTO YaCTULIAMU JaH-
HOTro paszMepa (ITpUBEACHBI IS ciiydyast OMMONaIbHOTO
pacrnpenencHus).



12 BOJIKOBA nu np.
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Puc. 15. 3aBucuMocCTb 371eKTpO(GOpEeTUUECKOM MOABUXK-
HoctH (U,) ¥ 31eKTpOKHHETHYeCKoro moTeHnuaia (%)
YacTUIL TUAPO30Jielt pazanuHbiX oopasuos JAHA ot KoH-
LIEHTpaLM{ PacTBOPOB XJIOpUA HATPUSI MPU €CTECTBEH-
HoM 3HayeHuu pH.

MeJUIEHHOM KOary/Isiiiiy ONPeIeIUTh He YIaJloCh, a ObI-
cTpast KoaryJisilus IIPOTeKaeT yKe IMpU KOHLIEHTPpaLIUU
10~* M. Kax BUHO, U151 30J1€ii JeTOHALIMOHHOTO aiMasa
XapaKTepHa JOCTaTOYHO y3Kasl 30Ha MeUIEHHOM Koary-
JISIIAM, BO3MOXHO, BCJIEICTBAE OTHOCUTEILHO BHICOKOM
KoHctaHThl ['amakepa yactui JIHA, onHako nmpuMeya-
TEJIbHO, UTO JOIOJHUTEIbHAS KUCIOTHAsI 00paboTKa
MPUBOIUT K PACIIUPEHUIO 30HbBI MEAJICHHOM KOATYJISILINK
o6pasua JJHA-K o cpaBHeHU10 ¢ ncxomHbiM JJTHA.

TakuM 06pa3oM, XOTeJIOCh Obl OTMETUTh, UTO YaCTO
MCITOJIb3YEMBIi TTOIXO0/ K OLIEHKE ITePCIIEKTUMBHOCTU
ucnojb3oBaHud ropokos JJHA mo ux yctoiiynBocTu
Y BeJIMUMHE 13eTa-NOTEHIIMAJIA B BOIe IIPU pa3indu-
X B nojaoxeHun nx UOT HeKOppeKTeH, TaK, HECMO-
Tps Ha caMble HU3KHE TTOPOTU KOATYJISIIIUM, Hanbosee
MEePCIeKTUBHBIM JISI JaJIbHEHIIIETO NCITOJIb30BaHUS
(HampuMep, MOJIy4YeHMSI Ha €r0 OCHOBE KapOOKCUIMPO-
BaHHOTO miu ruapupoBaHHoro JIHA) npencrapisercs
o6pazeu JJHA-TA.

SAKJIIOYEHUE

AHaJIM3 pe3yJIETaTOB MCCleNOBaHuUs (ha30BOTO CO-
CcTaBa 1 cOCTaBa MOBEPXHOCTU YaCTUII AETOHAIIMOH-
HOTO ajiMa3a ¢ pa3IUYHON NMPeabICTOPUEH MOTydyeHUSs
MoKa3aJj, YTo JAOTOJHUTENbHAS KUCIOTHAS U OCOOEHHO
TepMoaMMHMadHas 00pabdoTka ucxomHoro JJHA npuBonut
K OoJiee IMOTHOM oYMCTKe IMoBepxHoCcTH Yactul JJHA
OT HeaJIMa3HOoH ¢ha3bl. DTO 00YCIABIUBACT YBEIUYEHUE
KOJIMYECTBA MOBEPXHOCTHBIX MPOTOHUPOBAHHBIX Kap-
OOKCUJIbHBIX TPYMIT KaK BCIAENCTBUE yIaJEeHUS YacTU
MpUMeceii, OCTaBIIMXCS B TpaUTONOa00HOM (hase mocie
MepBUYHOI 00pabOTKM, Tak 1 Giarogapsi OKMCJIEHUIO

C=C cBg3eii sp’>-rudbpuIN3MpOBAHHOI 0DOIOYKU BO-
KpYT aJIMa3HOTO siapa.

YcraHOB/IEHO, UYTO OCHOBHOI BKJIaja B 00pa3oBaHue
3apsijia MOBEPXHOCTU JIJIsl BceX 00pa3lioB BHOCST MO-
BEPXHOCTHBIE PEAKIIMU NIUCCOLUALIMUA — ACCOLUALIUU
TUAPOKCUIBHBIX TPYMIT, TPU 3TOM YBEJIUYECHUE KOIU-
yecTBa KapOOKCUJIbHBIX IpynIl 1ist mopoiikos JTHA
C IOIIOJHUTEIbHOM 00paboTKOM 1 pa3anyHas 3¢hPek-
TUBHOCTb KUCJIOTHOM U TeEpMOaMMMaYHOI 00paboTKU
K pacTBOPEHUIO Pa3HOIO TUMA MOBEPXHOCTHBIX MPU-
Mecelt MPUBOAST K Pa3IUUUIO B 3JIEKTPOKMHETUUECKUX
CBOICTBAaX M arperaTUBHON YCTOMYMBOCTHU UCCIEMYEMBIX
00pa31oB, 0COOEHHO B 00J1aCTH OTPULIATENbHBIX 3HAYE-
HUH A3eTa-NoTeHIUaa.

YcTaHOBIEHO, YTO KMCIOTHAsI 00paboTKa IMOpoIIKa
JIHA 6a30B0ii O4MCTKHA NPUBOIUT K CMEIIEHUIO MOJI0-
JKeHUs n303JIeKTpruueckoit Touku ot pH 7.0 no pH 6.3,
a TepmoammuayuHas — 10 pH 6.0 Ha ¢pone 10~3 pactso-
pa xjopuna HaTpusi. OnpeaeneHbl 30HbI arperaTUBHOMN
ycToitunBocTH 30ieit JTHA: ruapo301u JeTOHALIMOHHOTO
HaHoaMa3a ¢ JOMOJHUTEILHOM 06paboTKOM B 001aCTH
MOJOXUTEIbHBIX 3HAUEHUN DJIEKTPOKUHETUUECKOTO
noreHuuana ycroitunsbl ipu pH < 4.9 u ipu pH > 8.4 —
B 00J1aCTU OTPULIATEILHBIX COTIACHO M3MEHEHUIO UX
SJIEKTPOKUHETUYECKNX CBOICTB. BOIHEII 30/1b TTOJIO-
XKUTeNbHO 3apsikeHHoro JIHA ycroituus npu pH < 5.8,
BO BCeil UCCIIeNOBaHHOI 001aCTH OTPULIATEIbHBIX 3HAYE-
HUi {-TIoTeHIIMAalIa 30J1b KOarylIupyeT, BEpOSTHO, BCIe/-
CTBHUE PACTBOPEHMSI YACTU MOBEPXHOCTHBIX TPUMECEIA
MpU BHICOKUX 3HaYeHUsIX pH u mepexona ux B MIOHHOM
dopme B pacTBOD.

Mg uccnenoBaHHBIX THApo30iieit JIHA onpeneneHs!
M COIIOCTABJIEHBI IOPOTY MEIJIEHHOM 1 OBICTPOIi KOoary-
Jguyu B pactBopax NaCl mpu ectecTBEHHOM 3HAYeHU U
pH. IMoka3zaHo, 4TO BEIUYMHBI HOPOTOB KOAT YIS
HCCIIENOBAHHBIX 00PA31I0B HAXOASTCS B IIOJTHOM COOT-
BETCTBUMU C nojoxeHusiMu ux MOT.

OUHAHCHUPOBAHUWE PABOTHI

Pa6ota BBINTOTHEHA TPpU (PUHAHCOBOM TTONIIEPKKE

rpanTa PH® Ne 23-23-00333.
COBJIIOIEHUE D TUYECKUX CTAHJAPTOB

B naHHoI1 paboTe OTCYTCTBYIOT MCCEIOBaHUS YeJI0-

BeKa WU XUBOTHBIX.
KOH®JIMUKT MHTEPECOB

ABTOpPHI 3a9BIISIIOT, UTO Y HUX HEeT KOH(IUKTA

WHTEPECOB.
BJIATOJAPHOCTU

ABTopHbI Osarogapst I.A. AjlekcaHapoBa 3a BBITIOJ-
HeHUe U3MepeHuit yaeabHoit moBepxHocTu. Mccneno-
BaHUS TIPOBENECHBI C UCIIOJIb30BAaHUEM 000PYIOBaHUS
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BJIMUAHUE YCIOBUM MMOJIYUYEHUSA JETOHALIMOHHOI'O HAHOAJTIMA3A

EFFECT OF CONDITIONS FOR OBTAINING DETONATION
NANODIAMOND ON SURFACE COMPOSITION
AND STABILITY OF ITS AQUEOUS SOLS

A. V. Volkova, D. A. Savelev, N. S. Chuikov, V. A. Vodolazhskii, L. E. Ermakova

In present work, the effect of additional treatment of detonation nanodiamond (DND) powder of basic
purification on the surface composition of DND particles, their electrokinetic properties, as well as aggregate
stability in solutions of indifferent electrolyte (NaCl) in a wide pH range was studied. It has been found
that a higher degree of purification of the samples and an increase in the number of protonated carboxyl
groups on the surface of the DND particles due to additional acid and thermoammonia treatment leads to
a shift in the position of the isoelectric point (IET) from pH 7.0 for the initial sample to pH 6.3 and pH 6.0,
respectively. It is shown that the coagulation thresholds of hydrosols at natural pH and the position of
stability zones in 10~3 M sodium chloride solution are in full compliance with the IET values. The highest
thresholds are observed at pH 5.8 for the initial DND, while for the dispersion of DND particles after
thermoammonia treatment, fast coagulation occurs already at a concentration of 10~* M. It is also shown
that the aggregate stability zones for additionally treated DND samples almost coincide. In the case of DND
of basic purification, the stability zone expands in the area of positive zeta-potential, and in the area of
negative values stability is not observed, probably due to the partial dissolution of surface impurities at high
pH and their transition in ionic form to the solution, which causes coagulation of DND particles.

Keywords: detonation nanodiamond, surface modification, surface functional groups, aggregate stability, coagulation
threshold, zeta-potential, isoelectric point
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