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HepCHeKTHBbI HCNMOJb30BAHUA HAHOMATEPUAJI0B B KaTaJIU3€ AJIA IKOJIOTHICCKH YU CTBIX
XUMHUYECCKHUX IMpoueccoB

HccnenoBanne «HaHOTEXHONOTMM» CTAlO HOBATOPCKMM HAIpaBIICHHEM B 00JAacTH KaTausa,
npeJIaras MHOT0OO€MIAI0IINE MYTH ISl PEBOJIOIMOHHOTO U3MEHEHNSI XUMUUECKHUX peakiuii. B
3TOM pedepate MpeACTaBiICH KPaTKUi 0030p MOCISIHNUX pa3paboToK B 00JaCTH UCTIOIb30BAHHUS
HAaHOMATEPHAJIOB IS YJYYIICHHS KaTAINTHYECKHX TIIporeccoB. HaHomarepmansl ¢ ux
YHUKQJIBHBIMH CBOMCTBaMH, 3aBHUCSIIMMHU OT pa3Mepa, M BBHICOKMM OTHOIICHHEM ILTOLIAIH
MOBEPXHOCTH K  00bEMYy  TPOJEMOHCTPHPOBAIM  3aMEUaTElIbHYI0  KaTaIUTHYECKYIO
9(EKTUBHOCTD, CEIEKTUBHOCTh M CTaOMIBHOCTE. B 3TOM pedepaTe ocBemaroTcsi KIFOUeBbIe
aCTIEKTHI HCCIIEIOBAHUM, MPOBEACHHBIX IUIS HCIOIB30BAHUS JTHUX NPEHMYIIECTB, BKIIOYAs
CHHTE3 M XapaKTepUCTHKY pa3IMYHbIX HAHOMATEPHUAJIOB, TAaKUX KaK HAHOYACTHIIBI,
HAHOITPOBOJIOKH M HAHOJIMCTHL. DTH MaTepUalIbl CIEHUAIBHO Pa3paboTaHbI ISl ONTHMHU3AINHT UX
KaTAJIUTHYECKAX XapPAKTEPUCTHK ITyTeM TOYHOTO KOHTPOJS MX pa3Mepa, (Gopmbl M cocTasa.
OO6cyxaeHne pasHOOOPa3HOTO CIIEKTpa KATATUTHYECKUX MPUIIOKEHUH, KOTOPHIE BBIUTPHIBAIOT
OT HAHOMAaTEPUAJIOB, BKITIOYAsi IIPOU3BOICTBO 3€JICHOM YHEPTUH, BOCCTAHOBJICHUE OKPY KaIOIIeH
cpeml W (apMameBTHYECKUH CHUHTE3. YIydIlleHHas KaTaIMTHYECKas AaKTHBHOCTB,
obecrieunBaeMasi HaHOMaTepUaJlaMH, UMEET TOTEHIMA /ISl COKPAIIeHUsT BPEMEHU pPEaKIny,
CHUKCHUA HOTpC6HCHI/I§I OHEPTUU U MUHUMHU3AaUU OTXOO0B, CHOCO6CTBy51 60.]'[66 YCTOI\/'I‘H/IBI)IM u
3¢ GEKTUBHBIM XUMHUYECKHM IPOIeccaM, M 3aTparuBacT MpooOJieMbl U OyAyIlue MepCIeKTUBBI
KaTajJu3a Ha OCHOBE HAHOMATEPUANIOB, TOAYEPKHBAsS HEOOXOAMMOCTh JAIBHEHUIINX
I/ICCHGI[OBaHI/Iﬁ JJIA IIOJIHOI'O IIOHUMAaHUuA 6213OBI)IX MEXaHU3MOB H ITOTCHIMAJIbHBIX HpO6JICM
OKpy>Katomei cpenbl u Oe3onacHocTH. COBMECTHBIE YCWIIHS XMMHKOB, MaTepHallOBEIOB M
MHXEHEPOB UMEIOT BaKHOE 3HAUEHHE JUISI PACKPBITHS TTOJIHOTO ITOTEHIMAalIa HAHOMATepHaIoB B
KaTajdu3e M TPOKIAABIBAHHUS ITyTH JUIi WHHOBALMOHHBIX PEHICHUH CIOXHBIX TIIOOAIBHBIX
npobieM.

Knouesvie cnosa: Hanomarepuansl, Katanmus, Xummaeckue peakimn; CuHTE3, 3eneHas YHEPTUsl.
Beseoenue

HanorexHonorus, Hayka W TPOEKTHUPOBAHHME MaTEpUAIIOB M YCTPOWCTB B HaHOMAacIiTabe, cTalia
npeoOpasyioeil CHION B PasMUYHBIX HAYYHBIX MUCHUIUIHHAX. Cpeau MHOXKECTBA CBOHMX MPHIOKCHUIH
HAHOTEXHOJIOTHS OKa3aja 3HAYUTENIbHOE BIUSHHE Ha 00JacTh KaTanusa, Ipejyiaras HOBbIE H3MEPEHUs s
VIIyYIIEHUS] XUMUYECKHUX peakiuii. B 3ToM BceoObeMITFOIIEM BBEIEHUHU MBI ITOTPYKAEMCS B YBIICKATEIIbHBIH
MHUpP HAHOMATEPUAIOB U WX KIIOYEBYIO POJIb B KaTalau3e, MOTUCPKUBAS WX HCKIIOUUTEIbHBIE cBolicTBa, FF
MIPUMEHEHUS ¥ TIOTEHIINAJ, KOTOPBIA OHU UMEIOT JIJISl TIPOABMKEHUSI XMMHYECKUX MPOIIECCOB.
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PI/ICYHOK 1. OI[HOIIGHO‘IG‘-IHBIC HaHOYaCTUIbI AJIA KaTaJIu3a

Karanu3s, mpomecc yBelnMYeHHs CKOPOCTH XHMHYECKOW pEakIUH IIyTeM BBEICHMS BEILECTBA,
M3BECTHOTO KaK KaTalu3aTop, ChIIpasl KIIOYEBYIO POJIb B OCCUMCICHHBIX MPOMBIIUICHHBIX MpOIEeccax H
nabopaTopHbIX dKcniepuMenTax. OH obecreunBaeT G (dekTnBHOE MPeoOpa3oBaHNEe PEareHTOB B KEIaeMbIe
HPOYKTHI, YACTO C IIOHMKEHHBIM IOTPEOJICHNEM SHEPTUH U O0siee MATKIUMH YCIIOBUSAMH peakunu. B reuenue
I[eC)ITI/IJ'ICTI/II‘/'I YUYCHBIC U MHIKXCHEPLI HMCKAJIN CHOCO6I)I YIYyHYHICHUA KaTaAIUTHYCCKUX IIPOLCCCOB, U OJHO U3
CaMbIX  MHOTIOOOCHIAIONIMX  HAMpPABJICHUM  BO3HUKIO Ojarojmapsi MHTErpallid  HaHOTCXHOJIOTHI.
Hanomarepuanbl ompenenstorTcsi Kak MaTepHajbl €O CTPYKTYPHBIMH 3JIEMEHTAMH WJIM BHYTPEHHUMH
KOMIIOHEHTaMH B HAHOMETPOBOM MacinTade, 00bI4HO B uana3one ot 1 g0 100 Hanometpos. VX yHUKaIbHBIC
3aBUCAIIUC OT pa3Mepa CBOMCTBA 1 BEICOKHE OTHOIICHUS raomanan MoBEPXHOCTU K O6’BeMy BBIABUHYJIM UX HAa
TiepeTHII Kpail uccienoBaHuii karaiu3a [1]. OTu marepuanbl MOTYT OBITh CIIPOCKTHPOBAHBI C TOYHOCTHIO,
YTO TO3BOJIIET TOYHO HACTpaMBaTh MX (U3MUECKHUE U XMMHUYECKHE CBOICTBA, M OHM JEMOHCTPHUPYIOT
UCKJTIOUYHUTEIBHYIO KaTATUTHYCCKYI0 3((EKTUBHOCTD, CEJIEKTUBHOCTh U CTAOMIIBHOCTh. B 3TOM BBeIEeHUH
Oyzer paccMOTpeHO NIyOOKOoe BJIMSHHE HAHOMATEpHaJlOB HAa KaTayln3, HauMHas ¢ 0030pa WX CHHTE3a U
xapakTepucTuku. CHHTE3 M XapaKTepUCTHKA HaHOMaTepranoB CHHTE3 HAHOMATEPHAJIOB SIBJISIETCS KITIOUEBBIM
ACTIEKTOM HAHOTEXHOJIOTUH, TOCKOJBKY OH TIO3BOJISIET HCCIEeNOBATeNsIM aJalTHPOBaTh CBOWCTBA ATHX
MaTepuaioB IJiA KOHKPETHBIX KAaTAJIUTHUYCCKHUX HpHﬂO)KeHHﬁ. Paznuunbie METOAbI, TAKHC KaK 30JIb-I'CJIb
HPOLIECCH, XUMHUYECKOE OCAKICHHWE U3 NapoBOMl (a3bl M MOKpbIE XHMHMYECKHE METObI, I03BOJISIOT
MPOM3BOJMTH HAHOMATEPHAIIBI C TOYHBIM KOHTPOJIEM pa3Mepa, pOpMBI U cOCTaBa.

Memoodwsl u mamepuanvl

HccnenoBanre HaHOMATEPHAIOB ISl YIYYIIEHHOTO KaTajgn3a B XWMHUYECKUX PEAKIUSIX CTallo
JMUHAMHYHOW M OBICTPO pa3BUBAIOIIEHCS 00JIACTHIO, IBIKUMOW WHHOBAIIMOHHON pabOTOM McciemoBarenei
mo Bcemy mmpy. B Hauane 2000-x romo Puuapa Illpox m ero xomanma (2002) mpoBenu HOBATOpCKOE
HCCJIE0BaHNE, KOTOPOE 3aJI0KUII0 OCHOBY JIJISl IOHWMAHUS KaTaJTUTHIECKOTO MOTEHIINAIa HaHOYaCTHUIl. X
paboTa moJYepKHYJIa BaKHYIO poOJib pa3Mepa U MOP(GOJIOTUH HAHOYACTHUI[ B OMPEICIICHUU KaTATUTHUCCKUX
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XapaKTePUCTUK, OTKPHIB HOBbIE BO3MOXHOCTH ISl QAaNTALUHU KaTAIN3aTOPOB K KOHKPETHBIM IPUIIOKCHUSM.
OT0 NOHMMAaHHUE ChIIPaJIO PEIIAOIIYIO POJIb B (POPMUPOBAHUY MOCIEAYIOIINX UCCIIEI0OBAHUI B 3TOH 0bacTu.

Onwupasice Ha 3Ty ocHOBy, Cs u ero komterd (2005) moOMIUCh 3HAYUTEIBHBIX YCIIEXOB,
MPOJIEMOHCTPUPOBAB KOHTPOJIHMPYEMBIH CHHTE3 METAJUIMYECKUX HAHOKPHUCTAIUIOB C YETKO ONpeIeIeHHBIMH
¢opmamMu M rpaHsAMH. ODTOT NPOPHIB IIO3BOJIMI TOYHO HACTPAMBaTh KAaTAJUTUYECKHE CBOWCTBA IIyTEM
MPOCKTHPOBAHMSI TIOBEPXHOCTHBIX CTPYKTYp HaHOMAaTepHaloB. Takue HHAMBHUIYAIbHbIE HAHOKATAIN3aTOPBI
NPOJIOKUIIM TYTh K JOCTHXKEHHUIO MPEBOCXOIHON KAaTATUTUYECKOH d((EKTUBHOCTH U CEJICKTHBHOCTH, €IIe
Oosble HoJOrpeBasi HHTEpeC K HaHOMaTepuallaM B KaTallu3e.

[Tepexons Bo BTopoe mecsruietue 21-ro Beka, padora [[3ua KO3 JIto u ee nccaenoBaTenbCKOi TPYITITHI
(2010) oznamenoBana co0OW 3HAYMTENBHBIN MMOBOPOTHBIH MOMEHT B 3TOi obnactH. OHU NpeNCTaBHIH
HaHomarepuansl Ha ocHoBe JIHK B kadecTBe yHMBepcasbHBIX IUIATGOPM AN Karanuza. OTOT
WHHOBAIIMOHHBIN TOJX0/ HCIoNIb30Bai mporpammupyemocth JIHK mast Touno#t cOopkm m ympaBieHus
KaTaIMTHYECKOH aKTHBHOCTBIO HAHOYACTHI. BO3MOXHOCTH CO3aHUSI HAHOKATaJIM3aTOPOB C BBICOKOM
CTCICHBIO CTPYKTYPHOU U (PYHKIIMOHAJILHOW MPEICKa3yeMOCTH OTKpPbLIa OECHpeleCHTHbIE BO3MOXHOCTH
JUTSL MHAMBH Ty aJIbHO pa3pabO0TaHHBIX KaTaIM3aTOPOB, 00EMIas IPOPHIBBI B CEJIEKTUBHOCTH 1 (D (PEeKTHBHOCTH.
CuHepruss HAaHOTEXHOJIOTMH M OMOTEXHOJIOTMH B 3TOH paloTe paciivpuiia TOPU30HTHI HAHOKATAIM3a U
MPOIEMOHCTPUPOBAJIa MEKIUCUUITMHAPHBIN XapakTep 9TOH 00JacTu.

B nmocnennue roxpl uccnenoBaTeny NpOJODKAIN Pa3lABUIaTh IPAHULIBI HAHOMATEPHAJIOB B KaTallU3e.
IInonepckas padora [xernndep duonn (2019) apnsercs spkum nmpumepoM. Ee BHUMaHHE K TIa3MOHHBIM
HaHOMAaTepuanaM JUis KaTain3a BHECIO HOBOE H3MEpEHHE B 3Ty oO0nacTh. Mcmomib3ys yHHKalbHBIE
ONITUYECKUE CBOMCTBA IJIa3MOHHBIX HAHOYACTHII, OHA MPOJAEMOHCTPUPOBAJIa UX MOTCHIMAI JUIS YITyUYIICHHsI
KaTAINTHYECKUX PEaKLUUH, YIPaBIseMbIX CBETOM. OTOT IOAXOJ HE TOJIbKO IPOJEMOHCTPUPOBAI
YHHBEPCAJIbHOCTh HAHOMATEPUAIOB B UCTIONB30BaHUU PA3JIMYHBIX UCTOYHUKOB SHEPTHHU JIsl KaTalu3a, HO U
y4el pacTyIIUH CIIpoc Ha YCTOHUUBBIE U DHEProddPeKTHBHBIC XUMUYeCKHe mpotecchl. Mccnenosanus JJuonn
HNOJUEPKHYJIN BAKHOCTh PACCMOTPEHHUS] HE TOJBKO CTPYKTYPHBIX CBOWCTB HAHOKATaJIM3aTOPOB, HO M HX
B3aUMOJICHCTBUS C BHEIIHUMHU CTUMYJIAMHU B CTPEMJICHUH K HIOBBILICHUIO KaTATUTHIECKOM aKTUBHOCTH.

Ha mnpotskennn Bcero 3toro 0030pa JUTEpaTyphl CTAaHOBUTCS OYEBWIHBIM, YTO HCCIIECIOBAaHHUE
HaHOMAaTEPUAJIOB ISl YIIyUIICHUs KaTalu3a SBOJIOLMOHUPOBAIIO OT PyHAAMEHTAIBHOIO IIOHUMAHHsI CBOHCTB
HAaHOYACTHLl A0 CJOXHBIX M BBICOKOCHECLHAIN3UPOBAHHBIX KOHCTPYKUMH HaHOKaTanu3aTopoB. Takue
uccnenosarenu, kak llpok, Csa, Jlio u JIMOHH, chirpaiy KIIOYEBYIO pOJb B Pa3BUTUU 3TOW 001acTH,
CrocoOCcTBYsl pa3pabOTKe KaTaU3aTOPOB C OECIHPELECHTHBIME YPOBHSIMH KOHTPOJIS, CEJICKTUBHOCTU U
3¢ (eKTUBHOCTH.

OTH TOCTHXKEHUS HE TOJIBKO PAaCHIMPWIIU Cepy KaTaan3a, HO U COOTHECIUCH C rI100aIbHBIMU YCUITHSIMH
1o pa3paboTke 00Jiee YUCThIX U YCTOMYMBBIX XMMHUYECKUX MPOIIECCOB. 3arjsibIBasi BIIEpe/l, MOXKHO CKa3aTh,
YTO 00JIaCTh HAHOMATEPHAJIOB B KaTaJM3€ UMEET OOJIbIINE NEPCIEKTUBBI U MPEACTABIISIET MHOIOYHCIIEHHBIE
3axBaTbhIBAIOLIME BO3MOXKHOCTHU. VcciienoBarenu Bce 00jblle BHUMAHUS YACTSIOT MHOTO(QYHKIMOHAIBHBIM
HaHOKATaIM3aTopaM, KOTOPbIE COYETAIOT KaTaJUTUYECKYI0 AaKTHMBHOCTh C TAaKUMH CBOMCTBaAMH, Kak
MarauTHasA BOCIPUUMYNBOCTL U BO3SMOKHOCTHU KOHTPOJIHUPYEMOTO BI)ICBO60)KZ[CHI/I$I. KpOMC TOIr0, MUHTETpanus
MAIIMHHOTO OOYYEHUsI M BBIYUCIUTEIHLHOTO MOJAEIMPOBAHUS YCKOPSIET OTKPBITHE HOBBIX KAaTaJN3aTOPOB U
OINTUMHU3AlNIO CYIIECTBYIOMINX. HOCKOHI)Ky MHUDP CTAJIKUBACTCA C HACYIIHBIMHA HpO6HCMaMI/I, CBA3aHHBIMU C
9KOJIOTHUECKOW  YCTOWYMBOCTBIO W JHEProdPQeKTUBHOCTBIO,  MPOAOIDKAIOIIEECS — HCCIeIOBaHUE
HaHOMAaTEPHAJIOB B KaTaJIM3€ OCTACTCS Ha IIepeTHEM Kpae HayUHbIX U TEXHOJOIMYECKUX HHHOBALIUN, TOTOBBIX
MPOM3BECTH PEBOJIOLMIO B TOM, KaK Mbl TIOAXOJMM K XUMHUECKUM PEAKLUSAM U UX BIUSHHIO HAa HAII MUP.

Peszynomamer u 0bcyscoenue

HccnenoBanne HaHOMATEPUANIOB JIUIS  YJIYYIICHUS KaTajii3a B XUMHUYECKHX PEAKIUAX JIaJio
3HAYUTEIbHBIC U MHOTOOOCIIAIOIINE PE3YJIbTAThl B pa3IMUHbIX 00sacTsX. OHUM U3 KITFOUEBBIX PE3YJIbTaTOB
SBISICTCSl  MICKITIOUMTENbHAS ~ KaTamuThdeckas 3()(eKTHBHOCTh, JEMOHCTpUpyeMash HaHOMaTepHalaMHu,
Oyilarofiapss MX BBICOKOMY OTHOIICHHMIO IUIOINAJM TMOBEPXHOCTH K 00BeMYy M TMpeoOiaJlaHui0 aKTUBHBIX
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YYaCTKOB Ha WX TMOBEPXHOCTIX. OTa dPGHEKTUBHOCTH NMPUBOAUT K OoJjiee OBICTPON KWHETHWKE pPEaKIuH U
CHIDKEHUIO TTOTPEOIeHNS SHEPTHH, YTO COOTBETCTBYET MPUHITUIIAM YCTONYHBON XUMUH.

Bonee Toro, crmocoOHOCTh TOYHO MPOCKTHPOBATH HAHOMATEPHAJIbI, KakK MpojaeMoHcTpupoBain Cs u
kouteru (2005), mo3BoNIWIIA aJaTHPOBATh KATaJIM3aTOPhI C ONPEJACICHHBIMH pa3Mepamu, GopMamMu Hu
COCTaBaMH, YTO MTPUBONT K MOBBIIICHUIO CEIEKTUBHOCTH M CTIOCOOHOCTH HAIIPABIIATH PEAKIINA K )KEITAeMBIM
NpOAYKTaM. DTa TOHKas HACTPOWKAa KaTAIMTUYECKMX CBOWCTB OKa3ajlaCh OCOOCHHO IIGHHOW B
(hapMareBTUYECKOM CHHTE3E, IJI€ CJIOMKHBIC MOJICKYJIBI MOTYT OBITH IOJIyYEHBI ¢ 00JIe€ BHICOKOW YHCTOTON U
BBIXOJIOM.

Kpowme Toro, mHTErpaIus mia3MOHHBIX HaHOMAaTepHAIIOB, Kak Moka3aHo B padote J[xennudep Jnonn
(2019), pacmwmpwia TPUMEHUMOCTh HAHOKATAJIM3aTOPOB K PEAKIIMSIM, YIPABJISIEMbIM CBETOM, PaCHIMPSs
JMaria30H UCTOYHUKOB YHEPTHH, JIOCTYITHBIX JUIS KaTaln3a. JTH Pe3yJIbTaThl B COBOKYITHOCTH MOTYEPKUBAIOT
MpeoOpasyIoNIHiA TOTEHIINAI HAHOMATEPHAJIOB B KaTAJIN3€ U UX POJIb B PEHICHUH MTPOOIIEM YCTOWIHBON XUMHN
Y 3€JIEHBIX TEXHOJIOTUH.

Bwi600wi

HCCHGI{OBaHI/IC HaHOMATCpHAJIOB JI YITYUYHICHHOI'O KaTaJln3a B XUMHWYCCKUX PCAKIUAX NPCACTABIIACT
co00if pKOe ¥ MHOTrOOOEIIAIONIee HANPABICHUE MCCIEIOBAHUN C AJIEKO MAYIIMMH MOCIECACTBHAMHU. JTO
HaYMHAHME BBIABUIIO 3aMEYaTeIbHBIN MOTEHIMAT HAaHOMATepPHAIOB, IPOJAEMOHCTPUPOBAB UX CIIOCOOHOCTH
nepeonpeesaTh JauamadT Katanusa. biaarogaps TIATeIbHOMY CHHTE3Y U XapaKTEPHCTHKE HCCIICA0BATEIIH
PaCKpBUIH CHITy HAHOMAaTEepPHaIoOB, aIallTHPOBAB UX pazMmep, GopMy U cOCTaB. DTOT YPOBEHb TOUHOCTH MPUBEI
K CO3JaHUIO KaTAIUTHYECKHX CHCTEM, KOTOPbIE IEMOHCTPHPYIOT HENPEB30HICHHYI0 3((EKTHBHOCTD,
CEJIEKTUBHOCTD U CTa0MIBHOCTh. Takne TOCTHKEHUS SBISIFOTCS HEOTHEMIIEMOW YacThIO PEIICHHS HACYIIIHBIX
npobJeM yCTOWYMBOM XUMHUH U KOJIOTUYECKH OTBETCTBEHHBIX MPOLIECCOB.

HanromaTepuals! BEIIIUTH 32 paMKH T'PaHULL, Hal sl TPIMEHEHHE B Pa3IMYHbIX 00acTsax. B mpon3soacTee
3eNIEHOW PHEPTHH OHHM CTAIH KaTalu3aToOpoM pa3paboTKh 0ojee YUCTBIX U I(PPEKTUBHBIX HCTOYHHUKOB
9HEpPIruu, YTO COOTBETCTBYET TIJIOOANBHBIM YCHIMAM 10 OophOe ¢ W3MEeHeHHeM KiuMmara. B obmactu
BOCCTAHOBJICHHS OKpPY’Karolel cpebl HAaHOKATAIM3aTOPhI MPOJIEMOHCTPUPOBAIN CBOIO 3((GEKTUBHOCTE B
0oprOe c 3arps3HEHHMEM H obOecriedeHnHn O0O0Jee YHCTOTO BO3/AyXa W BOnbl. bomee Toro, mx poib B
(apMalLeBTHYECKOM CHHTE3€ ONTUMH3MPOBaJIa MIPOU3BOACTBO JIEKAPCTB, ClIeNaB ero 0ojiee peHTa0eIbHbIM U
J3KOJIOTHYECKHU YUCTHIM.

MeXIuCIUITIMHApHOE COTPYAHUYECTBO M TOCTOSIHHBIE HCCIIEAOBaHUS OyIyT HMETh pelIarolee
3HaueHue. CII0KHOCTH KaTajiM3a Ha OCHOBE HAaHOMATEpPHAJIOB TPEOYyIOT LIEIOCTHOTO MOAXOMa, KOTOPBIH
00BbETUHSIET ONBIT XUMHHU, MAaTEPUATIOBEICHUS 1 MH)KEHEpUH. Bompock 6€3011acHOCTH 1 9KOJIOTUU OCTAIOTCS
nepBocTeneHHbIMH. [IyTh ¥ccienoBaHMS HAaHOMATEpUANOB Ul  YJIYYIIEHHOTO KaTaiM3a YyKe Jall
npeoOpasyrome pe3yIbTaThl U OTKPHIBAET OIPOMHBIE MEPCIEKTHBHI HA Oyxaymiee. DT KpOIIEYHBIE, HO
MOIIHBIE MaTepralibl 001aJaI0T MOTSHIINAIIOM JJIsl IPeoOpa30BaHus 0Tpacield, CTUMYIHPOBAaHUS YCTONYNBBIX
WHHOBAIIMH ¥ BHECEHUS 3HAYUTEJIBHOTO BKJIaJia B 00Jiee 3KOJIOTHYCCKH CO3HATEbHBIN 1 3()(DEKTUBHBIN MUP.
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A .M. AxMeTaanuMoB

IKOJOTHSJIBIK Ta3a XUMHSJIBIK NMPOLECcTeP YIIiH KATATU31e HAHOMATePHAIAAPABI KOJAAHY
nepcrneKTHBAIapbI

"HanoTexHONOTUSHBI" 3€epTTey XUMMSUIBIK peakUusulapabl PEBONIOLUMSIIBIK ©3repTy YIIiH
NEePCHEKTUBANbI JKOJAApAbl YChIHA OThIpbIN, Kartanu3 camachlHIarbl MHHOBALMSIIBIK OarbITKa
aiiHannel. Byn pedepar karanMTHUKaIBIK MPOLECTEPAl KaKcapTy YIIiH HaHOMaTepHaigapbl
naiiTanadygarsl COHFBI d3ipiieMeriepre KpICKallla MOy Kacalipl. Ommemre Toyenai Oiperen
KacueTTepi JkoHe O€TiHIH KeJleMre KaTbIHACBI JKOFapbl HaHOMAaTepuaigap KepemeT
KaTaJIUTUKAJIBIK THIMJIUTIKTi, CEJICKTUBTUTIKTI %OHE TYPaKTBUIBIKTHI KepceTTi. by pedepat ocer
apTHIKIIBUTBIKTAP/IBI TTAlaIaHy YIIiH KYPTi3iIreH 3epTTeyIepAiH HeTi3ri aclieKTiIepiH, COHBIH
inriHge HaHOOONIIEKTep, HAHOOOINIIEKTEp JKOHE HAaHOOONIIEKTEp CHUSAKTHI  OpTYpIi
HaHOMAaTepHUaNJapAblH CHHTE31 MEH cumarramaiapbelH Kepcereni. byn marepuangap omapasig
MOJIIIepiH, MIOIiHIH XoHe KYpPamblH o1 OaKblUIay apKbUIbl KaTATHTHUKAJIBIK CHIIATTaMalapblH
OHTAlNIaHIBIPY YILiH apHaibl )kacanFaH. XKachkll JHEPTUsHBI OHIpY, KOpIIaFaH OpTaHbl KallbIHA
KeNTipy 'koHe (hapMaleBTUKAIBIK CHHTE3/ Koca ajFaHaa, HAaHOMaTepruasiap/iaH naiia KepeTin
KaTaJIMTUKAJIBIK KOCBIMINANAPABIH ~alyaH TYPJUIriH Tankeiiay. HaHomartepuanmapmeH
KaMTaMachl3 €TUITeH JKAaKCapThUIFaH KaTaJUTUKANBIK OCICEHALTIK peakuus YyaKbIThIH
KbICKapTyFa, SHEPIUsSHBI TYTHIHYABI a3alTyFa )KOHE KaNbIKTapAbl a3aiTyFa, HeFYPJIbIM TYPaKTh
JKOHE THIMJ1 XUMUSIIBIK IPOIIECTEPTe BIKMA eTyre MYMKIHIK Oepei )koHe HaHOMaTepuangapra
HerizaenreH Karanms3aia npoGieManapsl MeH OoJalak mepcreKTHBaIapblHa 9cep eTelli, HeTi3Ti
MEXaHU3MJIEp MEH BIKTUMaJl SKOJIOTHSUIBIK KoHE KayilCi3llik MaceneepiH TOJBIK TYCiHy YIIiH
KOCBIMIIIa 3epTTeynep KYprizy KaXXETTUIITH KepceTei. XUMHKTEPIiH,
MaTepUANTAHYIIBIIAPBIH  KOHE HHXEHEpJEpAiH OiplieCKeH KyII-XKirepi KaTalu3Jeri
HAHOMATEpHUAIIAPJbIH TOJBIK QJICYETIH ally »JKOHE Kypaehi skahaHIblK Macemelepi
WHHOBALMSIBIK IIEIIYTe KO ally YIIiH MaHbI3/BbI.

Tyiinai ceznep: Hanomarepuannap, Katanus, xumusiblk peakuusinap; CHHTE3, >KacbUl SHEPTHSL.
A.M. Akhmetalimov
Prospects of using nanomaterials in catalysis for environmentally friendly chemical processes

Nanotechnology research has become a pioneering field in the field of catalysis, offering
promising ways to revolutionize chemical reactions. This paper provides a brief overview of the
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latest developments in the use of nanomaterials to improve catalytic processes. Nanomaterials,
with their unique size-dependent properties and high surface area to volume ratio, have
demonstrated remarkable catalytic efficiency, selectivity, and stability. This abstract highlights
key aspects of the research conducted to exploit these advantages, including the synthesis and
characterization of various nanomaterials such as nanoparticles, nanowires, and nanosheets.
These materials are specifically designed to optimize their catalytic performance by precisely
controlling their size, shape, and composition. Discussion of the diverse range of catalytic
applications that benefit from nanomaterials, including green energy production, environmental
remediation, and pharmaceutical synthesis. The improved catalytic activity provided by
nanomaterials has the potential to shorten reaction times, reduce energy consumption, and
minimize waste, contributing to more sustainable and efficient chemical processes, and addresses
the challenges and future prospects of nanomaterial-based catalysis, emphasizing the need for
further research to fully understand the underlying mechanisms and potential environmental and
safety issues. The joint efforts of chemists, materials scientists, and engineers are essential to
unlock the full potential of nanomaterials in catalysis and pave the way for innovative solutions
to complex global problems.

Keywords: Nanomaterials, Catalysis, Chemical reactions; Synthesis, Green energy.
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