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HccnexoBanb! 06pa3oBaHHe U CTPYKTYpa KPHCTAITHYECKOM ¢a3bl Xyopuaa cepedpa, Mmony4yaeMoit B pe-
3yJIbTaTe peakuud O6MEHA, B MOPHCTRIX momuMepHbix MaTpuuax [I3T® u I1I1, chopMupoBaHHbIX IO Me-
XaHH3MY KpEH3HHra U pasHyalomuxcs no (PU3HYECKOMY COCTOAHMIO UCXORHBIX MaTpuil. PaccMoTpeHo
BIIHSIHYE TIPHPOABI H CTPYKTYPbI HOPUCTOH MAaTPUIIbI HA CKOPOCTH 00pa30oBaHus HOBOI ¢asbl, ee gucnepc-
HOCTB ¥ cnoco® arperaly 4actul xaopupa cepe6pa. IIpeanoxed MexaHH3M KPHCTAIUIM3AIMU XJIOpUIa

cepeOpa B HOPUCTHIX CPEAAX.

BBEJEHHE

[Mony4eHue u cTabunu3anus NOJIUMEP-HEOPTaHH-
YeCKHX THOPUHBIX MATECPHANIOB ¢ HAHOMETPHYEC-
KHM YPOBHEM JUCNEPCHOCTH KOMIOHEHTOB OCTAETCA
aKTyaJbHOH MpoGJEeMOil, HECMOTPsS HA MMEIOLIEECH
6onpioe MHOroo6pasne MOAXOAOB K CO3JAaHHUIO Ta-
KHux MaTepuanos [1, 2].

OnHUM H3 HHTEPECHEHIINX A IEPCIEKTHBHBIX Me-
TOMIOB CO3JaHHsl YKA3aHHBIX KOMIO3HTOB SBISETCA
CHHTE3 YaCTHL HOBO# (ha3bl B MOPUCTHIX MOJIHMEPHBIX
MaTpHLAX, MOMYYEHHbIX MO MEXaHH3My Kpei3HHra B
sxupkux cpepax [3]. KpeiizoBaHHble MOJAMEPHI XapaK-
TEPU3YIOTC CHECUH(PUYECKON B3aHMONPOHHKAIOIIECH
(UOPUNIAPHO-MIOPHCTON CTPYKTYPOH, COCTOALUECH M3
cucreMbl (PMOPUIT M MOP HAHOMETPHYECKOTO YPOBHSA
HHCIIEPCHOCTH, CIOCOOGHOH K 3BOJIOLMH, YTO MOXET
BHOCHTB CBOM OCOOEHHOCTH B IPOLIECChI KPHCTAILIH3A-
LMH U BhIAC/IEHHUS B HHX HOBOU ha3nl. Panee [4-8] 6bi-
M H3y4eHBI HEKOTOPhIE OCOOECHHOCTH KPHCTAJIIH3a-
L[MA YACTHL] HUKEA B MOAOOHDBIX MOPHCTBIX NOJTHMEP-
HbIX MATpHLUAX H TPEIOKEHbI  HEKOTOpbIE
IMIUPHYECKHE NOAXOBI A/ MPOTHO3UPOBAHHS CTPYK-

! PaGora BbmonneHa npH (pUHAHCOBOI noaaepxkke Poccuitcko-
ro ¢onpa QyHnaMeHTANBHBIX HCCIENOBaHHH (KOJ MPOEKTa
01-03-32596a).

E-mail: elena_trofimchuk@mail.ru (Tpodpumuyk Enena Cepre-
eBHa), nni@ genebee.msu.ru (Hukonopoa Huna UpanoBHa).

631

TYPHOT'O AH3AHHA METAJUIONOIUMEPHBIX KOMIO3HLIUM.
OnHako BOCCTAHOBJICHHE HUKENA ABIAETCS IK30TEP-
MHYECKHM H aBTOKATAJUTHYECKUM npoueccoM. [To-
3TOMY HHTEPECHO HCCIEAOBATh OCOGEHHOCTH MPOTeE-
KaHHs B KPEH30BaHHbIX MOJHMEPHBIX MATPHULIAX XH-
MUYECKHX PEaKlHii MHbIX THIOB, NMPHBOAIIIMX K
00pa3oBaHuIO (a3bl HU3KOMOJIEKYJIAPHOrO BELECT-
Ba. C 9TOil HeNkio u3yyann (POPMHUPOBAHHE H CTPYK-
TYpy ¢a3el AgCl, BeIIENAIOMIEHCS MIPH NPOTEKAHUA
peakuuu ocaxkaeHus 6e3 BbijieIeHH TOGOYHBIX MPO-
aykToB. Panee yxe uccinenopanu o6pa3oBaHie HAHO-
yactul AgCl B Manbix 3aMKHYTbhIX 06'beMax: MUKPO-
amynbcusx [9, 10], amopdHoii MaTpuue oKcuaa
Kpemuus [11], mopucrbix nonumepax [12, 13].

B paHHO# paGoTe KUHETHKY XHMHUYECKO#H peak-
HMH, CTPYKTYPY 4 MpoLecchl (POPMUPOBAHUA arpera-
TOB HOBOIi ¢a3bl AgCl u3zyyanu B ABYX NOPHCTHIX MO-
nuMmepHbix Matpunax [I3Td n ITI1, pasnuyaroiux-
¢ o (PU3UUYECKOMY COCTOSAHHIO HCXOAHBIX MATpHIL.
[TpoBegeHHOE HCCNENOBAHHE TAaKXKE MO3BOIUIO Obl
pacCIIUPUTL NMPEACTABICHUA O MOPHCTOH CTPYKType
MOJHUMEPOB, CPOPMHPOBAHHOM MO MEXaHU3MY KpeEii-
3UHra.

OBBEKTBI U METObI HCCIIETOBAHUA

I/ICXO)IHble MOPUCTHIE MOJITUMEPHBIC MAaTPULIbI TO-
Ny4YaJii HA OCHOBC MPOMBILIJICHHBIX MJICHOK KpHC-
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TAJLTHYECKOro u3otakTuyeckoro IMIT (M, = 3 x 105,
TonwuHa 130 MM, T, = —8°C) u amopduoro [1TP
M, =3 x 10°, romuuna 110 mxm, T, = 70°C) meTo-
AOM OJHOOCHOrO PACTSKEHHS B H3OMPOMAHOJE MO
50, 250 u 400% co ckopocThio 5 MM/MHIH. 3apoxke-
HHE Kpei30B U pa3sBUTHE MOPUCTON CTPYKTYPhI NpO-
XONUIIO MO MEXaHH3MY KJIACCHYECKOro Kpei3uHra
[3]. O dexTHBHYIO 06 BEMHYIO NOPUCTOCTE ONpeNe-
JANH MO CTAaHEAPTHOM MeTopuke [14], usmepss npn-
paiienne oGbeMa oGpasua B mpouecce ero gedop-
mupoBanud B AAC.

Yactuupt AgCl nmonyyanu nmo peakuHd OoOMeHa
MeXny HUTpaToM cepebpa (AgNO;) H XnopuaoM Ha-
Tpus (NaCl). Hcrons3oBanu BogHO-ciMpTOBBIE (4 : 1)
pacTBOpbl pearcHTOB ¢ KOHHEHTpaumued coiuei
0.15 Mons/n. PeareHThI BBOQUIH B NOJUMEPHYIO Ma-
TpHLY MO MeToAy npotuBoTO4HON Auddysuu. o
3TOr0 NPEeNBAPHTEJILHO MOJYYECHHBIE NMOJHMEPHBIC
MeMOpaHbI BBIIEPKUBAJIH B PACTBOpPE BOAIA : H30MPO-
naHou (4 : 1) B reueHue 1 cyTOK AN 3aMEIICHUA H30-
NpOMaHOoJia Ha Cpefly, aHAJIOTHYHYIO [0 COCTaBy pe-
akuOHHOMU. [TpofOMKHTENBHOCTE PEAKLIMU COCTAB-
asa ot 5 MuH o 1 4. [Inst ypaneHus pacTBOpHMbIX
npuMmeceil meHkH, cogepxkauue AgCl, npombiBanu
AMCTHJUTMPOBAHHOH BOMOM W BHICYILMBAJM B Hamps-
SKEHHOM cocTosiHuH npu 60°C 10 MOCTOSHHOM MACChI.
Yro06bl H36eKATh peakUdi BOCCTAHOBIICHHA cepel-
pa 10 METATMYECKOro NPH ACHCTBHH JHEBHOT'O CBE-
Ta, BCe onepauuu (MoJyYyeHHe, APOMBIBAHHE M CyII-
KY) IPOBOJUIIH B TEMHOTE.

Maccy o6pasoBasiuerocsi AgCl B MOpUCTBIX MO-
JUMEPHBIX IUICHKAX OLICHMBAH BECOBBIM METOIOM

mAgCl

(g= , i€ my, — Macca HCXORHOM MOPHCTOH MOJTH-

n
MepHO#l MaTpuupbl). OTHOCHTENLHAS MOrPELIHOCTD

onpeneneHus copepxkanust AgCl coctapuna 10-15%.

PeHTreHOCTPYKTYpHBIii aHaTIH3 00pa3LoB NPOBO-
punu Ha npubope JPOH-3M c u3znydyennem Cuk,
(A = 1.54 A). OtHecenue pedieKCoB OCyIIeCTBIANH,
Hcnonb3ys cTpykTypHyto 6asy JCPDS-ICDD [15].
Cpennuii pasMep KPHCTAIIMTOB B onpefensnu rpa-
duyeckim MeToomM [16], KOTOpBIA MO3BONAET ONHO-
BPEMEHHO OLIEHHBATD A€(PEKTHOCTb KPHCTALITHYECKOH
peweTku. [Ina ky6udeckux kpucramios AgCl Haxonu-
JIH 3HAYCHUS NOYLIMPHH HA MOJIyBbICOTE B BeX MuHumil

1
IM(ppaKTOrpaMMbl M CTPOMIHA 3aBHCHMOCTH — =

B
2 : 2 >
= (Bc;zse) oT (%) . 3pecs B = A/B:xp— B, , rme
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TPOPUMYUYK u np.

Bexp H By — 9KCIEpHMEHTANBHAS H HHCTPYMEHTANbHAS

NOJNyUIHPHHA JUPPAKIHOHHBIX MAKCHMYMOB COOT-

BETCTBEHHO, § — OPIITOBCKHIl Yroja OTpaxKeHHs B

MaKCHMyMe MHTCHCHBHOCTH. Benuuuna 1/B2, coort-
: 2

BETCTBYIOLIAs (E@) = 0, faBajia HCTHHHOE 3HaYe-

A

Hue 1/B2, a TaHreHC yria HAKJIOHA MPSIMOI K OcH a6-
CLHCC — 3HAYEHHE OTKJIOHEHUS MapaMeTPOB PELIETKH

B

3126’ Ifie a — napaMeTp

. Aa
OT CpEeJHUX 3HAaYCHHA - =

KyOH4ECKOMN peleTKH.

Mopdonoruro nonyyeHHbIx KOMIO3HTOB H3yYa-
NM ¢ OMOILBIO CKAHHPYIOIIETO 3JIEKTPOHHOTO MHK-
pockomna “Hitachi S-520”. O6pa3ibI rOTOBUIH 11O Me-
TORMKE XPYNKOTO Pa3pyIIeHHd B KHAKOM a30Te U
HaNbUJICHHEM NMIATHHOBO-NANIAAHEBBIM CIIABOM.

PE3YJIBTATBI U UX OBCYXOEHHUE

Xapaxkmepucmuka u cmpykmypa
UCXOOHbBIX Mampuy,

IMopucras cTpykTypa monuMepa, Mojly4YeHHas B
pe3yibTaTe Kpeii3HHra B MPUCYTCTBUH XKUAKON cpe-
Jbl, NpeacTaBiaseT co0ol NaGHILHYIO BBICOKOTHC-
NEPCHYIO CHCTEMY, KOTOpPas XapaKTepHU3yeTcs Olpe-
ACNEHHLIMA BEJIMYMHAMH CpefHero 3¢peKTHBHOro
pasMepa nop, GUOPHIT U OGBEMHOM MOPHCTOCTH.
STH napaMeTpbl 3aBUCAT OT Psifa PaKTOPOB: MPHPO-
asl AAC, creneHu xedopManuu MOJHMEPA, TEMIe-
paTypbl u gpyrux. Benuuuna o6 semMHO# 3¢ ¢eKTHB-
HOW nopucroctd W sABAAETCA ONHOM U3 OCHOBHBIX Xa-
PAaKTEPUCTHK TMOPHUCTbIX MOJUMEPHBIX MATPHILL,
NOJYYEHHBIX Yepe3 Kpei3uHr. B HacTosmei padore
W u3MEHSANH TOJBKO BapbHPOBAHHEM CTEleHH Ae-
cdopManuu nouMepa €, ocTajibHbIe MapaMeTphI fie-
¢opmupoBanus 4 AAC 0OCTaBaHCh MOCTOSHHBIMH.
Ha puc. 1 npepcraBneHbl 3aBucumoctn W(g) ana
II3T® u INI1 npu ux OAHOOCHOM PACTSKEHHH B Cpe-
ae u3onponaHona. HabmogaeTcs akcTpeManbHas
3aBHcUMOCTh W OT €, YTO XapakTEepHO AJA NOoJTHMe-
POB, pa3BUTHE MOPHCTON CTPYKTYPbI KOTOPBIX MpPO-
TEKAET MO MEXaHH3MY KIIACCHYECKOTO KpeH3HHra
[3]. MaTpuupl pa3nuyHOi NPHPOAbI, HO OAMHAKOBBIX
CTeneHe AedopMaLui XapaKTepH3YIOTCA OMH3KHMHE
snavenusamu W. Cpeauuii nuametp nop ang [I9TO,
onpefeneHHbI MO CTaHKapTHOMH MeTopuke [14], co-
craBaseT 2—15 um [17], gna 111 aTu BeNUYUHBI HAXO-
patcs B npegenax 7—-10 um [18].
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Puc. 1. 3aBUCHMOCTb BEMYHHBI OOBEMHOH 3¢h-
€KTHBHOI MOPHCTOCTH OT CTENMEHU fedopManuu
T[I9T® (/) u II1 (2) B u30mpomnanoe.

Tunuyxas MOp¢ONOrus HOPHCTHIX NOJUMEPHbIX
MaTpHL, MOJY4YECHHBIX 10 MEXAHHU3MY KJIaCCHYECKOTO
Kpei3uHra, npuBeficHa Ha puc. 2. CTpykTypa monau-
Mmepa, aedopmupoBaHHOro f0 50%, nNpeacTaBiasdcT
co6oii cuCTeMy B3aHMOMPOHUKAIOMX IOp, pasfe-
JIEHHBIX YYaCTKAMH 6JI0YHOrO HEOPHEHTHPOBAHHOTO
noanmepa (puc. 2). C nopelieHneM gedopManuu Ao
250% TpOMCXOAMT MOCTENCHHOE YBEIHYCHUE NOJH
Kpel30BaHHOrO MaTepHaja MyTeM poCTa M yIIHMpe-
HHA y3ke 00pa30BaBIIMXCs Kpeii30B. Takoi nonumep
XapaKTEPH3yeTCs MaKCHMAJILHOM HOPUCTOCTBIO 60—~
65%, pa3Mepbl Kpeii30BaHHBIX H ONOYHBIX 00nacTel
conoctaBuMbl. IIpu BBICOKHX cTENEHAX AcopMaLHu
(400%) HauuMHaeTCA MPOLECC KONIANCa IOPUCTOR
CTPYKTYPbl, KOTOPbIil CONPOBOXAAETCA 3HAYUTED-
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HBIMH CTPYKTYpHbIMH nepectpoiikamu [3]. Takum
06pa3oM, A KaXKAOro THIA MONIUMEpPa HCMOb30Ba-
JIM MOPHCTBIE MATPHIIBI TPEX CTENEHEH AedpopMaLun
50, 250 u 400%, xapakTepu3yOLIHecs pa3HbIMH Na-
paMeTpaMu MOPUCTOM CTPYKTYPhI H Pa3THYHOH MOp-
¢onoruei.

Kunemuka obpasosanus AgCl
8 NOPUCMbLX NOAUMEDHDBIX MAMPUUAX

Ha puc. 3 npeacraBneHns! 3aBHCHMOCTH HAaKOILIE-
Hust AgCl g OT BpeMeHH NpPOTEeKaHUsA peakuu oome-
HA ! B pa3JIMYHbIX MOJMMEPHBIX MaTpuLax. ['paduku
3apucuMOcCTH ¢(t) ansa [T u IIIT ¢ € = 50% (xpu-
BbI¢ /, 2) ABNAIOTCA TMHEUHBIMM. 1)1 MOPUCTHIX Ma-
TpuL, AedopMupoBaHHbIX Ha 250 u 400%, Ha Ha-
yanbHbIX cTajgusix oOpa3opaHus AgCl HakomneHue
MPOAYKTA pEaKUHH MPOTEKAET ¢ HauGONbIIEHR CKO-
pocThio. [lanee CKOpPOCTh HAKOIUICHHA MOCTEMNEHHO
YMEHBIIAETCA. AHANIN3 KHHETUYECKHUX KPUBBIX A
NONUMEPHBIX MATPHIL OHOH NMPHPOALI MOKA3bIBAECT,
YTO KOMHYECTBO BBEEHHOIO BELIECTBA UIMEHAETCA
CUMOGATHO MOPHCTOCTH. DTO 3HAYHT, YTO BEJIHYHHA
O0BEMHON MOPHUCTOCTH SABIAECTCA ONPEACIAIOLLIAM
¢aKkTOPOM B NpOLECCE HAKOIJICHHS NMPOAYKTA peak-
un. OTMETHM, YTO MO CpaBHEeHHUIO ¢ MaTpuuamu I1I1
ans Matpui [19T® xapakTepHO GbICTpOE CHHKEHHE
ckopocTy HakomieHus AgCl co BpeMEHEM peakiiuu,
| J7151 HEKOTOPbIX KPUBBIX g(?) (KpuBBIE 3, 5) MOXKHO
OTMETHTH TEHACHIMIO K Bbixofy Ha mnarto. [Ipu atom
komuyectBo AgCl, o6pasosasiuerocs B ITI1 3a 60 mun,
6onbiue, yem B MaTpunax [T ¢ Toit ke 06beM-
HOH NMOPHCTOCTHIO.

Takum oOGpa3oM, HaGMIOAAIOTC CyIIECTBEHHBIE
pasnnyus B KuHeTHKE ob6pa3oBanus AgCl B kpeiizo-

Puc. 2. Mukpodororpacuu HCXORHBIX nopuctbix Matpul ITI9T® (a) u I1I1 (6). & = 50%.

BBICOKOMOIIEKYJIAPHBIE COEIUHEHUS  Cepua A
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Puc. 3. Kpusbie HakomneHus yactuy AgCl ot npo-
HOJKUTEIBHOCTH PEaKUHHU B PA3IHYHBIX MOPHCTHIX
Matpumiax I13T® (Z, 3, 5) u IlI1 (2, 4, 6), nedpopmu-
poBaHHbIX B u3onponanoine go 50 (1, 2),250 3,4) u
400 % (35, 6).

BaHHbIX mopucThix MaTpulax [T13T® u II1, HecmoT-
pA Ha Gnu3Kue 3HAYCHUA 3(PPEKTHBHON 00 BEMHOM
MOPHCTOCTH M OJMHAKOBbIE CKOPOCTH audpPy3uun
HU3KOMOJIEKYJIIPHBIX PEareHToB. 3TO MOXKET ObITh
CBA3aHO C pa3nHyYHeM MOP(OJIOrHH KPEH30B H pas3-
HOW JIaGUJIBHOCTBIO MOPHCTON CTPYKTYPbl MAaTpPHL
IM3T® u ITI1.

PacyeT TeopeTHYECKOM 3aBUCHMOCTH ¢(¢) AJiA no-
puctbix [I3T® u II1 (¢ = 250%) 6b11 NpoBeaeH Ha
ocHoBe Teopud JAHGPPY3HOHHO-KOHTPOIHPYEMBIX
npoueccos. Bech mpouecc B JaHHOM cCly4ae mpef-
cTaBnseTcs gpycraguitHbiM [6-8]. Ha nepBoii craguu
npoucxonut aug¢ys3us pearcHToB BHYTPb ONUMED-
HOW MaTpuupl K PpoHTY peakuuu (MeANeHHAs, JIu-
MUTHPYIOLIAs BECh IPOLIECC CTaAUs), HA BTOPOH — XU-
MHYeCKad peakuus ¢ 00pa3oBaHHEM MPOAYKTA H BbI-
mencuue HOBOW (a3bl (Obictpas cramusa). Ilpu
pacueTe HCXORWIM M3 CIECAYIOLMX MOJIOXKEHHI: Mo-
pHcTas moIuMepHas MeMOpaHa NpeAcTaBIseT co60M
CHCTEMY CKBO3HBIX LUMIHHAPHYCCKHX MOP, Pacnomo-
SKEHHBIX MEPNCHANKYMSIPHO MOBEPXHOCTH MOMUMED-
HOIl IUICHKHU U Pa3fcJICHHBIX GIOYHBIM MOIHMEPOM;
cymecTsyeT KoagduUHEeHT pacnpeaeneHuda K pea-
FEHTOB MEXy HCXOAHBIM PACTBOPOM H MOJHMEPHOH

MeMOpaHoil, T.e. ¢, (B mope) = K¢, (B pactBOpe);
nucy3usi HOHOB MO NOpe K (PPOHTY PEaKLMH OHO-

BBICOKOMOIJIEKYJIAPHBIE COE[TMHEHUSA  Cepus A  ToM 45
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Puc. 4. Teopetuuecku (/) ¥ IKCNEPUMEHTANEHO (2)
MONy4CHHBIC 3aBHCUMOCTH comepxkanua AgCl or
NPOAONIXKUTEIIBHOCTH AKIHH B MOPHCTHIX MATPH-
uax [T3T® (a) u III1 (6). € = 250%.

MepHasi ¥ OMUCBIBAETCA MEPBbIM ypaBHEeHHeM PHKa;
peareHThl, foiueAime A0 (hpoHTa peaKiun, MTHOBEH-
HO H KOJIMYECTBCHHO BCTYMAIOT B PEAKIUIO OOMEHA.

Konuyecrso o6pazoBasuierocs AgCl myyq (r) 32
BpeMs ¢ MOXKHO onpeaenuTs [7, 8], ucnone3ys Beipa-
KeHHne

DS, ,Kc

Maga = "_OLJ OMAga' (1

3peck D — koaduuueHt auddysuu AgNO,;, K -
KOHcTaHTa pacnpepenacHus AgNO; Mexay pacTBo-
pOM peareHTa U MOJMMEPHON MeMOpaHOW, Sy, —
IUIOIA/b OP HA MOBEPXHOCTH MOJMMEPHOI MIIEHKH
(Spop = Ve o W
P 1-Wh, 1-Wp.h,
¢eKTHBHOH 06’ BEMHON MOPHCTOCTH MTOJMMEPHOM Ma-
TpUuLl, Vy, my, Pp, by — 06bEM, Macca, INIOTHOCTL H
TOJIIHHA ONHMEPA COOTBETCTBEHHO), Co — HCXOAHAs
KOHUeHTpauus pactsopa AgNO;, / — paccrosiHue OT

,rae W — BenuuuHa acp-

N4 2003
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CpaBHHATENBHBIE CTPYKTYPHO-MOPGONOTHIECKHE XapaKTEPHCTHKH MOPUCThIX MATpHL [T3T® u 11, cogepxamux yac-

bl AgCl
% s CTOMNESOMEN | g g, Xaparepuerasa | M| Dy
I3T®
50 5 - - - - - -

15 0.6 55 0.4 | OtnenbHblC arperaThbl - ol
30 1.8 43 0.6 | OTtnenbHbIE CTEp:XKHEOOPa3HbIe arperatel | 10 1-5

250 5 0.7 80 0.4 | OtneneHble arperaTsl 25 4
15 32 24 0.6 To xe 8 5-8
30 5.7 36 0.6 » 7 5-10

400 5 43 28 0.6 - - -
15 6.3 19 0.6 | IIpepbiBUCTBIi COM 15 | 0.1-0.2
30 7.6 18 0.6 | IIpakTHyecku HENMPEPBIBHbIN CIOM 15 | 0.1-0.2

I
50 5 1.4 90 0.3 | Poixsblii NpepLIBUCTBIN CIOM 30 | 0.3-05

15 2.7 75 0.3 | IlpepsbiBHCTBIII COIH 35 0.3-0.5
30 39 50 | 04 To e | 40 | 03-05

250 5 2.2 80 0.3 | Poixubiii npepbIBUCTHIN CIOH 25 no 0.2
15 6.5 75 0.5 IIpepsiBUCTSI CHOM 25 0.2-0.3
30 6.9 90 0.3 | HemnpepbliBHbIIi CnO# 25 | 0.2-0.3

400 5 5.0 65 0.4 | IlpepsiBHCTHII COM 8 0.1
15 10.8 80 0.3 To xe 10 | 0.1-0.2
30 12.2 60 0.4 | HenpepbiBHblii Clioi 15 | 0.1-0.3

NOBEPXHOCTH MOJHUMEpPHOH MeMOpaHbl 10 (PPOHTa
peakumn, M, o, — MonbHas Macca AgClL. TTocne cooT-
BETCTBYIOIIHX MOACTAHOBOK NMOJMYYaeM CIEAYIOLIYO
pacueTHyto opMyny:

_ DKcgM oo W
1= To(1-W)h,

Beanyunel K 1 D B NOPUCTBIX KPeH30BaHHbIX I10-
JTMMEPHBIX MaTpHLAaX ObLIM OnpefesieHbl 3KCIEpH-
MeHTAaILHO Mo MeTofauke [19]. Okasanock, YTO KOH-
cranTa pacnpepenenus B Matpuue [T (e =250%)
paBHa 0.204, B maTpuue III1 (€ = 250%) — 0.352; ko-
appunuent auddysun cocrapun gaa [IITP (e =

BBICOKOMOIJIEKYIISIPHBIE COEJUHEHUSA  Cepna A

=250%) - (2.5 £0.5) x 1071° M%/c, g TI (€ = 250%) —
(1.6 £0.5) x 10719 M?/c. OTMETHM, YTO IO CPABHEHUIO
co 3HadyenueM D qna AgNO; B GeckoHeyHO pa30aB-
neHHOM BofHOM pacTsope (1.76 x 10~° M?/c) B nopuc-
ThIX monuMepax KoaouuueHT pudysuu B 10 pas
MeHbILE. DTO MOXHO CBA3aTh C TE€M, YTO JEHCTBH-
TeNbHbIA AUGPY3NOHHBIA NYTh BELIECTBA B MOPHC-
TOW MONHMEPHON MATpHIIE 3HAYHTENBHO OOJBILIE €€
TOMILHHBI H3-32 HATHYHA PUOPHILI, KOTOPBIE COETH-
HSIFOT CTEHKH KpEH30B U pa3BeTBACHHI MOP.

PaccrosiHue 10 peakKIHOHHOrO ()pOHTA peakiuu /
onpejensad Mo JaHHBIM CKaHHPYIOLIEiH 3JEKTPOH-
HOIl MHKPOCKOIIHH, TaK KaK OHO COBIIAAAET C paccTo-
Ne 4
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TPOPUMYYK wu np.

Puc. 5. Mukpodororpadun o6pasuos [I13TP, conepkammx AgCl. € = 50 (a), 250 (6) u 400 % (B). Bpems peakuuu

ocaxnaenus 30 (a) u 15 muH (0, B).

SIHHEM OT IOBEPXHOCTH IIJIEHKH O IJIOTHOW YacCTH
cnos AgCl. Beuio HaipeHo, 4To [ = 60 MKM.

PacueTHble U 3KCIEPUMEHTATIBLHO MOJYYEHHbBIC
3aBUCHUMOCTH (1) ISl PA3JIMYHBIX MOPUCTBHIX MOJIH-
MEpHBIX MaTpul] NpefcTasieHbl Ha puc. 4. BugHo,
YTO OHH XOPOILLIO COBNAJAIOT HA HaYaJIbHbIX CTaUsAX
o6pazosanusi AgCl. Ha Gonee mo3gHux cragusix Ha-
OmMofaroTCA 3HAUYUTENbHBIE OTKIOHEHHUS! TEOPUU OT
SKCNEPUMEHTANBHBIX PE3yJNbTATOB, YTO CBSI3aHO C
INOCTENEHHBIM 3aMEJIEHHEM CKOPOCTH 00pa30BaHus
HOBOH (pa3bl. OTMETHM, YTO IS KECTKOW MATPHIIbI
I[I9T® (B ycnOBHAX IKCIIEPUMEHTA MOJTMMEP HAXO-
JOUTCSA B CTEKJIOOOPAa3HOM COCTOSIHHH) PAcXOKACHUE
TEOpUN U IKCIEPUMEHTA 0OJiee 3HAYHUTENBHO, YEM
pas IIII. ITo-Bugmmomy, 3TOT (DakT SIBISIETCS pe-
3yJbTATOM CHIKEHUS MPOHHIAEMOCTH PEareHTOB
yepe3 MaTpully 3a CYET YMEHBbLIECHUS 00 BEMHON NO-
pucroctu noaumepa scneactesue BoigencHus AgCl B
ero nopax. JI€dCTBUTENBHO, KaK MOKA3aHO JIs IOpU-
ctbix MaTpun ITII [18], BBepenne 50 mac. % Hukens
IPUBOJUJIO K CHUXXEHHUIO UX NMPOHHIIAEMOCTU MpaK-
THYECKH B 2 pasa.

BBICOKOMOIJIEKYIAPHBIE COENUHEHHNA  Cepus A

TakuM 06pa3oM, pacyeTHbIE H IKCIEPHUMEHTAJb-
HbI€ JAHHBbIC MOKA3aJIM, YTO KMHETHKA HAKOIUICHUS
AgCl B nonMMepHbIX NOPHUCTHIX MATPULAX, [TIE€ CKO-
poctb auddy3un peareHTOB K (PPOHTY peaKIUu SB-
JISETCS ONMPENAEIISAIOIIAM, HOCUT CJIOXKHBIH XapakTep.
Ha HavanbHO#W cTaguu CKOpOCTh Ipolecca onpese-
JSIeTCA TOJNBKO BEJMYUHOU OOBEMHOH MOPHCTOCTH.
[ToaToMy peakuusi OCa>KACHHS MPOTEKAET C OJHHA-
KOBBIMH CKOPOCTSIMU B MaTpHL[aX pa3HOW NMPUPOALI,
HO XapaKTepH3YyIOWUXCs ONU3KUMH 3HAYCHHAMHU
00 beMHOH mopucTOoCcTU. Pe3kme pasmuuust fias uc-
clielyeMbIX MaTpull B IPOLIECCE HAKOIIEHHUs (3aMen-
JIEHHE CKOPOCTH M [a’Ke BBIXOJ] HA IJIaTO) Habmona-
I0TCs Ha 60Jiee MO3MHUX CTAUAX PEAKIIH, YTO Onpe-
pensieTcs (U3MYECKUM COCTOSIHUEM MAaTPHLbI U
JAOUIBHOCTBIO MOPHCTOH CTPYKTYPBI MOJIUMEPOB.
Ecnu 3TO mpeamnosoKeHue BEpPHO, TO, BO3MOXKHO,
npupofa monumepa OyaeT BIHATb Ha pa3Mep KpHC-
TAJUIUTOB B Mpouecce uX oO0pa3oBaHUs U Ha CIOCO0
UX pacnpefesieHus B IOPUCTON MaTpHIIE.
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Puc. 6. Mukpodgororpacdun o6pasuos III1, cogepxkaumx AgCl. € = 250%. Bpems peakuuu ocaxpenus 5 (a),

15 (6) u 60 MuH (B).

CmpykmypHo-mopghonozueckue uccae0068anus
kpucmanauzavuu AgCl 8 nopucmoix mampuyax

MeTtopnom PCA 6b110 HaliieHO, YTO PN peaKkuun
0oOMEeHa BO BCEX M3YYaeMbIX MOJHMMEPHBIX MATPULIAX
obpa3syeTcd Kpucraminieckas ¢asza AgCl. Mexmno-
CKOCTHBIE PACCTOSHHSI, OTHOCALIMECS K Hambouee
HHTEHCHBHBIM pediekcam, ObLITH paCCYUTAHbI U3 JTU-
¢pakTorpamMm u cocraBuau 2.77 A nnst mmockocrn
{200} (dreop = 2.774), 3.20 pnsa mnockoctu {111}
(dreop = 3.203) u 1.96 nas nnockoctu {220} (dreqp =
=1.962).

B Tabnuue npeacraBieHbl BeqUYUHBI B u Aala
st KpuctanauToB AgCl, mony4yeHHbIX B MOPUCTHIX
NOJMMEPHBIX MaTpuuax. [JuaMeTp KpHCTaJJINTOB
AgCl, obpa3yromuxcsi B MAaKpooO'beMe MpHU TeX XKe
ycaoBusax, cocraBisieT 6onee 120 uM. ITo maHHBIM
TaOGAULbI, B HAYaJbHOU CTafuM peakuuu (1 = 5 MUH)
BO Bcex mopucteix Martpuuax I1I1 u [I9TP (¢ =
=250%) 06pa3yroTcsi KPUCTAJIIUTBI AUaMeTpoM 70—
90 uMm. B IIOT® ¢ € = 400% puaMeTp KpHCTAIIIUTOB

BBICOKOMOIJIEKVYIISIPHBIE COEIMUHEHUA  Cepus A

B 3 pa3a MeHb1e U coctaBaseT 28 oM. B [I9T® ce =
=50% nnst 5TOrO BpeMEHU HE yAaeTcs OOHAPYKUTH
¢a3y AgCl uz-3a ee manoro copepxanus (<2 Mac. %).
CpenHuii pasMep KpUCTAJUVIMTOB Ha 0oJjiee MO3[MHUX
cragusax o6pa3oBaHHsS HOBOH (pa3bl 3aBUCHT KaK OT
NPHPOJbI NOPUCTON MAaTPHLbI, TAK H OT NAPaMETPOB
nopucroi cTpykTypbl. CpeHuil JuaMeTp KpUCTal-
autoB AgCl, monyuenHbix B [I9T® B Teuenue
30 muH, ymeHsaeTcs g0 2040 um. B I1IT ero Benn-
YHHA OCTAETCS MPAKTUYECKU NOCTOSTHHON BO BpeMe-
Hu (60-80 HM). CreneHb 1e(PEKTHOCTH KPUCTAILIIH-
TOB OKa3aJ1aCh HE3HAUYNTEILHOM; OHA HECKOJIBKO 3aBH-
CHUT OT NMPHPOABI MOPHCTOH MATPHLBI H NPAKTHYECCKU
He u3MeHseTcs ¢ yBeamueHueM copep:xkaHusi AgCl.
Tak, B Matpunax [T9T® oTknonenune napamerpa pe-
mweTkn Aa/a AgCl oT cpegHero 3HayeHus COCTaBJISIET
(0.5-0.6) = 0.1%, B maTpuuax ITII - (0.3-0.4) £ 0.1%.

CregyeT OTMETUTD, YTO JUAMETP 0Opa3yIOIUXCS
kpuctamnutoB AgCl cylecTBeHHO Oonblle cpenHe-
ro AuaMeTpa nop NOJMMEPHOH MaTtpuubl. MOXKHO
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5 mun

pactBop AgNO;

TPOOPMMYYK u mp.

30 mun

(a)

(©)

pactBop NaCl

Puc. 7. Cxemnl oOpa3oBanusi HoBo# ¢a3s1 AgCl B nopucteix Matpunax II19T® (a) u II1 (6). TeMHbIMU TOUKaAMH

o603Hauyenb! yactunsl AgClL

NPEANONOXUTb, YTO B KPEH30BAHHOM MOJIUMEPE BO3-
HHUKAET paclpefelIeHUe Mop Mo pa3MepaMm U CyLLECTBY-
IOT KpynHble nopbl. OHako 6onee BEpPOSTHBIA MeXa-
HHU3M 00pa30BaHKs OOJMBLIMX KPUCTAIIOB 3aKJII0YaeT-
cs B TOM, YTO B mpouecce (pa3oBOro pasjieficHus B
Kpei30BaHHbIX NOoNUMepax PUuOPHIIAPHO-TIOPHCTAS
CTPYKTYpa 3BOJIIOLMOHUPYET, U 0OPa3yIOIUECS KpU-
ctannbl AgCl pa3aBuraroT ru0Kue nojauMepHsle Qu-
OpHJLIBbI, COEANHSIONIME CTEHKU Kpei3os [12]. Poct
KPHCTAJIJIa, O-BUAUMOMY, IPOUCXOOUT AO TOTO, MO-
Ka BO3MOXEH Mpoluecc pa3aBuxkeHus ¢pudpunn 6e3
ux paspyweHus. [TocreneHHO puOPUIIBI CTAHOBST-
csl MEHEee NOAATAUBBIMH BCIECTBUE OOpa30BaHus Ha
Hux yactuy AgCl, mo3TOMy NPOUCXONUT yMEHbILIE-
HHE CcpegHero amaMmeTpa Kkpucramnurta. ITopucras
crpyktypa [I9T® Gonee kecTkasi, U MOABIKHOCTH
¢uOpuIn CylecCTBEHHO MeHble, yeM B [II1. Dtum,
MO-BUANMOMY, OO'BSICHIETCA MEHbIIUN CPEIHUN Jua-
MeTp kpuctamutoB AgCl, o6pasyromuxcs B [I3TP.

BBICOKOMOJIEKYIISIPHBIE COENUHEHUS  Cepua A

B pabGoTe 6b110 IPOBEAEHO 3JIEKTPOHHO-MHUKPO-
CKONMUYECKOE UCCIIENOBaHUE MOP(OIOrUN NONTYyYEH-
HbIX 00pa3uoB. Ha puc. 5 u 6 npeacraBneHbl MUKPO-
¢ororpapuu pazNIUYHBIX MOPHUCTHIX MOJUMEPHBIX
MaTpun, coaepxamux ¢aszy AgCl. CpaBHeHne
CTPYKTYPbI HCXOJHBIX MMOPUCTBIX MOJTUMEPHBIX MaT-
pun (puc. 2a) u copepxawmux ¢asy AgCl (puc. 5a) no-
Ka3bIBAET, YTO NMPH BBEJICHHMU PEAreHTOB METOAOM
NPOTHBOTOYHON AU(P@Y3HH CTPYKTypa KOMIIO3HTA
onpenessieTcs CTPyKTYpOll MOPUCTOM MaTPHULIbI.

B matpunax I[I19T® ¢aza AgCl obpasyer gocra-
TOYHO IUIOTHBIH coit (Bpemsi peakimu 30 MuH), cocTo-
SIIIUH U3 CTEPXKHEOOpa3HbIX ONOKOB, Pa3/IEJICHHbIX B
MPOCTPAHCTBE YYACTKAMH HEOPUEHTHPOBAHHOT'O I1OJIH-
Mepa (puc. 5a, 56). BbicoTa 6710KOB COBNAfAET € TOJ-
uHou ciost H u cocrapisier 7-10 Mxm. TTpoTsokeH-
HOCTh 6s0KOB AgCl BO3pacTaeT C yBEJIHYEHHEM
WIHPUHBI Kper30B OT ~1-5 MkM B [I9T® ¢ € = 50%
1o 10-15 mxMm B [IQT® ¢ € = 250%. Ha ocHoBaHun

pe3ynbTaToOB paHHUX HcciaegosaHuil [12] m cpaBHe-
N 4
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HUA peHTreHorpaduyeckux U MHUKPOCKONHYECKHX
pE3yIbTATOB, NOJIYYEHHBIX B JAHHOU paboTe, MOXKHO
YTBEPKHATh, YTO IUIOTHBI CTEPXKXHEOOpa3HbIH arpe-
raT NpejcTaBisAeT CO00H CHCTEMY HAHOKPHCTAJIH-
TOB H nonuMepHbIx ¢pudbpunn. Tak, cpenuuii pazmMep
kpuctamumuToB AgCl B [I3T® (e = 50%) paBen 43 HM,
a JMHedHble pa3Mepbl CTEpPXKHA-arperaTta 3Ha4d-
TeJIbHO Oonbilie 1 MKM.

B II3T® (¢ = 400%) (puc. 58) AgCl ¢popmupyet
MPaKTUYECKH HENMPEPBIBHLBIN LIHPOKUH CI0M, HEON-
HOPOAHBIi MO MIOTHOCTH. ClOM COCTOHUT U3 OTAE/b-
HbIX C(hepHUECKUX U KyOuYecKuX arperatos D, pa3-
MepoM 100-300 nMm, npuyem 6osee phIXaas 4acThb — H3
6osiee Menkux arperatoB. O6pasoBaHue MOROOHOMH
MOp¢OJIOrHH, NO-BUAUMOMY, CBI3aHO ¢ OCOOEHHOC-
TAMH MOPHUCTOH CTPYKTYPbI NOJHMEPHOH MATPHLbI
BbICOKHX cTenenei aedopmanuu [3]. Takoit monu-
Mep COCTOUT U3 OPHEHTHPOBAHHBIX arperatos ¢us6-
PHILIL, MEKY KOTOPBIMH PacroNiararoTCsi MEKpOIyC-
TOTBL.

Cragun ¢pOpMHPOBAHHA CJOS B MOPUCTOH MaTpH-
ue IIIT noka3aner Ha puc. 6. CHayana B monumepe
00pazyeTca phIXJbIi NPEPHIBUCTDIH CNOi U3 JOBO/Ib-
HO NMPOTSKEHHBIX obnacreit, copepxkaiuux cepuye-
ckue u ky6nueckue yactuusl AgCl nuamerpom 200—
300 HM, nMO-BHAHMOMY, SBJIAIOUIHXCA arperaTaMu
KpucTanuToB (puc. 6a). [Ipu panbHelmeM Hakon-
nenan AgCl B nopax nmoimuMepa 3TH 001aCTH MOCTe-
NEHHO paclMpAIOTCs (puc. 66), 06pa3ys HenpephbIB-
HbII cnoi (puc. 6B). B 3ToM cioe MOXHO BBIgENHTD
NJIOTHYIO H PHIXJAYIO (COCTOMT U3 Gojiee MENKHUX ar-
peratoB) yactu. TonumuHa cios (Tabauua) 3aBHCHT
OT CTPYKTYpbl HCXOAHO! nopucroii Matpuusi I 1
cocrasiseT 15-40 MkM.

SAKITIOYEHHUE

AHanu3 KHHETHYECKUX, CTPYKTYPHBIX H Mopdo-
JIOTMYECKHX JAaHHbIX MO3BOJACT MPEACTaBUTL O6pa-
3oBaHue ¢asbl AgCl B MOPHUCTHIX MOMMMEPHBIX Cpe-
max ciepyromuM obpasom (puc. 7). Ha HauanbHbIX
CTafiuAX BbIICJICHUA HOBOH (a3bi 06pa3yrOTCH OTHO-
CHTeNBbHO KpynHbie Kpuctammmatet AgCl. Janbheii-
€€ HAKOMJICHHE MPOXYKTA peaKlHH MPOTEKAET Mmy-
TeM BbIIC/ICHHST HOBBIX KPHCTAJUIUTOB, MPHYEM HX
CpemHMil pa3Mep MOCTEHEHHO yMeHblnaeTca. Oco-
6GEHHO YETKO 3TO MPOABNAETCA B MOPHCTHIX MATPH-
nax Ha ocHose [T9T®. Poct kpucTamimuToB npoucxo-
AMT 6rarogaps pasjgBHKEHHIO THOKUX PUOPHILI, CO-
CAHHAIOIIMX CTEeHKH KpeizoB. OO6pa3sylommecs
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KPHCTAJIBI arpErHPYIOT B 60/1€€ KPYNMHBIE YaCTHUDI,
MpUYEM B MPOLECC arperalii BOBJIEKAIOTCA MMOJH-
MepHbie (PHOPHILIBL

Arperartbl AgCl nocreneHHO POpMHUPYIOT CI0i B
NOJIMMEPHBIX MATpPHIIAX, KOTOPBIH HaOmogaeTcs
3NEKTPOHHO-MHKPOCKONMUYECKAM MeTogoM. IlmoT-
HOCTbB CJIOS H HAJINYHe B HEM MOJIHMEPHBIX IIPOCIOEK
3aBHCHT OT MPHPOJBI MOJMMEPHOH MAaTpHULBI, Napa-
METPOB IIOPUCTON CTPYKTYPbI H JUCTIEPCHOCTH KPHC-
tamuToB AgCl. B cyyae IT9T® (puc. 7a) B npouecce
KPHCTANIA3ALMY CPEIHHIA JHAMETDP KPHCTAUIMTOB 3a-
METHO YMEHbILIACTCS, 60JIee MENKHE KPUCTAUTUTBI 3a-
NONHAIOT MPOCTPAHCTBO MEKY NEPBOHAYANBHO OGpa-
30BaBILUUMHCA KPYTHBIMH KPHCTAJUIUTaMU, (POPMUPYS
OYEHb IUIOTHBIE CTEpXKHEOOpas3Hbie arperatbl. OTMe-
THM, YTO NOKOOHBIH CIIOH NPAKTHYECKU HEMPOHULIAEM
AJi1 PEareHTOB, H CKOPOCTb PEAKUHMH OCAKACHUSA
AgCl co ppemeHeM ObICTPO yMeHbLUaeTcst (puc. 3,
kpuBas 3). 3anonHenue HOBOii ¢a3oit B [IITP mpo-
ucxomut Ao 6.0-7.5% ot 06'beMHOIl MOPUCTOCTH HC-
xonHo# Marpuuiel. B matpuue ITIT (puc. 76) pa3mepsbl
KPHCTAJUIMTOB U UX arperaToB Majo H3MEHSIOTCA CO
BPEMEHEM, YaCTHIBI 06Pa3yIOT OTHOCHTENBHO PhIX-
nblid HeomHOpoAHbIA ciod. Takoi cnoi 6onee pu-
TeAbHOE BpEMst OCTaeTCA MPOHULAEMBIM AN HCXOJ-
HBIX peareHToB, N03ToMy npotecc HakomneHus AgCl
B Marpuue ITIT nporekaer gonsiue (puc. 3, KpuBbIE 4,
6), H O0BEMHOE COJCPKAHUE HAMOMHUTEIA MOXKET
pocTurath 12% oT 06 beMHOM MOPHCTOCTH HCXOFHOM
MaTpHUBI.
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The Crystallization Behavior of Silver Chloride in Different Porous Polymers
Prepared Using the Solvent Crazing Technique

E. S. Trofimchuk*, N. L. Nikonorova*, N. F. Bakeev¥*, S. B. Zezin*,
0. V. Lebedeva**, and A. L. Volynskii*

*Faculty of Chemistry, Moscow State University,
Leninskie gory, Moscow, 119992 Russia
**[nstitute of Synthetic Polymeric Materials, Russian Academy of Sciences,
Profsoyuznaya ul. 70, Moscow, 117393 Russia

Abstract—The formation and structure of the silver chloride crystal phase produced in an exchange reaction
in solvent crazing-formed porous polymer matrices with initially different physical states were studied. The ef-
fects of the nature and structure of a porous matrix on the formation rate of the new phase, its dispersion, and
aggregation type of silver chloride particles were considered. A mechanism was proposed for the crystallization

of silver chloride in porous media.
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