maBa 2. MeToau cuHTe3y maTepianiB

3MICT

MeToau cuHTE3y MaTepiaJiB i3 po34YUHIB.
Peakmii ocamKkeHHs 1 CIBOCAHKEHHS.
30J1b-T€Ib MPOLIECH.
[NaporepmiuHa 1 TepMidHa 00pOOKa Ta CyIIKa €IEMEHTOKCHIHUX CUCTEM.
Aeporeri Ta KCeporeni.
Bruue  pH, koHmeHTpamii peareHTiB, TPUBAJIOCTI MpOIECy Teie- Ta
30JICyTBOPEHHS HA BIACTUBOCTI MaTePialliB.
CuHTe3 3MIIIAHUX €JIEMEHT OKCUJIHUX MaTepialliB.
Metoau TOCATHEHHS MOJIEKYJISIPHOI OJJTHOPITHOCT] MaTepiaiB.
OcoOnauBOCTI CHHTE3y MaTepialiB 13 IIAPOBOIO CTPYKTYPOI), BUKOPUCTAHHS
3apOJIKIB KPUCTAIIB.
BukopucTtaHHs eleMeHTOpraHiuHUX MPEKYpPCOpPiB, aJKorel.
BukoprcTaHHS ~ KOMIUIGKCOYTBOPEHHS 3  OpPTaHIYHMMH  JIiraHgaMu  JUIs
pEryJoBaHHs BIACTHBOCTEH MaTepiaiB.
CTpyKTypOBaHi ME30IIOPHUCTI MaTepiau.
Mertoau peryitoBaHHs po3MipiB Ta popmu mop.
Marepianu 3 noTpioGHOIO MOP()OIOTIETO.
PerymoBanus popmu Ta po3MipiB YaCTUHOK MaTepiaiB.
[TniBkH 1 MemOpaHu. 3aXUCHI TIOKPUTTHA.
['iOpuaHi HEOpraHiYHI Ta HEOPTAHIYHO - OPTaHIuYHI MaTepiaH.
IMIIpUHTHHT.
@DyHKII0OHATI3a1[151 TOBEPXHI.
TunoBl peakiii NPHUILEIJICHHS OpPraHIYHUX MOJIEKYJ J0 IOBEPXHI OKCHUIIB
(riIpoKCcHUIiB).
[Tpuknaau cuHTE3y HaHOMaTEpialiB.
Inmi meToau cuHTe3y.
Mertoau cuHTe3y B Ta30Bii ¢azi. Aepocuiin.
CunTte3 1 opMyBaHHS MaTepially Ha MIAKIAAI MMPU B3a€EMOJII 3 peareHTamMH B
ra3oBiil ¢asi.
TepmiuHi peakilii TBepAUX PSUOBUH Ha IT1IKJIAIIII.
JlazepHi TEXHOJIOTTII.
Tepnodasni peaxiii.



MeToaun cuHTe3y maTepianiB i3 pO34MHIB.

Peakuii ocaoxeHHs1 i crnieocao)eHHsl.

Meton ocajpkeHHs HaWOUTBII Bigomuil. BiH IMPOKO BUKOPUCTOBYETHCS ISl CHHTE3Y SIK
OJTHOEJIEMEHTHHUX, TaK 1 OaraToelleMeHTHUX OKCHIHHX MarepiaiiB. 3aCTOCOBYIOTHCS pi3HI
crmocoOu yTBOpeHHs TBepAoi (a3u B TOMOTEHHUX po3unHax. Haifuactimie 3acTOCOBYIOTHCS
XIMIUHI METOAM: NOJABaHHS JYTy, KHUCIOTH a00 KOMIUIEKCOYTBOPIOBaYiB. BUKOPHCTOBYIOTH
TaKOX 3MIHY TeMIlepaTypu (0XOJIO/KeHHs) a0 3aMiHy po3urMHHHKA. Ha BIacTUBOCTI Marepiaimy
BIUTMBAIOTh MEPII 32 BCE JBa MPOIECH, IO CYMNPOBOKYIOThH yTBOpEHHS TBepaoi dasu: 1)
HyKJIeallis, YTBOPEHHS HaWApiOHIMMX YaCTHHOK TBepHoi ¢a3u, K € CTIHKMMU B YMOBax
OCa/pKEHHS 1 2) 3pOoCTaHHSA 3apoAKiB ab0 iX 3nunaHHa (3B’SA3yBaHHS) 3 YTBOPEHHSM
KOHIJIOMepaTiB. BiJl TOro, MBHIAKICTE SKOTO 3 WX MPOIIECIB MEPEBAKAE, 3AICKUTh MOp]oIIoris,
TEeKCTypa Marepiany. Hanpukian, SKI0 o0cCaJoK yTBOPIOETHCS B YMOBaX BEJIHMKOTO
NepeHaCUYCHHS PO3YMHY, MIBUAKICTh HYKJIearii, TOOTO 3pOCTaHHS KUIBKOCTI 3apOJKiB TBEPAOI
¢a3u qyxe BenMka i HabaraTo MepeBMINy€e MBUAKICT 3pOCTaHHS YaCTHHOK. Lle mpu3BoauTh 10
YTBOPEHHS METacTallIbHOI TMOTaHO CTPYKTypoBaHOi (amopdHOoi) (a3u, MO CKIAAAETHCS 3
BEJIMKOI KUIBKOCTI JApiOHMX dYacTUHOK. OTKe 3ajada CHHTE3y TOMOTEHHOTO Marepiany 3
OJIHOPIAHUMHU 32 PO3MIPOM 1 OYy/IOBOIO YaCTHHKAMH 3BOJMTHCS IO JOCATHEHHS JIOCTaTHHO
BHCOKOI IIEPEHACHYCHOCTI po3unHy. Lle — yacTo Bakke 3aBIaHHS Yepe3 METacTaOlIbHICTh TAKHX
pPO34YMHIB Ta 00OMEXXEHb, OB’ I3aHUX 3 MACO — 1 TEIJIOTIEPEHECECHHSIM.

XiMiyHi 1 (i3U4HI BIACTHBOCTI OcCaxy, L0 30epiraerbcsi y KOHTAKTI 3 MaTOYHHUM
PO3YHMHOM, YaCTO MOCTYIOBO 3MIHIOIOTHCS BHACIIOK BTOPHHHHUX IPOIIECIB, 110 MAIOTh MICIIC B
cycnien3isx. OuH 13 IUX MpolLeciB, OcTBaNbAIBChKe BU3piBanHs (Ostwald ripening), npu3BoaUTH
0 30UTBIIEHHS PO3MIpY YacTUHOK. Takui mporec MoB’s3aHUN 13 3MEHINEHHSM ITHUTOMOI
noBepxHi TBepmol (da3u i1 depe3 1e € TePMOAMHAMIYHO BUTIAHUM. OTXe APIOHINII YaCTUHKU
MOCTYTIOBO PO3YHHSIOTHCS, a OUIBII YaCTUHKH 3pOCTarOTh. Jlpyruil mpoiec — 1e arjaoMepartis,
3IIUTMIAHHS YaCTUHOK.

B npomMuciioBocTi BUPOOISFOT BETHKI KIJTBKOCTI OKCHIY ITIOMIiHIO, SKHI BUKOPUCTOBYETHCS SIK
KaraiizaTop abo sK HOCIM [y KartamizaTopiB. ToMmy JaeTaibHille PO3MVISHEMO BIUIUB Pi3HHUX
¢daxTOpiB Ha BIACTUBOCTI (TIOPHUCTICTh, MUTOMY MOBEPXHIO TOMIO) HBOTO Matepiamy. Ilpm
OCaJKCHHI TIAPOKCHAY aTIOMIHII0 aMOHiakoM abo TiAPOKCHUIOM HATpil0 3 PO3YHHIB HITpaTy
QITIOMIHIIO TTOPYY 3 aMOP(HUMH YAaCTUHKAMHU YTBOPIOIOTHCS KPUCTATIUHI TICEBI0O0EMIT 1 OaepiT.
B3aemorniepeTBOpeHHsI MK HUMHU 3HAUYHOIO MIpOIO BU3HAYAIOTh MOPUCTI BIACTUBOCTI MaTepiamy.
BaxmBa nmerans, sKa MiAKPECIIOE TOHKOII MPOLECiB GOpMyBaHHS CTPYKTYpH TBEpAOi (a3,
MOJISATa€ B TOMY, 110 MPOMUBAHHSA 1 CYIIIHHS T1APOKCUAY Majo BILTUBAE HA HOTO TEKCTYPY, SKIIO
OCaJPKEHHS TMPOBOJAMIIOCS aMOHIAKOM 3 pPO3YMHY HITpaTy alIOMiHilO. 3aMiHa aMOHIaKy Ha
TIAPOKCU HATPII0 MPU3BOJIUTH JI0 3pOCTaHHS po3Mipy mop. Pi3Hi opraHiuHi 100aBKHU MOXKYTh
BIUIMBATH Ha BJIACTUBOCTI OJEpXKAHOTO Matepiany. Hampukiaa, mAomaBaHHS CIHPTY Tepen
OCaJIXKEHHSIM T1IPOKCHU]TYy BIUIMBA€E Ha po3Mip mop. Jlob6aBka CiupTy 3HIKYE PO3YMHHICTD OCaLdy,
10 3MEHIIY€E BIUTUB OCTBAJIBIBCHKOTO BU3PIBaHHA. 3a IHX YMOB NEPEBAXAaIOUMM IPOIIECOM €
arnmomeparlisi 4acTuHOK. [IpoMHBKa CIUPTOM CBIXKOTO OCaay MPUBOAMTH IO 3POCTAHHS MUTOMOT
MOBEPXHI 1 ME30TIOPUCTOCTI, IO € HACIIIKOM 3HUKCHHSI TTOBEPXHEBOTO HATATY 1 BiIIMOBIIHO
3MEHILEHHIO PyHHYBaHH MOP MPH CYIIiHHI 1 MPOKapIOBaHHI.

CuHTe3 0araTOKOMIIOHCHTHHX OKCHJIHUX CHCTEM € 3HA4HO CKIIAJHIMIOW 3amadero. [Ipocre
,,CITIBOCA/KEHHS~ T1IPOKCHUIIB, T1IPOKCOKAPOOHATIB, OKCaJaTiB a00 IHIINX Ba)KKOPO3UMHHHX
CIOJIyK JBOX a00 OLIBIIOT KITBKOCTI METaJiB 3 OpPraHiYHMMHU JIraHAaMH PIiIKO 03BOJISIE
OJIcpKaTH TOMOTCHHI 3MilllaHI OKCHJAM NIUIIXOM TBepAo(]a3HUX peakmiii npu BHCOKHX
TEMIIepaTypax.

3HayHO €(EKTUBHIIIUM € MPUIOM, KOJM CHOJyKa MEBHOTO CKIAady, 110 MICTHThH ABa a060 Oiiblie
€JIEMEHTIB Y MOTPIOHOMY CITiBBiJTHOIIEHHI, BUKOPUCTOBYETHCS SIK MPEeKypcop. Takuii mpexkypcop
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MOBHHEH JIETKO TEPMIUHO po3kianaTtucs. [Ipuxiagom Moke OyTH OCaKEHHsS 3 HITPaTHUX
pO3uMHIB 3ami3a Ta 6icmyTy rerepomnonimonionarise [MMoO,4He] ne M = Fe, Bi. Lli conyku
Py HACTYIMHOMY IPOXApIOBaHHI YTBOPIOIOTH TOMOTCHHHH OKCHIHHHA 0araTOKOMIOHEHTHHN
matepiasl. OOMEXEHICTb BHKOPHUCTAHHS CIOJYK LBOTO THUIy 3YMOBJICHAa BiACYTHICTIO
BaYXKOPO3YMHHHX CIIOJIYK 3 IIUPOKUM BapilOBaHHAM CKiaay. [lepcrieKTMBHUMH SIK TTPEKypCcopr
BUSIBUIIUCS 3MilllaHI TiApaToBaHi TiAPOKCOKapOOHATH, IO MAalOTh IAPOBY CTPYKTYPY.
Hanpuknan, cnonyku tumy (Cu,Zn)e(Al,Cr,Ga,,Sc),CO3(OH);6, 1110 MatOTh JIaMeNspHY (IIapOBY)
KPHUCTAIIYHY CTPYKTYPY THUIY TiIpOTabLUTy, BUKOPUCTAHI AJIS CUHTE3y MOTPIHHUX OKCHJIHUX
cucrem Cu/Zn/(Al,Cr,Ga,Sc). CuHTe3 mHx npekypcopiB morpedye pereapbHOro KoHTpoiro pH i
HIBUAKOCTI ocaxeHHs. Mopdonoris mnpekypcopy BIUIMBAE Ha TUCHEPCHICTH I[LTHOBOTO
Mmatepiany. OCKUTBKH B TIPEKYpPCOpi BCi €JIEMEHTH TOMOTCHHO PO3MOJIICHI B TiIPOTAIBIUTHIN
dazi, TepMmiuHMII pPO3KIIAaJ Bede OO0 YTBOPEHHS OKCHAHOI (pa3su mimiHenbHOTro Tumy. Taki
MaTepiali BHSBHJINCS aKTHBHUMH KaTajlizaTopamM. Mexi, B SKHMX MOXKHa BapilOBaTH CKJa
TaKUX MartepianiB, 3ajlexaTh Bia crTexiomeTpii 1 OymoBu ¢a3u mnpekypcopy. Hampuknan,
cruiBBigHOmEeHHs Cu/Zn B OiHApHOMY aypiXalblIUTI MOKE 3MIHIOBAaTHCS Yy IIUPOKUX MEkKaxX, Bil
0,02 mo 0,30. B motpiitnomy rigpotanbuuti cuiBBigHomeHHs Cu/Zn/M(III) moxe OyTu 3MiHEeHe
B JIy’K€ By3bKHX ME)Xax HaBKOJIO criBBinHomeHHs 30/45/25.

Benuki MOXIMBOCTI MOMISACPHUX KOOPAUHALIWHUX CIIONYK PI3HOTO THIY K MPEKypcopiB AJs
CHHTE3y TOMOTCHHUX 3MIIIaHMX OKCHIHHX MaTepialiB CIIOHYKaJIH LIMPOKi JOCIIIPKEHHS IX
MeToAiB cuHTe3y. Hampukman, sk NpeKypcopH BHBYAIUCS: PI3HOMETAlbHI OKCalaTH THILY
{NBuy[MCr(0x)3]}x, me NBu" - karion Terpabyrniamoniio, ox° - okcanar anion, M(I) = Mn,
Fe, Co, Ni, Cu, Zn); psaau pi3HOMETalIbHUX |l - OKCH — TPHUAACPHUX KapOOKCHIAaT HUX
komruiekciB MetaiiB tuiry [M(III)M(II)O(ac)sLs] - nL, ne M(III) = Fe, Co, Cr; M(II) = Fe, Co,
Ni, Zn, Mn, Mg; L = py, H,O. MonekynsipHa CTpyKTypa LUX CIIOJIYK MICTUTh TPU aTOMU METaJIH
3’eqHani neHtpanbHuM atoMoM kucHio M(III):M(I)O. Tepmiune po3kianaHHs HUX CIOIYK
NPUBOJIUTH JIO YTBOPEHHS 3MIlIaHUX OKCHAIB 3 CTPYKTYypOro ImmiHemi. Meromonoris
BUTOTOBJICHHA  3MIIIAHUX  OKCHAHUX  MarepiajiB 3  BUKOPUCTaHHAM  IOJISJEPHUX
KOOPJMHAIIMHUX CIIOJIYK K TIPEKYPCOPIB Ma€ MepeBard, OCKIJIbKA aTOMU METAJiB B HUX MIITHO
3B’A3aHi 1 1Ie 3yMOBIIIO€ YTBOPEHHSI TOMOT€HHUX OKCUAHUX (Da3 MpH MoJANbLIIOMYy TEPMIYHOMY
PO3KJIaIaHHI KOMIUICKCIB.



3ok — 2enb npouec

30iabp — reap mpouec BimoMuil Bxke Omm3pko 150 pokiB. Y TOPOTHIEKHICTH O METOAY
OCaJKEHHsI (CHIBOCAKEHHS) 30J1b — IeJib METOJl MOJSIrae y HENepepBHOMY IEPETBOPEHHI
PO3UYUHY MPEKYPCOPIB y TBEPAl MPOAYKTH - TiIporeib, ajlkoreiab. Ha3Ba nmpoaykTy noB’s3aHa i3
CKJIaZIOM (TUIIOM) BUKOPHUCTAHOTO PO3YMHHHUKA. 3aMiHa PO3UMHHUKA TOBITPSAM IEPETBOPIOE
rigporens (aJkorenp) y Tellb - FOTOBUN MOpUCTUN Marepiayn. XiMmiuHI peakuii Tigpomdi3y 1
KOHJIEHCallii, sIKi JIe)KaTh B OCHOBI 30JIb — Te€Jb NIPOIECy, Ti X cami, Mo W mepediraroTb B
npoliecax ocaKeHHs 1 criBocakeHHs. OcoOINBICTh 30J1b — I'e€Jlb MPOLIECY IOJIATa€ B CTBOpeHHl
YMOB KOJHM 3rajaHi XIMi4HI peakuii iIyTh 3 TOPIBHAHO MAaJIMMH HIBHIKOCTSIMH, SIKi
KOHTPOJIOIOThCSI ymMoBamu: pH, Temmeparypa, ckjiax Npekypcopy 1 po3uumHHMKA. Huxue
PO3TIISIHYTI JIMIIE 30J1b — T'ellb MPOLECH, B IKUX TBEPIUI Marepiajl € HEOPraHIYHUM TTOTIMEPOM,
TPUBUMIpHA CiTKa SKOTO CKiafgaeTbes 3 TerpaenpiB MO, Ta (abo) okraenpiB MOg, 1m0 MaroTh
cribHI aromu KucHio. Terpaeapu MO,, HampukiIaa, MOXYTh MaTH CIUIBHY BEpIIHMHY a0o
criibHE pedpo.

['iIpOKCOKOMITIIEKCH €NIEMEHTIB B 3aJIe)KHOCTI Bil I1X KHCJIOTHO-OCHOBHHX BIIACTHBOCTEH
BCTYIIAIOTh B KHCJIOMY a00 Jy»HOMY CEpElIOBMILI B peakiilo KoHaeHcalii. J{jas Bu3Ha4eHOCTI
PO3IIIAAATUMEMO 10 PEAKIIII0 Ha MPUKJIIAA1 OPTOKPEMHIEBOI KMUCIIOTHU:

&iadiiac’y  HOL _OH
2Si(OH), < = HO-Si o) Si\ OH
-H,0 HO OH

YTBOpeH1 quMepu Jaii BCTyNaloTh B PEaKIlif0 KOHJASHCAIlli yTBOPIOIOYH OJITOMEpH, 10 Yepes3 iX
MOTaHy PO3YUHHICTH 3TOJIOM MPHU3BOAUTH JIO YTBOPEHHS KOJOIMHUX pO3uuHiB. Po3mipu
KOJIOITHMX YacCTUHOK 3HaxojsaThcs B miamazoHi 1 — 1000 M. KosoigHi 4acTHHKH MOXYTh
3’€IHyBaTUCA SK 33 PaxyHOK YTBOPEHHS KOBAJCHTHUX 3B’S3KIB MDK HUMH (peakuii
KOHJIEHCAITli), TaKk 1 3a paxyHOK MDKMOJIEKYJISIPHOI B3a€MOJIl, YTBOPIOIOYH TPUBUMIPHY CITKY
(kicTsk). 3 yacoM KOJOiJHI YACTHHKH, IO 3aJHINAIOTHCS B PO3YUHI MPUKPITUTIOIOTHCS [0
KICTSIKA, 3MIHIOIOYHM MOTO MPOCTOPOBY CTPYKTYpPY Ta iHII BiacTUBOCTI. Lleit eTam yTBOpeHHs
reqo 3BeTbCsl ,,cTapiHHsA’. OcCTaHHIM erTam — CyIIIHHS TaKoX MOXe JAy)Xe BIUIMHYTH Ha
CTPYKTYpYy OJepaHoro mponykry. Ilim wuac CymIIiHHS T TNPOJOBXKYIOTBCS —pPeaKiii
KOHJIeHcallli MK dacTuHKaMu remo. Och domy Temreparypa 1 IMIBUIKICTh HArpiBaHHA - Ti
YUHHHUKH, SKI MOXYTh 3MIHHTH CITIBBIJIHOIICHHS MIX IIBUIKICTIO IPOIECIB BHUIIAPOBYBaHHS
PO3YMHHHMKA 1 PeaKIliii KOHJEHCAIlli 1 Yepe3 e BIUIMHYTH Ha CTPYKTYPY YTBOPEHOTO MaTepiaiy.
3aranpHy CXeMy 30J1b — I'ellb TEXHOJIOT1] Ha IPUKJIali CHHTE3y aeporeiio HaBeJeHO Ha puc.l.
KpemHe3eMHi Telnl YacTo CHHTE3yIOTh BHKOPHCTOBYIOUM SIK TMPEKYpPCOPH MOHOMEpHI
TeTpalKkoKcucwianu. KaramizaropamMu peakiiid TiApoizy MOXyTh OyTH KHCIOTa abo JIyT.
Peakuii rigpomizy i KOHAEHcallii MOKHA 3aMicaTy TaK:

= Si— OR+ H,0< %% = SiOH + ROH (1)
=Si—OR+ HO - Si = <2407, - §i—0-Si=+ROH  (2)

= Si—OH + HO - Si = < 24707 5 = §i—0-Si=+H,0 3)

OCKUTBKH aJTKOKCHCHJIAHW HE 3MIIIYIOThCS 3 BOJOI0, peakmii (1-3) sk mpaBHIO MPOBOIATH Y
BOJHO-CIIUPTOBUX cyMimax. [Ipore mi peakiii mMoxxHa mpoBoAuTH 1 B Boai. Toxai peaxiris
TiApONi3y TOYMHAETBCS B ABOGA3HIA CHUCTEMi, Ta 3aBISKA YTBOPEHHIO CIIUPTY PO3YUH
MOCTYNIOBO TOMOTEHI3yeThCsA. B 3ajexHOCTI Big OakaHOTO CKJIaay MPOOYKTY OepyTh pizHe
mosisipae cmiBBigHOMIEeHHS (1) HyO : Si. 3HaueHHs r = 2 TEOPETUYHO OCTATHE MJisi OBHOTO
TiApOIi3y 1 KOHAEHCAIlT TETPATKOKCUCHIIaHY 3 YTBOPEHHSAM O€3BOAHOTO T1IPOKCHUY:

nSi(OR)s + 2nH,O — nSiO; + 4nROH 4
[Tpote peakiis (4) He ¥ige M0 KiHISA HaBiTh 32 YMOBU r >> 2. lle moB’s3aHO 3 yTBOpPEHHSIM
npomizkHUX TpoAyKTiB [SiOx(OH)y(OR),], 3 2x +y + z = 4. UncenbHi JOCHiAKEHHS IUX PEeaKIii
MoKa3ajiu, M0 CKJIaJ MPOIYKTIB 1 IX BIACTHBOCTI 3aJ€KUTh BiJ BEJIMYUHU I, KOHIIEHTpAIil
KUCIIOTH a00 JIyTy (KaTalli3aTopiB peakiiiil), pO3YNHHUKA, TEMIIEPATYPH 1 TUCKY.
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Puc. 1 3aranpHa cxema 30116 — rejib METOLY

Taki kpemHe3eMHI MaTepianu MOAM(IKOBaHI OPTraHIYHUMH paJWKajlaMu JICTald Ha3BY
opmocunu (Bin aHriiicekux ciiB organically - modified silica). Onepxani reni po3pi3HAIOTH
TaKOX Yy 3aJIKHOCTI BiJ CKJIQAy PO3YMHHMKA: SIKIIO CHHTE3 HMPOBOAMBCS y BOJHHUX PO3UYMHAX
NOPOAYKTH 3BYTbCS akeaceni abo ciopozeni, TPOAYKTH, OJEpKaHi 13 CIHUPTOBHX PO3UMHIB,
3BYTBCS AIKO2ENAMU.

OpHuM 13 HaWBaXJIMBIIIMX YAHHUKIB, 10 BIUIMBAIOTh HA CTPYKTYpY reimto, € BenuuuHa pH. Sk
NPUKITA, TPOAHATI3yeMO 307 — Teldb MNPOLEC 3 BUKOPHCTAaHHAM TETPAIKOKCHCHIIAHY SIK
npekypcopy. Posrisaarors nBi Mozeni BruuBy pH Ha CTpyKTYpOYTBOPEHHS Tellio, CXEMaTHYHO
300pakeHi Ha puc. 2. B mux Momensx po3risaaroThes BiIHOCHI MIBUAKICTD peakIliil Tixpomisy i
KOHEeHcall.

B xucnmomy cepenoBumii (pH 2-5) rigpomniz mepeBaxae 3a MBHAKICTIO. ToMy IiMITYIO4YOO
CTaJIi€l0 TeNICYTBOPEHHS € Peakilisi KOHJICHcalii. 3a X YMOB YTBOPIOEThCS BEJHMKA KiIBKICTh
MOHOMEpIB a00 HEBENMKHX oiroMmepiB 3 peakiiitanmu rpynamu Si-OH. Peakuii konneHcarii 3
KIHIICBUIMH aTOMaMH CHIIIII0 MalOTh IepeBary 3a nux yMmoB. Lle cnpuunHsie yTBopeHHS ciabo
pO3Tay’)KeHUX TOJIIMEPHUX JIAHIIOTIB. [HITMME cJI0BaMu, MaJleHbKi KIacTepy KOHIECHCYIOUYHChH
YTBOPIOIOTHh TIOJIIMEPHY CITKYy 3 MaiauMu nopamu. Lleii mpouec OyB HasBaHMiA peakiiero
obMmexeHoi arperarii kmacrepiB (RLCA, reaction limited cluster aggregation).
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OCHOBHHI

MOHOMep-KJIacTep
RLMC
Puc. 2 Kinetnuni Moieni refeyTBOPEHHS, 10 3aJIeXKAaTh BiJl BIIIHOCHUX
HIBUAKOCTEH peakIliil riaponi3y i KoHAeHcalii

B nyxHOMY cepenoBuIlli, HaBMaKU, JIMITyIOUOKO CTaJli€l0 € T1Apoii3. BHACTIIOK 1HIIOTO

MEXaHi3My peakIlii KOHJCHCAIil iAyTh TMEPEeBaXHO 3 UEHTPAIbHUMH aTOMaMH CHJIIIIIO
onmiromepiB. Kmacrepu 3pocTaioTh 3a paxyHOK NpueqHaHHS (KOHAEHcallli) MOHOMEpIB 1
NoJliMepHa CiTKa YTBOPIOETHCS BEIMKMMH YaCTUHKAMH, a Telb Ma€ Benuki mopu. Takuid
MEXaHi3M TeJeyTBOPEHHS OyB Ha3BaHMI peakiliel0 OOMEXEHOrOo 3pPOCTaHHS KIACTEpiB 3
moroMmepiB (RLMC, reaction limited monomer cluster growth) abo mexanizmom Inena (Eden).
CxematnuyHo oOHMJBa MEXaHI3MH TPOLTIOCTpoBaHl Ha puc. 2. Ha puc. 3 mpoimrocTpoBaHO
0c0o0IMBOCTI OyJIOBM MOJIMEPHOI CITKH TeNI0 BHKJIMKAHUX YMOBaMH CHHTE3Y Ta CKIJIAJIOM
npeKypcopiB. TpuBUMIpHa CiTKa TeNI0 YTBOPIOETHCSA 3B’S3YBaHHSAM MEPBUHHUX YaCTHHOK
(kmacrepiB).
B K0n0ImHUX rensx ciTka yTBOPIOETHCS MIUIBHUMHU KOJIOITHMMHU YaCTUHKAMU 1 HaraJaye HUTKY 3
Oycamu (puc. 3a). B momiMepHux rensx JiHINHI a00 po3ramykKeHi JIAHIIOTH YTBOPIOIOTHCS
KOHJICHCAITI€I0 MajuX dYacTouok, kiactepiB (puc. 3b). 3a meBHUX YMOB YTBOPEHHS
pO3raiTy’>KeHUX MOJIMEPHUX JAHLIOTIB IepeBakae. | yTBOPIOETHCS MOTIMEPHHIA I'ellb 3 CKIIaIHOIO
dbopmoro nmosepxHi (puc. 3c).

Puc. 3 bygoBa nmoniMepHOi CITKH T€ITiB. a) KOJOIAHI Tefi; b) moximMepHi refi; ¢) moJiMepHi rei 13
CKJIQIHOIO (hOPMOIO TIOP.

Ilepexin 30710 B Teib (TOYKA TEI0) HACTYINAE, KOJIU B YChbOMY 00’€Mi YTBOPIOETHCS
TpuBHUMIipHA (y BUIIAJIKy KpEMHE3eMYy MOJICHIIOKCaHOBa) ciTka. Haromocumo, o ximMigHi peakiii
HE MPHUIUHAIOTHCS 3 YTBOPEHHSIM TPUBUMIPHOI CiTkH remto. [lo-nepie, B pifnHi, sSKa 3a0BHIOE
MOPH, 3HAXOIATHCSA KOJIOIAHI YaCTUHKU 1 MOHOMEPH, 5IKI KOHACHCYIOTHCS 3 TIAPOKCUTPyIaMu
nojimMepHoro januiora. Ilo-npyre, mojgiMepHa CiTKa IIOHHO YTBOPEHOTO Tellf0 TOCUTh THYYKA.
Tomy cycigai rpynu E-OH a6o E-OR moxyTh HaOMM3WUTHUCH OJHA O OAHOI 1 BCTYIUTH B
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peakiiiro konaeHcarii. Lle 3ymoBmioe ,,crapinasa’ remo. [IpuiiMemo 10 yBaru Takox, 0 peaxiii
TiApONi3y 1 KOHJEHCAIil € 3BOPOTHUMHU. 3 I[LOTO BUIUIMBAE, IO B Telll MOXYTh MaTH Miclie
TEPMOJMHAMIYHO BWTI[HI TpOIECH, TOB’S3aHI 3 PO3PUBOM  TOJIMEPHOTO JIAHIIOTY,
MEPEHECEHHSIM Y PO3YMH MEBHHUX HOTO JIAHOK 1 MPUEAHAHHSAM X JO 1HIIMX YaCTHUH JAHIJIOTY.
TakuM#u TEPMOJMHAMIYHO BHTITHAMHU MICIIMH, KyJIU TMEPEPO3NOAUISETECS MaTepiald 3a MM
MPOLIECOM, € TOpPH, TPIIIMHK BY3bKI TOPJIOBHMHM B yacTHHKaxX. Lleil mpomec mnepelynoBu
MOJIIMEPHOI CITKH 1 OyJOBHU TeIII0 3BEThCS OCTBAIBIAOBCHKMM Bu3piBaHHsAM (Ostwald ripening).
Lle#t mpoliec MPU3BOAUTH 10 BUPIBHIOBAHHS MOJIMEPHOI CITKHM, 3HUKHEHHIO 13 PO3UMHY MaJHX
YACTUHOK 1 3alOBHEHHIO Manux mop. CrapiHHS Teio i OCTBAJIBAIBCHKE BH3pIBaHHS POOUTH
MOJTIMEPHHM KICTSK KOPCTKIIIUM 1 MEXaHIYHO CTIMKIIINM.

JlocmiKeHHIO MeXaHi3MiB peakiliii yTBOPEHHS TelliB MPUCBIYCHO OaraTo JoCiiKeHb. B
OJIHOMY 3 JIOCHIJKEHb 3aCTOCYBAaHHS AUQPAKIINHUX METOIIB (PEHTTEHIBCbKE PO3CIIOBaHHS
(SAXS) Ta poscitoBanHs HeWTpoHiB (SANS) mig mamumMu KyTamMd pa3oM 3 METOJaMHu
enekTpoHHoi Mikpockomii (SEM, TEM)) no3Bonuio nicTaTH HOCUTh YiTKYy KapTHHY CTPYKTypHU
MOJIIMEPHOI CITKM TeNiB Ta MEXaHi3MiB ii yTBOpeHHS. 3TiTHO pe3yJbTaTiB IIOTO JOCIIKCHHS
OyZ0Ba TeII0 BU3HAYAETHCS 32 JOMOMOTO0 YAaCTUHOK JIBOX MAcIITa0iB po3MipiB: HAHOUYACTUHKU
Ta ME30YaCTUHKHU. PO3MO/Ii 9aCTHHOK 32 PO3MipOM, SIKi BU3HAUYMIIM Pi3HUMH METOJIaMH, Pa3oM 3
PO3MOJIIIOM TOp 32 pO3MIpOM, BU3HAYEHUM 3a 130TepMoro ancopbiii azory (NAI) HaBeneHo Ha
puc. 4. Kpim mporo, OymoBa aeporeito BH3HAYAETHCS TYCTHHOI YIAKOBKM HaHOYACTHHOK,
ME30YaCTUHOK Ta 3arajbHOI T'E€OMETPHUYHOI0 TYyCTHHOIO Martepiany. Bukopucrtani meronu
JIO3BOJIMJIM BU3HAYUTH BCi HaBEACHI mapameTpu Mopdoorii. AZcopOIlist a30Ty 1 peHTIeHIBCbKe
pO3CitoBaHHs BiI0OpakalOTh CEpEeIHI BIACTUBOCTI BCHOTO MaTepiany. AcopOIiis a30Ty Ja€ TaKky
IHTETpaJbHy BEIMYMHU SK MUTOMA IOBEPXHsS 1 Taki JuQepeHIiaabHl XapaKTEePUCTHKH, SK
po3noain 00’emy 1 moBepxHi mop 3a po3mipoMm. PentreniBchka nudpaxuis aae iHbopMaliio
[I0JI0 CEPEIHBOTO PO3MIPY BEIMKUX YaCTHHOK. EJIGKTpOHHA MIKPOCKOIIS J1a€ HE3aJICKHO BiJl
BUOpaHOoi Mojieni Oy1I0BU MaTepiainy po3MOALT YACTUHOK 32 PO3MIPOM Y Pi3HUX HIKATaX JOBKHUH.

(o SANS o NAI v TEM x SEM )
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PO3NOJII YACTHHOK 32 PO3MipoM
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Puc. 5 Cxematnune 300paxeHHs Mopdoiorii
aeporento

Puc. 4 Po3noain 4acTHHOK 32 pO3MipoM,
OJIep>)KaHUN PI3HUMU METOJaMH

BucHoBku mono MikpoOynoBu aeporemto TiO,, 3pobneHi Ha MIACTaBl HHUX JOCIHITKCHb,
MPOUTIOCTPOBaHI Ha puc. 5. Me3ouacTUHKH 3 AiamMeTpoM Oim3bko 50 HM, sIKI CKJIaalOThCS 3

HAHOYACTHHOK, 3’ €HYIOThCS yTBOPIOIOYH TPUBUMIPHY CITKY.



Po3rnsiHeMO 0COOIMBOCTI 30J1b — T'eJIb TEXHOJIOTIT ISl PI3HUX €IeMEHTIB. SIK 1y BUMaaKy
CHHTE3Y CHIIIKareiio, /Ul CHHTE3Y T'elliB Pi3HUX EIEMEHTIB MOXHA K MPEKYPCOPH BUKOPUCTATH
ankokcuan. OCOOJHMBICTIO € Te, M0 AIKOKCHIA METaNliB, HANMPHUKIAJA, ATIOMIHIIO, TUTaHY,
[UPKOHIIO, OJIOBA TOIIO 3HAYHO IIBUMIIEC TiAPOMI3YIOTh MpPH B3AEMOJIT 3 BOAOI HIXK
QIKOKCUCWJIAHU. 3pOCTaHHS PEaKIMHOI 3JaTHOCTI AJIKOKCHIIB B PEAKIisSX TiIpoJizy
MOB’SI3YIOTh 13 3HIDKEHHSM €JeKTPOHETaTHMBHOCTI KAaTIOHIB, 3pPOCTAHHSAM IX JIbiCIBCHKOT
KHACJIIOTHOCTI 1 3aBASKH IbOMY MOXIIMBICTIO 3pPOCTaHHS KOOPAWHAIIIMHOTO Yucla. 3MiHY
pEeakLiitHOT 31aTHOCTI aJIKOKCHIIB MOYKHA TIPOLTFOCTPYBATH TAKUM PSIIOM:

Si(Oi-Pr)4 >> Sn(Oi-Pr)4 , Ti(Oi-Pr)s < Zr(Oi-Pr)s < Ce(Oi-Pr)a.

B OGaraterox BUMazkax TigpOdi3 1/1€é HACTIABKM MIBUAKO, IO OCAAM MPOAYKTIB TiAPOINI3Y
YTBOPIOIOTBCA Bipa3y K TPU KOHTAKTI aJKOKCHIIB €JIEeMEHTIB 3 Boaoro. OTxe Tigpoiis
AIKOKCHCHIIAHIB TPHUCKOPIOIOTH 32 JOMOMOIOI0 KaTali3aTopiB (KUCIOTH a0 IJIyry), TOAL SIK
TiAPOJi3 aNKOKCHIIB OUTBIIOCTI METaliB MOTPIOHO YMOBUTEHUTH. OCTaHHE HOCSATAETHCS 32
JIONIOMOT'OI0 peaKIii KOMIUIEKCOYTBOpeHHs. [l IbOoro B pO3YMH MPEKypCOpPIB AOAAIOTH TaKi
peareHTH siK OLTOBAa KUCIIOTA, alleTUJIAIETOH, acKOpOiHOBa a0 OKcallaTHAa KHCIOTH TOIIO, SIKi
3/1aTHI yTBOPIOBATH KOMIUIEKCH 3 OararbMa MeTanamu. Hudkde HaBelIeHO MOXIIMBI XiMiuHI
dopMu THTaHY, SKi YTBOPIOIOTHCS 33 YMOB TiIpOJIi3y TETPai3OMPONOKCUAY y TPUCYTHOCTI
alleTUJIAIICTOHY..
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Pi3HOMiran Hi KOMIUIEKCH CTIMKIII y BOAHMX pO3YMHAX Yy TOPIBHAHHI 3 aJKOKCHIAMH 1
TiAPOTI3YyIOTh TOBUIBHINIE. YTBOPEHHS TaKMX KOMILJIEKCIB BIUIMBA€ HE TUTBKM Ha IIBHJKOCTI
peakiiii rigponizy a i Ha peakuii koHaeHcauii. Kpim Toro, 3aiumiaiouuch y CKJali reio y
BUTJISIII YaCTKOBO TiApoJi3oBaHuX (opM, Taki JiraHaum (GOpMYyIOTh CKJIaa 1 BIIACTUBOCTI
IIbOBOTO MaTepialy — OpMOCHIy. PerymoBaHHS IIBHIKOCTI peakiiii TiIpoii3y BHMarae
0COOJIMBUX 3yCWJIb MPHU OJIEpKaHHI MaTepialiB 13 3MIIIAHUX OKCHIIB. 32 IIUX YMOB IMOTPIOHO
,»BUPIBHATH MIBUJKOCTI peakiiil rifpoii3y 1 mojikoHIeHcalii MpeKypcopiB Biapasy IBOX abo
TPBHOX 1 O1JIBIIIE €IEMEHTIB, 110 MOXKE OYTH CKJIaIHUM 3aBJaHHSIM.

IcHye ime omHa BaKIMBa OCOOJIMBICTH BIACTUBOCTEH T1APOKCHIB (OKCHIIB) METATIB y
MOPIBHSHHI 3 KPEMHE3EMOM — TIOJICTIICHA 3/1aTHICTh YTBOPIOBATH TMEPBUHHI YACTUHKH 30J1B Y
kpuctamiyHiii gopmi. Lle ictoTHO BrMBae Ha OyZOBY 1 BIACTHBOCTI MOJIIMEPHOI CITKH TEIIO.
3pOoCTaHHI0O YaCTKHM KPHUCTATYHOI (OpMHU CHpHsiE HAAMIp BOAW MPU MPOBEICHHI PEaKIii
TipOi3y Ta MiJBUILEHHS TEMIEPaTypH.

Mu po3rIsiHy U BIUTUB HaWBKIIUBIMIKX (DaKTOPIB B 30JIb — T'€JIb MPOIIEC], SIKI BIUIMBAIOTh
Ha OyZIOBY 1 BIIACTMBOCTI OJIEP’KAHOT'0 I'ellf0. 3aBepIIAIbHOIO 1 TAKOXK y>KE BaXKJIMBOIO CTAIIEI0
CHHTE3y MarepiajiB 3a 30JIb — I'eJib TEXHOJIOTIEI0 € CylIiHHA Temo. Ha mepmriii cramii cymiiHHs
00’eéM Temo 3MEHIIYEThCS Ha BEIWYHMHY, IO BIANOBiNae BHIAJCHIM Boai. SKmo remb
€JaCTUYHHM, 1€ MPU3BOAUTH 110 Horo aedopmaiii. CTUCHEHHS TeI0 MOXE NPHBECTH 0
30IMKEHHS TIOBEPXHEBUX TIAPOKCHIHUX TPyl 3 HACTYIIHUMH pPEAKIisIMU KOHJEHcalii 1
YTBOPEHHSIM HOBHMX CHJIOKCAHOBHMX 3B’S3KIB, SIKIIO 1€ThCS MPO KpeMHe3eMmHl reii. OTxe Ha
IIbOMY eTarli iie nepedy0Ba MOPUCTOI CTPYKTYPH rellto y OiK 3HUKHEHHS BEJIUKUX mop. Jpyruii
eTan IOYMHAETHCS, KOJU Iellb CTaB JIOCTAaTHbO JKOPCTKUM 1 OBEPXHEBHUIl HATAT BXKE HE MOXKeE
BIUIMBATH Ha MOPUCTY CTPYKTYpy. Lle 3ByTh ,,KpuTHUHOIO TOYKOK’. Ha mpomy erami CymriHHs
BoZia (PO3YMHHMK), IO BKPHBAE TOHKOI IUTIBKOIO TMOBEPXHIO IOP, BHUIIAPOBYETHCS 3 00’ €My
remo. Hapemri, Ha TperboMy erTami pyHHYeThCsl (BUIApOBYETHCSA) IUTIBKA PO3YMHHUKA Ha



MOBEPXHI MOP. 3aNNIIAE€THCS PO3YMHHUK TUTBKH B 3aMKHEHHX MOpax, 3 AKUX BiH MOYKE TIOBIJILHO
BUAAIATHCA HUIAXOM Iudy3ii 3 MaTpuui B ra3zoBy ¢azy. OTxe, miJ yac CyLIiHHs, MO-Ieplie,
BHACIIIZIOK TMOBUIBHINIOTO BUITAPOBYBAHHS PIAMHU 13 CEpeAMHU TEIIO 1 yepe3 Ie MOBLIBHIMION
nepeOy1oBU (CTUCHEHHS) 1i€i HOro 4acTMHM BUHUKA€E TPAAI€HT CHI B Maci 3paska. Lle moxe
BUKJIMKATH pO3TpicKyBaHHA. [lo-apyre, OCKUIBKH pirHa 3 OUTBII IUPOKUX TIOP BHUITAPOBYETHCS
MIBUIIE, HA CTIHKH TOP PI3HOTO JiaMeTpy MI0Th CHJIM Pi3HOI BEJIMYHMHH, IO TAKOXK BUKINKAE
HaNpY>KEHHS B Marepiaji 1 MOXe NMPHU3BECTH IO WOT0 po3TpicKyBaHHA. KOHTpOIb HaJ IUMHU
mpolecaMu 3A1MCHIOETbCS PETYIIOBAaHHIM po3Mipy mop (i3 3pOCTaHHIM pO3Mipy MOp KamIsipHi
CHJIM 3MEHINYIOTHCS), TIPOBEACHHSIM ,,CTApiHHSA~ 30J10 1 Temo (i 4Yac CTapiHHS Telb CTae
KOPCTKIIIUM), JIOJABaHHSM IIOBEPXHEBO AKTHBHUX PEYOBHH, SIKi 3HIXKYIOTh ITOBEPXHEBY
€HEprifo 1 BiNOBITHO KAMUISIPHI CHJIM, BBEJCHHAM OPTaHIYHUX TEMIUIATiB a00 KOHTPOIIOIOYNX
CYIIIHHS XIMIYHUX J00aBOK, SIKi 3alOBHIOIOTH 00’€M MOp 1 cTabLmi3yI0Th MPOCTOPOBY OYIOBY
refo. B ocTaHHBOMY BHIIAQAKY OpTaHiYHI TEMIUIATH BUAAISIFOTHCS 3 TENI0 MPOXKAPIOBAaHHIM Ha
noBiTpi. OIHOPIIHI 32 PO3MIPOM TOP MaTepiayi, siKi He MalOTh HEKOHTPOJIbOBAaHUX TPIIIUH,
OJIEPXKYIOTh TIPU PETEIbHOMY BpaxyBaHHI 3ralaHuX (haKkTopiB..

MeTtoa cymriHHS TelliB 4acTO HACTIIBKM BU3Ha4Yae€ OyJOBY 1 BIACTHUBOCTI OJIEP:KaHUX
MaTepiasiB, M0 OCTATOYHWN NPOMYKT HA3MBAETHCS 3a THIIOM CYUIHHS: Kpiozesi, aepozeini,
Kcepozeni
IcHy€ KiTbKa METO/IB CYIIIHHS TEIIO.

Kpiorenne cyuriHHg abo CyIIIHHS 3aMOpOXYBaHHSM. 3a LIUM METOJOM MaTepial
3aMOpPOKYIOTh 1 CTBOPIOIOTH HABKOJIO HBOTO BaKyyM. 3a IIMX YMOB 3aMep3iia piIuHa
cyOmimyeThcsi. BunanenHs po3urHHHMKA TPOXOAWTh 0e3 Mik{(a3zHOoi TpaHUIll piiMHA — MOBITPS.
Opepxkanuii TakuM crocoOOM MaTepian 3BeThCsl Kpiozens. [Ipobnemu, 110 MOB’s3aHI 3 TaKUM
METOJIOM CYIIIiHHS, MOJSATAI0Th, MO-TEpIIe, y MOXKIMUBOCTI KpHUcTaii3alii piiuHu B Topax i, Mo-
npyre, MOTPiIOHO KOHTPOIIOBATH TEPMIUHE PO3IIMpPEHHs (CTUCHEHHs) po3uumHHHMKA. OOuaBa
SIBUILIO OTPIOHO BpaxoBYBaTH, 00 HE JOMYCTHTH PYHHYBaHHS KiCTSKa TeI0.

CyminHS B yYMOBaX, WIO BIAMOBINAIOTh HAAKPUTUYHOMY CTaHy pO3UMHHHKA,
BiZI0OYBA€THCS B aBTOKJIABi. METOM MOJATae y TOMy, IO PO3YHHHHK, B SIKOMY CHHTE30BAaHO Tellb,
3aMIHIOIOTh IHIIMM, LI0 3HAXOAMTHCA y HAJKPUTUYHOMY CTaHi. Ines momsirae B ToMy, IO
CYNIHHS, K 1 BUMAJKY CYIIIHHS BUMOPOXYBaHHSM, BIJOYBA€ThCS 3a BIICYTHOCTI MK (pa3HOI
rpanumi piguHa — moBiTpa. OTe BiACyTHI OOrOBOpEHI BHINE NPUYUHH, IO NPHUBOIATH 10
po3TpicKkyBaHHS. LMK CymIiHHSA MICTHTh BHECEHHS ,,MOKpOTO” TEJI0 B aBTOKJIAB 3aHYPIOIOYN
Horo B JONATKOBMH PO3YMHHUK. ABTOKJIAB IOCTYNOBO HArpiBaroTh, IO MPHU3BOIUTH 0
3pOCTaHHs THCKY. /I0BOIATH Temmeparypy 1 THCK 1O 3HA4eHb BHUINE KPUTUYHUX 1 YTPUMYIOTbH
TaKWi CTaH MEBHUH Yac, TOKH aBTOKJIAB OBHICTIO 3alIOBHUTHCS HAAKPUTHYHOIO pianHoro. [Ticns
IIbOTO, HE 3HIKYIOUN TeMIIEpaTypy, PiAMHY MOCTYIIOBO 3JIMBAIOTh Yepe3 CICIiadbHUI KiIamaH
JIOKM THUCK IOCTYIIOBO HE CTaHE TaKHM ke, sK 1 30BHI. Jlajgi aBTOKIAB OXOJOMXKYIOTH IO
KIMHaTHOI TeMmmeparypu 1 BigkpuBaroTh. CHHTE3 TelliB OKCHUAHMX MaTepiajiB Ha OCHOBI
KpEeMHE3eMy, OKCUJIIB allOMiHiI0, TUTAHY TOILO BiI0YBA€THCS Y BOAHUX a00 BOJHO — CIIUPTOBUX
pozunHax. Tomy a7st mpuUKIaxy HaBeIEMO apaMeTpu KPUTHYHOTO CTaHy Ul IIMX PO3UYMHHUKIB.
KpuTtnusni temrnepaTypa i TUCK JUIsl BOAU CTAHOBIATH BiamoBigHo 647, 3 K1 217,6 at™m, a ans
METHJIOBOTO 1 €THUJIOBOTO CIHUPTIB — BiamoBiaHO: 512,6 K1 79,9 atm ta 516 K 1 63,0 atm. s
MaTepialiB, sKi PYyWHYIOTbCA NpPU BHCOKUX TeMIleparypax, SK HATKPUTUYHI PO3YHMHHUKU
BUKOPHCTOBYIOTh PEYOBHHH, 110 MAIOTh HU3bKI KPUTUYHI TEMIIEpATypH 1 32 HOPMAJIBHUX YMOB €
razamu. Hampukiaa, ByIJIEKUCIMHA ra3 3aCTOCOBYETHCS Y HAAKPUTHUHINA piavHHIN ((IroinHii)
xpomarorpadii, BiH e 3aCTOCOBYEThCSA 1 JJIs CYIIIHHS Te€JiB, 5K HeOa)XaHO HArpiBaTH BHIIE
100 °C. Moro kpurnuni Temmneparypa i THck Taki: 304,2 K i 72,8 atM. SIK IpaBHIIO came TAKHAM
CIOCOOOM  OJEp)KYIOTh Marepian, M0 3BEThCS aepozeny. SIKImO K KOHKPETHO JUIS
HAJIKPUTHUYHOTO CYIIIHHS BHUKOPUCTOBYIOTh BYIJICKHCIHMHM Ta3, MaTepial 4YacTO Ha3UBaIOTh
KapoorejieM. ICHYIOTH TakoX METOAM CYIIIHHS 3 YTBOPEHHSAM aeporeliB, SKi He
BUKOPUCTOBYIOTh HAJKPUTUYHI yMOBU. BBaxaeTbcs, M0 3aMiHa PO3YMHHHMKA TOBITPSM



MIPOBOJIMTHCS 332 TAKUX YMOB, IIIO IMOPHUCTA CTPYKTypa MaTepially 3HAYHOKO MipOr0 30epiraeThesl.
Came 11€ BBaXa€ThCsl OCHOBOIO, 1110 BU3HAYAE OJIEPIKAHHS aepoOrelio.

CymiHHS 32 YMOB KOJIM PO3YMHHHK BHIIAPOBYETHCS, TOOTO MEPEXOTUTH 3 Piakoi (aszu y
ra3oBy, K MPaBUJIO TpPH MiJBHIIEHINA TemmepaTypi 1 HOpMalIbHOMY a00 3HUKEHOMY THUCKY
NPU3BOANTE JI0 YTBOPEHHS Kcepozenie. Ha3zBa 1bOro ciioBa MOXOJUTH BiJ TPEIBKOTO CIIOBA
"kcepoc", WO o3Havae cyxui. BupaneHHs pO3YMHHMKA 3 MOP MPU3BOAUTH 10 CTUCHEHHS TIEII0 1
YaCTKOBOTO PYHHYBaHHS 10D, 1110 3HAYHOIO MipOIO 3AJICKHUTH BiJl TEMIIEPATYpH CYIIiHHS.

OTxe mpolecu CYIIHHS TeliB ICTOTHO BIAPI3HSIOTHCA B 3aJE€KHOCTI BiJ IIJIBOBOTO
marepiany. s ofepkaHHS aeporeliB B MpoIeci CyIIiHHS MOTpiOHO 30epertu 00’eM reimo i
fioro mopucry cTpykTypy. B mporeci mepexomy 30716 — aeporenb 00’ eM MaTepiaiy 30epiraerbcs,
aje BOJa B TOpax 3aMIiHIOETBbCA TMOBITpsAM. OTke nHMTOMa TyCTHHA Martepialy pi3Ko
3MeHuIyeTbesa.  OfiepKaHHS KCeporelniB, HAaBMAKH, CYNPOBOKYETbCS 3HAYHUM 3MEHILEHHIM
00’emy remo. Martepian crae MUTBHIIIAM 1 HOTO IMUTOMA TyCTHHA 3POCTAE.

[Tincymyemo dakropu, sSIK TOTPIOHO KOHTPOIIOBATH MpPHU CHUHTE31 MaTepialy 3a 30Jb —
rens TexHouoriero. Ha cranii yTBOpeHHs 307110 3 IpeKypcopiB (AuB. puc. 1) Takumu (akropamu
€:

- Tun (cKJax) i KoHIeHTpauiss mpekypcopiB. IlIBuakocTi peaxmiii rigpomizy i KOHAEHcAIl
MOXYTb BIJIPI3HATHCS Ha KUIbKa MOPSIKIB AJIS IPEKYPCOPIB PI3HOTO TUIY. Y 3alI€KHOCTI BiJ iX
KOHIICHTpAIlii TeJICyTBOPEHHSI MOXE WTH 3a PI3HUMH MEXaHi3MaMH, YTBOPIOIOYU MPOAYKTH 3
pi3HOI0 Oy10BOIO MOJiMepHOi ciTku. OcobauBe 3HaUEHHs Mae BUOIp MPEKypcopiB IMpU CHUHTE3I
0araTOKOMIIOHEHTHUX OKCHJIHHMX MarepiaiiB. B mpomMy BHIa/Ky, 00 JOCITTH MOJIEKYJISIPHOTO
3MilllyBaHHS, NOTPIOHO 30anmaHcyBaTd (3pIBHATH) MIBUAKOCTI Tifponizy (KOHJeHcarlii)
NPEKypCOpiB Pi3HUX €IEMEHTIB.

- TMI po34MHHMKA. [lo-mepiie po3YMHHUK € KOMIIOHEHTOM (peareHToM) peakiiil mporecy
refleyTBOpeHHs. ToMmy Big WOro BIIACTHBOCTEH 1 KOHIEHTpalii 3ajiexarb $K IPOLECH
reJIeYTBOPEHHS, TaK BJIACTUBOCTI oJiepkaHOro Marepiany. [lo-mpyre, po3YMHHUK BHU3HAYa€ BCI
npoliecy, 110 MOB’s3aHi 3 (a30BUMHU piBHOBaraMu, MpolecaMH CTapiHHSA 1 OCTBaJIbAIBCHKOTO
JI03p1BaHHS, 110 PO3IJISAAIKCS BULIE.

- THNI KaTaJjdizatopy, pH. BiqHocHI mBHIKOCTI peakiiiii Tipomi3y i KOHJEHCAIl BU3HAYaI0ThCs
3HAYHOI0O MIPOIO THIIOM KaTtaji3atopy. 1ToMy BCl BIACTHBOCTI MaTepialy 3alleKaTUMYyTh BiJl
BUOPAHOTO KaTalli3aTopy. 30Kpema BiJOMO, 1[0 B YMOBaX KHCIOTHOTO KaTali3dy CHIIIKareib Mae
OLTBIIIOI0 MIPOIO JAPIOHOTIOPUCTY CTPYKTYPY, TOI SIK 32 YMOB OCHOBHOTO KaTai3y IMOPH MarOTh
OinpImii po3mip. HaBiTh B yMOBax 0IHOrO THITy KaTajizaTopy 3MiHa pH po3unHy Tako iCTOTHO
BIUTMBAE Ha OJIEpkKaHy CTPYKTYypy TIOJIMEPHOI CITKH, TOPHCTY CTPYKTYpy, MEXaHIuHI
BJIACTUBOCTI Martepiaay TOLIO.

- Temmeparypa. TemmneparypHuil peXUM BaXJIWBUM Ha BCIX eTamax CHUHTE3y, Bif cTafil
YTBOPEHHS 30JT10 10 CTafil CyIIiHHS.

JloxnaaHimie mpo BIUIMB BCiX 3rajlanux (pakTopiB Oyze ckazaHO HUXKYE HA MPHUKIAAAX CUHTE3Y
KOHKPETHHX MaTepiais.

PosrnsHeMo mokmnamHimie 3ajeXHICTh BJIACTHMBOCTEH TEIIB PI3HOTO THIY BiJ YMOB
CHHTE3Yy Ta NOJaJbIIo] 00poOKK MaTepiais.

Aeporeni.

CrporojHi aeporesi CHHT€30BaHI Ha OCHOBI 0aratboX OKCH[IB €JIEMEHTIB, a TAKOX iX CyMillIeH.
CuHTe30BaHI TaKOX TiOpHIHI HEOPraHiKO — OpTaHiYHI Marepiajy, IO MAalTh OYIOBYy i
BJIACTMBOCTI aeporeniB. PO3BUTOK pPOOIT TO CTBOPEHHIO HOBHX MAaTepialiB I[bOTO THILY
3yMOBJICHI I1X BIACTHBOCTAMH, IO HEOOXimHI cydacHii TexHimi. CTpykTypa aeporelniB
BU3HAYAETHCS JIETKOJAOCTYTHUMH HUTiHAPHYHUMU PO3Tady’KEHUMH MOpPAaMH. 1X yHiKaJbHICTh
MOJISITa€ 'y HaJI3BHYAMHO BHCOKIH TOpHCTOCTI 1 mHUTOMIiM moBepxHi. OCTaHHS 3MIHIOETBCS B
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irrepsaii 0,004 — 0,5 r/cm’. TTopiBHio04H 3 ryctiHO0 TOBiTps (0,00129 r/em’) Gaunmo, 1o meit
Mmartepiall Moxke OyTH BaKUMM 3a MOBITPs. MeHIIEe HIX B 4 pa3u. 95% o00’eMy 1poro marepiainy
MOJKE 3aiiMaTH TMOBITPS.

Cepen BIACTUBOCTEH aeporeniB BiI3HAYUMO HAJI3BUYAaiHO Mally TEIUIONPOBIAHICTh, TapHi
3BYKOI30JIAIIHI BJIACTHBOCTi, ONTHUYHY MPO30PICTh. 32 MOPHUCTICTIO (MMUTOMOIO TIOBEPXHEIO)
aeporesi MarTh TaKi XK XapaKTEPUCTUKHU SIK J€peBHE BYTUIA. YHIKalbHUN HaOlp BIACTUBOCTEH
CHpHUSB TaKOX iX 3aCTOCYBAaHHIO B CEHCOPHHMX TEXHOJIOTiSX, BUPOOHHUIITBI KaTasli3aTopiB abo
HOCIiB JUIsi HUX TOuIO. Jleski BIAcTMBOCTI aeporeiiB Ha OCHOBI KpEeMHE3eMy IiJICyMOBaHI B
Tabmumi 1.

Tabmuns 1. BracTBOCTI aeporesiiB Ha OCHOBI KPEMHE3EMY.

BnacTusicTh Jiama3on Tumnope 3HaYEHHS
06’ €eMHa TyCTHHA, T/CM” 0,003 — 0,500 0,100
KictakoBa rycruna, r/em® 1,700 — 2,100 -
[Topucricts, % 80—-99.,8 -
Cepenniii nfiamerp nop, HM 20 - 150 -
TTuToMa MOBEPXHS, M*/T 100 - 1600 600
KoedoiuieHT 3anomneHns 1,007 — 1,24 1,02
TerutonpoBigHiCTh, BT MK 0,017 -0,021 1,02
Monyns enactuanocti, MPa 0,002 - 100 1
IBUAKICTH 3BYKY, M/C <20-100 100
AKYCTUYHUH IMIT€JIaHC, KT - Mm2c! - 10*

Sk BUOHO 3 JaHUX, HABENEHUX y TaOiuIli 1, ICHYIHOYl CHHTETHYHI METOIU JI03BOJISIOTH
BapilOBaTH BJIACTUBOCTI MartepiaiB B IIHUPOKUX Mexax. OJHi€l0 13 KPUTHYHUX JUIs
3aCTOCYBaHHS BIIACTHBOCTEH aeporeliB € X MOPIBHSIHO JIerKa 3aTHICTh A0 Aedopmartii i Ji€ro
MEXaHIYHUX HaBaHTaXeHb. Sk OaumMo 3 Tabmumi 1, XIMIKM 3a [OIOMOIOI0 IIEBHHX
TEXHOJIOTIYHUX TPUHOMIB HABUWJIMCS BapiroBaTH Moayib enactuyHocti B 50 000 pa3sis,
3MIHIOIOUM MaTepiai BiJl KPUXKOTO 10 JOCHTH CTIMKOTO 0 MEXaHIYHMX HaBaHTaXeHb. JlecsaTku
MpoCTUX, OIHAPHUX 1 HABITh MOTPIMHUX OKCHIHHX CHUCTEM, BUTOTOBJIEHUX y (OpMi aeporemiB
JOCTIKEHI SIK KaTalli3aTopy PI3HUX peakiii 1 Jamu XOpollll pe3yIbTaTu.

Kceporeni

Kceporei sBnsitoTs co00r0 Marepiany, sSiKi CbOTO/IHI HalOUIbIIe BUKOPHUCTOBYIOTHCS B
TexHili. Pi3HOMaHITHICTh IHMX MaTepialiB 3a XapaKTePUCTHUKAMHU MOPUCTOI CTPYKTYpH, 3a
MopdoJoTi€o, 3a HITLOBUMHU MPHU3HAYCHHSIMH Bpaxkae. B rmaBi 1 Oynmu po3risiHyTI mpUKIaand
HaAlPI3HOMAHITHIIINX MaTepiamiB, sKi € KceporeisiMu. ICHye BENIMKOTOHHAa)KHE BUPOOHMIITBO
CHITiKaresnei, siki 3aCTOCOBYIOTBCS B XIMiUHIM MPOMHCIOBOCTI SIK COPOCHTH, KaTaslizaTopu abo
HOCIi KatanizaTopiB Toulo. Ximii cuiIiKarenei mpucBs4eHo 0arato MoHorpadiii, yacTuHa 3 SIKHX
pociicbkomoBHa [1-4]. B 1pbOMy miApy4HHKY OiJBIIOI0 MIipOI0 PO3TISIATUMYTHCS METOIH
OJICpXKaHHS 1 BJIACTMBOCTI HAaWHOBIIIMX MaTepialliB, CE€pPe/a SKUX BiI3BHAYMMO: CTPYKTYpPOBaHI
ME30IIOPUCTI MaTepiaiy, IIIiBKOBI MaTepianu (MeMOpaHu, MOKPUTTS), (PyHKIIIOHANBHI 1 TiOpUaHI
HEOPTraHiKO — OpraHiYHI MaTepiain.

CTpyKkTtypoBaHi Me3onopucTi matepianm (CMM).

3aranpHa XapakTEPUCTHKA IMX MaTepiajiiB 1 MPUHIMIMN CUHTE3y OyJW PO3IJIAHYTI B TJaBi 1.
Tomy 3ynMHUMOCS Ha KOHKPETHHMX NpUKIanaxX. 3 HaBEICHUX HIKYE NPUKIAIIB CHHTE3Y
MarepiaiaiB modaynumo, IK XiIMIYHUMH METOJaMH BIA€ThCS PETYJIIOBATH PO3MIp TOp 1 iX B3aeMHE
po3TainryBaHHs, po3Mip Ta pOpMy HAaHOYACTUHOK, 3 SIKMX CKJIaJa€ThCsl MaTepia.

BukopucroBytoun [TAP sik cTpyKTypOyTBOPIOIOWI peareHTH 1 CHAIO0YH X micis GpopMyBaHHS
HEeOpraHiuHoi mMarpuii, BraeTbcsa cuntedyBatu CMM 3 notpibHuMu po3mipamu nop. dopma i
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PO3MipH HAHOYACTHHOK MaTtepiaiy, 3 SKUX (OpMyIOThCS CTIHKH IO 1 BCS HEOpraHiyHAa MaTpPHUIIS,
TaKO ICTOTHO BILIMBAIOTh HAa MOTO BJIACTUBOCTI. YUCENbHI TOCTIHKEHHS MMOKa3aly, 1o ¢opMma i
PO3MipH HaHOYACTHHOK 3HAYHOIO MIpPOIO 3alieXaTh BiJ BiACYTHOCTI TpaaieHTy pH B po3uuHi Ha
BCIX CTajisX 30Jb — renp npouecy. PerymoBanns pH nomaBaHHsAM Jyry ab0 KHMCIOTH 3aBXAU
BUKJIMKAE JIOKAJIbHI TPAIEHTH iX KOHIIEHTPAIliH, 110 PU3BOAMUTE 10 HEOAHOPITHOCTI PO3MIpIB i
(GopM YacTHHOK 30110 1 remo. ToMy A peryntoBaHHs pH 3ampornoHOBaHO BHKOPHCTOBYBATH
TaK 3BaHI peakTWBM BUHUKHEHHA. Hanpuknan, erunamerar (EtAc), Bukopucranuit y
HACTYIHOMY IpPHKJIaJl, MOBUIBHO TiAPOJII3y€e B BOJHOMY CEPENOBHIII 3 YTBOPEHHSM OLTOBOI
KHCJIOTH 1 €TaHOJIy 1 WOro pO3YMH 3a PAaxXyHOK PEAKI[iH TiApoii3y CTBOPIOE PIBHOMIPHY Ha
MOJIEKYJISIpHOMY piBHI 3MiHy pH o/iHOYacHO B ychoMy 00’ €eMi.

HaBenemo kinbka TMPHKIAIIB TU3aliHy 1 CHHTE3Y MarepialliB 3 MOTPIOHOI OyIOBOIO 1
BJIACTUBOCTSIMU.

lNMpuknadu cuHme3sy

IIpukiman 1.

B npoMy mpukiiai po3riasHyTO BIUIMB BUOOPY 301k — T'€ib TEXHOJIOT1] Ha BIACTUBOCTI, OYAOBY 1
Mop(oIiorito  KpemMHe3eMy. Pe3ynbraTd, oJepiKaHi CIUIBHO TPYIOK YEChKUX 1 HIMEIBKHX
JOCJII JHUKIB.

Metoauka 1. Cuate3 CMM tuiry MCM-41.

B cxmsroMy mocy i 3mimryBanmu 9,8 T netuntpuMeTtmiiamMmmoHii 6pominy (CTABr), 10 r cumikary Hatpiro (Na,SiOs)
1 po3uuHsu y 5250 cM® BoaH ipu 30 °C.B YTBOPEHHUH MPO30PHi pO3UMH Bipa3y A07aBaiu 15 cM® eTwianerary i
IHTEHCHBHO NEpPEeMIlIyBaJH 10 YTBOPEHHS TOMOTE€HHOTO PO3UUHY, MICI YOTo MepeMillyBaHHs NpUNuHsIM. Yepes
15 xBWIMH oYMHAETHCS BuAaeHHs ocany. Cymim 36epiranu 50 ronus 3a KiMHaTHHX yMOB. [Ticnst 1poro npo3opuit
PO3YMH HaJ 0CaJOM JAEKaHTYyBaJHM, a CYCIEH31I0 ocaay 3 3aJMIIKOM MaTOYHOTO pPO3YMHY IIEPEHOCHIN B
NOJIIPOMNiNeHOBY IISIKY i BuTpuMyBanu 50 romun mpu 90 °C (eran crapinus). CKOpPOUYGHHS €Ty CTapiHHs
MPUBOJMTS JI0 MOTIPUIEHHs CTPYKTYpHHX IapameTpiB. MoJbHe CIiBBiAHOLIEHHs peareHTiB craHoBMIO: 1 Na,SiO; :
0.33 CTABr : 3557 H,O : 1.87 EtAc

Meronuka 2. Cuare3 CMM tuny BMS (ckopouenns Bin bimodal silica)

Posunn rotysamu npu 30 °C B I 3 HOMNPOMiNeHy NpUAATHI 11 BATPUMYBaHHs B aBTokiaBi. 19,6 r CTABr i
10 r Na,SiO; posunssmi B 350 M’ AUCTHIBOBAHOI BOIM OIIEPKYIOUH MPO30puil po3uuH. B Tpu mopiiii Takoro
PO3UMHY [0aBamy MpH posmimrysanui 12, 25 abo 35 cM’ ernmnanerary. MaTepiaiu, MO OEPKYBAIHCS 3 IHX
po3uuHiB Ha3Baau BianosinHo BMS1, BMS2 i BMS3.

Po3unn nepeminryBaiu e 30 ¢, micis 4oro HOro 3alMIiaif Ha 5 rOJUH NP KiMHATHIN Temneparypi. ITicis mporo
nepiony crapinus pH po3uunis Bxke He 3MinoBaBcs. [laii MK 3 po3urHOM BUTpUMyBamu 50 romun mpu 90 °C.
Ha mpots3i 1poro yacy opraHiuHMM pedoBHHaM (ETHJIALETaT i MPOAYKTH HOTO TigpoJi3y) daBaid 3MOTY BUITH
yepe3 cIeliajibHi KJalaHy B Mpooui. YTBOpeHy TBepAy a3y BiJOKpeMitoBanu (uIbTpyBaHHIM, 100pe MPOMUBAIIN
JTUCTAIHOBAHOIO BOJOIO 1 CITUPTOM i CYIIMJIM TIpH KiMHATHIA Temrieparypi. MoIllbHE CITiBBiTHOIICHHS pearcHTIB
cranoBmio: 1 Na,SiO; : 0.66 CTABr : 237 H,0 : 1.87 EtAc (BMS1), 1 Na,SiO; : 0.66 CTABr : 237 H,O : 3,11
EtAc (BMS2), 1 Na,SiOs : 0.66 CTABr : 237 H,0 : 4,36 EtAc (BMS3).

B 060x merozukax temmiar (CTABr) Bugamssest pu npoxapioBari mpu 600 °C mporsrom 20
TOJIUH TMPHU IPOAYBaHHI MOBITPA.

[TopiBHIOIOYM ABI HaBeleHI METOAMKH BiAMITUMO, IO B TEPIIOMY BHIAAKY (MaTepian THITY
MCM-41), no-nepue, Kinpkictb MoiiB [IAP BaBiui MeHma; mo-apyre, 3araibHUNA 00’ €M
po3unHy B 15 pasiB OubIMNA, TOOTO 3016 — T'ellb MPOLECH 1MyTh Y PO3UYMHAX 3HAYHO MEHIIOI
KOHIIEHTpALlii; MMO-TPeTe, 4ac BUTPUMYBaHHsS PO3YMHY NpU KiMHaTHiN Temmepartypi B 10 pasi
OLTBITHH.
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Metoauku cuHTe3y MatepianiB Tty BMS pi3HsaThCs TibKH KibKicTio foganoro EtAc. Omxke
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PEAKIIHHNX CyMiIIeH 3 pi3HUM MOJISIPHUM 3pa3kie BMS1, BMS2 i BMS3
crisBignomenusM EtAc/ Na,SiOs

YMOBHU CHHTE3Yy TPhOX 3pa3KiB MaTepiany BiIpi3HsIOTbcsa BennunHoro pH. Ha puc.6 mokasano
3QJICKHICTh BenMUMHM pH Big 9acy miis pi3HUX MOJBHUX CITIBBITHOIICHb CHIJIIKATYy HATPIIO 1
eTHIaleTaTy. 3 KX JaHUuX 0a4uMo, 110 30JIb — T'ellb MPOIECH CIIOYATKY MPOXOJISATh B YMOBaX

3HA4YHOTO 3HWKEHHA pH, Ha 1-2,5 oxuHMIN TPOTATOM TEpmuX 1-2 TOAWH y 3aJIEKHOCTI Bij
kinbkocTi EtAc. Ilpym menmux kimpkoctsax EtAc pH icTOTHO He 3MIHIOETBCS MICHS MEPIIOi
TOAWHM BiJl TMOYATKy TPOIECY, NMPH MAaKCHMaJIbHUX KIJIBKOCTSX, BHIIPOOYBaHUX B IIbOMY
JIOCITIJDKEHHI, JUTSI IIbOTO MOTPIOHO OM3bKO 5 TOaWH. 3 UX JaHUX 0a4MMO, IO JIJIS BCIX

MarepiasiB BUOpaHUIl Yac BUTPUMYBAHHS PEAKIIMHUX CyMilIeld MpH KIMHATHIH Temreparypi
nocTaTHi ans crabinizanii pH po3uuny.

PosrmsaeMo XapaKTCPUCTHKHU MaTepianiB, OACPIKAHUX 3a HUMU MCTOJUKAMU.

Ha puc. 7-9 HaBeneHO THNOBMHA JUIS TakUX JOCTIKEHb HaOIp JaHMX, IO XapaKTepU3YIOTh
HOPHCTICTH 1 CTPYKTYPY Matepiais.

|

= |
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Puc. 8 PentreniBebki gudpakrorpaMu Puc.9 [30Tepmu aacopOuii azoty mpu 77 K
MOPOIIKIB MaTepiaiB. TEMHI TOYKHU BiJIIIOBIIAl0Th JIeCOpPOIIil
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Yorupu miku Ha aebaerpamax i giamasoni sminu xyTiB 20 Bix 2° no 9° (puc. 8) € THIOBEMHU A
MmarepianiB Tumy MCM-41 1 cBig4aTh Mpo reKcaroHaJIbHY YMOPSIKOBaHICTh. Pi3ke 3pocTaHHS
azcopbuii B nmiama3oHi 3HaueHb p/pp 0,30-0,35 Takok TUHOBE AN MaTepialiB IbOTO THITY 1
BIJINOBIJIa€  3allOBHCHHIO MeE30mOp. AHam3 300paxeHb, OJCPKaHUX Ha CKaHYIOYOMY
eJIeKTpoHHOMY Mikpockori (puc.10 a,b), moka3zye HasBHICTb YaCTUHOK MPUOJIU3HO OJHAKOBOTO
po3Mipy, 6mu3pko 1 mikpoHy. BuanHo, mo marepiam He MICTUTH JIOMINIOK YaCTHHOK 1HIIOL
dopmu. 3 pUCYHKY TaKOX BHJIHO, 110 YACTUHKU MAIOTh I'€KCArOHAIbHY CUMETPIIO.
Hudpakrorpamu matepianie. BMS1, BMS2 i BMS3 (puc. 8) BKka3yrOTh Ha BMICT B IHX
Mmarepiarax TEBHOI KUIbKOCTI (pi3HOi y KokHOMY Bumnanaky)pasu MCM-41. IlpucyTHicTh
TUCTEPE3UCy Ha 130Tepmax (puc. 9) Bka3zye Ha HasIBHICTb 1HIIOT CUCTEMHU ME30II0p, IO MAOTh
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Puc. 10 CEM 300pakeHHs1 MaTepiais.

(a,b) MCM-41; macmtabHi pucku 4 1 2 MIKpoH
BiJIIOBI/THO.

(c,d,e) maTepiasim BMS1, BMS2 i BMS3 BiIIOB1JIHO.
MmacmTaOHi pucku 5, 51 10 MiKpoH BiIOBITHO.

po3mip Oinbiuii Hixk B MCM-41. I3 enextpoHHOMIKpocKomiyHUX 300paxkeHr BMS1 1 BMS2
(puc. 10 ¢, d) BuaHO, 110 MaTepiai CKIAAAETHCS 3 XpOOAKONONI0HUX YACTHHOK 3 J1aMETPOM
6mu3pko 1 mikpoHa i goBxkHHOIO 10-30 MiKpOH. Y MPOTUIIEKHICTH I[LOMY YAaCTUHKU MaTepiaiy
BMS3 matotb chepuuny dopmy.

AHaNi3ylo4M BCIO CYKYIHICTh HABEACHUX JIaHMX MOYKHa 3pOOMTH BHUCHOBKH:
1)KJIF0OYOBUM MOMEHTOM B METOJIl CUHTE3y € CTBOPEHHSI YMOB JUISl MOCTYIOBOTO MOBUIBHOTO
3mMeHueHHs pH
OJIHOYACHO B yChoMy 00’emi. Came 11e CTBOPIOE YMOBH 71l JOPMYBaHHS YaCTHHOK OJTHAKOBOT'O
po3mipy i popmu. SKI0 BUKOPUCTATH OUTBII TPATUIIIHHUHN CIIOCIO MiIKUCIEHHS — JOJaBaHHS IO
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KparIMHax KUCJIOTH NP MOCTIHHOMY MEpEeMIlIyBaHHi, YTBOPIOETHCS MaTepial 3 HEOAHOPITHOIO
Mophooriero.

Po3paxyHKkH MOpUCTHX BIACTUBOCTEH 3a NaHUMHM ancopOuii namm mis marepiary MCM-41 namm
Taki pesysIbTaTH: muTOMa moepxus 1085 M>/r; 06’em mop 0,866 cm’/r; aiametp mop 3,3 M. B
Mmarepiarax THIly BMS Ha MiACTaBi NPOBEACHHUX IOCTI/KEHb 3pOOJIEHO BHCHOBOK PO
IOPUCYTHICTh B HUX JIBOX cucTeM mnop. OxHa cucrtema TotoxHa 3 MCM-41, a apyra mMae nopu,
no-Tepiie, pi3Horo, a mo-Apyre, Oinpmoro xiamerpy. Lle moB’s3aHo i3 301IbIIEHHSIM MOJISIPHOTO
coiBBinHomeHHss CTAB1/ Na,SiO; npu cuHTe3l nux crnoiyk. Lle mpu3BoAUTh 1O CTOHILIEHHS
KPEeMHE3eMHHUX CTIHOK HABKOJIO TMAJMYKOMOAIOHMX MIIeN 1 TiCis TpPOKapeHHS Taki IMmopu
pyliHytoThcs. LluM nosicHIoeThCsl 6IMOAANBHICTE MaTepiay.

TakuM 4YMHOM HaBEIEHWI TPHUKIAJ IMOKa3ye, sSK Bapiallis YUCTO XiMiYHUX (PAaKTOpiB i yMOB
CHUHTE3y JO3BOJIAIOTH CHUHTE3YBaTH Martepial 3 TMOTPIOHOI MOPHCTOI CTPYKTYpOIO 1
MOPQOJIOTI€LO.

Ipuxaan 2.

B npomy mpukiiazi po3riasHYTO MPAKTHYHO BaXIIMBY MPoOIeMy - BIUTUB MeTOAiB cuHTesy CMM
Ha CTIHKICTh MartepiamiB 10 Aii BoAHUX po3uuHiB 3 pizHuMu pH. IlopiBHSIHO Martepianu ski
CHHTE30BaHi Tak, IO CTaJisl CTapiHHS MPOBOIMIIACS MPH KIMHATHIA TeMIlepaTypi i 3BHYaitHOMY

THCKy a60 B aBTOK/IaBi IIpu Temmepatypu 6usbko 100 °C.

Meromnka 1. Cunres MCM-41(I). 34,2 cm® 25% BomgHOrO po3unHy nermnrpuMermiamoHiii xmopuny (CTAC)
3mimryBamu 3 450 cm’ Bomm, 59,4 cm® 2M NaOH i 48,6 cv® 98% terpaetrinoprocwiikaty (TEOC). Cymim
nepeMillyBajii NpoTsAroM | TOMMHM NMpHM KIMHATHIA TemmepaTypi. YTBOpPEHHH reiib 3ajMlIaid Ha 72 TOIWHU.
TBepauii MPOAYKT BiIOKpEMITIOBaTM BakyyMHHM GinbTpyBanHaM i cymmmm 8 romun mpu 100 °C. Opepxamuii
npenapat s Buganenas CTAC mpoxaproBaiy Ha MOBIiTpi 10Boasun Temmepatypy 10 530 °C mpotsarom 6 roaus,
36ibIIyI0uN TeMIepaTypy i3 msuakictio 1°/xBum.

Meromuka 2. Cunre3 MCM-41(Il). Pozumn 1 roryBamm 3mimryBanHsM 22,8 T 30% KONOiZHOTO pO3UMHY
kpeMHesemy i 46,92 r 1M NaOH npu 75 °C npotsirom 2-x roaus. Po3uun 2 rorysanu 3minryasasm 100,9 r Bojw,
30,40 r 25% Boanoro po3unny CTAC 1 0,75 r 25% BoaHOTrO po3unHy amoHiaky. Po3unH 1 monaBanu mo kparumHax
JI0 po3uuHy 2 Tpu mnepemimryBanHi. Jlami Cymill iHTCHCHBHO TEPEMINyBajid B IUIACTHKOBIN IUIAIIII MPOTATOM
onHiei roxuuy. [ellb, 10 YTBOPHBCS, BUTPHMYBAIM B aBTOKNIABI pu Temmepatypi 97 "C mpotsrom 24 romun. [icis
I[bOTO ABTOKJIAB OXOJIO/PKYBAJIM Ha JboAsHIN OaHi, pH remro moBoamscst nopaBanHsAM 30% ouToBOI KHUCIOTH 10
Besimanan 10,2, TTotim nonaBamu 4,16 T NaCl, po3Milryroun reib pyu KIMHATHIHM TemrepaTypi npotsrom 1 roauHu.
[Iponienypa HarpiBaHHS — BUTPUMYBaHHS 24 TOIWHHU — OXOJOIKeHHs — moBeaeHHs pH mo 10,2 (6e3 momaBaHHS
NaCl) noBroproBanacs mie aBidi. Jami TBepawii IpoAyKT BiA(IIBTPOBYBAIH il BAKyyMOM, CYIIWIA 8 TOIWH TPU
100 °C i mposxaproBasy Ha moBiTpi Ak i B MeTommi 1.

[lBa cuHTe30BaHI MaTepiaiM BUIPOOYBaJIM Ha CTiMKICTh 10 BOJHHMX pO34MHIB 3 pizHUM pH. g mporo 3pasku
MarepialiB po3MilllyBaIM ITpH KIMHATHIHM Temneparypi 3 Bogoto (pH = 7), posunnamu amoniaky (pH = 7,8 i1 8,9) Ta
po3unaom HCl (pH = 3,7). CuiBBigHOmIEHHS Macu 3pa3kiB 1 po3umHiB cTaHoBwio 0,245 v/n. Jlami 3pasku
BiIINBTPOBYBAIH, CYLIMIN TIPOTATOM 2-X ToauH npH Temmepatypi 120 °C i mpoxapioBamu mpoTaroM 3-X TouH
npu 500 °C. CriliKicTh 10 BOXHUX PO3UMHIB NEPEBIPSIN MOPIBHAHHAM MOPQOIIOTii, XapaKTEPUCTHKHI MTOPYBATOCT i
CTPYKTYPY 3pa3KiB Marepiaixy A0 0OpOOKH BOTHIMHU PO3YMHAMH i MICIIST Hel.

B tabnumi 2 HaBeneHO pe3yNbTaTH AOCHTIKEHHS MOPYBATOCTI 1 CTPYKTYpH 3pa3KiB MaTepialiB
MCM-41(I), MCM-41(IT) no 06podku Bomoro 3 pH=7 i micns Hei..
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Tabmung 2. [Mapamerpu mopyBaTocTi i CTPYKTYPH 3a JaHUMH aacopOIii a30Ty 1 po3ciroBaHHS
PEHTTEHIBCHKUX MPOMEHIB IiJ] MAIMMU KyTaMH.

MCM -41 (1) MCM -41 (1I)
BnactuBocrti o [Ticns o [Ticns
00poOKH 00poOKH 00poOKH 00poOKH
BOJIOKO Bojoio0 (pH=7) BOJIOKO Boj1010 (pH=7)

[Turoma noBepxHs, M°/T 1350 450 1200 1005
06’eM 110p, cM>/T 0,75 0,26 1,1 0,94
CepenHiii giameTp mop, HM 2,2 2,3 3,0 3,0
Pesynbratun SAXS
CTpyKTypHHIi TUIT I'excaroH. Amopdumii I'excaros. I'excaroH.
[Mupuna miky (100) Ha
nudpakTorpamax, M 0,27 - 0,12 0,13
BinsocHa cTpyKTypoBaHicTs ), % 100 <5 100 90
Lattice space, HM 3,40 - 3,98 3,80

* . . v o . .
)P03pax013aHa Ha OCHOBI HOpMaJli30BaHOi IHTEHCUBHOCTI MKy (100)

[TopiBHSHHS IHTEHCHUBHOCTEH MiKiB PO3CIIOBaHHS PEHTICHIBCHKMX MPOMEHIB 1 iX IIMPUHU AAJ0
Taki pesynabTaTd. [HTeHcuBHICTH mikiB (100) 3pocrae B psamy (I) < (II), Tomi sk iX mupuHA
3MIHIOETHCSI B 3BOPOTHOMY HampsMKy (auB. Tabm.. 2). IlonoxkeHHs MiKiB TakoX pi3He, MIKY
3pasky (II) BiAmOBiIAtOTh MEHII 3HAYCHHS B LIKATI 9acTOT i 3Mimenns cranoButs 0,15 um™'. Ie
CBIAYUTH MPO OUIBIITY CTPYKTYpoBaHicTh 3pa3ky (II) 1 i1 po3noBcioKeHHS Ha OUIBITY BiCTaHb.
Ha puc.11 mokazasni i3otepmu aacopOitii 10 1 micis o06podbku MCM-41(1), MCM-41(1II) Boxoro, a
Ha puc. 12 HaBeeHO 1X 300paKeHHsI, OJIepKaHi Ha CKAaHyI0YOMY €JIEKTPOHHOMY MIKPOCKOITI.

3 puCyHKIB 0a4uMMO, 110 MaTepiaiu, sKi He 00pOoOJISIIUCS BOJOI0, CKIIAIal0ThCS 3 arjioMepariB 3
BUKPHBIICHUX T'EKCaroHaJbHUX mnanuyok ToBHIMHOIO100 — 300 uwm. Ilicnis oOpoOku BOAOIO
Mopdoitoris Marepiany (I) pi3ko 3MIHIOETBCS. 3aMICTh CXOKHUX 3a (DOPMOIO 1 PO3MIPOM MATHUOK
YAaCTUHKH CTAIOTh 3HAYHO OUTBLIMMHU 1 HE MaloTh BU3HaueHoi popmu. Taki x pizki 3MiHH OGauUMO
1 Ha 130TepMax azacopOiii. BigcyTHicTh 3pocTaHHs amcopOiii i3 3pocTaHHAM p/po (KpuBa 2, puc.
11a) o1HO3HAYHO CBIAYUTH PO pyHHYBaHHS OPYBATOI CTPYKTYPH MaTepiaiy.

600 . 700

F =
- a " b

2 500 | < 6004

4 =

5 © 500 §
©° 400 - lg
:: ple] 400 {

= 300 E J

= & 300

g 2

& 200 lg
2 M £.200

= ©

[=]

S 100 { —0—21 = 100 | -2
< —A—1 < —A—1

0 — , . ‘ 0 , :
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 06 0.8 1
P/P, P/Py

Puc. 11 I3orepmu ancop6bmii azory; a)MCM-41(1), b) MCM-41(1l). Kpusi 1 (mo3nauesni
TPUKYTHUKAMH) BIAMOBIIAIOTh MaTepiajaM 0 oOpoOKH BOJIOIO, KPUBI 2 Ti K MaTepianu micis
00poOKH BOIOIO
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d.

Puc.12 300pakeHHst MmatepiaiiB oJiep)kaHl Ha CKaHYIO YOMY €JIEKTPOHHOMY MiKkpockori. Puc.a,b
BignoBigaroTh MCM-41 (I) BiamoBigHO 10 00pOoOKH BOAOKO 1 Micis 0OpOOKH; aHAIOTIYHO PUC. C 1
d BigHOCSTRCS 1O MCM-41 (II).
Inma curyanis cnocrepiraeteest s crnonyku (1), cuHTe3 sKOi 30KpeMa BiApi3HABCA
MIPOBEJICHHSAM IPOLIECY CTapiHHSA T'elI0 B aBTOKJIABI. B 11boMy pasi, SIK BUIHO 3 HaBEJICHUX BUILE
JaHUX, MOP(OJIOTis 3pa3Ky HE pyHHY€EThCS Miciast 0OpOoOKM MaTepiaiy BOJIOIO.

/

InTeHCHBHICTD,A.0.

0,0

1,59 2,41 3,22 4,03 4,891

q, HM~

Puc.13 KpuBi peHTreHiBChKOTO

PO3CIIOBaHHS IiJl MAJIUMU KyTaMH.
matepiany (II) micis oro oOpoOKu

BOJI0I0 3 pizHuMu pH; a) pH=7;

b) pH=3,5; ¢) pH=7,8; d) pH=8,9.

dv/dR

0.20 |

0.15

0,10

0,05 J

0,00

0 2 4 6 . 8 10
paaiyc nop, HM

Puc. 14. Po3noain nop 3a po3Mipamu B
matepiauni (II) micns fioro 06poOKHM BOAOKO 3
pizuumu pH; a) pH=7; b) pH=7,8;

c) pH=8,9.

O0pobka marepiany (1) BomHUMEU pO3YMHAMHE 3 PI3HOIO KHCIOTHICTIO MO-PI3HOMY BILTMBAIA Ha
HOpYBaTy CTPYKTypy. AHalmi3 MaToyHMX po3uuHiB Ha BMicT SiO, JaB Taki pe3yJbTaTH:
KpeMHe3eM He OyB 3HaWJeHHWH y KUCIOMY BogHOMY posuuHi (pH=3,5); BTpatm macu 3pa3skiB
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MaTepiany micis oOpoOKM JTy>)KHUMHU po3dnHamu ctanoBwia: 0,9% npu pH=7,8 1 3,8% mnpu
pH=8.9.

Ha puc. 13, 14 ta B Tabnuni 3 HaBeOEHO MaHi 3 MAJIOKYyTOBOTO PO3CIIOBAaHHS PEHTTEHIBCHKUX
MIPOMEHIB, PO3MOLI MOp 332 PO3MIpaMU Ta XapaKTEPUCTUKH MOPYBATOCTI JJIsl HAMOLIBII CTIHKOTO
no nii Bomm wmartepiany (II), siki BimoOpakaroTh BIUIMB [ii BOJHUX PO3YMHIB 3 PI3ZHUMH
3HaueHHsAMU pH Ha Horo mopyBary CTpyKTypy. 3 LHMX JaHUX BHJHO, 110 30uiblieHHs pH
BOJIHOTO pO3YMHY TIPU3BOAUTH A0 3MEHIICHHS iHTeHcuBHOCTI miky (100) Ha KpuBHX
PO3CilOBaHHs, 110 CBITYUTH NMPO YaCTKOBE PYHHYBaHHS I'eKCaroHaJbHOI CTPYKTYpPH MaTepiany.
[Tnoma nmoBepxHi npu 00poOLIi Marepiany JyXKHHUMH PO3YHMHAMH B TIOPIBHSHHI 3 MaTepialiom
o0po6nenum npu pH=7 3meniyerbes (Tabdn.. 3) Ha 8% npu pH =7,8 1 Ha 17% npu pH=8,9. Mae
MiCIIe TaKOK 3pOCTaHHS IMIUPHHU KPUBOI PO3MOILTY TIOP 32 PO3MIpOM.

Tabmuns 3. [Mapamerpu mopyBaTocTi i CTPYKTYPH 3a JaHUMH aAcopOIii a30Ty 1 po3ciroBaHHS
PEHTTEHIBCHKHX MPOMEHIB Mia ManuMu KyTtamu matepiany (II), sxuit mignanu oOpo61i BoAHUMU
pPO3YMHAMH 3 Pi3HUM 3HaYeHHSM pH.

Bnactusocrti 3nayeHHs pH BoHUX PO3UYMHIB
7 3,5 7,8 8,9

[Iuroma noBepxHs, M/T 1005 1000 930 840
06’eM mop, cM°/r 0,94 0,82 0,73 0,56
CepenHiii giameTp mop, HM 3,0 3,0 2.8 2,6
Pesyabratu SAXS
CrpyKTypHHiA TUI I'excaron. I'excaron. I'ekcaros. I'excaros.
Hupuna mixy (100) Ha
nudpakTorpaMax, HM- 0,13 0,14 0,16 0,21
BinHocHa cTpyKTypoBaHicTs ), % 100 100 60 30
Lattice space, HM 3,80 3,79 3,76 3,77

* . . . e . "
) Po3paxoBana Ha OCHOB1 HOpMaIi30BaHOi IHTeHCUBHOCTI iKY (100)

BaxnuBi pe3ynbTaTd 100 TOHKOINIIB OyJOBM Marepially 1 BIUIUBY Ha Hei pi3HUX (i3HKO-
XiMIYHEX (PAaKTOPIB MOXKHA JIICTATH MOCHiauBIIH criekTpu SIMP Ha simpax 2g;i.

SP ! Ccp SP s

Qo Q’ Q° Q" Q

2 @ ! Q \ Q“MSJ
Q \ \ l
P\w WM/F- unin

ey | "ot
o/ o N
c JL WMJ lhw N wa' \M \

Y
W Vi
250 -100 -150  _50 -100 -150 250 -100 -150

CP
3
4

a 2
[

N\f W

-50 -100 -150

Puc. 15 Criextpu SIMP Ha sinpax *°Si; a)BUCYIICHHH, b) mpoxkapeHuii, ¢) o0pobieHuii B0 3
pH=7 i npoxxapenwuii. I i Il o3navatots BiamosigHo criektpu MaTepiamis I 1 II.
SP (single-pulse excitation), CP (cross polarization).

[IpoananizyeMo cmo4yaTKy Mepliy 1 TpeTio TpyIy MiKiB A7 ABOX MaTepiaiiB, BAMIPSHY B PEKUMI
npsMoro 36ywkeHHs saep cuminiio (SP). Binsocna inrencusmicts ~Q/*'Q 3mHauHo Gimbma s
3pasky I (1,2) y mopiBusiHHI 13 3paskom Il (0,7). Ilicas mpoxaproBaHHs BOHA CTa€ MPUOIHU3HO
onHakoBoto (0,5) mns o6ox marepiamiB. Haromocumo, mo B matepiani Il sk Ha cramii Timbku
BUCYIIIEHOTO (HE TMPOXXKAapeHOro) 3pa3Ky, TaK B KIHIEBIH cTadil Micas MpoKaproBaHHS
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criBBimHOmenHs *Q/'Q mpakTHuHO oxHakose. Lle CBigUNTE, MO B yMOBaX CHHTE3y Matepiany II
GiNbIIO0 MipoM ife yTBOpeHHs TerpaeapiB 'Q. Piicts criBBimmomenms °Q/'Q mis 06ox
MaTepialiB MicIsl MPOXKAPIOBaHHS O3HAYaE, IO B MPOIIECi POKaproBaHHs B MaTepiami | 3HauHa
YacTMHA CHJIIIII0 BHACHIIOK peakiii KOHAEHcalii 3MiHIOe THI KoopauHaii. OCKiIbKU
KOHJICHCAIlis MMPOXOANTh B yMOBaxX yTpyIHEHOI Audy3ii aToMiB, a/pKe TMPOKAPIOETHCS TBEPAUN
Mmartepiajl, IpUHAalMHI YacTHHA BY3JiB (Q 3HAXOAMUTHCS y CHIBHO MPOCTOPOBO YTPYIHEHOMY
crani. Ille ¥ Moxe OyTH OCHOBHOIO MPHYMHOIO TiAPOTEPMAaIbHOI HECTaOLIBHOCTI TaKOTO
MaTepiany.

SAMP criektpu >°Si B KpeMHE3eMi, 3HATI METOZOM KpPOC-TONAPU3ALlii, CIIOCTEPIiraloThest TO,
KOJIM TOpYY € TiipoKcuibHAa rpyna. Lle Tako BUKOPUCTOBYIOTH JUISl JIarHOCTUKU THILY
KOOPIMHAIIMHUX EHTPIB. 30KpeMa, 3 HaBeIeHUX CHEeKTpiB (2,4 KOJIOHKHK Ha puc. 15) BUaHO, 110
JOMIHYIOUUH TIK HAJIEeKUTh 3Q, OCKIIBKM caMe B IIbOMY BY3Ji aTOM CHIIIII0 3B’sI3aHUN 3
TIAPOKCUIIBHOIO TPYNOK0. BiIMITUMO TakKoX HAsBHICTh JIOCHTHh IHTEHCHUBHOTO ITiKa 4Q B
npoxapeHomy martepiani | (cnektpu b), Toai sk B marepiami Il Takuit mik nyke cnabkuii. Le
MOJKHA TIOSICHUTH THM, IO B CTiiikoMy marepiaini Il cuiokcaHoBa ciTka yTBOpEeHa OLIBIIOO
MIpOIO TeTpaeapaMu THITy "Q, sKi 3HAXOMATHCA B CTIHKAX MO, 4 LEHTPH THITy °Q 3aTHIIATHCS
TUTBKH Ha TOBEpXHI Mop. B Toii ke yac, B yMOBax cuMHTE3y MaTepiany | 3amuimaeTscsi Belnka
KiTbKicTh HeHTpiB °Q, a IHeHTpH 'Q YTBOPIOIOTHCA IHIIE HAa CTaiii mpoxkapioBaHHsA. Tomy
B3a€MHE MTPOCTOPOBE PO3TAIITYBAHHS IMX IIEHTPIB MEHIII BU3HAYCHE.

Takum YMHOM, B IbOMY MPUKJIAA1I MU oOaumiy, mo mMarepianu Tuny MCM-41, siki cuHTEe30BaH1
npy KIMHATHIA TeMIleparypi, MOBHICTIO PYHHYIOTHCS Y KOHTakTi 3 BoMor0. CTabuIBHICTD ITUX
MaTepianiB 0 Aii BOAM MOXke OyTH CYTT€BO MiABHUIIEHA, SKIIO CHHTE3 MPOBOIUTH TMpHU
iIBHUIIEHIH TeMIepaTypi B aBTOKJIABI.

B ocHOBy iHIIOI METOOUKM CHHTE3y ME30IOpYBATOr0 KPEMHE3eMy 3 IIiJIBUIIEHOO
TIAPOTEPMIYHOIO CTAOILTBHICTIO TOKIAJACHO BBEACHHS JJ00ABOK OKCHJIIB IHINUX EJIEMEHTIB,
30KpeMa anoMiHifo abo TuTaHy. baratbma mgocmigHukamMu OyJiO BCTaHOBJICHO, IO HEBETHKI
N00aBKU OKCHJIIB IIMX €JIEMEHTIB 30epiraroun Me301opyBary YHopsAKOBaHY CTPYKTYpY, poOIsATh
Marepian CTIMKIIKUM JI0 TTPOXKaproBaHHSA a0o Mii BOJAHUX PO34HMHIB. PO3risHeMo oIuH 13 TaKux
METOMIB, SKUN MIKaBHH i1e THM, 110 3aMicTh [TAP sk TeMiatu BUKOPUCTOBYIOTHCS OpraHiuHi

JIraHax Ta X KOMIUIEKCH 3 aTIOMIHIEM.

Meroauka 3. T'oryBanu mperigponizoBanuid TEOC. [lns nporo rorysamu cymimn TEOC : HCI : H,O : EtOH 3
MoJsipHEM  criiBBimHomeHHsM 1: 0,01 : 4 : 3 i BuTpumyBamu ii 5-6 roams npu Temmepatypi 70 °C. Ilicms
OXOJIOJDKEHHS JI0 HBOTO JI0JaBaJIk NPY MEePEeMIilllyBaHHI BOJHUI PO3YHH MasiciHOBOT a00 BUHHOI KUCIIOTH 1 BOTHHIA
pozuun AlCl; - 6H,0. Ckinan cymimeir HaBegeHo B Tabmuui 4. Ilicns 2-x wmicsniB 30epiraHHs MpH KiMHATHIN
TEeMIlepaTypi BiOyBaJMCS NPOLIECH YTBOPEHHS, CTapiHHS 1 BUCYIIYBaHHs Tento. B pesynbrari yTBOprOBanucs
MPO30pPi MOHOJITHI IJIACTHHKY, SIKI PO3MENIOBANIN Y APiOHMIA MOPOILIOK 1 MiijaBany eKCTPaKiii €TaHOIOM MPOTITroM
3-x nuiB B anapati Cokcnera. [Ticns BuCynIyBaHHS y BaKyyMi JiCTaBann Me30NOPYBaTH KPEMHE3EMHUIT Marepiall.
lizpoTepManbHa cTifikicTh MaTepianis mepesipsmacs tak: 0,2 r Matepiany i 20 cM’ JHCTHIBOBAHOI BOIH B KOO
06’emoM 50 cM’ 3i 3BOPOTHHM XOJNOMILHUKOM KHITSTHIHCSA 6 rofmH. ITicis 1boro 3pasok BindiasTpoByBamm,
NPOMHBAIH JUCTUIILOBAHOIO BOJIOI0, CIIUPTOM i CYLLIHIIH.

B Tabnumi 4 HaBeneHO pe3yibTaTH JOCTIIKEHHS BIUTUBY CIIBBIJHOIIEHHS KOHIEHTpALil
TEOC, AICl; Ta opraniunoi kucnoru, BunHOi (TA) abo maneinoBoi (MA), Ha mopyBarticTh
Mmatepiany. Jlis TocniKeHHs MOpyBaToi CTPYKTypu Oynu BUMIpsHI 130TepMu afcopOuii a3ory
Ta MaJIOKyTOBE PO3CilOBaHHS PEHTTEHIBChKUX NpoMeHiB (SAXS)

Tabmuus 4. BruvB ciBBIAHOIIEHHS peareHTIB Ha BIACTUBOCTI OJIepKAHUX MaTepiaiB.

Ckuag Maca Maca Maca | IImoma | O6’em nop, | Cepenniit Mikpormopu
cymimi | SiO,, r | Temimiara, | AICl;, T | moBepxHi, eM’/r giamerp nop,| Ilnoma  |O6’em mop,
r M/r HM MOBEPXHI, eM’/r
M/T
Si0,- rems”| 1,35 0 0 314 0,150 3,0 276 0,128
MA -0 1,35 1,35 0 986 1,071 4,3 21 -
MA-OTT?| 1,35 1,35 0 388 1,121 10,6 35 0,011
MA -1 1,35 1,12 0,07 907 1,119 4,6 14 -
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MA -2 1,35 1,12 0,30 774 1,109 5,1 - -
MA-2TT?| 1,35 1,12 0,30 775 0,940 4.6 3 -
MA -3 1,35 1,12 0,60 796 1,645 7,3 14 -
TA -0 1,35 1,35 0 910 1,087 4,6 37 0,006
TA-0TT?| 1,35 1,35 0 491 1,188 9,0 46 0,015
TA-1 1,35 1,35 0,07 685 1,014 5.4 31 0,006
TA-2 1,35 1,35 0,30 664 1,284 6,8 25 0,003
TA-2TT? 1,35 1,35 0,30 705 1,203 6,2 27 0,003

" KonTpounbruit 3pasok. I'enb cuuTe30BaHuiT Ge3 amOMiHi0 i OpraHiuHHX KHCIOT.
2 3pa3ku, SAKi miIIaBaiy TiIpoTepMaNbHii 00poOIT.

Hageneni B Tabnuii 4 moka3yroTh, 0 BBEJCHHS MajeiHOBOiI a00 BHHHOI KHUCJIOT IO CKIAmy
30J10 MPU3BOMUTH JIO 3POCTAHHA IIOBEPXHI 332 paxyHOK YTBOPEHHS ME30IOp Ta Pi3KOro
3HWKEHHSI KUIBKOCTI Mikponop. Ilpore 3 Tabnuii Takox BUAHO, IO TiApoTepMaibHa 00poOka
IIMX MaTepiajiB NPU3BOIUTH 1O pPyHHYBaHHS MNOpyBaToi CTpyKTypu. OnHOYAacHE BBEACHHS
XJIOpUY QIIOMIHIIO 1 OpraHidHUX KHUCIOT MPHU3BOJUTH JIO0 YTBOPEHHS ME30MOpYBATUX
MatepiaiiB, SKi € CTIMKUMU JI0 T1ApOTepMaTbHOT Jii.

ByB mepeBipeHnii TakoX BMICT ANIOMIHIIO B OJIEP)KaHUX MaTepiajiaX MO eKCTpaKiii OpraHiku
ciupToM 1 micist Hei. PesynapTaTé HaBenpeHo B Tabnui 5. 3 muX AaHUX BUIHO, IO OlIbIIa
YaCcTHUHA AJIIOMIHIIO PO3YMHSAETHCS B CHHUPTI 1 BUXOAUTH 3 Marepiany. Lle o3Hauae mo, sk cami
OpraHiyHl KHCJIOTH, TaK 1 iX KOMIUIEKCH 3 aJIOMIHIEM BIIITPaOTh POJb TEMILIATIB B CHHTE31
ME30I0pyBaTUX MaTepialiB 1 aJlOMiHIM B yMOBax CHHTE3y HE 3aMilllye CUJILIA B TeTpaeapax
EO4 1 HE BOYIOBYETHCS B TTOJTICHIIOKCAHOBHH KICTSIK.

Tabmuus 5. Bmict amominito (mepepaxoBano Ha macy AlCl;, T
y BIAMOBIIHOCTI 13 CKJaJIOM CHCTEM HaBeJIeHUX B Ta0m. 4) B
3pa3Kax MaTepiaiiB 0 1 MICIs €KCTPAKII €TaHOJIOM.
Kon 3paszky MA-1|MA-2|TA-1|TA-2
Bwmict Al no excrpakiii 0,065 0,247 0,060 | 0,224
Bwmict Al micns excrpakiii | 0,008 0,024 0,005 |0,012

Sk y>ke HaroJouIyBaJiocs BUIIE, CydacHa TEXHIKA, 30KpeMa MIKpOEIEeKTPOHIKa, MOTpedye
Marepialidi 3 TIEBHOI (OPMOI0 YAaCTHUHOK, IO iX CKJIAJalTh, Ta iX IEBHUM B3aEMHHUM
IPOCTOPOBUM po3TanryBaHHsM. [llupokoro po3BuTKy HaOysna TExXHiKa, IO BHUKOPHUCTOBYE
MIKPOBY3JIH 3 ONTOBOJOKOHHMMH CBITJIOBOgamH. [l 1[MX T[pWiaaiB HE IMiIXOIHMTh
ONITOBOJIOKHO, BUTOTOBJICHE MEXaHIYHUM cIocoboM. Imerscst mpo CcyOMIKpOHHI po3Mmipu
BOJIOKOH. lle o3Hauae, MmO Taki BOJOKHAa MOXYTh OYTHM BHTOTOBJIEHI TUIBKM 3aco0amMu
HaHOTeXHOJOri. B HacTtymHomy mnpukiani Oyae mokazaHO, K TU3aiiH TaKUX MarepialiB
BUPIIIYETHCS] YUCTO XIMIYHUMU METOJIAMHU.

Mpuknapg 3.

Metonmka 1. Sk mkeperna kpemHe3emy BukopuctoByBanu (C,Hy0),Si — TBOS, (C,Hs50),Si — TEOS abo ix cymimr.
T'oryBamm 0,05 M po3uMHM IHMX peareHTiB B OPTraHIYHHUX PO3YMHHUKAX (T€KCaH, YOTHPUXJIOPHCTHI BYTJIEUDb).
OKpeMo roTyBajIi BOJHHUI PO3UUH 13 MOJIBHUM cIiBBiHOLIeHHsIM KomitoHeHTiB: 100H,0 : 0,0246CTAB : 2,92HCI.
Po3unH, 1m0 MiCTHTE CHITILIN, TIEpeHOCHIH 0e3 IepeMilIyBaHHsS B CKIHKY 3 BOAHUM po3uuHOM [TAP. ITicas nBox
JHIB 30epiraHHsi MpH KIMHATHIA Temmneparypi y BojHiil (a3i momivyaiocst 3pocTaHHs BOJIOKOH. [licis m’situ aib
BOJIOKHA BUAAJISJIM 3 PO3UMHY 1 CYLIWIJIM Ha MOBITPI.

JlocmikeHHsT MaJIOKyTOBOTO PEHTTECHIBCHKOTO PO3CIFOBAaHHS, €JEKTPOHHA MIKPOCKOIISI Ta
BUMIPIOBaHHS 130Te€pM aAcopOIii Mokas3ajo, IO 3a TaKMX YMOB YTBODPIOIOTbCS BOJIOKHA 3
T HJIPUYHUX arperaris, 0 MalOTh TCKCAarOHAIBHO YIOPSIKOBAHY ME30IOPYBaTy CTPYKTYpY 3
KOHCTAHTOIO penntku Omu3pko 4,7 HM. BonokHa BUSBISIOTE CUJIBHE  TOJBiliHE
MpoMeHe3aJoMIIeHHs. JloCliDKeHHs BEJIWYMHU 3aJIOMJICHHS Ha pi3HIA BiJCTaHI B oOcCl
T HIPUYHOT YaCTUHKHY MTOKA3aJ0, 10 BOHO HAHOLIbIIE B TOYII, IO JISKUTH Ha OCI 1 TOCTYOBO
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CraJIa€ 3 BiJAJICHHAM BiJ Hel. Takuii pe3ysbTaT BUKIIOYA€ HASBHICTh KaHATIB (TI0P) B YaCTHHIII,
1110 IPOXOJIATh MapaieNbHo 11 oci. Taki ONTHUYHI BIACTUBOCTI MaTepialy BiANOBIAAIOTh KaHAIAM,
10 KOHIICHTPUYHO PO3TaIIOBaHI HABKOJIO OCi, K 300paskeHo Ha pHc. 16.

Puc.16 Cxematnune 300paskeHHsI KOHIEHTPUYHOTO
po3TalryBaHHS TIOP HABKOJIO OCI IMTIHIPHYHOT YACTHHKH.

Jlmme HaBeneHa MoOJENb TOPYBaToOi OyIOBM CHHTE30BAHOTO MaTrepialy 34aTHa MOSCHUTH
3aJICKHICTh BEJIMYMHU MOJBIHHOIO MPOMEHE3AJOMJIEHHS B3/IOBX JllaMeTpa YaCTHHKH.
EnekTpoHHOMIKPOCKOMIYHI JOCIIIKEHHS MOBHICTIO MIATBEPIMWIA TaKy MOJEIHh PO3TAIIyBaHHS
nop. Ha puc.17 naBeneno TEM ¢ortorpadii cuHTE30BaHMX Ha TIpaHUIl ABOX pIIKUX (a3
KPEeMHE3eMHHUX MaTepialliB 3 YaCTUHKAMHU BOJOKHHUCTOI (opmH. YacTHHA TakMX BOJIOKOH Mae
HOpOXHIO cepeauHy. CBiTJIa cMyra B3JI0OBK BOJIOKHA BiJJOOpaxkae HasBHICTb MOPOXXHUHH, LI0
Mae MUIHAPUIHY GopMmy. Y BCTaBIi Ha puc. 17a mokazano ¢ororpadii MOJOBKHBEOTO (B3IOBK
IWIIHAPUYHOI ocl) 3pi3y BojokHA. JloOpe BUIHO CTPYKTYPOBaHi, T'€KCaroHaJIbHO PO3TAlllOBaHI
nopu. OTxe IOpH B TAKMX BOJIOKHAX MAIOTh KPYToBY (pOpMY 3 IEHTPOM Ha OCi BOJIOKHA.

200 nm 7 200 nm

e} 5 o | pis ) ? !

Puc. 17 TEM dotorpadii kpeMHE3eMHUX BOJOKOH, CHHTE30BaHHUX
B nBodasnux cucremax a) Bona/CCly;b) Boma/rexcaHn.

Sx BugHO 3 puc. 19, ne mHaBeneno CEM ¢otorpadii okpeMux BOJIOKOH, BOHU MOXYTb JIOCSTaTH
10 — 20 MKM y A0BXMHY 1 1 — 2 MKM y TOBIIMHY. 3ayBa)KUMO, IO MOPOKHBOTIJI BOJOKHA
CTAHOBJIATH JIUIIE HEBEIMKY YACTHHY BiJl BCIX YaCTHHOK, SIKI HE MAIOTh IIOPO>KHUH.

TpeTrmmia Broprmna [epprnma

CTPYKTypa CTPYKTYpa CTPYKTYpa

Puc. 18 Iepapxiuna cxema OyJ0BH BOJIOKHA
Puc. 19 CEM ¢ororpadii BoiokoH

KpPEMHE3eMY, CHHTE€30BaHUX B CHCTEMI
Bona/CCly.
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IMOBipHY cXeMy YTBOPEHHS YAaCTHMHOK BOJIOKHHCTOI (POPMH MOKHA TPOUTIOCTPYBATH CXEMOIO,
HaBezieHoto Ha puc. 18. [lannukomnoiOHI MillenH, OASITal0uuCh Y ,,11y0y” 3 KpeMHEe3eMy SBISIOTh
cO0O0I0 TIEPBUHHMHN €JIEMEHT MaiOyTHBOI CTPYKTYpH. 3a JOTIOMOTOI0 peakilii KOHACHCAIl MixX
CHWJIAHOJNBHUMH TpyHaMH T[OBEPXHEBUX aTOMIB CHIILII0 TEPBUHHI €JIEMEHTH CIIOYaTKy
00’€THYIOTBCSI B KOHIJIOMEpATH BTOPHUHHOI CTPYKTYpH (IuB. puc. 18), gki nani 00’ €aHyIOThCS 3
YTBOPEHHSIM  BOJIOKHOMOAIOHOT dacTuHKW. CHig HArojloCUTH TaKOXK, II0 YTBOPEHHS
IWTIHAPUYHOI MOPOKHUHK B YAaCTHHIII HE € Pe3yJbTaTOM PO3TAIIyBaHHS TaM TEMIUIATY, K 1€
Mae Miclie MpU YTBOPEHHI MOP. 3TiJHO ICHYIOUOi TOUKH 30pY, TaKi MOPOKHUHU CIIiJ PO3IIIAaTh
K NeQEeKTH YyTBOPEHHS BOJOKHHUCTOI YAaCTUHKU. TOMy OUIBINICTh YACTHHOK HE MA€ MOPOKHUH,
JesKi YaCTMHKM MAaloTh TMOPOXHUHH JIMIIE B3OBX HEBEJIMKOI YACTHHH BOJIOKHA 1 JIMINE
HEBEJIMKA YaCTKa BOJOKOH € TIOPOKHBbOTITUMH.
BiakpuTi XiMikaMH MOXKJIMBOCTI BUKOPHUCTAaHHS MILICJIIPHUX Ta PIAKOKPHCTATIYHUX (a3 A
CTBOPEHHS HEOPTaHIYHMX MaTepialiB 3 1€papXidyHOK CTPYKTYpOI 1 CKJIATHOK (OPMOIO
JO3BOJIMJIO CTBOPUTH 3arajbHUil MiIXiA OAEpKaHHA PI3HUX 3a CKIAJOM MOpYyBaTHX
HaHOMaTepialliB 3 Po3MipoM YacTHHOK 2-10 HM 1 po3mipoM MOp BiA KiIBKOX HAaHOMETPIB IO
KUTBKOX MIKpOMeTpiB. Po3pobineHi MeToau CHHTE3y MaTepiaiiB He TUTbKH 3 YaCTUHKAMU PI3HHUX
dbopM 1 po3mipiB (CylipHI a00 MyCTOTUI cepH, MaTHIKH 1 TPyOOUKH TOIIO), a i BOJOKHHCTI 1
IUTIBKOB1 Martepiajiu, MOKPUTTs Tomo. Po3pobieHi XiMidHI METOIU CTBOPEHHS HAHOPO3MIPHHX
PUCYHKIB 3 TEBHHX MaTepialiB Ha pI3HUX NOBepxHAX (miaknankax). OcTaHHE € OJHUM i3
BYXUIMBHUX KPOKIB Y CTBOPEHHI TEXHIKM HOBOTO MOKOJIHHS — MOJIEKYJISIPHOT eNeKTpoHiku. Kpim
MOJICKYJISIpHUX 10HHUX 1 HeioHHUX IIAP, sk CTpyKTypOyTBOpIOIOYI peareHTH abo TeMIuiaTu
HIMPOKO MOYAIA BUKOPUCTOBYBATHUCS OJIOK KOMOJIIMEPHU, EMYJIbCii, KOJOITHI JTaTeKCHI KPUCTAIIH.
[Topyd 3 pO3BUTKOM TPAKTHUYHUX EKCIIEPHMEHTAILHUX METOJIB CHHTE3y pPi3HOMaHITHUX
MOpyBaTHX MaTepiaiiB 3HaWIEHO 6araTo 3aKOHOMIPHOCTEH, SIKi BCTAHOBIIIOIOTh 3AJIEKHICTh MIXK
YMOBAaMH  CHHTE3Y, ME30CTPyKTyporo 1 Mopdomnoriero. Jlas po3yMmiHHS  TIPOIECIB
(bOpMOYTBOPEHHS, SIKI CKJIaIal0ThCA 3 MPOIIECiB HyKJIeallil 1 3poCcTaHHs, MOTPIOHO AOCTIIUTH SIK
TEPMOJIMHAMIUHI, TaK 1 KIHETHYHI (PaKTOpH, 30KpeMa:
- CTPYKTYpy OO’€KTiB, 5KIi BHHHKAIOTh 1 TICPETBOPIOIOTHCA B PO3YMHAX: MIIEIH
CTPYKTYPOYTBOPIOIOUOTO OPraHiuHOTO peareHTy, Milenu (JacTHHKH, arperatd) HeOpraHiyHOTro
Marepiaiay, OpraHiKo-HeOpTraHiuHI acCoIllaTH;
- MexaHi3M Hykieanii, Hampukian, camoacouiaris I[IAP y winenun pizHoi ¢opmu abo
KOH/JIEHCAIlIs OKCOT1POKCOKOMIUICKCIB €JIEMEHTIB Yy TOJISICPHI 1 Jayi y KOJIOiIHI YaCTUHKH,
- MEXaHI3MM 3pOCTaHHs, HAIIPUKIIAJA, CaMOAcoLiallis Miles 3 YTBOPEHHSIM Me30(da3, 3pOCTaHHs
YaCTHUHOK (Milen) KpemHe3eMy 3 arperaramu [TAP-kpemuesem Ta Quiokysiis.

Cepen XiMIYHMX YMHHHKIB, 110 BIUIMBAIOTh HAa 3raJlaHi MpOLIECH, B IEPLIy Yepry €
BesmmunHa pH. Posrisinemo npukmiaz.
Cxemy yTBOpeHHA (a3d TBEpPAOrO Marepialy 3 pO3UHMHY, B SKOMY 3HaxXOISATbCA
CTpyKTypoyTBOprorounii komnoHeHT (ITAP) i maTepianoyTBOprOrOUnii KOMIIOHEHT (KpEMHE3EM),
MOJKHA TPEACTAaBUTH Y BUIVISI KUIBKOX CTaii, sIKl y 3arajJbHUX pHcax 0OrOBOPIOBAIMCS BHIIE.
SKIO pO3TIsAIaTH MEPETBOPEHHS XIMIYHUX (DOPM KOMITOHEHTIB B PO3UYHHI SIK HE3AJIC)KHI, MAEMO
JBl TOJIOBHI cXeMH. XiMiuHi (OPMH CTPYKTYpPOYTBOPIOIOUOTO KOMIIOHEHTY (HaIpHKIIazg
MosiekysisipHoro [TAP), sskuii Takok BUKOHY€E (DYHKIIIIO TEMIUIATY, IEPETBOPIOIOTHCSA 3a CXEMOIO:
MOJICKYJIM — MILeIM — arperatu — piakokpucramiyHa ¢aza (me3odasa). Ximiuni (opmu
MaTepiajJoyTBOPIOIOUOTO KOMIIOHEHTY (HAINPUKJIIA] KPEMHE3eMY) TIEPETBOPIOIOTHCS 3a CXEMOIO:
10HM — OJiroMepH — HAHOYACTUHKH (KOJOigu) — arperatu — TBepAa ¢asa (rens). IIpore, sk
MOKa3aan JOCTIIKEHHS, CXeMH MIEPETBOPEHHS CTPYKTYpPOYTBOPIOIOYOIO 1
MaTepialoyTBOPIOIOYOr0 KOMIIOHEHTIB He He3alekHi. [|Jii KOHKPEeTHOro 0OroBOpeHHs OylemMo
BB@)XATH, IO CTPYKTYPOYTBOPIOIOYMM KOMIOHEHTOM € KaTioHHu# [IAP. Benwuunoro pH, mio
BIJIMIOBIJ]a€ TOYIl HYJIBOBOTO 3apsly YaCTUHOK KpeMHe3eMy B po3uuHi € pH = 2. B meHm
KHCIIOMY CEpEIOBHIIl KPEMHE3eM ICHYE€ y BUIJISAIAI aHIOHHMX (OpM, a B OUIBII KHCIHUX — Y
BUTJISAI KaTiOHHUX ()OpM 3 TMPOTOHOBAHMMHU CHUJIAHOJIBHUMH Trpynamu. Komm kpemHeseM
3HaXOAUTHCS B aHIOHHUX (OpMax, €JIEKTPOCTATHYHI CHJIM CIPUSIOTH YTBOPEHHIO OPTraHiKO —
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HeopraHiyHuX dYacTUHOK. OCKUTBKH 3apspkeHi rpynu monekyn [TAP mpu yTBOpeHHI Minen
pO3TalIOBYIOTECS Yy iX 30BHINIHBOMY WIapi, aHIOHM KpPEMHE3EeMY TIPHUTATAIOTHCS A0 HHUX,
YTBOPIOIOYM MOKPUTTS. Po3TamoBaHi Ha MOBEpXHI MillelT MOJIEKYJH ab0 OJIroMepu KpeMHE3eMy
pearytoTb MK cOOOI0 YTBOPIOIOUM IMOJIIMEPHY CHIJIOKCAHOBY ciTKy. CXeMaTM4yHO Iiei mporec
HaBezieHo Ha puc. 20. [NammukononioHi minenu [TAP pi3HOIO MipOrO BKPHTI MOJICHIOKCAHOBOIO
IUTIBKOIO CXWJIBHI JI0 arperamii 3 YTBOpPEHHAM Me3o¢a3 pi3HOI cHUMETpil, HaMpHUKIa
rekcaroHaibHO1. [Iporiec mpueaHaHHS OJNiroMepiB KpEMHE3EMY 1 iX KOHJEHCAIlisl Ha MOBEPXHi 3
YTBOPEHHSIM arperariB He NPUITUHAETbCA. HacTymHOIO CTaji€lo € yTBOPEHHS 3apOJKiB HOBOI
dasm 1 ii yrBopenHs. Ha puc. 20 moka3aHuii OIWH 13 MOXKIWBUX CIICHAPIiB, yTBOPEHHS
ME30MOPYyBaTOr0 MaTepially 3 YaCTWHKaMH TipoigHoi (opMH. ANBTEPHATHBHOIO MOXE OyTH
BOJIOKHHCTA ()OpPMa, YTBOPEHHSI SIKOi 0OrOBOPIOBAJIOCS BHIILIE.

SN T

= . i

3POCTaHHA §

7/ YIBOPEHHA
3aDOIKIE dhazit

IHEYOAIIHITT Tepion

Puc. 20 Cxema moxuBuX nepeTBopens Miren [TAP i kpemHe3eMy B po3unHi 3 YTBOPEHHIM
YaCTUHOK T1pOigHOT GOpMH.

Sk BUSIBWIIOCS, PETYJIOBATH YTBOPEHHS OAHIET a00 1HINOI (pOPMU YACTHHOK ME30MOPYBATOTO
MmaTepially MOKHa 3a Jornomoroio 3MiHu pH po3umny. BapitoBanns BennuuHu pH HaBkojO
TOYKH HYJIBOBOTO 3apsily 3MIiHIO€ BEIMYMHY IO3WTHBHOTO 3apsily Ha IOBEPXHI KOJIOITHHX
yacTUHOK arperatTiB [IAP — kpemHe3eM 1 BIUIMBaE yepe3 1€ Ha BEJIMYMHY BiJIITOBXYBaHHSA MIX
HuMu. Husbpke 3HauenHs pH mpu3BoauTh 10 OUTBHIIOrO BiAIMITOBXYBAaHHS MaTWYKOMOMIOHUX
MiIelT BiJ MOBEPXHI 3apOJIKy 1 TOMY BOHU IMPUKPIIUIIOIOTHCS 70 MOBEPXHI TOMEOTPOITHO, K 1€

MOsICHEHO Ha puc. 21.

— — ==

roMECTROIHA InaHapHa

Puc. 21. MoxnuBi ¢popmu opieHTaIi] MaTMUKONOAIOHUX YACTUHOK JI0 IOBEPXHI.

Hwxui 3nadenHs pH npu3BOAsTH 10 3MEHIIEHHS TYCTHMHH IOBEPXHEBOTO 3apsay Miled,
BIJIMOBIJTHO JI0 MEHIIIOTO iX BIIITOBXYBAaHHS BiJl TOBEPXHI 3aPOJIKIB 1 Uepe3 1€ — /10 TUTAaHAPHOTO
NpUKpituieHHs (auB. puc. 21). B 11pboMy BUMaaKy 3apOJKH 3pOCTAIOTh 3 YTBOPEHHSAM TipoigHOi
dbopmu.

TakuM 4MHOM, B HaBEJIECHOMY MPUKIIAJI MOKa3aHO, K XIMIYHUMU MeTojamu (perymoBaHHs pH
pO3UMHY) MOXKHA BIUIMBaTH Ha IMIPOLIEC CHUHTE3y ME30MOpYyBAaTOr0 MaTepialy 3 Hamepea
BHU3HAYEHOIO MOPQOJIOTIETO.

Bume Bxe OyB HaBeJeHUN MPHUKIA] CHUHTE3Y ME30MOPYyBAaTOTO KpeMHe3eMy B IBO(da3Hii
cuctemi, Koimu BOAHMN po3uuH [IAP 3 MEBHOIO KHUCIOTHICTIO KOHTAaKTy€ 3 PO3YHHOM
TETPAJKOKCUCUIIAHY B OPTaHIYHOMY PO3UMHHUKY, 110 HE 3MINIYETHCS 3 BOAOIO. 32 TAaKUX YMOB
ME30I0pyBaTUi KpEeMHe3eM YTBOPIOEThCSI Ha Mik(pasHii rpanuni. Po3risHeMo Takuii meron

CHUHTE3Y JeTalbHIIIE.

Meroauka 2. ['otytoTh BogHui po3unt goxatoun g0 140 r H,O 0,9 r CTAB i 140 r 6M HCI. Ilicns nepeminryBaHHsS
YTBOPIOETHCS MPO30pHHA po3drH. J[o HOro MOBNBHO Oe3 mepemilnyBaHHs noxatoTh po3uuH 1,11 r TEOS y 45 r
rekcady. JlBodasHy cucremy 3zammmaiore Ha 1-4 nmi. Ocaj, mo yTBOpHBCA y BOAHIN (asi, peresnbHO
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BIZIOKPEMITIOIOTh (DIIBTPYBaHHIM, POMHBAIOTH 1 CyIIaTh HAa MOBITPi. BUCylieHHI ocaj MpoXaproTh B MOTOL
TOBITPSI i IBMIIYI0UHN TeMITepaTypy i3 meuakictio 1 rpay/xs 1o 500 °C.

Ha puc.22 naBenmeHo 30BHINIHIA BUIJISA YAaCTHHOK Marepialdy, OJEpKaHUX 3a JIOMOMOTOIO
CKaHyI04YOr0 EJIGKTPOHHOTO MiKpocKomy. Sk BHIHO 3 puc 22a, YaCTUHKH MaTepialy MaroTh
pizHy (popmy Mo pi3Hi O0KHU Bijg Mik (a3HOi rpaHuli. B opraniuniii (a3l yTBOPIOIOTECS JOCUTh
BEJIMKI YaCTUHKHU cheprudHoi ¢popmu. Pazom 3 TM y BOAHIM (ha3i YaCTUHKU MaroTh pi3Hy hopmy.
Perynroroun ckiam po3YMHY MOXKHA CTBOPUTH YMOBH JUIS 3POCTaHHS BOJIOKHO TMOHIOHUX
YaCTHHOK y BOJHIN (ha3i. 30kpeMa Iie JOCATAEThCS 32 YMOB BITHOCHO BHCOKOi KOHIIEHTpAIlii
ITAP, poseaenoi HCI ta posBemenoro po3zumny TEOS B rekcani. 3a mux yMOB JOBXHHA
BOJIOKOHHMX 4YacTHHOK pgocsrae Big 100 mMikpor g0 5 cM. ToBIIMHA YAaCTUHOK DPETYIIOETHCS
KOHIICHTpAIlI€I0 KUCIOTH y BOAHIN (a3i Ta koHueHrtpaimiero TEOS B rekcani. 3MiHOIO yMOB
CUHTE3y BJAETHhCSI BapilOBaTH TOBIIMHY BOJIOKOHHMX YAaCTHHOK B miama3oHi | — 15 wmikpoH.
®dopma BOJIOKOHHOI YaCTHHKH 3aJICKHUTh BiJI IIBUIKOCTI 3pOCTaHHS, SIKa MOB’s3aHa 3 MPUPOIOI0
PEeKypcopy CUIILIIO.

Puc. 22 CEM — 300paskeHHs1 4aCTHHOK ME30II0PYBAaTOr0 KPEMHE3eMY, CHHTE30BaHUX 3a PI3HUX
YMOB: a)MiXK (ha3Ha TpaHulls; b) MBUAKO BUPOIIEHI BOJIOKHA; C) MOBUIBHO BUPOIIICHI BOJIOKHA; d)
BOJIOKHA 3 By3JIaMH; €) JIOBT'1 BOJIOKHA; f) cripasieno/1ibHi BOJIOKHA.

IBuakicTs 3pocTaHHs yHOBUIbHIOETHCS B psaay: TEOS > TPOS > TBOS. Leit psaa, sk
pO3IIISIIANIOCsT BWINE, CITIBIANAE 3 PSJOM YIIOBUIBHEHHS IIBHUAKOCTI TIAPOMI3Yy KX CIOJIYK.
JlonaBaHHsl €TaHOMY SK Y BOAHY (ha3y, Tak i B OpraHi4Hy MPU3BOJUTH A0 3POCTAHHS JOBXKHUHU
YACTHUHOK 3 PIBHOIO MOBepxHEI0 (puc. 22b). 3pocTaHHs TBEPAUX YACTUHOK y (OpMi BOJIOKOH, SIKE
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BiOyBaeThCsl y BOAHIN (hazi, 3000B’s13aHe nu(y3iiHIM OOMEXKEHHSIM IEPEHECCHHS CHIIIIII0
Kpi3b Mik¢a3Hy rpasuio. IIIBUAKICTH HEpEHECEHHS MOXKE PETyJIIOBATHCS KOCOJbBEHTaMH,
HANIPUKIIA]], €TAaHOJIOM, SIKUH PO3UYHMHSIEThCA B 000X (pasax. PozbanmaHcyBaHHS MK IIBHAKICTIO
MOJIIKOHJCHCAllll KpeMHe3eMy 1 MBUAKICTIO Horo audysii y BoaHy ¢dazy HpU3BOIUTEH 0
ypi3HOMaHITHEHHsS ()OpM, HANPHUKIAJ YTBOPIOIOTHCS By3nM Ha BoJOKHax (puc. 22 d). Orxe
(dopMa YaCTMHOK ME30MOPYyBaTOro0 KPEMHE3€MY BH3HAYA€ThCS BIJHOCHOIO IIBUAKICTIO nudy3ii
dopM cumimio 1 MBHIKOCTAMH peakiiii camoymnopsakyBaHHa (camoacoriamii) ITAP i dopm
CUJIILIIO.

[lopu y BOJIOKOHHUX YaCTMHKAaX MAlOTh YiTKy T'€KCaroHaJbHY YIOPSIKOBAHICTH 1 BUTSATHYTI
B37I0BXK OCi BONMOKHA. CHHTE30BaHHMH MaTepial Mae MHTOMY MOBEPXHIO 6im3bko 1200 M/ i
BY3bKHI PO3MOILT ITOP 32 PO3MipaMH.

CuHTe30BaHl BOJOKOHHI YaCTHMHKHM OINTHUYHO MPO30pl y BUAMMINA YacTHUHI CHEKTpy 1 3apa3s
BUBYAETHCSI MOXKIIMBICTD iX 3aCTOCYBaHHS B MIPHUJIAIaX MOJIEKYJISIPHOT €K TPOHIKH.

CuHTe3 MaTepiaiiB HA OCHOBI 3MillIAaHUX OKCH/IIB.
Xoua mopyBaTi Marepialldi Ha OCHOBI KpEMHE3eMy HaWOUIbIl BHUBYEHI 1 IIHPOKO
BUKOPUCTOBYIOTHCS CHOTOJHI, Cy4acHI TEXHOJIOTii MOTpeOyIOTh HOBHX MarepiaiiB 3 HOBHMHU
aKocTAMU. JIOTIYHUM MPOJOBKEHHSAM XiMii KpeMHE3eMy € BUBYCHHsI MaTepiaiiB Ha OCHOBI
iHImMX okcuziB. HailGumbmn 1ikaBi pe3ybTaTH OJIepKaHi MPU BUBYCHHI MMOPYBATUX MaTepiajiB
Ha OCHOBI KpeMHE3eMy 3 IOMIIIKaMH OKCH/IB 1HIIMX €JIEMEHTIB, 30KpeMa alioMiHiIo 1 6araTbox
MEPEXiTHUX CJIEMEHTIB 4-T0 Mepiofy.
Kpim mpobGnem, 110 po3risiHyTi BUIIE, B CHCTEMax 3 OKCUIIB KIIbKOX €JIEMEHTIB MOTPiOHO IIie
KOHTPOJIIOBATH OJHOPIMHICTH (TOMOTEHHICTH) Marepiany. YacTto mMOTpiOHI BIACTUBOCTI
MmaTtepialy BUSABJISAIOTbCS TO1, KOJM Mae Miclie MOJIEKYJIsipHe 3MillyBaHHsA. Hanmpuknaz, BuMora
MOJICKYJISIPHOTO 3MIITyBaHHS OKCHIY QIIIOMiHIIO, SIK MIKPOKOMIIOHEHTY, i KpEeMHE3eMy, SIK
MaKpOKOMIIOHEHTa, O3HAaya€ TOYHO CTATUCTUYHMUN PO3MOALT €JIEMEHTIB Y BIJIMNOBIIHOCTI 3 iX
KOHIIGHTPALISIMU B €JIEeMEHTOKCUHHUX MOJIMEPHUX JIAHIIIOTrax
-S51-0-Si-0-Al-0-Si-0-S1i-0O-AlI-O0-S1-0-Si-
Take yepryBaHHs aTOMIB aTIOMiHIIO 1 CHITIIIFO TIOBUHHO BiJIMOBIAATH CIiBBIAHOIICHHIO aTOMIB B
Mmarepiani Si/Al=2. CTaTHCTHYHMIA PO3MOIIT MOXKE HE JOCITAaTHCS SK 3 KIHETUYHHUX, TaK 1 3
TEPMOJMHAMIYHUX NpU4YrH. KOHTpOMIOBaTH Il MPUYMHU 1 CTBOPIOBATH YMOBHU JJISl IOCSITHEHHS
CTATUCTUYHOTO 3MIITyBaHHS — BaXKJIMBA HAYKOBA 1 TEXHOJIOTIYHA ITpolema.
BBonsun HOBUM OKCHAHHMIA KOMIIOHEHT XIMIKM TMparHyTh MOJINIIATA TEBHI BIACTHBOCTI
IIOPYBaTOro Martepiaily, HalpHKIaJ, CTBOPUTU MOPU MOTPIOGHOrO po3mipy 1 GOpMH 3 SIKOMOIa
BY)KYMM pPO3MOJAIJIOM MOp 32 pPO3MiIpoM, MIABUILUTH TiAPOTEPMIUHY 1 TEPMIYHY CTIHKICTh
Mmarepially, CTBOPUTH YaCTMHKH NOTPIOHOTO po3Mmipy 1 (opmu Tomio. ['os0BHE, 110 B 3MIlIAHO
OKCHJIHMX MaTepiajax BJA€ThCS NOCATTH HAaWOUIBIIOT aKTUBHOCTI COPOLIMHMX IEHTpIB 1 iX
KOHIIeHTpallli. Po3riissHeMO Kijibka MPUKJIAIIB Cy4YaCHUX METOIB CHHTE3y 3MIIIaHOOKCHIHHUX
HOPYBaTUX MaTepiaib.

Ipuxaan 4.

Cuntes 3mimanux Si— Zr ta Si — Ti OKCHJHUX ME30I0pYBAaTUX MaTepialiB.

Metomuka 1. JIo KONOIZHOTO PO3YMHY KpeMHE3eMy I0JaBalld PO3UMH, OJepaHWi 3MmimyBaHHAM 70% po3uuHy
TeTpanponokcuny uupkoHito (Zr(OPr),, TPOZ) abo terpa-uH-OyTokcuny turany (Ti(OnBu),, TnBOT) B OyTanoxi 3
20% pO3YMHOM TiJpOKCUAY TeTpadyTHIAMOHIIO y BoJi. KOMIIOHEHTH 3HaXOAMINCH Y PO3YHHI Y TAKOMY MOJISIPHOMY
criBBigHomeHHi: M : 26,0S102 : 5,2(C2H5),NOH : 7:5(CH3(CH2);sN(CH3);),0 : 790H20, ne M = 0, Zr(OC3H7)4 abo
Ti(OC4Ho)s. Cymim BUTpEMyBa/IH B aBTOK/IaBi 06’ eMoM 750 cM’ 3 106U MOCTIHHO HepeMilIyioun IpH TeMIeparypi
110 °C. Teepay a3y B yTBOpeHOMy riaporemi BiloKpemIroBatM (iIbTPYBaHHAM, HPOMHBAIM HAIMIpPOM
neiouizoBanoi Boau npu Temmeparypi 60 °C i cymunn 106y Ha mositpi mpu Temmepatypi 110 °C. Bucymenuii
MaTepian moMimian B mid, sKy posirpisamu 3 msuakictio 2 °C/xs mo 600 °C. Ilpu wiit Temmepatypi MaTepian
BUTPUMYBAIH ime 12 roauH.
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B Tabnumi 6 HaBeneHO pe3yibTaTH TOCITIHKEHHS MaJI0 KyTOBOTO PO3CIIOBaHHS PEHTTEHIBCHKUX
IPOMEHIB Ta MOPYBAaTOl CTPYKTYpU CUHTE30BaHUX MaTepiajiiB. 3 METOI0 JOCITIKEHHS

Tabmuis 6 BnactuBocTi cuHTe30BaHuX 3Mimanux Si— Zr ta Si— Ti oKcuIHUX MaTepialiiB

Marepian Si/M dy00, HM ITutoma O0’eMm Cepenniit ToBuiuHa
TTOBEPXHS mnop, niaMeTp CTIHOK
M/t eM/r nop, HM op, HM
Silica gel - - 639 0.35 2.20 -
MCM-41C - 3.60 1731 1.20 2.80 1.32
MCM-41CR " - 3.60 1720 1.20 2.80 1.32
ZrlS 24.7 3.83 1136 0.99 2.80 1.62
Zrl 24.4 - 1160 0.98 - -
Zr2 12.6 3.97 796 0.78 - -
TilS ? 24.7 3.77 944 0.67 2.82 1.53
Til 23.7 3.77 1198 0.70 - -
TilR 24.1 3.88 1301 0.95 - -
Ti2 22.8 4.09 1138 0.92 - -
Ti3 14.6 4.55 570 0.92 - -

T ” — 7 - - -
'R nOBTOpHHIA JOCII; 2'S —TiApoTepMaIbHOI 06pOGKA FEelo 3 MePEeMiITyBAHHSM.

BIZITBOPIOBAHOCTI TMMapaMeTpiB CHHTE30BaHUX MaTepianiB B Tabmumi 6 A BOX MpenapaTiB
HaBEJICHO MapaMeTpu CTPYKTYPH y IBOX MapajieabHUX cuHTe3aX. [IopiBHAHO TaKOX BIACTUBOCTI
JIBOX MarepiajiiB, CAHTE30BaHHUX 3 MEPEMIIyBaHHIM Ha €Talli TiApoTepMaibHOI 0OpPOOKH Telro
Ta 6€3 mepeMilryBaHHs.

Sk BUAHO 3 HaBENEHWX B TaONMUII 6 NaHMX, NUTOMa TOBEPXHS CHHTE30BAaHMX MaTepialiB
3MiHIOeThCA B Mexkax 940 - 1740 m*/r, muromuii 06’eM mop - B Mexax 0.8 - 1.2 cm’/r. Oxe
130MOpQHE 3aMillIeHHs] CHIIMII0 HA NUPKOHIA a00 THTaH B HaBEJICHUX BUIIE YMOBAX CHHTE3Y
IPU3BOAMTH 10 3MEHIIEeHHA nuTomoi noepxHi Ha 30-40% 1 06’emy mop — Ha 20%. 3pocTaHHs
BMICTY IIUPKOHIIO (TUTaHy) 3HIXKY€ TUTOMY TIOBEPXHIO 1 TOTIpIIy€E CTPYKTYPOBAHICTh MaTepialy
(mopiBHs#TE MaHi Ans 3paskiB Zrl, Zr2 1 Ti2, Ti3 B Tabu.. 6).

Ha puc. 21 HaBeneHo i30TepMH aacopOIlii a30Ty MarepiajlaMd 3 Pi3HUM BMICTOM ITUPKOHIIO.
JloOGpe BHUIHO, IO 3pOCTaHHsS BMICTY LIMPKOHIIO pyHHY€ ME30IOpYBaTy CTPYKTYypy MaTepiaiy,
nuTOMHUNA 00’€M  aJIcOpOOBAHOTO a30Ty 3MEHIIYEThCA. SIKIIO IS Marepianry 3 MOJBHUM
coiBBimHOmEeHHAM Si0,/ZrO, = 26 maemo i3otepmy tumy IV 3a xmacudikamiero IUPAC, To
copOuiitHi BractuBocTi Matepiany SiO,/ZrO; = 3,2 xapakTepu3yrThcs 130TepMOI0 THITy I, mo
BJIACTUBE MIKPOIOPYBaTHUM MaTepiaiam.
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Amnanoriyauii eexT OyJo 3HAHACHO 1y BUMAAKY 3aMIIIEHHS CHIIIIIIO aJIOMiHIEM.

3aMilleHHs] CUTIIII0 MeTajJaMH BUKIIMKAE, MO-TepIle, 3MiHy aKTUBHOCTI aICOpOIIIHHUX IIEHTPIB,
a To-Apyre, BUHUKAIOTh IEHTPH 3 PI3HOI0 aKTUBHICTIO (copOmiitHoo 3matHicTio). Lle moGpe
BUJHO Ha TepMorpamax, HaBeleHMX Ha puc. 22. Ha tepmorpami MCM-41 (puc.22a) ogHy
IUTSHKY TIPHCKOPEHOTO 3MEHIICHHs Bard Ha 3,7% B miamasoni Temmeparyp 280-340 °C, sixomy
BIJINOBiIa€ OJIMH MK eK30TepMivuHOro npoiiecy Ha rpadiky JATA. Ha tepmorpamax, 1o
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Puc. 22 Pesynbratn TepMorpaBiMeTpudHuX nociimpkeHs (A) Si-MCM-41 (B) (Si,Zr)-MCM-41,
(C) (S1,T1)-MCM-41

BinoBiMar0Th Zr - 1 Ti — 3amimennm MCM-41 matepianam (puc.22b,c) cioctepiraemo B IibOMy
TeMIepaTypHoMy iHTepBaii faBa miku Ha rpadikax ATA 1 ABl AUISHKKM TPUCKOPEHOTO
3MeHImeHHs Baru: 7,9 1 5,9% s Zr  — 3aMimieHoro mpenapary. AHaJOTIYHHA eeKT
CIIOCTEPIraeThCsl TAKOXK MPHU 3aMIlICHHI CHIILII0 amoMiHieM. Buxonsuu 3 Temmepartyp, IO
BIJIMOBIAIOTh MakcuMyMmMaM Ha KpuBuX JITA MOXHa [IOIMyCTHTH Taky 3MiHY aKTHBHOCTI
azcopOIiiHuX 1eHTpiB B 1ux matepiaax SiOH < ZrOH < TiOH.

Binpm TouHy i MOBHY iH(OpPMAIiIO MO0 HASBHOCTI HEHTPIB 3 PI3HOIO AKTHBHICTIO MOXHA
OJIepXKaTH 3 KAJOPUMETPUYHUX JaHUX, BUMIPIOOYHM TEIUIOTH aacopOmii (aecopOrrii) pizHHX
pedoBHH. 30KpeMma sK 30HOU Ui OI[IHKM BiJHOCHOI CHJIM KHCJIOTHHX IEHTPIB IMOPYBAaTHX
MaTepialiB MIUPOKO BUKOPHCTOBYIOTh aMOHiak Ta mipuauH. Ha puc. 23 Ta B Tabn. 7 HaBeneH1
JlaHi 3 KAJIOPUMETPUYHHX JIOCIIKEHb COpOIIil aMOHIaKy MatepiajlaMu, 10 0OTOBOPIOIOTHCH.

Tabmurs 7. Pe3ynpTraTti KaJOPUMETPUIHOTO JOCIIDKEHHS aIcopOIlii aMOHIaKy

Martepian Si/M | InterpanbHa | Myys, uMOAB/T | Mnms,

TEIJIoTa azcopOOBaHOTO

aacopOuii, PI3HUMU LIEHTpaMH,

k/>x/MoIb LLMOJIB/T

Msaranen Mﬂessop <90 kJ/mMonb | >90 kJ/moib
Cinikarens - 9 91 - 91 -
Si-MCM-41 - 112 123 41 110 13
(S1,Zr)-MCM-41 | 24.7 126 131 47 109 22
(Si,Zr)-MCM-41 | 12.6 113 143 42 109 34
(S1,Ti)-MCM-41 | 24.7 111 176 51 146 30
(S1,Ti)-MCM-41 | 14.6 119 202 46 168 34
Q (kJ/mol)
300 140
A 120 —— SI-MOM-41

260} o

il | 4 = Si.Zr-MCM-41
_—* 100
—#— S, TI-MCM-41

- P S0L —8- Silica gel
/’
/ —— SI-MCM-41 60}
100 —— 8I,Zr-MCM-41 h *
s ¥ S, TI-MCM-41 401 ‘
9 —8- Sillca gal
1 2010
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L L
L e 0 50 100 150 200 250
copOLiA AMOHIAKY, [\MOJIb/T
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CopGuis AMOHIAKY, |IMOTB/T

Puc. 23 [3orepmu i TerIoTH copOIIii aMoHiaKy

I3otepmu  copOmii (puc. 23A) mokasyroTh, MO0 HAaWMEHIIy KUIBKICTh IIEHTPIB 3JaTHHUX
aacopOyBaTu amoHiak Mae HezaMineHHE MCM-41 (3BHuaiiHO 1€ MEHIIE aKTUBHUX MiICIlb Mae
3BUYAMHMN cuitiKaresb). AacopOruiiiHa 34aTHICTh 3pOCTaE 13 3aMilEHHSIM CHIIILII0 Ha IIUPKOHIH
abo Tutad. Haromocumo, 1mo HaWOLIbIy COpOIIHY 3MaTHICTh Ma€ 3pa3oK 3 HaHOUIBIIOO
KOHIICHTPAI[IEI0 THTaHy, X04a MOro MUTOMA MOBEPXHs HallMeHINa, 30KpeMa BTPHYl MEHIIa 3a
noBepxHio HezamineHoro MCM-41 (nuB. Taba. 6). HasBHICTH HIEHTPIB 3 PI3HOIO KUCIOTHICTIO
MOKHa T00aYuTH, 3pOOMBIIM YAaCTKOBY JiecOpOIlifo aMoHiaKky. B Tabmn.. 7 HaBeAeHO BEJIWYMHU
Miiessop, AKI BH3HAYAIOTh KUIBKICTH AMOHIAKy, IIO 3aJIMIIAETBCS HAa COpOEHTI Hicis #oro
narpiBanast 10 80 °C i ButpumyBanHi B Bakyymi mpu 0,2 MM. pT. cT. OTxe agcopboBaHmii
aMOHIaK yTPUMYEThCS B IIMX MarTepiajiax NMpUHAWMHI JBOMa THUNamu IeHTpiB. [lopiBHIOIOUN
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BEIIMUMHU Myespop A8 PI3HUX MaTepialliB MOXHA OLIHMTH BIHOCHY KiJbKICTh IIEHTPIB 3
HAWCHUIIBHINIOW KHUCHOTHICTIO. Taky » iH(opMaIilo MOXHAa OJepXaTH MpoaHalli3yBaBIIN
KUJIBKICTB aJcOpOOBAHOTO aMOHIaKy 32 YMOB BEJIMYMHH TEIJIOBOTO €(EeKTy, HAIPHUKIIAMI, OibIe
90 a6o menme 90 kJ/Monb (IUB. OCTaHHIO KOJIOHKY B Ta0. 7).
3 KpHBHX 3aJIC)KHOCTI BETUYMHU TEIUIOBOTO e(deKTy aacopOrii BiJ KUTBKOCTI aacopOOBaHOTO
amoHiaky (puc.23B) MokHa 3poOMTH BHCHOBOK, L0 IPU JaHOMY cIiBBigHOUIEeHHI Si/M cuna
KHUCJIOTHUX IIEHTPIB 3pOCTAE B PSy MaTepialliB:

cumikarens < Si-MCM-41 < (S1,Zr)-MCM-41 < (S1,Ti)-MCM-41,
10 BiNOBigae 3pocranHio kuciaotHocTi rpyn SiOH < ZrOH < TiOH.

Posrnsinemo npukiaa CUHTE3y ME30MOPYBAaTUX COPOEHTIB HE HA OCHOBI KPEMHE3EMY.
bararo cripo0 MpUCBSYEHO CHHTE3y ME30IOPYBaTHX MaTepialiB Ha OCHOBI OKCHIIB QJIFOMIHIIO,
TUTaHy 1 MUPKOHIIO. BIMbIIICTh METOAIB CHHTE3y TaKUX MaTrepialiiB BiAPI3HIETHCSA BiJ CHUHTE3Y
MCM-41 HasgBHICTIO JOJATKOBUX KOMIUICKCOYTBOPIOIOUHMX PEArcHTiB, SKi PEryJrolTh
HMIBUJAKICTh TiAPONMi3y aJKOKCHAIB. 3abe3neuuTd MOTPIOHY IIBUAKICTH Tigpomilzy, fdka O
y3roJpKyBajiacs 3 IMBUIKICTIO PEAKIlil KOHJEHcallii, TOOTO peakilii YTBOPECHHS, HAIpPUKIAJ,
TUTAHOKCHJIHUX OJIITOMEPIB, Ta PEAKI[ISIMU YTBOPEHHS CyNpaMoieKyIsspHux kKomrekcis [TAP 3
TiO, € OCHOBHOIO 1 JOCHUThH CKJIQJHOIO XIMIYHOIO TpoOJeMoro. SIk MpaBUIIO HAATO MIBUIKUAN
TiApOIi3 MPEeKypCOpiB TUTAHY, SIKI 3BUYAMHO € aJKOKCUAAMH, HE MPU3BOIUTH IO YTBOPEHHS
ME30CTPYKTYpH 1 ME30MOpYBATHX MarepiaiiB. B HacTymHOMY MpHKIai HABEJICHO METOIUKY
CHUHTE3y Ta JOCHIDKEHHS TMOpPYBaTOi CTPYKTYPH ME30MOPYBATOTO TIOKCHAY TUTaHy, B SIKid
BUKOPHCTAHO JIOJIATKOBUN KOMILIEKCOYTBOPIOBAY - TPUETAHOJIAMIH, KM YTBOPIOE 3 TUTAHOM
CTIMKUI A0 T1IPOTi3y KOMILIEKC.

IHpuxaan 5.

CuHTE3 ME30NOpYBaTUX OKCHIIIB TUTAHY, IIUPKOHIIO, ATFOMIHIIO.

Meromuka 1. SIk cTpykTypoyTBOprorounii peareHT BukopructoByBain CTAB. Sk peareHr, o ymoBiJbHIOE TiIpoIi3,
BUKOpHcTOBYBanu TpueranonaMmiH (TEA), mo Moke yTBOPIOBaTHM KOMIUIEKCH 3 THTaHOM BHCTYNAIOUM SIK
TpuaeHTaTHHHA Jirann. CrodaTKy TOTYBalId po34MH cronyku TutaHy B TEA. Skmio sk mpekypcop THTaHy OyIo
B3SITO WOTO TETPAIKOKCHUJ, MOKIIMBOIO CHONYyKOr0 TUTaHy B po3unHi € TITEAOR. fkmo B3sSTO TeTpaxiopua, Tomi
onHUM 3 iMoBipHUX KomIuiekciB Oyne [TiITEACI],.

Ho TEA (0,164 mons), B sxkomy po3unHero 0,06 mons mpekypcopy TtuTany, pomasamu 0,018 moms NaOH i 0,02
Mons CTAB. (3 Meroro BHBUCHHS BIUIMBY JIYTy Ha IepeOir MporeciB rigpoiizy 1 KOHAEHCAIlll THTaHy MOJBHE
craisignomendss NaOH/Ti BapitoBanocst B Mmexax 0 - 0,5). Jlo HbOro npu iHTEHCHBHOMY TIEPEMIIIIyBaHHI MOBUILHO
JoJaBaid  BOMHHUEA po3uuH Jyyry 3 pH = 10,2. 3 4yacom yTBOpIOEThCs OIizo-koBTa cycrensis. Ocan
BiA(IIbTPOBYBAIM, MPOMHMBAIN BOJOK 1 CHUPTOM 1 CyIIMJM Ha MOBiTpl. Bucymennii marepian mignaBaiu
TPUCTYIICHEBOMY MPOKapIOBaHHIO: 2 roguuu mpu Temmepartypi 120 °C, 5 romun npu temmepatypi 350 °C B
aTMocepi mpoTouHOro aprouy i gani 120 romus mpu remueparypi 350 °C i npoaysanmi moBiTps.

PesynbraTi TUMOBOTO HAOOpYy MOCIHiKEHb, IO XapaKTepPHU3YIOTh TOPYBaTi BIACTHBOCTI
MaTepiany HaBelAeHO Ha puc. 24, 25. JliarpamMu MajoKyTOBOTO pO3CIIOBaHHS MaTepialiB,
CUHTE30BaHMX Tpu pizHuX criBBigHOmEHHsXx NaOH/Ti, 300paxeni Ha puc. 25 (I). Cnpobu
CHUHTE3yBaTH CTpyKTypoBaHuil me3omnopysatuii TiO, 0e3 nogaBaHHsS Jyry HE MajHl YCHIXY.
Cepen HaBeIeHUX BIJPI3HAETHCS Jiarpama, 1o Biamosinae cmiBBigHomenHro NaOH/Ti = 0,5.
HasBHiCTh KINBKOX MiKiB, PO3TAIIOBAaHMX HAa OJHAKOBUX BiJCTAHAX, CBIAYUTH IMPO IIAPOBY
CTPYKTYpY MaTepiaiy, a YOTUPH KK BiamoBigatoTek Binouttsam (001), ne 1 =1, 2, 3, 4 i Bigcrani
MDK IIapaMu piBHi# 3,6 HM. [HII qiarpamu, K1 XapaKTepHU3yIOThCS HasIBHICTIO OJTHOTO BEIMKOTO
1 JOCUTH LIMPOKOTO MAKCUMYMY TOPYY 3 MaJIO IHTEHCUBHUM 1 TAKOX IIUPOKUM € TUIIOBUMH IS
IeKCaroHaJbHOTO ME30MOPYBaTOro Marepialy, SKHM HE Ma€ JallbHbOI YNOPSAAKOBAHOCTI
(ctpyktypm). Sk BuznHO 3 puc. 24(Il), npoxaproBaHHS MaTepiady MPU3BOAUTH IO PO3IIUPEHHS
CMYTH 1 3CyBy MaKCHMyMy TOJIOBHOTO TiKy 3 3,85 HM 10 5,62 HM Ta 10 3HUKHEHHS Mo
iHTeHCHBHOrO miKky, 3 BemmumHow 20 = 4,5°. PosmmpeHHs miKy CBiZUHTh PO IIMPOKHMIA
PO3MOIL ITOp 33 PO3MIPOM Ta MAJIUi PO3Mip YACTHHOK MpokapeHoro matepiany. CraOkuii ik,
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110 3’ SIBJISIETHCS TIPH BEJIMKUX 3HAYCHHAX 20, HAWOUIbII IMOBIPHO TOB’ I3aHUM 3 KPUCTAIIYHUMHU
JIOMEHaMH aHartasy,

| NaOH/Ti

IHTeHCHBHICTD, V.0.
IHTeHCHBHICTD, ¥.0.

/\ 0.3
/ /\p
% 0‘ ) 3 t + —4
A ‘ ¢ 3 6 9 12 15
0 3 [ 9 12 15 20.rpajg
26, rpax
Puc.24 Jliarpamu MaJIOKyTOBOTO PO3CitOBaHHSI PEHTT€HIBCHKHUX ITPOMEHIB.
I) 3anexHicTh CTpyKTYpH MaTepianiB Bif crniBBiaHomeHHs NaOH/Ti; II)nopiBHsAHHS

JliarpaM Me30mopyBaToro (a) i TUIbKU BUCYIIeHOTro (He mposkapeHoro) (b) marepiamis.
VY BcTaBll HaBeIEHO CIA0KUil MiK, SKUH BUHUKA€E IPU PO3CIIOBaHHI HAa BEIMKHUX KyTaxX
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Puc. 25 [3otepmu ancopbiii 1 necopOiii a3ory.
VY BCTaBIi HAaBEIEHO PO3IO/LT MOP 32 PO3MipaMHu.

pO3TamoBaHUX B CTiHKax mop. IH(popmariro mpo XapaKTEPUCTHKH IOp MOXKHA JdICTaTH 3
aacopOuiiHUX BuMipioBaHb. HaBegeni Ha puc. 25 i3oTepmu aacopOuii (cyuinbHa JiHISA) 1
necopOuii (IyHKTHP) € TUIMOBUMH Ui ME30TOpYyBaTHX MaTepiamiB. OLiHKKA MUTOMOI IMOBEPXHi
MA10Th BeMMunHy OIm3bko 600 M°/r. Po3moin mop 3a posmipamu (IMB. BCTaBKY Ha pHC. 25)
XapaKTePU3YETHCS JOCUTH IHUPOKOIO CMYTOI0, IO CBITYHUTH MPO BEIMKY HEOJHOPIAHICTH MOp 32
po3mipamu. [lonokeHHS MaKCUMyMy BKa3ye Ha HaWOUIbII MOIIMPEHUN po3Mip mop, piBHUH 3,5
HM. TOBIIMHA CTiHOK, OILIHEHA 32 JaHWUMHU PO3CIIOBaHHS PEHTTEHIBCHKUX MPOMEHIB 1 BUMipaMu
azicopO1ii, CTaHOBUTH 2,1 HM 1 ICTOTHO MEPEBUILY€ BEINUUHY TUNIOBY 11t MCM-41.

Tenep po3rIIsIHEMO MPHKIIAJ CHHTE3Yy ME30CTPYKTYPOBAHOTO CYJIb()aTOBAHOTO TIOKCHIY
[UPKOHIIO 3 Bapiali€lo JiaMeTpy MOp B HIMPOKOMY IHTEpBalli, BiJ MIKPO - O ME30IOp.
CynbdaroBanunii niokcua (SZ) MUPKOHIIO0 € OJHAM 3 HaHAKTUBHINIUX KUCIOTHUX KaTali3aTopis,
AKMI KaTalidye, HANpUKIAJ, peakiiro i3omepusallii H-OyTaHy HaBiTb MpU KIMHATHIN
temneparypi. Tomy po3poOIli METOAIB CHHTE3y LBOTO Marepialy TpHUCBsUYEHO Oararo
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JOCHTIJKEeHb. [ peryaroBaHHS MIBHIKOCTI T1IPOIi3y aJKOKCH/IIB ITUPKOHIIO0 BUKOPHCTOBYBAJIH
ix B3aeMomiro 3 KapOOHOBMMH KHCIOTaMU. BusiBHIOCS, 1m0 KapOOHOBI KHCIOTH KpiM
peryimoro4oi aii Sk 1HriOiTOpU TiApPOIi3y, IPU TOCTATHIM JOBXKHHI BYTJIEBOJHEBOTO DPaIHKAITy
i€ BUKOHYIOTh  (YHKIIi  CTPYKTYpOYTBOPIOIOHWOTO  peareHty (Temmiary). Posmip

BYTJICBOJIHEBOTO PAIUKaTy BILTUBAE TAKOXK HA PO3MIp IMOP CHHTE30BAaHOTO MaTepiay.

Meronuka 2. 3mimyors 70% po3uunl5,3 mmons terpanponokcuny mupkosito (TPOZ) B nponanomi 3 7,65 MMois
rexcaHoBoi kuciotn. CyMill HarpiBaroTh i HmepeMilnyioTh B KOIOi eMHicTIo 50 M’ 10 YTBOPEHHS OMOTEHHOTO
posumny i nomaroTh 25 cM’ Bomu. IIpaKkTHYHO Bimpasy K YTBOPIOEThCS Oinmuii ocan remo. KOHIEHTPOBaHOIO
CipYaHOIO KHUCIOTOI0 NOBOAATE pH BomHOT da3u 1o 5,0 i 3aMUImaroTh CyMilll, IepioINTHO ITePEeMIilTyIoUun, Ha 5 THIB.
Iotim 0 cymimm goaarots 0,1 T cyabhary amMoHiio i HarpiBaroTh Ha Mac/sHil Gani npu 50 °C nporsarom 10 aHiB.
Ocaj BinGiIbTPOBYIOTH, IPOMHUBAIOTH 1Bidi S50 cM’ TOPLISIME BOJH, TOTIM etanoiy 1 HapemrTi edipy. [Ipomurnit
ocaJ] BUTPUMYIOTh B Hiuli npu temneparypi 150 °C nporsrom 10 nuiB. OnepskaHy TBEpIy PEUOBHHY TIEPEMILTyIOTh
B METaHOJIi 3 HQIMIPOM Cip4aHOi KUCIOTH HPOTAroM 24 roiuH 1 HOTIM IPOMHUBAIOTH MEPEMILIYIOUYH 3 METAHOJIOM.

Onucanuii METOJl CHHTE3y 3 T€KCAaHOBOIO KHCIIOTOIO, SIK IHT1OITOPOM TiIpoIi3y 1 TEMIUIaTOM,
PU3BOINTH O YTBOPEHHS MIKpOIIOPYBAaTOTO MaTepiany 3 MHTOMOK moBepxHero 403 m7T,
niameTpoM mop Omm3pko 1,7 HM 1 HasBHICTIO CIa0KO BUPaKEHOI ME30CTPYKTYypH. 3amMiHa
TE€KCAaHOBOI KHCIIOTH Ha YHACKAHOBY J1a€ ME30IMOPYBAaTHI MaTepiaji 3 MUTOMOIO TTOBEpXHEI0 621
M/r i cepenHim niamerpoM mop 3,0 HM. TepmiuHa CTIHKICTh OJEpKAHUX 33 UM METOAOM
MaTepiajiiB MopiBHSAHO HeBenuka. [lopyBaTa cTpykTypa pyilHyeThCsl MpH HarpiBaHHi Horo npu
temnepartypi 400 °C IIPOTAIOM JABOX I'OJIUH.

MeszonopyBatuii SZ CUHTE3yBaJld TaKOX BHKOPHUCTOBYIOUM fK TEMIUIAT MEPBHUHHI aMiHU 3
BYTJICBOJIHEBUMH PaJIUKAIaMU Pi3HOI JOBKUHHU.

Metonuka 3. Pozunssrors 0,010 monp rekcagenmnaminy B 70,0 oM’ IeioHi30BaHOi BOJIM, JOJAI0YH IITICTh Kpareib
37% XJIOpOBOJHEBOI KHMCIOTH, HarpiBarounm 10 Temneparypu He ume 80 °C i mepeMinyioudm 10 yTBOPEHHS
TOMOTEHHOTO PO34yHMHYy. HarpiBaHHS NPHUIUHSIOTH 1 OXOJIOMKYIOTh O KIMHATHOI TeMIIEpaTypH 3a KiIbKa XBHINH
nepes A0AaBaHHIM PO34MHY HUpKOHif0. Okpemo roTyoTs 70% po3unH Terpanponokcuay uupkoHito (0,10 mMoms) B
NpOMNaHoINi, B SKUH JOAAI0TH 5 em’ anermianeTody. Lleld po3yMH 10#al0Th 1O KpalUIMHAX NPU IHTEHCHBHOMY
nepeMillyBaHHI O pO34MHy aMiHy. ['eJb, 110 YTBOPIOETHCS, NepeMilnyroTh 30 XBUIIMH 1 3aJIMIIAIOTH JJISl CTapiHHS
Ha 120 roguH npu KiMHaTHIH Temrepatypi. Ocan BinduUIBTPOBYIOTE 1 CymIaTh NpH KiMHATHIH Temneparypi. [aii
cyxuii MaTepia nepemimryBaiu 3 etaHonom ( i3 pospaxyHky 50 cM’ eTaHoiy Ha | T mpemapary) IpH Temmeparypi
75 °C. Torim Mmatepian BindineTpoByBamu, npomuBanu cyxum 100% eTaHONIOM i CyUIMIM NpPH KiMHATHii
TemmepaTypi. Onepxkany pedoBuHy nepemimysann B 0,5 M cipuaniii kucioti (15 cM® kucnotn Ha 1 T pedoBHHH)
npotsirom 10 xBumH. MeTon CHHTE3y BapifoBallil Tak, IO, MO-TIepIIe, cTamii cymbgaTamii i 0OpoOKy eTaHOIOM
MIHSUIA MICISIMH, a TO-IpyTre, cyib(haTamifo MPOBOAWIM IBidi, Tepex OOpOOKOI eTaHOIOM 1 Imcis Hel.
CynbdaroBanuii i 00pOOJICHUI €TaHOJIOM Ipenapar 3ajHiliaid CyIIMTUCS Ha Hid. Jlani pedyoBHHY IpOXKaprOBaIU
npu Temnepatypi 650 °C mpoTArom 2-X romuH, A0CATAKOUM Ii€l TEMIEpaTypH Ta OXOJNOIKYIOUM 10 KiMHATHOI 3i
meuakictio 1 °C/xe.

JIOCITiDKEHHS MaJIOKyTOBOIO PO3CIIOBAHHS PEHTIEHIBCHKIX IPOMEHIB mpoxaperoro mpu 650 °C
SZ moxazaio, 3 0JJHOTO OOKY, BIJICYTHICTh OyAb-SIKOT CTPYKTYPOBAHOCTI MaTepiaiay Ta HasBHICTh
KaTaJIITHYHO AaKTUBHOI TeTparoHaibHOI ¢a3u ZrO,. Ha puc. 26 mokaszana i3orepma ajncopoOuii
a30Ty, SKa € TUNOBOK Il SZ MartepialliB, CHHTE30BAaHWX 3 BUKOPUCTAHHSM HEHTPATbHHUX
TeMILTATIB i mposkapeHux npu Temneparypi 650 °C.

Al -]

'h

. 3
Ancopboepanuii 06'em, cm

e W da

0 0.2 0.4 0.6 0.8 1.0
/o
Puc. 26. I3oTepma agcopOrrii a30Ty Me3omopyBaroro SZ,
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npoxapeHoro npu Temneparypi 650 °C.

B 3anexHOCTI BiJ JOBXKMHM BYTJIEBOJAHEBOIO PaJUKally TeMIUIaTy SZ MaTepiaid MaroThb pi3HI
XapaKTepUCTHKH mopyBarocTi. CepeaHiii po3Mip MOp 3MIHIOETHCS B iHTepBaii 2 — 4 HM, a
MUTOMa TMOBEpPXHS — B iHTEepBaii 46 — 110 cMO/T. JloxmaHile 1 BIIaCTHBOCTI HaBEJICHO B Ta0JI.
8. Slk BUIOHO 3 WX JaHWX, HAa BiAMIHY BiJ pe3yJbTaTiB, [0 MAIOTh MICIle B KPEMHE3EMHHX
matepianax tuny MCM-41, He icHye NHEBHOI Kopesslii MK KUIBKICTIO aTOMIB BYIJIELIO B
IKUTFHOMY paJifKalli TEMIUIATY 1 AiameTpoM mop. Lle cBiquuTh mpo pi3Hy B3a€EMOJIII0 OKCUIIB 3
TEMIUTATaMUd 1 Pi3HI MeXaHI3MH YTBOPEHHS MarepiaiiB 3 CyJab(haTOBAHOTO IUPKOHIIO Ta
KpeMHe3eMy. Pe3ynbTaTu JOCHIDKEHb BIUIMBY IHIIMX IapaMeTpiB CHHTE3y Ha BJIACTUBOCTI
Marepiany SZ HaBeleHO B Ta0.9 1 Ha puc. 27.
Tabnuus 8. XapakTepucTuku nMopyBarocti SZ MaTepiaiiB B
3aJICKHOCTI BiJl JOBKUHH BYTJICBOJHEBUX JIAHITIOTIB TEMILIATIB.

Kinpkicts aromis ,,C” B | [luToma Jliametp | Ayp, um
ANIKITGHOMY JIAHIIOTY | TIOBEXHS, CM'/T | TI0p, HM
8 45,9 3,6 1,3
10 72,5 3,0 1,2
12 59,5 2,9 0,7
14 56,6 3,1 0,8
16 75,8 3,2 1,0
18 47,3 3,0 0,8

*)I_UI/IpI/IHa CMYTH PO3IOJLTY MOp 32 PO3MIPOM Ha cepeinHi ii BUCOTH
B T1a6n.9 mpoimoctpoBano BruuB KoHIeHTpanii [IAP na mopyBaty cTpykTypy. Sk 6auumo,
3poctaHHs KoHIeHTpauii [IAP mpu3BoauTh 10 3pocTaHHs IiaMeTpy MOp Ta IMUPUHHU PO3IIOALTY

0P 3a PO3MIPOM, TUTOMA MOBEPXHS IPU IIbOMY 3MEHIIYETHCS.

Tabmuis 9. Biuns konnentpaitii IIAP Ha nopyBaTi B1acTuBocTi SZ.

KinbKicTb [Mutoma Hiametp mop, |  A;p, HM
ITAP, mac.% | moBepxHs, eM/T HM
10,0 105 2,5 0,6
7,0 65,7 3,1 0,7
3,5 80,8 3,0 0,9
1,0 53,3 3,6 1,3

HepiBHOoMipHa 3MiHa BIaCTUBOCTEH Marepialy B 3aleKHOCTI BiJ KoHueHTpauii [IAP roBoputsb
npo Henpsmuii BB [1AP. 13 3minoro konnenTparii [1AP, sk Bigomo, mpu NEBHUX KPUTHIHHUX
KOHIICHTpALISAX 3MIHIOETbCS (popma Miren abo HaBiTh MAlOTh Miclle YTBOPEHHS HOBUX (a3. Llum
MOKHA TIOSICHUTH CKJIAAHY 3aJIe)KHICTh MOPYBAaTHUX BIACTUBOCTEH MaTepially BiJ KOHIIEHTpaIlii
ITAP.

[HmMM YWMHHWUKOM, IO MOXE BIUIMBAaTH Ha TIOPYBaTl BIACTUBOCTI MaTepialliB, 5K BXKE
3raJyBajioch BUIIE, MOXXe OyTH JOoAaBaHHS JOJATKOBOIO PO3YMHHHUKY (KOCONIBBEHTY). Ha
MPUKJIAIl ME30MOPYBATUX KPEMHE3EMIB OyJIO 3HAWIEHO, 10 TeJeyTBOPEHHS MPU BUKOPUCTAHHI
BOJIHO — €TAHOJIbHUX CEPEOBHUII CYHNPOBO/KYETHCS 3MEHIIEHHSIM pO3Mipy IHOp 13 3pOCTaHHAM
KOHIICHTpAIlli €TaHOoy, IO MOSICHIOETHCS 3MEHIIEHHsIM po3MipiB arperartiB [IAP. Ha puc. 27
IpeCTaBJICHI Pe3yNbTaTH AOCHIHKEHHS BIUIMBY 100aBOK allETOHITPUILY Ta €TAaHOJIY Ha JiaMeTp
nop B SZ. 3 mux AaHUX 0a4yuMo, IO JTOJaBaHHS €TAHOJIy 3MEHIIYE PO3MIp MOp y MOPIBHIHHI 3
BogHUMHU cuctemMami Bia 3,00 aM 10 2,46 HM. 3MEHIITYy€ThCs TaKOXK BenuurHa Ajj; Bix 0,69 HM
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Hdiamerp nop, HM
Puc.27 Po3noxain nop 3a po3mipamu B SZ
B 3aJIGKHOCTI BiJI BAKOPUCTAHOTO KOCOJIEBEHTY.

no 0,57 M. JlomaBaHHS 1HIIOTO 32 TPUPOAOI0 ANPOTOHHOTO PO3YMHHUKA — AaleTOHITPHITY
MPU3BOJIUTH IO MPOTUJICKHUX 3MIH MOPYBaToi CTPYKTypH. JliameTp mop 3pocTae A0 BETUYHUHU
3,86 um, BemmumHa Ajp, o 1,16 HM. AICTOHITPHI TIpU HEBEIHMKUX KOHICHTPAIIISIX
COJIFOOUTI3Y€EThCST MilleJIaMH, 10 MPU3BOJIUTH 10 30UIBIIEHHS iX po3MipiB (HaOyxauHs). Lle, sk
y>Ke 00rOBOPIOBAJIOCS BHIIE, BUKIHKAE 30UTBIIICHHS PO3MIpIB TOP.

BaxnuBuM XiMIYHUM YMHHUKOM B METOJII CHHTE3y SZ, 10 0OTOBOPIOETHCS, BUSIBUCS TOPSIOK
IpoBeIeHHS ornepaliil 00poOku npenapaty eranosnoMm (ekcrpakuis, E) 1 cynbdaranii, C. Ha puc.
28 mokazano BB nopsaky nux onepariii EC, CE ta CEC Ha BmactuBocCTi mop. Y BapiaHTI
CEC cynbdararis npoBoauIacs ABidi, 10 1 Micis eKCTPaKIIii.

1.6 >
i .- e--CEC
. -a-CFE
1.2 .
< A S —
=
0.8
0.4
D E
0 2 4 6 8 10

Posnmogin nop 3a posmipamii, HM
Puc. 28 Po3nofin mop 3a po3mipaMu B 3aJIC)KHOCTI BiJT
JUIs 3pa3KiB SZ 3 pi3HUM MOPSJIKOM €KCTpaKMLii 1 cybdararii

Konu marepian cynbdaTyeTbcss Crodarky, AiamMeTp Mmop 1 BeJIuduHa Aj, MarOTh HaWMEHIII
3HayeHHsa 2,26 HM 1 0,51 HM BianmoBigHO. SKIIO cyibgartamio NpoBOAATH MICHS E€KCTPAKIii,
po3MipH Top 1 ImMpUHA po3moairy 3pocratoth: 2,82 uHM 1 0,93 mwm. [loasiiiHa cynbdararis
MPUBOJIUTH 0 1€ OIBIIMX 3HaUeHb IUX BenuduH: 3,86 HM 1 1,16 HM BigmosinHo. e iMoBipHO
OB’ SI3aHO 3 THM, III0 CipYaHa KUCIIOTa YaCTKOBO PO3UMHSIE CTIHKH TIOP MaTepiay.

BigmiTuMo, 1110 CHHTE30BaHUI MaTepiaia BUSBUBCS JOOPUM KaTali3aTOPOM peakilii ankinyBaHHS
I-KCHJIONY IHKJIOTeKcaHoM. KaTtamiTiyHa akTHBHICTH Oyia OUIbIIOI0 Ui MaTepiaity 3 OUTbIIMM
PO3MipoM TIOP.

Hapermti HaBeieMO IPHUKIIA]] CHHTE3Y ME30IIOPYBATOTO TEPMOCTIHKOTO OKCHTY aTFOMIHIIO.
Meromuka 4. SIk CTpyKTypOyTBOpPIOIOUI peareHTH BuUKopucTOByBanucs HeioHorenHi ITAB tepriton (Tergitol) i
tputoH (Triton). Bonu ckxmamatotbes 3 nosimepuux erwiaeHokcuanux (PEO) naHmioris 3 npuegHaHUMH 10 HUX
BYIJIEBOJHEBUMH paauKanamu. 3okpema, Ttepritosn 15-S-9 wmae ckman C;-Ci5(PEO)s, a Tputon X-114 —
CsPh(PEO)g. Immi pearentn: Ttpu(Brop-OyTokcun)amoMminii (TBuOAl) gk mpekypcop OKCHIY aNIOMIHIIO;
munpominamia (DPA) sk perymsarop pH; Brop-Oyrtanom; s CHHTE3y peareHTH Opaiucs y TaKAX MOJIPHHUX

CHIBBIHOIIEHHSIX
1,0 TBuOALl: 0,1Ttepriton-15-S-9 (abo tputon X-114) : x DPA : 2,0 H,O : 18,2 BTop-0yTtanomn, xe x =0, 0,1, 0,25.
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ITAP po3umHsIM y TOJOBMHHIA KiNBKOCTI BTOp-OyTanomy i momaBasim TBuOAl TotyBamm iHmIMA po3dnH, IIO
MICTHB pemTy BTop-OyTanomny, Boxy, DPA, Ta moBiibHO (lem’/xB) momaBanu HOro 10 MepLIOro po3unHy. YTBOpEHY
CyMilll TiepeMillyBaiM 3 TOAMHM 1 3anvmany Ha 24 TOAMHM TNpPH KIMHATHIM Temmeparypi, skmo sk I[TAP
BHKOPHCTOBYBAIM TPHUTOH, abo mpu Temmepatypi 55 'C, skmo sk ITAP BUKOPHCTOBYBAIH Tepriton. YTBOpeHHit
KeITeroMiOH I MpOAyKT DiNbTPyBaIH, IPOMUBAIN €TAHONOM i cymmmd mpu Temmeparypi 40 °C mpotsrom IBox
muis. Cyxuil Telb HArpiBald y BiIKpuTili momimpomineHosii misumi 6 romus npu Temmeparypi 95 °C. ITAP
BWITy4dalll €KCTpakKiji€lo eraHonoMm B amapari Cokciera mpoTsroM 15 roauH. OYMINEHMH €KCTPAaKLIEK IPOITYKT
cymmy 2 ui npu temneparypi 40 °C i notim npoxaproBanu y cTpyMi mosiTps npu Temnepatypi 550 °C mpotsrom
4-x ToauH. YacTHHY MPOKAPEHOTo MaTepialy T0JaTKOBO MpoxkapioBamu mpu temmeparypi 600 °C mporsrom 3-x
rofuH i aani me pa3s npu temneparypi 700 °C mpoTsrom 3-x roaus.

[IpoanarnizyemMo BIaCTHBOCTI CHHTE30BaHOTO y TaKUH CIIOCIO MaTepiary 3 OKCHIY allOMiHiIO.

B moganeimomy OyneMo BUKOPUCTOBYBATH CKOPOUCHI MMO3HAYECHHS MaTepialliB, CAHTE30BaHHUX 32
pizaux ymoB. Jlitepamu X abo S mozHauatumemo Bukopuctanuii [IAP, BiamoBigHo TputoH abo
Tepriton. Yucno 3a JiTeporo BKadye MoJibHE criBBimHOmIEeHHS DPA, BUKOpUCTaHE B CHHTE3I.
Yncino B TyKKax — Temneparypa cuutesy, 'C. BincyTHicTb 10ro 4nicia BianoBigae cuntesy mpu
KIMHATHI{ TeMmepaTypi.

Ha puc. 29 i B tabn. 10 HaBemeHO pe3yNbTaTH AOCHIPKEHHS TUQPaKiii peHTreHiBChKUX
npoMeHiB. BuaHo, mik mpu Manux 3HadyeHHsAX 20 mupokuii 1 Mano iHTeHCUBHMH. Jlumie s
npemnapaty mnpoxapesoro mpu 700 °C meif mik crae moMiTHO iHTeHCHBHIIIM. PasoM 3
OI[IHEHUMH po3MipaMu JUPParyrounx JOMEHIB, SKi MatOTh Majaui po3mip (auB. Tadum.10), i gaHi
CBiAUaTh MPO CcIabKy CTPYyKTYpOBaHICTh Marepiany. Ha puc. 29 y BcTaBui HaBeJeHO AU(PPaKIIiI0
npu OuTbIMX KyTaxX. HasiBHICTH MiKIB CBIMYUTH MpO MPHUCYTHICTH (a3u ¥ - Al,Os. LlikaBo, 1m0
BIUIMB JUIIPOINIJIAMiHy Ha CTPYKTYPOBAHICTh MaTepialy MPOTHICKHHUN JUIs TBOX BUKOPHUCTAHHX
ITAP. Sk BumnO 3 Tab6mn.. 10, mpu BukopuctanHi Tputony sik IIAP momaBanus DPA d-posmip,
SAKUI XapaKTepu3ye po3Mip CTPYKTypOBAaHUX JOMEHIB, OUIBIIMI MpH BCiX TemIepaTypax
MPOXKAPIOBaHHS 1 3pocTae 13 3pocraHHsAM KoHImeHTparii DPA, Tomi sk npW BUKOpHCTaHHI
TepriToiny, d-po3Mip 3MEHIIYEThCS 13 3pOCTaHHAM KOHIeHTpartlii DPA.

B Ta6n.. 10 1 Ha puc. 32, 33 HaBeCHO TaKOX MOPYBaTi BIACTHBOCTI MaTepialliB, po3paxoBaHi 3a
JaHUMU afcopOrii a3oTy (puc. 31). 3 nUX AaHUX BUIHO CUJIbHY 3aJICKHICTH IUIOIII MOBEPXHI BiJl
TeMIIepaTypy MPOKAPIOBAHHs MatepianiB. Marepiamn, mpoxapeni mpu 550 °C, 3meHuryrots
IUIONLy [Op Maifke BABiui mpu 36inbleHni TemMnepatypu npoxapiosarms 10 700 °C. B Toif ke
gac, 00’eM TIOp MaibKe HE 3aJeKUTh BiJ TEMIIEpaTypu MpOXKaproBaHHS. TN BHOpaHUX IS
cuntedy IIAP, sk 1 moGaBku DPA, Takox cmaOko BIIMBae Ha TMOpYyBaTi BJIACTUBOCTI
CHHTE30BaHUX MaTepiaiB.

Tabmunsg 10. [TopyBati B1acTUBOCTI MaTepialiB y 3aJIeKHOCTI Bil TEMIEPATypH MPOKAPIOBAHHS
Ta JJ0OABOK JUTIPOIIJIAMIHY.

Martepian d-po3mip, HM IT1011a MOBEPXHi, M°/T O6’eM 10p, cM /T
550 | 600 700 550 600 700 550 600 700
X0 56 83 103 519 363 267 0,88 0,91 0,81
X0,1 86 128 100 521 334 242 0,66 0,60 0,56
X0,25 130 142 136 518 303 230 0,72 0,65 0,60
SO 65 72 128 484 326 244 0,81 0,77 0,72
S0,1 58 74 66 512 317 236 0,72 0,64 0,61
S0,25 54 74 61 465 306 229 0,69 0,61 0,57
S(55) 70 95 >160 420 312 245 0,70 0,71 0,69
S0,1(55) - 88 128 534 315 243 0,80 0,66 0,65
S0,25(55) - - 132 480 320 237 0,62 0,57 0,53
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IHTeHCHBHICTE, V.0.

Puc.29 KyToBa 3aexHicTh po3CcitOBaHHS
PEHTTEHIBCHKUX MTPOMEHIB OKCUAY aNTIOMIHIIO
A -X0,1; B—-S0,1

a) mpermapar 0e3 eKCTpaKIlii 1 MpoKaprOBaHHS

b) nmpenapat 6e3 nmpokaproBaHHS

d) mposxaprosarmst ipu T = 600 °C

e) npoxapioBanus npu T = 700 °C

VY BcTaBkax 301IbIIeHI ()parMeHTH KPUBUX

PO3CIIOBaHHS MPH BEJIHMKHUX KyTaxX

A

20 22 24 26 28 30 32 34
Konuentpania ITAP, mac. %

Puc. 31. 3anexHicte 00’ €My 1op Bij
KoHueHTpauii [TAP

500

4001

300

[N
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AstcopoBantii 06'em, em 3/

0 T T T T
00 02 04 06 08 1.0
P/Po

Puc.30 [3orepmu agcopOmii i
necopbuii azoty npenapartis mpu 77 K.
a) S0,1(550), b) S0,1(600), c) S0,1(700)

dV/dr

HdiaMeTp mop, HM
Puc. 32 Po3nonin mop 3a po3aMipamu
a) X0,1; b) SO,1; c¢) S0,1(328),
IpoKapeHnx mpu Temmepatypi 550 °C
(cyrLainis), 600 °C (myrkTHp), 700 °C
(mTpuxoBa JiHisl). Y BCTaBII
SO(cym.minis), SO,1(myskTup), S0,25
(wTprx), mposkaperux mpu 550°C.

BaxnuBy iHpOpMaIito MOXKHa OJEepKaTH 3 TEPMOTPABIMETPUYHHMX MOCTIIKeHb. Ha KpuBii
BTpatu Macu (puc.33) moxuHa Buainutu Tpu aumstakd: (1) T < 393 K; (1) 393-493 K; (II) T >

493 K. Ilepma ginsiHKa BiMOBIIA€ ASCOPOITii BOIH.
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Puc.33 TepmorpaBimeTpuyHa i qudepeHiiaabHa
TepMOTrpaBiMeTpuyHa KpuBi ais npenaparis X0, 1
(cyuinbaa miHisf) 1 SO,1(myHKTHD).

o
<

BrpaTa Barn (%)
I
<
dnmv/dT, y.o.

)
<

400 600 800 1000
Temmepatypa K
Jpyra ninsHka BIiANOBiga€ BHIAJICHHIO cIabKo 3B’s3aHOi BOAM, TPeTs AUISHKA IOB’S3aHa 3
poskmaganasaM 1 cnamoBaHHsAM [IAP. Pazom 3 TuM XiMiyHMI aHami3 3pa3KiB MaTepiaiiB Ha
PI3HMX eTalax HarpiBaHHs ITOKa3aB, 110 3MEHIIICHHs Maca Ha etami 111 GinbIne Hix 11e BiAMOBiIae
BMIiCTy opraHiku. Tomy BBakaioTh, mo Ha ertami III pa3oMm i3 cnamoBaHHAM OpTaHiku
BiIOYBa€ThCS BUAAJCHHS TIAPOKCUIHUX TPy 3 OKCUAY AIIOMIiHIIO. 3 HAaBEIEHOTO BIIHECEHHS
TUISHOK BTpaTH Mach Ha TEPMOTPABIMETPUYHIA KPHUBIH MOXHA OIIHUTH KIIBKICThH
TIAPOKCUIIBHUX TPYII 32 pi3HMIICI0 MK BTpaToro Macu Ha etami III 1 kinbkicTio [TAP B 3pa3kax,

BU3HAYCHUX aHAIITHYHUMH MeToJaMu. Pe3ynpratu 1iboro aHamizy HaBeAeHo B Tadm. 11.

Tabmuus 11 Brpatn Macu 3pa3kiB MarepiajiB Ha Pi3HUX
JIJSTHKAaX Ta OIIHKYA KOHIIEHTPaIlii TIpOKCHIHUX TPYIIL.
MaTepiaH AWI AWH AWHI OH/AI

X0 7,11 14,71 | 35,2 | 0,47
XO0,1 7,63 | 7,151 29,0 | 0,88
X0,25 7,49 1 6,14 | 30,0 | 0,62
SO 5,74 | 2,74 | 38,9 | 0,79
S0,1 7,39 14,38 | 33,5 | 1,02
S0,25 5,90 | 4,59 | 35,6 | 0,97

S0(328) 8,33 12,40 | 35,8 | 0,36
S0,1(328) | 5,69 | 4,40 | 37,7 | 0,89
S0,25(328) | 7,14 | 8,68 | 28,5 | 0,72

3 Tabm. 11 BWAHO, 1O 3pOCTaHHS KOHIICHTPAIll aMiHy CHpHUSE Ti1APOKCUIIOBAHHIO OKCHIY
anmoMiHit0. OcobnuBo 11eil eheKT BUSBISIETHCS MPU MAIUX KOHLEHTpalisx DPA.

BaxnuBy iHpopMariio moao KOOpAWHAIIMHUX YHCET aJlOMIHII0 B TaKHMX MaTepiaiax
MOHa ozepxkat 3 IMP criektpiB Ha sapax > Al
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300 200 100 0 -100 -200 -300
O (ppm)
Puc. 34 MKO (MAS) AAMP cnextpu 2TAl 3pa3KiB:
(2)XO0, (b)SO0, (¢)S0,25; 3pa3ku micyIst EKCTPAKIIIi €TaHOJIOM
(cyminpHa JiHis), 3pa3Ky micis npoxaproBanHs npu 823 K (myHkTup).

Haii611bp111 1HTEHCUBHY CMYTY TOB’SI3YIOTh 3 OKTaCIPUIHOI0 KOOpAMHAIIIEI0 arfoMiHito. Crabkuit
CUTHAI 3 MakCUMyMOM 3CYHYTHM mNpuOiu3Ho Ha 70 ppm MOB’S3YIOTh 3 TETpacIpHUUHOIO
KoopauHaii€er. Sk 6aunMo i3 criekTpiB (puc.34), B HE MPOKAPEHUX 3pa3KaxX CIOCTEPIraeMo JBa
TUNU KOOPAMHAIII alfOMiHII0. BiJbIIiCTh aTOMIB 3HaXOIUTHCS B OKTAaeAPUYHIN KOOpAHMHAILI, a
HEBeJIMKa YacTUHA — B TeTpaeapuuHii. [licis mpoxaproBaHHs 3pa3KiB Ha CIEKTPax 3’ sIBISETHCS
JOJATKOBUHM CIa0KUH MakCUMyM 3CYHYTHH NPUOIM3HO HA 35 ppm, KU BIAHOCATH A0 I STH
KOOPJIMHOBAHOTO aloMiHIl0. BpaxoByroun, mno ©Oarato GBUYHEX 1 (QI3HKO-XIMIYHHX
BJIACTUBOCTEH MarepiaiiB (HampUKIaJA, KaTaJliTUYHA AKTHBHICTH) YAaCTO BU3HAYAIOTHCS CaMe
nedeKTaMu CTPYKTYpH, sSKI MOXYTh OyTH aTroMaMH 3 IHIIOK (HE THUITIOBOIO) KOOPIWHAIIIEIO,
BMIHHA XIMIYHUMH METOJAMH PETYIIOBATH BIJHOCHY KOHIICHTPAIll0 TaKUX IICHTPIB IyKe
BaXKJIMBE.

MniBkuY i NnoKpUTTA

He munyno me i gecaTd pOKiB BiJ NepHIMX MyOJiKaliid, MPUCBIYEHUX METOJaM CHHTE3Y
Me3onopyBatux ToHKHX IIiBok (MTII). IIpoTe BenmKki mepcrneKkTHBH iX 3aCTOCYBaHb BHKIIMKAIIH
OypXJIMBHH CIUIECK JOCHIPKEHb B IIbOMY HampsMKy. Haa3u4aiiHO IiIKaBUMH, HaBiTh
peBoOLiifHUME BHUsBWIIKCS 3acTocyBaHHS MTII B CEHCOpPHMX TEXHOJOTISX, MOJEKYJSpHIN
€JIEKTPOHIIli, TEXHOJIOTIi TTOKPHUTTIB 3 MOTPIOHUMH BIACTUBOCTSAMHU (ONTHUYHUMHU, MEXaHIYHIUMH,
eJeKTPUYHUMH TOIIO), CUHTE31 KatanizaTopiB. [LMiBKkM MOXKyTh OyTH CMHTE30BaHI 1 BAKOHYBaTH
neBHi (yHKIIIT, pO3TalOBYIOYHCh Ha MDK(A3HUX TPAHUIIX PiMHA — PiAWHA, PiIUHA — TTOBITPA,
TBEP/IE TiJI0 — MOBITPSI TOIIO.
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IMlasixu cuaTesy MTII
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BilbHA MIiBKa ——— HIATPHMY€TbCA — migRIaaka
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Floating Flow Immersed casting
support miaKIagKa  support
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iKIaIKA migRIAgKA

Puc. 35 Cxema cunrezy MTII pizHux Tumis

X ToBIMHA MOKe 3MiHIOBATHCS Bifl HAHOMETPIB 10 MikpoMeTpiB. HapollyBaHHs TLTiBKM Ha
TBEpIINA MAKIAAI MOXKE BIIOyBaTHCS 3 Ta30Boi abo pinkoi ¢a3. Pi3HOMaHITHI TEXHOJOTIi
CHHTE3Yy IUTIBOK CXEMaTHYHO TOKa3aHO Ha pHc. 35. BlacTHUBOCTI MJIIBOK ONMUCYIOThCS TAKHUMHU
XapaKTEPUCTUKAMH, SIK MOBWUHA, HeNnepepsHicmb (8iI0CYMHICMb MPIiWuH), WOPCMKICMb
no8epxHi, opicHmayis nop BIAHOCHO Mi>K(}a3HOI TpaHuUIll TOLIO.

Sk mokazaHo Ha puc.35 1IiBKa Moke OyTH BHPOIIEHA Ha TBEPMAiIM MiAKIaAni abo HaHEeCeHa Ha
Hei. O0u/iBa BapiaHTH B CBOIO YEpry MOXKYTh OyTH peasi3oBaHi MO pi3HOMY. Po3risiHemo Kinbka
MIPUKJIAIB.

Onne 3 BaximBHX 3actocyBanb MTII moB’s3aHe 3 11X 34aTHICTIO MPOIYCKaTH YacCTUHKU
(MoJeKymn), sIKi He IEPEBUIIYIOTh TTEBHUX PO3MipiB. MiKpomopyBaTi IUTIBKH BUKOPUCTOBYIOTH B
TEXHOJIOTii 00EPHEHOr0 OCMOCY JUIsl 3He3apa)keHHs Ta 00e3cotoBaHHS Boau. JliameTpu mop B
X TJTIBKaX CTAHOBJIATH KUTbKA aHTCTPEMiB, TOMY BOHH MPOMYCKAIOTh JHUIIE IPiOHI MOJICKYIIH,
HaNpHUKIa, BOAYy Toulo. Lsi TeXHOIOTis BUKOPUCTOBYE ,,IPOAABIIOBAHHS BOJH Kpi3b MEMOpaHy
MiJT TUCKOM TMOPSAKY CTOo arMochep. B mpakTuiii BHHHMKAIOTH 3a7avl PO3JAUICHHS YaCTHHOK
(MoJIeKyJ1) 32 po3MIpOM, HaNPUKIIAA PO3AUICHHS OJIroMepiB 3a po3mipoM. B Takomy Bumaaky
BUKOPHCTOBYIOTH Me30mopyBaTi MemOpaHu. TexHosoris 3 BUKOPHUCTAHHSIM ME30MOpYBaTHX
MeMOpaH JicTaja Ha3By Hawogiibmpayis 1 IMIHAPOKO BUKOPUCTOBYETHCS B TEXHOJOTIT
BOJIOMIATOTOBKM Ta XapyOBHX TEXHOJOTisX. Po3risHeMo mpukiaa CHUHTE3y ME30MopyBaTol

MeMOpaHU Ha OCHOBI KpeMHE3eMy 3 JOOaBKOIO OKCHAY IIMPKOHIIO.

Metomuka 1. Sk mpekypcopu cuiimiro Ta mupkoHiro Bukopructadi TEOS ta TBOZ. 'oTyBanmu po3uuH 3MIIIyIOUH
TEOS, TBOZ, HCI, H,O ta EtOH B MonsHOMY criBBigHOmeHHi 0.9 : 0.1 : 1 — 5 : 5 : 100 — 300 mpu kiMHATHIH
TEeMIIepaTypi i 3aJIMIIAIN CTOSTH MIPOTATOM OfHi€el ToanHu. Ha apyromMy erami 10 po3duHy 10/aBaIH XJIOPOBOAHEBY
KHCJIOTY 1 BOAY MO0 MOCHWJIMTH TigpOJIi3 aNKOKCHAIB MOTIM PO3YMH KUM ATWIK mpotsarom 10 roamH. B mporeci
(opMyBaHHS KOJOIAHOTO PO3YMHY HPOBOAWIIM KOHTPOJb pO3MIPY KOJOIAHMUX YacTHHOK 3a JOHNOMOTOIO
BUMIPIOBaHHS PO3CilOBaHHs CBiTJa. BennunmHa pH B KiHII NPHUroTyBaHHS KOJIOIZHOTO PO3YMHY AOpiBHIOBaa
npuban3Ho 1. BunpoOyBanu cuHTe30BaHi y TakMi croci0 30511 3 KOJIOIIHMMHU YaCTHHKaMH YOTUPHOX PO3MIpiB: A-
30116 — cepeHii niamerp 42 Hm; B-30116 — 16 HM; C-30116 — 13 HM; D—30116 — 11 HM.

HanomemOpaHa BHTIOTOBISIACS HAaHECEHHSM CHHTE30BAHOTO 30J10 HAa MIKPOIOPHCTY MeMOpaHy 3 OKCHAY
ITIOMIHIIO 3 po3Mipamu mop npuOim3HO IMKM. JIsl IBOTO CIIOYATKy I0AaBAJIM JIO KOJIOIAHOTO PO3UYMHY OKCH[
TIOMIHIIO 3 CepelHIM AiaMeTpoM 4YacTHHOK 2 abo 0,18 MxM Tak, mo0 koHIeHTpamis po3unHy ctama 10 %. Ilei
PO3UMH HAHOCHIIM Ha IOBEPXHIO MEMOpaHH 3 OKCHAY amfoMiHito. [IOTIM KONOINHUI pPO3YMH PO3BOAWIH IO
koHmentpauii 0,5 % i marpiry mo 175 °C mem6pamy 3aHyproBanmu y mueil posumn. Ilicms mporo MemGpamy
MpoXKaproBalid TIpu TemmepaTypi 570 C monaiimenure 15 xpummn. [ mpoIielypa MOBTOPIOBAJIacs KiJbKa pa3iB 3
pizauME 3oisamu. [lepeBipka cTifikocTi Marepiaidy MeMOpaHH 10 BOJHHX PO3YMHIB MOKa3aia, mo mpu pH = 5 i
temnepatypi 25 °C MemGpaHa He 3MiHIOE CBOIX BIacTHBOCTEH mpoTsiroM 100 nHiB.

BurpoOyBaHHs 31aTHOCTI CTBOpPEHUX MeMOpaH PO3IUIATH (BIJOKPEMIIIOBATH) Pi3HI PEUOBUHH
MpOUTIOCTpOBaHa Ha puc. 36. Jlms mepeBipku (iIbTpyroUdoi 3maTHOCTI (mopiBHIOE 0, KoM
PEUOBHHA MPOXOAUTH Kpi3b MeMOpaHy 1 JOpIBHIOE 1, KOJTM pedOBHHA MOBHICTIO YTPUMYETHCS)
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B3ATI CHOUPTH 3 PI3HUMH JOBXHHAMHU BYTJICBOAHEBUX pAJAMKAIIB, CTWJICH-, IUETHICH- 1
TPUETUIICHTJIIKOJI, TJII0KO3a, MajbTo3a, padiHo3a, O-IUKIOAEKCTPUH. 3 PUCYHKY 0aunmmo, IO
memOpana M2 3 piameTpoMm mop Onu3bko 1 HM He HPOMYCKa€E PEUYOBMHU 3 MOJIEKYJISPHOIO
Macoro Oimeine 100. B Toit ke wac memOpana M1 3 giamerpom mop 2,9 HM 3 OO abo
MEHILIOIO JIETKICTIO MPOITYCKA€E BC1 BUMIPOOYBaHI pEUOBHHH.
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Puc.36 ®inprpyroya 37aTHICTE HAHOMEMOPAH:
M1 — niametp mop 2,9 um, M2 — 1HM.

HaBenenuii meron cuHTE3y IMOKa3zye sIK, BUKOPUCTOBYIOUM MPOCTI XIMi4HI METOIHU, MOXKHA
peryJioBaTH PO3MIp MOp MEMOPAH 1 BIAMOBIAHO iX (IIBTPYIOUY 3/1aTHICTD.

Iame NOMHPEHE BUKOPUCTAHHA TOHKHUX IUTIBOK MOB’si3aHE 3 1X 3aXWCHUMH BIIACTUBOCTSIMHU.
Hanpuknan, skuii-He0yp» HaHOMAaTepiald MOTpedye 3aXUCTY BiJ pyHHYIOYOI Aii cepenoBHIa, B
SAKOMY BIH Mac BUKOPUCTOBYBATHUCA. B TaKOMY pa31 HAHOYaCTHUHKHAU MaTeplaJ'Iy BKpUBAOTh
3aXMCHOIO TUTIBKOIO (,,0[1Tal0Th”), sika 3a0e3rneuye Woro XiMi4Hy CTIMKICTB 1 B TOH e dac He
norlpmye Horo CI)YHKI_IIOHB.JIBHI BJIacTUBOCTI. Ha BlI[MlHy BII[ IonepeaAHboro Impukiaany,
MOKPHUTTS IMOBUHHO OYyTH JOCTaTHHO IIUIPHUM (HE TOPYBATHM) 3aXWIIAIOYH, HANPUKIA, BiJ
KOHTAKTY 3 MPOTOHAMH 30BHIIIHBOTO CEPEOBHILA, SIKIIIO MaTepiald HECTIMKHM 10 Jii KUCTIOTH.

B HacTymHOMY TpHKIIANi 1IeThCA MPO CHUHTE3 CHIIIKAreJIeBOro MOKPHUTTS I HAHOYACTUHOK
MarHiTHoro marepiaiy y-Fe,Os, siki pyiHYIOTbCS HaBITh B ¢1a00 KMCIOMY CE€PEOBHIIII.

Meromnka 2. 0,9 r y-Fe,O3 3mimryiors 3 40 cM’ aBCOMOTHOTO €TAHONY i MiANarOTh OGPOOI yIBTPa3BYKOM
npotsirom 30 xBuinmH. [lo cycmensii momatots 14 CM® €TAaHOJIBHOTO po3unny TEOS (0,2 cv® TEOS B 12 o’
aBCOIIOTHOTO eTaHony) i gani mo kpammix 6 cM® 30% posduHy amomiaky. CyMill 3amuIiamd Ha 5 TOAMH s
noBHOTO TiAponizy TEOS i1 yrBopenHs nmokpuBarodoi miiBku. Yactuaku y-Fe,O; MOKPHTI IUTIBKOIO KpeMHE3eMy
BHJTyHalIH i3 CyCIIeH3ii 33 JOIOMOTOI0 MarHiTy, MPOMHBAJIH €TAHOIOM i cyumimu B Bakyymi mpu 110 °C. Ha gpyromy
eTari ofepKaHMH HA HEPIIOMY eTami MPOAYKT 3Minryioth 3 90 cM’ BoM i BMilIyrOTh y Tpuropmuii peaxrop. o
cymimi npy iHTeHCHBHOMY nepeminryBanni i marpisanmi 10 90 °C nogarots 0,1 1 po3unn NaOH 1o crBopenns pH
=9,5. lani mocTynoBo, MpoTAroM OJHi€l roAnHM 1oaTs 10 em® 0,1 M JIy’)KHOTO PO3YMHY CHJIIKATy, YePTYIOUH 3
nmomaBanasM 0,1 M posumny H,SO, Tak, mo06 BemmumHa pH 3ammmanocs HesMinHOM0. [licis mporo po3dnH
OXOJIO/DKYIOTh IO KIMHATHOI TeMIlepaTypH, Marepiail BHIyYaroTh 3a JOIOMOIOK MAarHiTy, TPHYi NPOMHUBAIOTH
BOJIOIO 1 CyIIaTh Y BaKyyMi.

0,1 M po3unH cuIlikaTy TOTYIOTh PO3YHHEHHSAM KpeMHe3eMy B 14% pozunni NaOH.

Ha nmepmomy erami, Ik BUJHO 3 METOJIMKH, YTBOPEHHS IUTIBKH i/Ie¢ B yMOBaX XapakTepHUX IS
301b-Telb nporecy. CKOpoueHHi JUIle Yac BU3PIBaHHS Iellio, TOMY IO 11€ThCs PO YTBOPEHHS
Iy’e TOHKOi (HaHOpo3MipHOi) TutiBkH. Ha npyromy erami ocaJKyeTbcs IOAATKOBA KiTBKICThH
KpEeMHe3eMy, 10 3a PaxyHOK HOr NepeBakHOi KOHAEHcalii Ha CTIHKax MOp POOUTH IUTIBKY
mipHimow. Takuii TBOETATHUI CHHTE3 TOKPHUTTS MOXKHA IMOSICHUTH 32 JIOTIOMOTOI0 CXEMH,
HaBEeJICHOIO Ha pHc. 37.
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Puc.37. JIBoetanHe GpopMyBaHHS MOKPUBAIOYOI TLUTIBKH.

Ha nepmomy erani (Puc.37a), sikuil mpoXoJuTh B yMOBax 30Jb-Te€llb MPOLECY, YTBOPIOETHCS
NOpHCTa HeIlUTbHA TUTIBKA, sIKa HE 3/1aTHA 3aXUCTUTH BHYTPIIIHIO HAHOYACTHHKY BiJl B3a€MOJIIT 3
30BHIIIHIMU TpOTOHaMHU. Jlpyruii eram MpoXOAMTh B yYMOBaX OCa/PKEHHS 1 MepeocaKeHHs
KpeMHe3eMy (OCTBaJIb/IiBCbKE BH3PIBaHHS), TOMY OCaPKEHHS KPEMHE3eMy IEepPEBaXKHO iJe Ha
IOBEPXHI 3 OUIBIIOK KPUBH3HOK, TOOTO B MOpax. 3a LUX YMOB YTBOPIOETHCS ILIJBbHE,
HETIOPUCTE TIOKPHUTTS. AJle OCKUTBKM KOHIIGHTpALis KPEMHE3eMy B PO3YHHI JOCHUTh Maja, IIe
HOKPUTTS HE CYLUIbHE 1, SKIO HOro MPOBOJUTH K OKPEMHUH €Tal, Ha YaCTHHII YTBOPIOIOTHCS
okpeMmi ocTpoBkd 3 mOKputTTs (Puc.37b). IlocmigoBHE BHUKOPUCTaHHS LUX pPI3HUX YMOB
YTBOPEHHS NOKPUTTS y BUIVIAI ABOX €TamiB, SK 1I€ ONMKUCAHO B METOAMLI 2, Ja€ TOHKE IIUJIbHE
nokpurts (Puc.37c).

JUis  XapaKTepUCTUKU BJIACTUBOCTEH IMOKPUTTS BHKOPHCTOBYIOTH Pi3HI MeToau. Baxiupy
iHpopMamio moa0 (i3UKO-XIMIYHMX BIACTUBOCTEH MOBEPXHI YACTUHOK MAIOTh BUMIpH &-
noTeHIiany. BpaxoBytouu, 10 KHCIOTHO-OCHOBHI BIacTUBOCTI Y-Fe,03 1 SiO; pi3Hi, 3alexHICTh
E-MOTeHLIady YacTHHOK 3 LUX MartepiaiiB Bil pH cepenoBumia mae OyTu pizHOM0. 30Kpema I
MaTtepialii pI3HUTUMYThCS 3Ha4eHHAMU pH, mpu sSKUX MOBEpXHs Mae HyJlIbOBUH 3apsa. Ha puc.
38 HaBelIECHO pe3yJbTaTH OCHIKEHHS 3aJeKHOCTI E-TIOTEHINIATy MaTepiayliB 3 MOKPHUTTIMH,
CHUHTE30BaHUMHU PI3HUMHU MeTOoAaMu, Bi pH cepenoBua.
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Puc. 38. 3anexHicTh E-TOTEHITIAY MaTepialiB 3 MOKPUTTAMU,
CHUHTE30BaHUMH PI3HUMH MeTo/1aMu, BiJ pH

baunmo, mo pHy uactunok 7Y-Fe,Os; nopiBHIOE 4,5, TOUKM HYJIBOBOTO 3apsily YaCTHHOK
kpemueseMy (pHo=2,1) i MaTepiany, KpeMHE3eMHE OKPUTTS SKOT'O CHHTE30BaHE 33 JJBOCTAITHOIO
meroankoro (kpusa (I+11) Ha puc.38) cniBnagaroTh. 3 Apyroro 60Ky KpeMHE3EMHI TTOKPHUTTSI, SIKE
yTBOpIO€ThCS 3a Mertoaukamu mepuioro (I) abo nmpyroro eramiB (II) okpemMo MarOThb TOYKH
HyasoBoro 3apsiny pHo' = 2,4 i pHo" = 2.8. 1li mani 0fHO3HAYHO BKA3yIOTh, IO B MaTepiali,
CHUHTE30BaHOMY 3a JIBOCTAITHOIO METOINKOIO, HEMAE KOHTAKTY Y-Fe;O3 3 BOTHUM CepeIOBUIIIEM.
Le#t ke BUCHOBOK MiITBEPDKYIOTH JOCHIHKEHHS BUIYYCHHS 3ajli3a B pO3YMH IIPH BUTPHUMYBaH-
Hi MmarepiamiB B po3uuHi 3 pH=2,5. Ilpu o6pob1i Marepialy, CHHTE30BaHOMY 3a JBOETAMHOIO
METOJIMKOIO, 3aJ1i30 B PO3YMHI HE BUSBJISETHCS, TOJI SK B IHIIMX BUIAJKaX BUSBICHO 3HAUYHI
HOTr0 KITBKOCTI.

BuMipn HamMarHiqyBaHOCTI 3aXHWIIEHOTO MOKPUTTSIM MaTepialy IOKa3alid, BOHA Ma€ Xoda i
N0 MEHILIy BeJWYMHY HDK He3axumeHuid warepian 7v-Fe,Os, mpore pocTtatHio s
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BUKOPUCTAaHHS. TakMM YHHOM BJAETHCS MOIIMPUTH 0OJACTi 3aCTOCYBaHHS IBOTO Ta I1HIINX
MarHiTHUX MaTepiajiiB, BAKOPUCTOBYIOUH iX B arpeCUBHHUX CEpPEIOBUILAX.

Jamni B kHHU31 OyAyTh HaBeNlEH1 1HIII MPUKJIAIN CHHTE3Y 1 BUKOPUCTAHHS MIKpPO- 1 ME30IIOPHCTUX
TUTIBOK B CEHCOPHUX TEXHOJIOTIAX 1 KaTamis3i.
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