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W3yyena aficopbymoHHas crnoCoBHOCTb OKCUBHO-TMAPOKCUAHbIX 00Pa3L08, MONYyHeHHbIX OKUCTIEHMEM BOAOH HAHOPA3MEPHOrO 3rek-
TDOB3PLIBHOTO amioMuHnA. okasaHo, 4To 0bpasub! cogepxar HaHosonokHa AIO(OH), 1 HeBONOKHUCTLIE (a3bl APYIVX TVAPOKCMA0B
¥ OKCUBO0B. Vi3MepeHbi: yaenbHas noBepxHocTs (400 M2/r); Rons NOBEPXHOCTY MUKPO- 1 Me3onop (okono 90 %); senuynna pH n3o-
MOHHOro cocTosHms (7,7), 4TO COOTBETCTBYET NONOXUTENLHOMY NOTEHUMANY Ha NOBEPXHOCTM, 0BMeHHas éMKoCTs ais HY u OH —
oavHakoBas Ans 060ux MoHOB (3,18 MMOAL /T ), HTO COOTBETCTBYET yHacTHio B 0BMeHe Bcest nosepxHocTu obpasua. [lonyyerb naorep-
Mt aacopbumy v onpeaeneHa 3aBuCMMOCTs afcopbumy o1 pH Ana paaa BelyecTs, cogepxaiumnx As3+, As5+, Cré*, Ni2+. [loka3saHo, 470
As3* agcopbupyeTca B Buae MOneKyn COOTBETCTBYIOWEN KMCAOTbI, AsS* — HAsO,~, XpOM-XPOMAT 11 BUXpOMAT-MOHOB, Hinkenb — Ni2¥,
MakcumansHas EMKOCTb N0 aHMOHaM okasanace buskoi — okono 0,12 M3ks/r, a ans NiZt ~ 0,24 M3K8/r, 470 COOTBETCTBYET aAcop6-
L1 VIOHOB TOMbKO Ha BHELIHENA NOBEPXHOCTY 1 B Makponopax obpa3ya.

Beepenue’

- OKcuj ANOMUHMS HAXOIUT HIMPOKOE IPUMEHEHNE B
KayecTBe aicopOeHTa, KaTak3aTopa M HOCHTES KATa |-
3aropoB {1-3]. B nociennee BpeMs HAMETHIOCH UCTTONb-
30BaHUE €10 M THAPOKCHIA AMIOMMHHA A5 TOMTY4eHHs
$WIETPOB GHONMOTUYSCKON OUMCTKM Y TOHKOM OUMCTKH
BOJBI OT MOHOB MHEIHIbAKA ¥ APYTHX 3arpA3HAIOIIMX BE-
mects [4—6]. TlepcieKTHBHLIME B PA3THYHEIX TIPHMEHE -
HUSIX ABJIAIOTCS 00pasibl OKCH/IA ATIOMMHUSA BOJIOKHHC-
TOYO CTPOEHHS, COCTOMAIINE M3 HUTEH TOMIIMHOMN B He-
CKOJIBKO HaHOMETPOB, TaK KaK OHH MMEIOT GOJIBLIVIO ¥
CPABHUTETBHO JETKONOCTYITHYIO TIOBEPXHOCTS [7—12].

AKTUBHEIA OKCHI AIOMHHYSA TIOMY4aIoT B OCHOBHOM
TEPMUYECKUM PA3IONKEHUEM THAPOKCHAA, KOTODEIH, B
CBOIO OYEPE/ib, OMYYAIOT HECKOIBKUMH CIIOCO0aMU: KUC-
JIOTHHIM U HIEJIOYHBIM [IEPEOCAXIEHHEM TIKHO3EMA, THI -
POTTM30M ATIOMEHUHOPTAHHYECKHX COETHHEHMI, TEPMU-
YECKHUM JMCTIEPIHPOBAHHEM THOOCUTA ¥ U3 META/LTHYEC-
Koro amomuxns [2]. HanGonbliree npuMeHeHne HALTH
MePBEIE TPH CI0co0a, TaK KaK OHM AAI0T BO3MOXHOCTH
YIPaBIATh CBOUCTBAMY NpomykTa. OXHAKO CJIeTYIONine
I1Ba «CyXux» crioco0a 60/1¢e PHBIIEKATE/IbHEL C TEXHOJIO-
THYECKO# TOYKHM 3pEHUS U TIO3TOMY MX COBEPIIEHCTBOBA-
HHE, B TOM YHCIIE TIOJYYEHHE M MCCIIEA0BAHHE CBOMCTB
BONOKHUCTHIX 06PA3HOB — aKTyalpHas 3a0a4a.

B paGore | 7] npemoxeH H OCYIECTRIEH HPOCTOH CIIO-
00 IOTyYeHMA BOJIOKHHCTOTO THIPOKCHIA M OKCHIA Ao~
MUMHMS — B3aUMOJIEHCTBUEM IMIEKTPOB3PHBHOIO HAHOTIO-
DOILKa amOMUHHUSA ¢ Bofoi. B [4] coobiuanocs, 910 ax-
copBLIMOHHAs crIOCOOGHOCT TAKOTO OKCH/A I10 KATHOHAM
TKEIBIX METAUTOB JOCTHIAET HECKOBKHMX IECSTKOB, & 110
HeTENPOLYKTAM — COTER MI/T. DTO 3HAUMTENBHbIE COPO-
UMOHHBIE EMKOCTH, KOTOPHIE MOTYT MMETh ITPAKTHYECKOE
3HAYEHUE B IPOLIECCAX OUMCTKY IMTUTHEBBIX M CTOYHBIX BOJL.

HacTosuasg pabora noceanieHa KONMYeCTBEHHOMY
ONpeJieTIeHHIO M HHTEPIPETALUY ANCOPOLIMOHHEIX XapaK-
TEPUCTHK, & TAKKE UCCITIENOBAHIIO HEKOTOPHIX DU3HYEC-
KHX ¥ QH3UKO-XMMHYECKIX CBOMCTB ITHX HOBBIX 411COD-
OEHTOB.
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Tloporox amoMuHMS HOTYJaIH IT0 METOIMKE, OTIH-
caHHoi B [13] ameKTpOB3pEIBOM NPOBOJIOYKH B aTMOC-
tepe aprona. Ilocse nacCUBalMM BO3MYXOM OH COLED-
Xa okono 90 % METaUIMYECKOTO aTIOMHHHM, OCTATb-
HOE — OKCHI ATIOMHHHS ¥ aJicopOMpPOBaHHEIE Ta3bl

(3.6 %).
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Puc. 2. U3orepma ancopbiymm nnm 0OMEHa rvapOKCUA-MOHOB Ha
BOJIOKHUCTOM OKCUZe amoMuHus. TOYKA ~ IKCNEPUMEHT,
JINHUS COOTBETCTBYET ypaBHeHnIo JleHrmiopa, Hanbonee
6/7M3KOMy K 3KCHE‘pMMEHTaﬂbeIM TOHKaM
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Puc. 3. 3asucumocTs agcopbumm a) As3*, 6) AsS+or pH pacraopa

WccrenoBaHHbE B HACTOSALIEH pabOTe TOPOLUKHM B3si-
TV U3 TIAPTHH, KOTOPYIO TTOTYYa/it 63 CTIeLHaIBHOTO pe-
TYIMPOBAHHUS TEMIIEPATYPHL: TEMITIEPATYDPA B XOIE PEAKIIMM
o6pasoBaHis THIpOKcHIa rioxHMManach 1o 20...80 °C za
CyéT caMopasorpesa. B mosyueHHOM TaKuM 06pazoM 00-
pasue cogepxauue Al(OH); cocrapser okoio 60 % mac.
Janee obpaser; npokamisami mpy 400 °C B TedeHme 2-x 4.
o fauHsIM peHTreHo(}a30B0T0-aHATN3a B IPOKAICHHOM
obpasue conepxutea io 60 % (Mac.) AIOOH, 1o 20 % Mac.
y-Al,0,, octanbHoe — Gaifeput 1 o-ALO;. ‘

VIETbHYIO TIOBEPXHOCTb TOY4EHHOTO TIOPOILKA Ofl-
pelIessUIA METOIOM TepMOziecopOLmMY aproHa. BaaToiii wist
UCCIENOBAaHMI TOPOMIOK Cpa3y TOCe MOMy4YeHUs HMEN
yaenpHylo mosepxHocTs 400 M%/T. TIpy WIMTEILHOM Xpa-
HEHUH [OPOLLKA Ha BO3IyXe MIPH KOMHATHOM TEMITEPATy-
e 1o OBEPXHOCTh, H3MePeHHas! 03 Ipe/IBAPUTENBHOM
TIPOKAJIKH, IOCTENEHHO YMeHBIIAETCs! owTH 10 200 M2/x
OnuiTamy OBUTO NIOKA3aHO, YTO. TOC/AE MPOTPEBA NPH
400 °C B TeueHue 2 Y yAelbHas MOBEPXHOCTH MOPOIIKA
yBesmumaacs ot 215 no-385 M2/t [locne aroro ofpaseir
THAPATHPOBATIH B NIapax BOAb, UTO IIPUBETIO K YMCHbILIC-
HHIO U3MepAEMOl METOOM TepMOAecOpOLIH YaeAbHOM
TNIOBEPXHOCTH J0 275 MY/ , N

Bruta ucenenosaxa ancopoms H m OH™ Ha okcune
amomynus YL Jing s1oro roroswm pactBopst HCI u
NaOH pasMyHbX KOHLEHTpati 1 ux pH M3Mepa ¢
noMoIs0 HoHoMepa MI-160, TouHOCTh ompeaeneHus
pH=£0,02. Janee HaBecku Al,O5 110 50 Mr IIOMeILaM B TIOP-
MK pacTBopos 100 M MetoLITe pa3TyHbie 3HAYEHMS pH.
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TTocne BBIIEPXKH C ITlepeMelIMBAHAEM B TeYeHHE 1 4 1ie-
KaHTHpoBATH, GLUTETPOBATH ¥ CHOBA H3MepsuH pH. Kax-
Jast TOYKa MOJy4eHa KaK CpeiHes 3HAYSHUE U3 3-X M3Mepe-
Huit. TlepBivHbie pe3yssTarhl MPEACTARICHH Ha puc. 1.
W3 puc. 1 BuHO, YTO KPHBAS HMEET XapaKTePHYIO S-
006pazHyio hopmy. OTKIOHEHUE OT NPAMOii 00yCIoBIE-
Ho ob6MeHOM MM afcopbumeit u3 pactsopa HY n OH™,
DTH JaHHbIE HCITOB30BAHH [T TOCTPOSHUS H30TEPM
ancopGuuu oo H* 1 OH™, kxoropsie npuBeneHs! Ha
pHc. 2. MakcHMATbHOE TEOIJIONIEHUE MM OOMEH UMe-
er Mecto ipd pH = 1 m 13 mna H* u OH™, cooTser-

" CTBEHHO, U B 000MX CTy4asx OHO OKOJO 2,8 MMOJIB/T, a

w30uoHHas To9ka dexut npu pH = 7,7. Cnenyer 3ame-
THTb, YTO NpH 3HaueHUsIX pH Gonbiuux 13 ¥ MeHBIINX
1 IPOMCXOONUT pacTBOPEHHE OKCUA ATIOMUHKY (TOKA-
33HO AHATN30M PacTBOPOB Ha Al3t), Tak uTo mpefens-
Hble 3Haderus éMKocTH (E ) MoryT 65iTh G0blLe Hali-
JIEHHOM BEIMYMHH MAKCUMAIbHOTO NOTJIOILECHUS (A, ).

Bau10 Heenenopado noromeHwe As** u As+aicop-
HeHToM B 3aBrcuMocTH oT pH. PactBoph As3* roToBH-
7 U3 cTaHzapToB wig aHanu3a (I'CO 7264-96), a As>*
— W3 coNu QUruapoapceHaTa HaTpusd. KoHLeHTpanuio
As* onpefieNisng METONIOM BOJIETAMIIEPOMETPUM, a As+
— $OTOMETPHYECKH B BUIIE MBILIBIKOBOMOTHOICHOBOM
cuHU ¥ ¢ nomolpio TecT-cucteMbl QUICK (As). s
HCCAENOBAaHUS OpaTy pacTBOPH ¢ KOHLEHTPALIMSIMK
0,05...0,4 mr/n, npu 3arpy3ke agcopbenra or 0,25 go
10 r/n. TTocne ancopOuyu B Te4eHue | 9 U3MEPSITU paB-
HOBECHYIO KOHIICHTPALMIO PACTBOPA, 4 3aTEM BBIYHC-
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Puc. 4. W3orepmbl ancopbumm As3*, AsS*, Cré*, NiZt Ha BONOKHUCTOM OKCUAE aniomMuHus
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Puc.5. 3asucumocts copbumm a) Cré*, 6) Niz+ na Al,0301 pH

JIUIH BEJIHIMHY COPOLMHU — A, MI' MBIIIbAKa Ha rpaMM
ancopGenTa. B oTnebHbIX OMbITax OBLIO I0KA32HO, YTO
KOJIAYECTBO aficOPOUPOBAHHOTO BELIECTBA OCTAETCA
HEeM3MEHHEBIM ¥ TTocJie 24 4 ancopbuuy, TO €CTh paBHO-
BECHE YCTaHABIMBaeTCH GBICTPO, 9TO COIIACYETCS ¢ aH-
HerMu [10]. Ha puc. 3 mokasaHa 3aBUCHMOCTE TIOIJIO-

‘eHns As3tu AsS ot pH. ‘

.- BHgHO, YTO BeJIMYMHA ancopOuuu As3t He 3aBUCUT
or pH B ananasone ot 4 10 10, a B cnydyae As™ — OBICT-
po yMenburaercs mpd pH > 6. Ha puc. 4 npuseneHs
M30TepMbI ancopbuuu As3* i AsSt. Bunxo, yto Makcu-
MaibHad BeMYUHA agcopbumu mo AsST coctasiaser
8,2 Mr/T, 10 ecTb 0,11 MMOnB/E. D10 GONEe, YEM B MATH
-pa3 6orbine, ueM 1o As3t.

TIpoBe/ieHbi TaKXe IKCTIEPUMEHTHI TIO aIcOpOLUN
Cr* Ha uccaenyeMoM ancopbente — puc. 4, 5. Ucxon-
HEE pacTBOPH FOTOBMIM C MCTIONB30BAHHEM COMEN —

“XpoMarTa 1 Guxpomara kanusl. KoHileHTpaluy u3Meps-
11 poToMeTpHYECKH ¢ mubeHmkap6asugom. Iipose-
JIEHBI TAKXE OITBITHI 110 BIMAHUI0 TEMITEPATYPh H YIIBT-
pa3BykoBoit 06paboTku (125 Br, 35 kIir) Ha ancopOuo
Cré+: narpepauye g0 80 °C u BO3ACHCTBUE YABTPA3BY-
KOM B Te4YeHHe 1 Y 110 OTAEIbHOCTH U BMECTE He YBENHN-

. YHJIO MAKCUMAIILHYIO afCOPOLIMOHHYIO EMKOCT OKCH-

1 ATIOMUHHSL.

W3 npuBEAEHHEIX TAHHBIX BUHO, YTO 3aBHCHMOC-

i agcopbumm ot pH wisg As3* u Cré+ aHanorMyHsL: Ha-
OIIOHAETCS POCT BEJIMUMHBL AICOPOLIUH C YMEHBIIEHH-
eM pH v MakcuManbHad BeAMYNHA aICOPOLIMH COCTAB-

Jnger 0koj10 0,115 MmO/t

T4 onpefeNeHus: BUAa U30TEPMBI aICOPOLIMHM HH-

KEJist KCTIOIb30BATH PacTBOPH ero xopuna. Copbuuio
nposoanay U3 o6séma 40 M Ha HaBECKax OKcHia
50 mr. Koxuentpauuio Ni2* B pacTBOpax ONpeReIsiI
poromeTpryecku ¢ xuMeTuwirmnokcumoM. Ha puc. 5
TIpHBE/IEHA 3aBUCHMOCTB BeTMIMHEI aficopbuuy NiZt ot
pH. Bunso, 4T BetMunHa afcopOLUM PacTET HE PaB-
HoMepHo ¢ ysenueHuem pH. Ha puc. 4 npusenena uso-
tepma copbumu Ni2* mpu pH = 10,0. Bugno, yro Mak-
CMMaTbHAs BEMTMYMHA afcopOLuM JOCTHATaeT 7,5 MI/T,
10 ecth 0,127 Mmons/T. Kak u Ha 3aBrcuMocTy oT pH
BUJEH CTYTIEHYATHIN XapakTep afcopOLMH.

Jlng M3MeHEHHS KHCIOTHO-OCHOBHHIX CBOMCTB M
OYMCTKH TIOBEPXHOCTH OT BO3MOXHEIX IPUMECEN 1po-
BoxwiIachk 06paboTKa OKCHa ATIOMUHUS BOXHEIMY pa-
creopamit HCl mnt KOH nipu pH ot 4 1o 12. g atoro

noMenrany 10 r mopomka B 500 Ma pacTsopa, BbIAED- -
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XUBANM 45 MUH, eKaHTHPOBAIH, GUILTPOBATH HA
IUTOTHOM OyMaxHOM QIIBTPE N TIPOKATUBAIY B TIEYM
npu 400 °C B Teyenue 2-x 4. Copbuus NpoBOAMIACH B
CTaTHYECKOM PeXIMeE Py McxonHoM pH pacTBopa pas-
Hom 7,0,

BTUMH OIBITAMH NIOKA3aHO, YTO KKCIOTHO-IEN0Y-
Hasg 06paboTKa 3aMETHO U3MEHSET afCOPOLIMOHHYIO
crioco6HocTh BOOKHUCTOrO Al)O5: NIpH yBEIHYEHUH
pH OHa YMEHBIIIAETCS 110 OTHOLIEHHIO K ASS™ 1 IIOBHI-
miaetcs — o oTHoLIeHHo K Ni2*, OnHaKo MaKCHManb-
HBIE 3Ha4eHUA COPOLUINH HE MPEBHILAOT HONYYEHHBIX,
nipu u3MeHeHuu pH pactsopa.

O6cyxaeHue pesynbTaTos

Jng kprcTalUIMYecKux Momubukauuii — Oaieputa
¥ 6eMITA — BLICOKHME BETMYMHEI YEEIBHOM TIOBEPXHOC-
TH TI0CJIE TIPOKATKH TECHO CBI3aHH! C GOBIIMM YBETH-
yeHueM nopucrocti o6pasua [1]. B To xe Bpems nocie
TIPOKAJIKH TIceBNOGEMUTA yaeTbHAS TOBEPXHOCTD JIMILIL
yMmenbmaerca (o ~600 no ~400 M2/r) 3a cuér ycanku
006pasiia; MUKPOTIOPHI TIPH 3TOM He 00pasyioTcs.

DNEeKTPOHHO-MUKPOCKOIIMYECKHME MCCETOBAHUS 1
peHTreHO(ha30BbIH aHATM3 TToKasam {4, 5, 7], yto 1pH
B3AUMOJIEHCTBIH 3IEKTPOB3PEIBHOTO TIOPOMIKA — &TI0-
MHHUS C BOoZo# o0pasyeTcs ¢MeCh TMEAPOKCHIA BOJOK-
HHUCTOTO CTPOEHHS, NPEATIONOXUTEBHO NCEBIOOEMUT
(AIOOH), ¢ ppyrumu MogMbUKALMAMH ~ B OCHOBHOM €
GaiteprtoM (Al(OH),). TIpu mpokanke a0 400 °C, xax
BHIIHO M3 PE3YJIBTATOB PEHITEHO(A30BOTO aHAM3a [4],
yBeanuuBaetcs conepxanne AIOOH u y-Al,O;. Ilpu
3TOM YIeTbHasi TIOBEPXHOCTb, H3MEPAEMAs METOLIOM Tep-
MozecopGuuu aprona pactér ot 200 10 400 1 Gonee M/
B10T POCT, BEPOATHO, TIPOUCXOAMUT 32 CUET IpeBpallie-

. Hug Gafieputa B MUKponiopycThiid 1-Al,03. Takum 06-

pa3’oM, TONbKO MEHBLIAS YacTh MOBEPXHOCTH 00pasia
06pa3oBaHa BHEITHEN OBEPXHOCTBIO BOJIOKOH M Mak-
POTIOPaMH. ‘

ITpu xpaHeHUN Ha BO3OYXE MAKPOTIOPHI ITOTYYECHHO-
10 00paslia MOCTENEHHO 3af0HSIOTCS BOJOI, M3-34 3T0-
TO IIPH M3MEPEHHHM YAETHHONW HOBEPXHOCTH METOIOM
TEpMOAECOPOIK POHUKHOBEHUE AT B HUX CWJIHHO 3aT-
pyaHeHo. M3 HalMX TaHHBIX TI0 U3MEPEHHIO YAEIbHON
NOBEPXHOCTH CBEXHUX, ITMTENBHO XPAHUBIIUXCA ¥ BHOBD
IIPOKANEHHKIX, 4 TAK Xe CIEUATHHO THAPATHPOBAHHEIX
B I1apax BOJb! 00pa3LOB, CIACKYET, 4TO 0OBEM MUKPOIIOP
cootseTcTByeT 75 % Beeit moBepxHOCTH 00pasua, oc-
TaIbHOE — Me30- U Makponopsl. IIpm 310M noctyn-
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Tabnuya 1. Ancopbuwsi Ha BOTOKHUCTOM OKCUAE NIOMUHNA

AgncopGar Aﬂc?{gcﬁgfz;mle Amax, MMOJIB/T * Jons 3aHATEIX NOBEPXHOCTHEIX IEHTPOB
T a 3,18 0,38 :

OH OH 3,18 0,38 ' S
As** H,;As0, 0,02 0,0024
As™ . H,AsO; 0,11 0,013

Cr,0F '
o s 0,11 0,013

Cer7 »

2T

N N%E 0,127 0,030

HOCTh ME30TI0p K ancopOuuy B H]’zxx HOHOB TAKXe Orpa-
HWYeHa BCACACTBHE KOHneHcauHH §oJiee TIPOIHOIO
CBSI3LIBAHHS ¥ MEHBILEH TONBIKHOCTH B HUX MOJEKYIT
BoIbL. JIerko HOCTYIHBIMU VIS aHCopOLM-1ecOpOLMH
MOGHX BEIIECTB SBJIOTCS JHIIb BHEIIHAA TOBEPX-
HOCTb ¥ CTEHKY MaKpoIIop. B Apyrux ciayyasx AocTy-
HOCTB 33BMCHT OT TIPHPOIIBI ancopGaTa W MEXaHH3Ma ero

Jud@y3uy B HOPHL
Kak BUIHO U3 pHC. 2, a,ucop6um] H* v OH™ omy-

CHIBAETCS BBIMTYKIILIMU H30TEPMAMH, HOI('{I/IHSIIOU.II/IMH-‘

¢4 ypaBHEHUIO JIEHIMIOpa: -
_A_KC 3,18-0,11-C
1+KC  1+0,11-C ~
e A, = 3,18 Mr/r, — MaKcHMaIbHad afCOPOLMOHHAL
emxoctb wig HY m OH™, C — paBHOBeCHad KOHLEHT-
paius, Mr/ia. - - P
MakcHMaTbHOE 3HaUCHHME TOTTIOMEHNS N 00Me-
Ha mm 000X C1yyaes, HallIeHHbIE 3KCIIEPHMEHTAIb-
— 2,8 MMOb/T, 4TO MPH YHEJIbHOH MOBEPXHOCTH
400 M2/r cocrasyser 4,2-1018 Monexyia/m2. Sta BeH-
yyHa 6/1M3Ka, HO BCE Xe B 3 pa3a MEHbIIE, YeM KOmye-
ctBo rpynn OH™ Ha rUApaTHPOBAaHHOM MOBEPXHOCTH
OKCHJa anioMuHHS — 1,2-1019 Monexyn/M? uiu
8,4 MMoutb/t [1]. B cBS3M ¢ 3THM HYXHO OTMETHTB, 4TO
MaKCHMalIbHag agcopOIus BEPOATHO HE HOCTUTAeTCA
U3 33 PACTBOPeHUs ancopbeHTa; & SKCTPanoNupoBaH-
Hble 10 ypasHeHHIo JIeHTMIopa 3HAYE U NOINIOIICHHS
H*u OH™ cocrassmor 3,18 MMOIL/T, 4TO eIIE GI9Xe K
3HaYeHnaM it MoHocTos. Kpome Toro, ecu ancop6-
unsg H+ 1 OH™ npoucxoaut Ha:OH™ rpynmnax pasHo#
JOKATM3alMH, TO BEIYMCIIEMOE: KOTHIECTBO HEHTPOB
a7icopOLMY KAXIOTO COPTA IOYTH CPABHNBACTCA C Hal-
JeHHBIM 3KCIEPUMEHTATLHO YUCTIOM afCOPOMPYEMBIX
noHoB. TakuM 00pazoM, MOXHO KOHCTATHPOBATh, YTO
5T MOHBE MPAKTUYECKM ITOJHOCTHIO TIOKPHIBAIOT N0~
BEPXHOCTB IPH a7ICOPOLIAH, B TOM YHCIIE ¥ B MUKPOTIO-
pax. TaK KaK B YCJIOBHAX IKCTIIEPUMEHTA NIOPHI 3aMO0Ji-
HEHBI BOJOM, TO OBICTpas agcopOLKs B HUX HOHOB H*
1 OH™ MoXeT GHTB CBA3aHa ¢ ScTabeTHHIM MEXAHU3-
MoM IubGY3MU 3TUX MOHOB IO MMIPaTHPOBAHHLIM
CTEHKAM IO ¥ 1o Bojie B 061EMe mop. Tak kak auddy-

3 OCYIUECTBISIETCS IEPECKOKaMH TIPOTOHA, TO npo--

GeMbl TPOCTPAHCTBEHHBIX 3aTPYAHEHHH Ut IPOHUK-
HOBCHHA HOHOB B TIOpHI B 5TOM C/Ty4ae He CYLIECTBYCT.

C y4yeToM KOHCTaHT IHCCOHMALMN TIOTYICHHBIE
TaHHBIE 110 aIcopGIMM BCEX UCCIETOBAHHEIX BELICCTB
cBeleHsl B Tabn. 1.

Buzno, yto HU3Kas 3POEKTHBHOCTD AACOPOEHTa IO
As3* cBs3aHa C HEHOHHOM (opMoil ancopOLMY B BHIE
H,AsO, (pK;=9,2), 1 BUJIUMO 06YCHOBHeHa BOZOPOL-
HBIMH CBSA3SMH.

MakcumanbHast eMKOCTb 110 aHuoHam H, AsO; u
Cr202‘ (B TiepecyeTe Ha Moab AsSt u Cré*, CooTBeT-
CTBEHHO), KaK M C/IEI0BAIO OXHATh, ONMHAKOBHL U 10~
cruraloTcs npy Hru3KuX pH. B ToXe Bpems 9KBUBaJICH-
THast emkocth 1o Ni2t focturaercs mpu BeICOKHX pH 1
B 2,4 pasa GoJiblLie, YeM IO aHUOHAM. DTH JaHHbIE CBU-
JIETENBCTBYIOT 06 HOHO- -06MeHHOM MeXaHU3Me aficop-
1148

CpaBHHTENHO HeGO/bIIME BETMIMHEL MaKcHMaTb-
HOI BMKOCTHM IO KATHOHAM M aHHOHaM MOXHO 06bAC-
HWTh TeM, YTO B aCOPOLMH HOHOB YYaCTBYIOT HE BCE
[OBEPXHOCTHHIE KUCIIOTHBIE M OCHOBHBIE LEHTPHL. Tak
Xe KaK TpH ancop6Luy aproHa Ha TAPATHPOBAHHOM
OKCHJIE ATIOMMHHS aICOPOLIMS HOHOB MOXET IPOUCXO-
JMTh IOCTATOYHO GBICTPO TOJBKO HA BHEIIHEH MOBep-
XHOCTH ¥ B Makpornopax. IIpoOHUKHOBEHHE MOHOB B
MMKDPO- W, BO3MOXHO, B ME30NIOPHl CHJIHO 3aTpy/He-
HO, 9TOMY COOTBETCTBYIOT PE3Y/IBTATHI OIIBITOB 10 BJIH-
STHUIO TEMIIEPATYPb M YIIBTPa3BYKOBOH 06pa60TKn Ha
agcopOIuIO. ,

BTopoe BO3MOXHOE OOBSCHEHUE COCTOHT B TOM, 4TO
aficopOLKs HOHOB MPOUCXOIUT Ha TIPUMECHBIX LIEHT-
pax HOBEPXHOCTH OKCHAA. OﬂHaKO TOIBITKA «OYHUC-
THTb> TIOBEPXHOCTH JEHCTBMEM KUCIOTHI MIIH LIENIOYH
110Ka3a/1a, YT0 MAKCUMAJTbHBIE 3HAYEHUSI COPOLINOHHOM
8MKOCTH, TIONYYEHHBIE Ha TAKUX obpasiax, TIOYTH He
OTIIMYAIOTCS OT MOJYYEHHBIX Tipy M3MeHeHnu pH pa-
CTBOPA, 4TO TOBODHT B MO/Ib3y NEPBOTO npe)monox(e-
HHAL

TaxyM 06pa3oM, COBOKYITHOCTb ITOJYYCHHBIX JaH-
HBIX U UX CPABHEHHE ¢ MMEIOIIMMUCA B JIMTEPATYPe
[10KAa3aJ1¥, YTO HECMOTPS HA BOJIOKHUCTOE CTPOEHHE,
OKCHUIHO-THAPOKCHAHBIE ACOPOEHTHI, 1OMTY4EHHbIC U3
SNEKTPOB3PHIBHEIX HAHOMOPOLIKOB AJIIOMHHUS, UMEIOT
MUKPOTIOPHCTYIO CTPYKTYPY, KOTOpas Na€T O TPEX YeT-
BepTei 00LIEt MOBEPXHOCTH, e1E oKomo 20 % MoBepx-
HOCTH BUAMMO NPUXOAMTCA HA ME3OTIOPHL. JTO OIpa-
HUYMBAET OBEPXHOCTH, JOCTYIHYIO 1tst 0OMEeHa 00bIY-
HBIX HOHOB, JI0 3HaYeHHit mopsaka 5...10 %.

TIpu 06CYXIeHMM PUPOIBI LIEHTPOB ancopOuy
HYXHO MMETb B BUIY, YTO 3KCIIEPUMEHTATHHO ONpenc-
JISIEMOE KOSINYECTBO ancopﬁnpyeme nonos H* u OH™
B pacyeTe Ha eTMHMILY OBEPXHOCTH OIMHAKOBO. BTO
TOBOPHT O TOM, YTO 3TO OJHH H T€ Xe LIEHTPbl WU OHH
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Pa3IMYHbl, HO OIMHAKOBHI KOMHYECTBA ATHX IIEHTPOB.
CrpoeHue MOBEPXHOCTH- THAPATUPOBAHHOIO Y-Al)0;
MOXHO NpefcTaBuTh [1—3] cocTodimM us CprKTyp-
Helx exuand AIO(OH) — cxema A
A .
OH OH OH .
| l l
—Al-0-Al-0-Al-

B
"OH H OH H OH

% IO I N
~Al-O-Al-0O-Al -

OH™-rpynmner MOTYT XMCCOMMMPOBATh KaK MO KUCJIOT-
HOMY, TaK ¥ O OCHOBHOMy TUTY:
Ht* + AlO,” 5 AIO(OH) 5 AIO* + OH™.
Tak xak u3ouoHHas Touka jexur npu pH = 7,7, 10
nipu pH pacTBopa Hike 3TOro 3HAYEHH AMCCOLHALIA

€T [0 OCHOBHOMY THILy (BIIPaBO), 2 IPH 60J1€e Bbl-

COKMX 3HAYEHWAAX — TIO KHCHOTHOMY. TloaToMy, mpu
00bIYHLIX U1 Boakl pH ot 6 10 7 3apa/ [OBEPXHOCTH
BOJIOKHUCTOTO OKCK/IA ATIOMHHMUS TIONOXUTENIEH, YTO
COOTBETCTBYET IKCIIEPUMEHTATbHEIM HaHHLIM [5], a
0bMmeH H* na xatnonsl 1 OH™ Ha AHUOHHI JIyYiiie Ipo-

UCXOIUT B IEIOYHOU X KUCTOH cpenax, COOTBCTCTBCH-

HO.

_ Bo BropoM BapuaHTe MOJENH TIOBEPXHOCTH (CXeMa

b) npennonaraem, 4to ruparaius OBEPXHOCTY B pa-
CTBOpE HAET Najiblie, TAK YTO BCE MOBEPXHOCTHRIE ATO-
Mbl KucJToponia HaxoaaTcs B suae OH ™ -rpymn, npuyém
TOI0OBHHA UX 06pa3yI0T MOCTHKH MEX Iy aTOMaMH aJTI0-
muHYs. Takoe npeanonoxeHue ONMpaBaaHoO TakKKe TEM,
4T0 00pa3el] IPOKANTMBANCS IIPH CPABHUTENBHO HUA3KOM
TEMIIEPATYPE, OH CONCPXUT 3HAUUTENLHOE KOJIMUECTRO
AlIO(OH) 1 cHbHO IHIAPATHPOBAaH, TaK KaK HAXOTUTCH
B BOAHOM pactBope. JIuccomarisa MOCTUKOBHIX M KOH-
HEBEIX TPYNI CYLIECTBEHHO OTIMYAETCS: MOCTUKOBEIE
TPYTIE Goiee CKIOHHEL K JIMCCOLMALHM TI0 KHCOT-
HOMY ‘THITY, 4eM KOHLEBEIe, M HE MOTYT AMCCOLMHMPO-
BaTh B Buge OH™-rpynm (T.K. U1 3T0r0 HYXHO pasop-
BaTh 2 XAMUYECKHX CBH3H), a KOHLEBEIE rpymm nerye
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TUCCOLMNPYIOT B BHAE MOHOB H, HO MOryT oTphiBath-
cst 4 B Buge OH™. Tun iuccouraniy KOHIEBHIX TPy

"3aBHCUT OT APUPOOH ancopﬁaTa: AHHWOHBL U CHJIBHO

TIOJIIPU3YIOMIHE KATUOHEI CTIOCOOCTBYIOT AECOPOLUM

.OH™-rpynn, a KATHOHHI U JIETKO TIOAAPU3YEMBIE AHUO-

Hel ~ H™. Torza ancop6Lvs KaTHOHOB MOXET IPOHC-
XOMTh Ha O60UX TUNAX HEHTPOB, @ AHHOHOB — TOJIBKO
Ha I[EHTPaxX, COOTBCTCTBYIOLIMX KOHLEBBIM IPYIIIaM,
Basoe Gombliast SKBUBAJIEHTHAS EMKOCTD 110 HUKEITIO
03HAYaeT, YTO ero aACOPOIMS OCYIIECTBIAECTCS HA LIEH-
Tpax 0060ero THIa. DTOMY COOTBETCTBYET OT/IMYAIOILA-
ACA OT aHHOHOB CTyIleHYaras ancopOuud woHos Ni2t:
C Hayaja IPOMCXOMHUT afcopOLMa Ha LEHTPAX OCHOB-
HOTO THII4, & 38TEM — Ha KHCHOTHHIX. [[J1 aHHOHOB Cy-
I[ECTBYET BO3MOXHOCTb ancopOHpoBaThCA TOJIBKO Ha
MecTax fecopbuuy KoHnessix OH ™-rpym.
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NONYYEHUE U CBOVICTBA MOPUCTON CTPOI/ITEJ'IbHOI/I KEPAMVIKVI
t0. B CenwusaHos, B.. BepemarMH AL WunbLnHa

TOMCKW#t NONMTEXHIYECKWIA YHUBEDCHTET
E-mail: vver@tpu.ru

MBI'IO)KEHbI PE3yNbTATH pa3pa6on<w nonyqum? ﬂOpMCTOM CTpOMTEIleOVl Kepamuky rno TEXHOJ')OI'MM HOpM38LlI/IM I/ICXOLZHOM Cblpr’BOM
cmecu nocne,qy;omero 3aKpenneHua HOPMCTOM CprKTypbl obxurom. ﬂpmse,aeHb/ onTManbHbie COCTBBbl CMeCeM 10Ka3aHa CprKTy
pa, onncaHbl CBOVICTBA U ¢a3OBbIM cocias nopm‘row KepaMMKM N3 HKX. :

BsepeHne

TTopHcThIe CTPOUTEIbHEIE KEpaMUYECKUE MAaTepH-

aJIbl HB)ISHOTCSI Hanbonee HepCHCKTI/IBHbIMI/I B Ka4E€CTBE -

TeIUTOM3OMSLIMOHHBIX [T COBPEMEHHOTO CTPOHTEb-
cTBa. Takue MaTepuaIbl YCTOXYUBEI K paspyllaloleMy
BO3IEHCTBHIO PA3IMIHEIX MUKPOOPraHU3MOB, K Iei-
CTBUIO KOPPO3UOHHBIX CPEl, He- BRIIENSAIOT BPEAHBIX
BeleCTB B IIPOLECCE SKCTINYATALMH, ABNSIOTCA HETUI-
POCKOIIMYHBIMA ¥ HECTOpaeMbIMy [1]. ‘

Uens gammeii paboThl — WCCIENOBAHUE IIPOLIECCOB
TIOJIyIeHHs] ¥ CBOMCTB MOPUCTBIX CTPOUTE/IBHBIX Kepa-
MHUYECKHX MATEPUATOB U3 Macc Ha TpagTuLMOHHOM’ oC-
HOBE U3 CMECH IUIACTHYHOTO Y HETUIACTUYHOTO CHIPhS
10 TEXHONOTHH MOPH3alMK NCXOTHOHU CHIPBEBOM CMe-
CH U TIOCJICAYIOLIETO 3aerl’UIeHI/ISI nopncmu CTPYKTY-
PHI OOXKHUTOM.

B CB43H C TEM, YTO CBOMCTBA IIOPUCTON CTPOUTEIb-
HOM KepaMuku oGecneanaloTcsl CBOICTBAMU TBEPHOIH
MaTpuILLl (IEPEropoaoK MEXITY IIOpaMI/I) H XapaKkTepoOM
TDOPUCTOCTH, TIPeXIE BCETO, ObLIH TIPOBEEHBI HCCIIE-
JOBaHKA 10 GOPMHUPOBAHUIO CBOKCTB TBEPAOH MaTPH-
bl OPUCTOM KEPAMUKHU U €€ CTPYKTYPBL.'

(hopMIUpPOBAHNE CBOWCTB TBEPAOI MaTPHLLbI NOPUCTOR
. CTPONTENBHOM KepaMiKu

‘ TTpu npoBeieHuH I/ICCJICI(OBaHI/II/I MCXOIUIH U3 TOTO,
YTO CBOUICTBA TBEPAOH MATPHLIb! IOPHCTOH KEPAMUKH
(hopMHpYIOTCS aHATIOTHYHO CBOMCTBAM IIOTHOH Kepa-

MUKH 1 onpenemmc;l COCTAaBOM CprLeBbIX MAcc 1 TeX-
HoRoryeil u3roTopacHuA. I103TOMy KOMIIOHEHTHBIN
cocTaB Macc MoAGMpaIu Tak, Yro0H [Py 06KHUTE Kepa-
MUKH U3 HUX 00eCIeUHUBANIOCH CIIEKaHHE U 06pa303a-
HHE B Yepenke KPUCTA/UIMYECKUX (a3, CIIoCOBCTBYIO-
LIMX NOBEIIEHHIO 9KCTLTYaTALMOHHBIX CBOMHCTB.

Ha ocHOBaHUM aHAIM3a TUTEPATYPHBIX JaHHBIX
TPUHSANH, YTO JIs [IOMYYEHHs! XOPOLIO CreKaloLeics
MATPHILEL C HEOOXONMMBIMU CBOMCTBAMU B CMECHX C
IIMHYCTHIM CHIPBEM HAMDOJIEE LEIeCO00pasHO MpuMe-
HATH NOJEBOLINATCOIEPXAlee CHPhe, KOMIOHEHTHI,
colepXaiie OKCUA Kanblus, ¥ cTekioboit [2, 3.

B KauecTBe MTMHUCTOIO CHIPhS UCIIOJB30BATH
BCKPHIIHEE MOPOAH M3BIXCKOTO YTONBHOTO paspesa
(Xakacusi), B KayecTBe TOJIEBOLITIATCOAEPKALIETO —
OTXOJBI, MOJTy4aeMbie TIPH MepepaGoTKe MOPOX Ha MO-
nn6nen Ha Copckom T'OKe (necox COpCKUH), B Kaye-
CTBE KaJbLMiCONEPXANIEro ~ BHICOKOKAIbIIUEBbIN
HIIAK ¥ BHICOKOKAIBLEBYIO 3071y cyXoro orhopa Aba-
Kauckolt TBII, B kayecTse mIaBHA — 00 CTEKIA.

BribpanHble BUEH CHIPBS MO CBOEMY COCTABY
(ta6s. 1) u cBoificTBaM MpeaONpeacafioT, Ha Hall

- B3IV, BO3MOXHOCTb (POPMUPOBAHHMS MATPHILIBI ITOPH-

CTOM KePaMUKHU C HEOOXOTMMBIMU CBOMCTBAMHU.

- Kax mokazanu patiee IpoBefieHHbIe MCCENOBAHMA,
BCKPBILIHBIE [TOPO/b, IPENCTABNAIONHE CO6OH BHIBET-
PEHHBIE 10 COCTOAHUS ITMH aprIUUTUTHL, NIMEIOT MOHT-
MOPHJITTOHUT-KAONTMHUTOBRIA cocTaB. Tlocne. gpobre-
HHS B TOHKOTO. UBMENBYEHHUS XapaKTep:I/ISYiQTCH XOpo-
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