201890606 Al

(19) EBpa3unckoe
naTteHTHoe

Be4OMCTBO

@) 201890606 > Al

(12) OIMMMUCAHHUE M30BPETEHUS K EBPABUNCKOMU 3ASIBKE

(43) [ara ny6nukauum sasiBku

2018.12.28

(22) Dara nogaum sasekn

2016.09.26

(51) Int. Cl. C08J 3/12 (2006.01)
BOID 1/18 (2006.01)
F26B 3/12 (2006.01)

D21C 9/00 (2006.01)

(54) PACIIBUIMTEJIbHAS CYHIKA HEJIJIFOJIO3bI B CPEJAE CBEPXKPUTHYECKOI'O CO,

(31) 15186998.9

(32) 2015.09.25

(33) EP

(86) PCT/EP2016/072826

(87) WO 2017/051030 2017.03.30

(71) 3assurens:
CAIIIMA HUAEPITAH/JAC CEPBUCE3
B.B. (NL)

(72) Wsobpetarens:
Menenaec I'oncasiec Peiiec, Tpamourac
Janbena Oana, Kantexkun Cena (NL),
I'peiiBcon Aiian (GB), Ennexenc Mart
(NL), Momun Camu (GB)

(74) nNpeacrasutens:
Hosocenosa C.B., Jlunarosa U.U.,
Homeuxkunna B.B., Xmapa M.B.,
IManTtenees A.C., Unbmep E.I'., Ocunos
K.B. (RU)

(57) Hacrosiiiee n300peTeHHE MPEIIATAET CIIOCO0
MIPUTOTOBJICHUS CYyXHX AUCIIEPTUPYEMBIX B BOJIE HAHO-
LEJUTIONIO3HBIX YaCTHIl C HEMOAN(DUITMPOBAHHON TIO-
BEPXHOCTBIO HJIM TOPOIIKOOOPA3HONH KOMIIO3HITHH,
BKJIIOYAIOIIEH YKa3aHHbIE YacCTHLbI, BKJIIOYAOIIMH
CTaIuH 1) MOTYYCHUS TIEPBOU CYCHCH3HMH IEIITION03-
HBIX YaCTHI] C HEMOIM(PHUIINPOBAHHON MOBEPXHOCTHIO
B MEPBOM BOJHOM >KUJIKOCTH, MPU STOM BOAHAS JKU[I-
KOCTb HE PAaCTBOPSCT HAHOLEIUTIONIO3HBIE YAaCTHIIBI C
HEeMOIU(UIIMPOBAHHOW IMOBEPXHOCTHIO, 1i) 3aMEHBI,
10 CYLECTBY, BCEM NEPBOM BOIHOM XKHUIKOCTH B IEp-
BOH CYCIIEH3UM Ha BTOPOM paCTBOPUTEND, CMELINBALO-
LIUHCS C TIEPBOM BOJHOM )KUAKOCTHIO U HE pACTBOPSIIO-
I HAHOIIEJUTIONO3HBIE YaCTUIBI ¢ HEMOIU(PHIINPO-
BaHHOH IMOBEPXHOCTHIO, C 00pa30BaHNEM BTOPOH CyC-

MICH3UN HAaHOIEIUTIONO3HbIX YaCTHUI] ¢ HEMOIU(DUIIPO-
BaHHOH MOBEPXHOCTHIO BO BTOPOM PaCTBOPHUTEIE, iii)
MIPUBEICHUS TTOTOKA BTOPOM CYCIEH3WH HAHOIIEILTIO-
JIO3HBIX YaCTHI[ C HEMOAU(DUIIMPOBAHHON ITOBEPXHO-
CTBIO B KOHTAaKT C ITOTOKOM TEKy4eH Cpeabl B CBEPX-
KPUTHYECKOM WJIN KPUTHIECKOM COCTOSHHUH, TIPH 3TOM
TeKydJasi cpeila B CBEPXKPUTHUECKOM WM KpHUTHYE-
CKOM COCTOSTHAM CMEIINBAETCSI CO BTOPBIM PACTBOPH-
TeJIeM M HE COIbBAaTHPYET HAHOLEIIITIOI03HbIC YaCcTH-
16 ¢ HEMOAN(HUINPOBAHHON ITOBEPXHOCTHIO, B yCIIO-
BUSIX, TIOIXOAAIINX JUTA MEPEMEIICHHS], IO CYIIECTBY,
BCETO BTOPOTO PACTBOPUTENS B CBEPXKPUTHUIECKYFO
TEKy4JyI0 Cpeay, iv) ylajaeHus: BTOPOTO PaCTBOPHUTEIS
U TEKy4eHl cpenbl B CBEPXKPUTHUECKOM WM KPHUTHU-
YECKOM COCTOSIHUH, TPEIIOYTHTENBHO, ITyTEM PEry-
JUPOBAHUS TABJICHUS W/WIH TEMIIepaTypsl, ¢ 00pa3o-
BaHHMEM CyXUX IMCIEPTUPYEMBIX B BOJEC HAHOIIECILTIO-
JIO3HBIX YaCTHII, V) HAKOIUICHUS CyXUX AUCIIEPTHPY-
€MBIX B BOJE HAHOIEIUTIOJIO3HBIX YACTHUI] C HEMOJU-
¢GuIIpoBaHHON TOBEPXHOCTHIO H/IITH IIPUTOTOBIICHHS
MTOPOIITKOOOPa3HOW KOMITO3UIINH, BKITFOUAIOIICH yKa-
3aHHbIC YACTHIIBI.

IV 90906810¢
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PACIBbIITIMTENBbHAA CYLUKA UENNMIONO3bl B CPEAE CBEPXKPUTUYECKOIO
CO;

OBJIACTb TEXHWKW

Hactoswee wusobpeTreHne OTHOCUTCA K  CNocoby  MOMy4YeHus  Cyxux

AVCNEPrpYemMbIX B BOAE HaHOLENmMoNo3HbIX YacTuy.

NPEAWECTBYIOUNY YPOBEHb TEXHUKW

HaHouenntonosa ABnsieTcs BECbMa NepCneKTUBHbIM mMarepuanom,
MOMb3YLWNUMCA B NOCNefHEE BPEMS MOBbILLEHHbIM BHMMaHWEM B MPOMbILLIEHHOCTY.
CyujecTByeT gBa OCHOBHbIX cnocofa MonyyYeHWs HaHOUENMono3bl; NepBbin U3 HUX
OCHOBaH Ha M3MenbYeHUM K ronamsaymm (NCEBAOOKMKEHUN) B TEKYUMX Cpeaax Ha
BOAHOW OCHOBE, A€ HaHOLENMIONo3y Nofy4valoT B pesynbTarte npouecca, OCHOBaHHOro
Ha TpaguyuoHHoM cnocobe Bapky Lennonosbl. JTOT crnoco® 0O6bIMHO NPUBOAUT K
nony4yeHunto pasbaBneHHON BOAHOW AMCMIEPCUN, COAEpPKALLEN HEKOTOPOE KOMNYECTBO
HaHoLennono3bl B BOAHOW cpeae. Takue pasbaBreHHble AUCnepcun He NpeacTaBnsiioT
60onbLIOro MHTEpeca B NPOMbILLNIEHHOM KOHTEKCTE, NO3TOMY XXenaTenbHO OCYyLLEeCTBNATb
ncnapeHve  KuZKocTM Ans  nonyyeHuss Oonee  yagobHOro  Cyxoro  mnopoLuka
HaHouenmnonosbl. OgHako ObINO YCTAHOBIEHO, YTO MPU UCMAPEHUN BOLHOW XUAKOCTU C
MCNONb30BAHWMEM HarpeBaHWs B MONy4aeMOM HaHOLENMIONO3HOM MOpOoLLKE oBpasyoTcs
MWUKPOCKOMNUYECKNE arromepartbl U3 HaHOBOMOKOH, KOTOpble He MOryT ObiTb MOBTOPHO
AVCMeprnpoBaHbl B BOAHOMW XUAKOCTY 6€3 NPUMEHEHUS ANS 3TOMO 3HAYUTENbHBLIX YCUITUA.
MonaratoT, 4To 0OpasoBaHWE TakMX HELUCTNEPrUPYEMbIX arfioMepaToB B MONy4aemMom
Takum crnocoboM MOPOLLKE HAHOLUENMonosbl SBNAETCA OCHOBHOW MNPUYMHOW yTpaThbl
HEKOTOPbIX TPeOyeMbIX MEXaHUYECKMX CBOWCTB (TakMX Kak BSA3KOCTb U 3NACTUHMHOCTDb)
NPUroTaBnNMBaeMoOn U3 HEro PecycneHaMpoBaHHON HaHOLENMONO3bl MO CPABHEHUIO C He

noaBepraBLUENCs paHee CyLUKE HaHOLEMNMNIONO30M.

3TN HepocTaTkM BO MHOIMOM MPENSATCTBYIOT Ooree LUMPOKOMY MPUMEHEHMIO
HaHOLeNmMono3bl, MOCKONbKY pasbaBreHHble AUCTEPCUM CHOXHO TPaHCNoOpTMPOBATb
npuemnembiM 06pas3om, a HeJOoCTaTOYHO ONTUManbHbIE MeXaHW4eckne CBONCTBa AenatoT
HaHOLeNIIONO3HbIE  MOPOLLKM  MeHee MpuBnekatenbHbiMU AN UCMONb30BaHUS,
Hanpumep, B Ka4eCTBE apMUPYIOLLEro HanonHuTens B nonumepax. dakrnyecku, Gonbluas

4aCTb HaHOUEeNNwno3bl 4ABNAeTCA B HaCTodAllee BpeMA CBe)KerMFOTOBHeHHOVI
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cneyunanbHo ANs AAaHHOW KOHKPETHOW Lenu U UCnonb3yetcs B hopme Aucrnepcun unm

rensi B BOAHOW XUAKOCTU, HE ByAy4n BbICYLLEHHOW N perngpaTnpoBaHHON.

Takum  obpasom, xenatenbHo obecneuntb Cyxylo  yaobHyw  cdopmy
HaHOLEenmono3bl, KOTOPYKD MOXHO NErko XpaHwWTb, TPaHCMOPTMPOBaTb M MOBTOPHO
avcrieprmposate B BOAE WM APYrMX BOAHbBIX KUAKOCTSAX, U KOTOpas MOXeT ObITb
NMPUroToBNEHa nerko W 3KOHOMMYHO, MNPV HEMPEPLIBHOM pexume paboTbl B
NPOMbILLNEHHOM  MacwTabe, npeanoyTUTENbHO, NPW  UCMOMb3OBaHWMM  Crierka
MOANMDULNPOBAHHOM YXKE CYLLECTBYIOLLEN MHOPACTPYKTYPbl, U KOTOpas MOXET ObITb
MCNonb3oBaHa NPeAnoOYTUTENbHO HEMOCPEACTBEHHO NMOCMNE CYLLECTBYHOLMX MPOLECCOB

npon3soacrtea HaHOLENNOO3bl.

B ny6nukauymn "Supercritical CO, spray drying of ethyl cellulose (EC) for preparing
microparticles (PacnbinutenbHaa cywka atunyennonosbl (aHrn. EC) B cpege
csepxkputudeckoro CO, ANs NPUroTOBNEHNS MUKPOYacTmL'" packpbIT cnocod, B KOTOPOM
MOMYYEHHYIO XUMUYECKMM Cnocobom Lennionosy, a WMEHHO, 3TUNUENNionoasy,
nepepabatbiBaloT B MMKpOYacTULbl NyTeM TMPUrOTOBIIEHUA CHavana pacTeopa
3TMNUENMoNo3bl M aueToHa n obecneyeHns Auokcuaa yrnepoja B CBEPXKPUTUYECKOM
COCTOSIHUW, KOTOpble 3aTeM OObeAUHAIOT C MOMOLLbO COBMECTHOrO pacrnbifieHUs UX B
ocaguTenbHOM kamepe, rae B pacTBope 3TUMUENMoNo3bl U aueToHa CBEePXKPUTUYECKUN
AWOKCUA  yrnepoja 3aMeHsieT  aueTOHOBbIM  pacTBOPUTENb  BHYTPU  Kanenb
3TUNUENMONOo3bl Ha CBEPXKPUTUYECKUW JUOKCUMA yrnepoja, B pesynbTarte 4ero
06pasyloTCA BbICYLLUEHHbIE Kannu 3TUMLUENMIoNo3bl, KOTOPble MOXHO HakannueaTb.
OpHako B pJaHHOM nybnukauyum He onucaHa pacnbinuTenbHas cylwka B cpeae
CBEPXKPUTUYECKOrO AMOKCUAAa yrnepoaa HeMoaMMPULUPOBaHHOW LIENNION03bl, HE rOBOPS
yXKe O HemMoaMdUUMPOBaHHOW HaHouennonose. Kpome TOro, uCnonb3ywT pacTeop
3TMNUENMONo3bl N aueToHa (B OTNMYME OT AUCTMIEPCUM UMK CYCMNEH3MM), @ 3TO O3HAYaET,
YTO 3TUNUENMONOo3a pPacTBOPSETCA B aLETOHE, YTO MPMBOAUT K MOMHOMY PaspyLUEHUIO
BHYTPMMOMNEKYNSAPHbIX  CBSA3EW, OTBETCTBEHHbIX 3@ KPUCTan/IMYHOCTb  JOMEHOB
HaHoUenmnonosbl. Takum obpasom, OnMCaHHbIM cnoco® Mo CyweCcTBY HEMPUrO4EeH Ans

NPUrOTOBNEHUS LLENEeBOro NopoLLKka HEMOLNMDULMPOBAHHOW HAaHOLeNMoNOo3bI.

EBponenckas nateHTHas 3aseBka EP2623545A1 npeogonesaetr npobnemsl
MONYYEHNS CYXOW MOPOLUKOOOPA3HOM HaHOUENMo3bl, MOBTOPHO AUCNEPTUPYEMON B
TEKy4Yenm cpeae, 3a CYeT  HEMOCPEACTBEHHOIO  OCYLIECTBINEHMS  Mpouecca
PubprunNMpoBaHns B NMONMMMEPHON CMONE ANS CO34aHUs KOMMO3ULMM MaToO4YHON CMECU
CMOnbl, KOTOpasi panee MOXeT ObiTb WMCMonb3oBaHa ANs MOMyYeHUs MONMMEPHbIX

KOMMNO3NLUMOHHbIX marepuanos, 3anonHeHHbIX Yyactmuyamm HaHOLEeNNI03bl.
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dubpunnuposaHve LEnnonosbl OCYLLECTBMAIOT nNyTem AoGaBneHus Lennono3Horo
NpejLlecTBEHHMKAa B CMOMly Ha OCHOBE CINOXHOro nonuacgpvpa WM NpUMEHEHMWS
MEXaHN4YeCcKoro ycunus casura Ao Tex nop, noka He GyaeT AOCTUrHyTa onpejeneHHas

cTeneHb pUdpUNNMPOBaHUS.

B nateHtHom pokymeHte WO2014/087053A1 packpbiT cnocob, € MOMOLLbIO
KOTOPOro ObinNM MNOMyYeHbl HAHOLEMMIONO3HbIE KOMMO3ULUMOHHbIE MaTtepuanbl K3
HaHOLEenmnono3bl U nonMMepHon cmonbl. Cnoco® BkNOYaeT CTaguum U3MEnbYeHUs B
OMCEepPHON MEenbHULE HaHOUENMIONO3HOrO Chbipbsl B XXUAKOM hase ¢ nonyyvyeHuem
avcrnepcun, cogepxailen HadHouennonosy. >Xuakas dasa gucnepcum obpasoBaHa
MOHOMEPOM-NPEALLECTBEHHUKOM TEPMOPEAKTUBHOW CMOfbl. TO €CTb B A@HHOM Crny4ae
npobnemy, CBSI3aHHYO C HEOOXOAMMOCTBIO BbICYLUMBaHUS HAHOLENMONo3bl A0
peAVCneprMpyemMoro  nopollka, Takke  NpeojoneBaldT  NYTEM  U3MEMbYEHUS
HaHOLENMIOMNO3HOro Chipbsi B CLUMBAEMOM MOHOMEpPE-MPEALLIECTBEHHNKE MNONMMepa U
A00aBNeHUs CLUMBAlOLLEro areHTa B AUCMEPCUIO, KOrga AOCTUrHyTa OnpeaeneHHas

cTeneHb PUGPUNIMPOBaHUS.

MaTteHTHbI aokymeHT WO2012/107642A1 otHocutcs k cnocoby obpaboTku
BOAHOrO rensi HAHOBOMOKHUCTOW LeNNionosbl NyTeM yaaneHns N3 Hero Boabl C MOMOLLbIO
OpPraHMYEeCcKoro pacTBOPUTENS, CMELUMBAIOLEroCs C BOAOW, BKIHOMalOWEeMy CTaguu
PErynMpyemMoro BBEAEHUss BOAHOrO renss B OOBbEM OpraHM4ecKkoro pacTBoOpuTEns,
CMELUMBAaIOLLErocs C BOAOW, TaK YTO BOAHbLIN rerb COAEPXKUTCA B BUAE OTAENbHOW (hasbl
n obpasyeT AUCKPETHble U3NYECKME 4acTuubl, coepXawue HaHOBOMOKHUCTYIO
Lennono3y BHYTPpWU ¢dasbl, 3aMeHy BOAbI HA OPraHNYeCKUA PacTBOPUTEMb B YKa3aHHbIX
AUCKPETHbIX (U3NYECKMX YacTULax HaHOBOMOKHUCTOM LEennono3bl W OTAENEHMS
hU3nYECKNX YacTuL NOMYYEHHOro Takum oOpasom opraHorens ot o6bema opraHu4eckoro
pacTBoputens. [onyyeHHbI Takum oOpasomM OpraHorenb ganee cywar C MNOMOLLbHO

0BLLENPUHATBIX CNOCOBO0B CYLLKU, TAKUX KaK CyLUKa NPy HarpeBaHUmM Unun B Bakyyme.

B nateHtHOM pokymeHte WO2011/030170A1 packpbiT cnocob nonyveHus
asporens M3 HaHOLENIIOMNO3HbIX YacTuL NyTEM NMPUrOTOBMEHUSI CHadyana ruaporens uns
LieNmonNo3HbIX HaHOYaCcTUL B YMCTOWN BOAE, 3aMEHbl BOAbI B rMaporene Ha pacTBOpUTENb
C MOMy4YEHVWEM HaHOLEMMIONO3HOrO OpraHorenss W  MNOCNeAYyLWero  yaaneHus
pacTBOpPUTENS U3 OpraHorens nyTem NoMeLleHMs COOPMOBaHHOIO CrUTKa OpraHorens B
notok ceepxkputnyeckoro CO, npu pasneHmn 100 6ap n Temnepatype 40°C ¢
nonyvyeHnem cnutka asporens. OpHaKO MNOMyYEeHHble CAUTKW asporens He MoryT
MPUMEHSITBCS,  HampyMep, B  KadecTBe  apmMmupylowero  HanonmHutens  6e3

npeaBapuUTenbHOro namernb4eHna nx 40 4Yactuu,.
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B natenTHOM gokymeHnTe WO2011/095335Al onucana cywka CNF (anrn. cellulose

nanofibers — HaHOBONOKHa LEenmnono3bl) ¢ nomoLbto xuakoro CO,.

B pabote "In search of a sustainable method (B nouckax pauyunoHanbHOro B
aonrocpoyHon nepcnektuee cnocoba)", Cellulose, Peng Y., et al;.,, 2012, 19(1), p,91-
102), paccmoTpeHbl YeTbipe pasHbix cnocoba cywkn CNF, npy 3TOM CBEPXKPUTUHECKUIA
cnoco® onmMcaH Kak uYeTbIpexCTaguniHbiA, LENCTBYIOLMA B MNEPUOANYECKOM PEXMME
npoyecc, npu KOTOPOM CYCMEeHAMPOBaHHYIO B BOAHOM pacTBOpe LEnnonosy cHavana
NPOMbIBaNN 4 3TaHOMNbHbIMW pacTBoOpamMu, KOTopble ObinM MCNONb30BaHbl ANA 3aMEHbI
pacTesoputenem BogHon gasbl. CycneHaNpOoBaHHbIE B 3TaAHOMNE LENMONO3HbIE BOMOKHA
cMmewmBann nog AasneHvem ¢ xumgkmm CO, ana yganeHus aTtaHona, nocne 4ero
Temneparypy 1 AaBneHne nosbiany 4O CBEPXKPUTUYECKOrO COCTOSHUSA, YTOObI JOCTUYL
OKOHYaTenbHOro  BbiCywMBaHusA. [lonyyaemble B pesynbTate cyxue obpasuybl
npeacraensnm  cobOM  MHOXECTBO  arnomMeparoB,  KoTopble  Obinu TPYyAHO

AVCneprupyembimMum.

Ceepxkputnyeckas cywka ¢ ucnonb3oBaHuem C1-C4 cnupTtoB onucaHa B
nareHTHom gokymeHte W02010014011A1 (PCT/NL2009/050475).

CYWHOCTb N3OBPETEHNA

Hactosawee  unsobpeteHne  npegnaraert: 0) cnocob NPUroTOBMEHNS
HaHOLENMONO3HbIX 4acTuy € HemMoaudULUPOBAHHOW MOBEPXHOCTLIO WM MOPOLLKA,

BKMIOMAIOLLEro yKasaHHble YacTuLbl, BKMIOYaOLWMA CTagnm:

i. MONyYeHMs NEPBON CYCMNEH3UN LeNNo3HbIX YacTuy ¢ HEMOANDULNPOBAHHOW
NOBEPXHOCTLIO B MEPBOW BOAHOM XUAKOCTU, MPU 3TOM BOAHAES XULKOCTb HE PacTBOPSET

HaHOL|eNIoNO03HbIe YacTULbl C HEMOAUMMLMPOBAHHOW NOBEPXHOCTLIO,

ii. 3aMeHbl NO CyLLEeCTBY BCEW NEPBON BOAHOMW XUAKOCTU B NEPBON CYCMEH3UM Ha
BTOPOW pacTBOPUTENDb, CMELLUMBAIOWNACA C MEPBOA BOAHOW KUAKOCTBIO U He
PacTBOPSIIOLLMI HAHOLENTIONO3HbIE YaCTULbl C HEMOAUMDULMPOBAHHON NMOBEPXHOCTLIO, C
o6pasoBaHMEM BTOPOWM CYCMEH3UN HAHOLENMOMNO3HbIX YacTuy ¢ HEMOANPULMPOBAHHON

MOBEPXHOCTbLIO B YKa3aHHOM BTOPOM pacTBopuTErne,

iii. NpuBeaeHMs NOTOKA BTOPOW CYCMEH3MM HAaHOLUEMMNO3HbIX 4YacTuy C
HEMOANMPULUMPOBAHHON MOBEPXHOCTBID B KOHTAKT C MOTOKOM TEKy4YeW Ccpenbl B
CBEPXKPUTUYECKOM UM KPUTMYECKOM COCTOSIHMM, Npu  3TOM Tekyyaa cpeja B
CBEPXKPUTUYECKOM UM KPUTMYECKOM  COCTOSIHUM  CMELUMBAETCH CO  BTOPbIM

pacTBopuTENEeM n He conbBaTupyet HaHoLenntono3Hble YyacTuybl c
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HEMOANMDULMPOBAHHON NOBEPXHOCTbIO, B YCMOBUSIX, MOAXOASLUMX ANS NEepeMeLLeHMs Nno

CYLLIECTBY BCEr0 BTOPOro pacTBOPUTENSI B CBEPXKPUTUUECKYIO TEKYUYIO Cpeay,

iV. yaaneHus BTOPOro pacTBOPUTENS U TEKyYel cpefbl B CBEPXKPUTUYECKOM UMK
KPUTUYECKOM COCTOSIHWW, MPEAMNOYTUTENBHO, MyTEM PEerynvpoBaHvs AaBneHus W/unu
Temneparypbl, C 00pasoBaHUEM CyxXMX AUCMEPrypyeEMbIX B BOAE HAHOLEMMHOMNO3HbIX

yacTuy,

V.  HaKOMMEHWs1  HaHOLUENMIOMNO3HbIX YacTuy C  HEMOAUDULMPOBaAHHON
NOBEPXHOCTBIO W/WUNU MPUrOTOBMEHUS MOPOLLUKOOOPA3HON KOMMO3ULUKN, BKMAOYaOLEN

yKasaHHble YacTuLpl.

Hactosawee wusobpeteHne npepnaraet: 1) cnoco® nonyvyeHuss  Cyxmx
AVCMEPIMPYEMbIX B BOAE HAHOLENMIONO3HbIX 4Yactuy C  HeMoagudULMPOBaHHOM

NOBEPXHOCTLIO UMK MOPOLLIKA, BKIIOYAIOLLEro ykaszaHHbIe YacTuLbl, BKIOYAOLWMIA CTaguu:

i. MONy4YeHNss NepBON CYCMEeH3UN LenmoNo3sHbIX YacTul ¢ HeMOANMLMPOBaHHOW
NOBEPXHOCTLIO B NEPBOW BOAHOW XUAKOCTU, MPU 3TOM BOAHAES XULKOCTb HE pacTBOpsieT

HaHOL|eNIoNOo3HbIe YacTuLbl C HEMOAUMDULMPOBAHHOW NOBEPXHOCTbLIO,

ii. 3aMEeHbI NO CyLECTBY BCEW NEPBON BOAHOMW XNAKOCTU B NEPBON CYCMEH3NM Ha
BTOPOW pacTBOpUTENDb, CMELLUMBAIOWMNCA C NEPBOA BOAHOW KUAKOCTBIO U HE
PacTBOPSAIOLLMIN HAHOLENMIONO3HbIE YaCTULbl C HEMOANMDULNPOBAHHOW NMOBEPXHOCTLIO, C
obpasoBaHMeM BTOPOW CYCMEH3UN HAHOLENIOMNO3HbIX YacTuy ¢ HEMOANMPULNPOBaHHON

MOBEPXHOCTLIO B YKa3aHHOM BTOPOM pacTBOpUTEne,

iii. npuBeaeHMs nNOTOka BTOPOWM CYCMEH3UN HAHOLENMIONO3HbIX Yactuy C
HEMOANMPNUMPOBAHHON MNOBEPXHOCTbID B KOHTAKT C MOTOKOM TEKy4YeW Ccpenbl B
CBEPXKPUTUYECKOM WM KPUTMYECKOM COCTOSIHMM, NpyM  3TOM Tekyyas cpeja B
CBEPXKPUTMYECKOM UMM KPUTMYECKOM  COCTOSIHUM  CMELUMBAETCA CO  BTOPbIM
pacTsoputenem n He conbBatmpyeT HaHOLEeNMono3sHble YyacTtuybl c
HEMOANMPULMPOBAHHON NOBEPXHOCTLIO, B YCIOBUSIX, NOAXOAALLMX ANA NEPEMELLEHUSA MO

CYLLIeCTBY BCEro BTOPOro pacTBOPUTENSI B CBEPXKPUTUYECKYIO TEKYUYIO Cpeay,

iV. yaaneHnss BTOPOro pacTBOPUTENS U TEKy4Yel cpeabl B CBEPXKPUTMHECKOM UIK
KPUTUYECKOM COCTOSIHMW, MNPeLNOYTUTENbHO, MyTeM pPeryrmpoBaHus AaBreHus Wunm
Temneparypbl, C 0Opa3oBaHUEM CyxuMX AUCMEPrupyemMbiXx B BOAE HaHOLEMNMIONO3HbIX

yacTuy,
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V. HaKOMMEHUs CyxXuUX AMCNEPrMpyembliXx B BOAE HAHOLENMIOMNO3HbIX 4actuy C
HEMOANMUUMPOBAHHOW  MOBEPXHOCTBID  WU/WNWU  NPUrOTOBIIEHMST  NMOPOLLKOOOpasHON

KOMMO3WLK, BKIOYAIOLLEN YKka3aHHble YacTuLbl.

CornacHo oaHOMy M3 BapuaHTOB OCYLLECTBIEHUS, HacToswee u3obpeTeHue
Take npeanaraert: Il) cnocob B cootBeTcTBUM € 0) unu 1), rae nepsasi BOAHasA XNAKOCTb
anseTca nubo Boaou, NUOO CMeCblo BOAbl C OAHMM UM 6Gonee OopraHUYecKUMm
pacTBOpUTENEM, rae yKasaHHble OpraHmyeckue pacTBOPUTENM NPEANOYTUTENbHO MOryT
AENCTBOBATb B KAYeCTBE areHToB, CNOCOBCTBYIOWMX HabyxaHuo, U, NPeanOYTUTENBHO,
nepeas BOAHAas XWAKOCTb SABMSETCA CMECbIO BOAbl W LMKNNYECKOrO BTOPUYHOIO aMuHa,
cogepxawen ot 60 po 99% (0O6bemHbIX) UMKIIMYECKOro amuHa, W, 6Gonee
NpPeAnoYTUTENBHO, NpeacTaBnNAeT cobon CMECb BOAbI U MOPQONUHA, NUNEPUAUHA NN NX
obomx n, Hambonee npPeanoOYTUTENBHO, MNpeacTaBndAeT coborM cmecb MOPGONMHA,
nunepuanHa mnn mx oboux, cogepxawyw ot 60 go 99% (06bemMHbIX) MOPGONMHA,
nunepyanHa mnn umx obomx, mnn ot 70 po 95% (oObemMHbIX) MOPGONMHA, WUnu

nUNepUAnHa, Unu nx oboux.

CornacHo oOaHOMY M3 BapuvaHTOB OCYLLECTBMNEHMSA, HacTosuwee usobpeTteHue
Tarke npegnaraet: lll) cnocod B coorBetctBUM ¢ 0) mnn |) vnn |l), rae yennonosHble
yactTuubl MNPEeAcTaBnAlT COOOW  HaHOUENMIoNo3Hble  4YacTuubl, MPeanoYTUTENBHO,
HaHOBOMNOKHa uennionosbl (aHrn. abbpesmnarypa — CNF, ot cellulose nanofibers) unu
HaHOKpUCTannuueckyto uennonody (aHrn. abbpesnatypa — NCC, ot nanocrystalline
cellulose).

CornacHo OgHOMY W3 BapuaHTOB OCYLLECTBNEHMS, HacTosee u3obpeTteHne
Tawke npeanaraet: |V) cnocob B coorBetctBuM ¢ 0) unum 1), II) wnm lll), roe nepsas
cycneHsusa cogepxut go 20 mac.%, npeanoututenoHo, ot 0,1 no 20 mac.%, Gonee
npeanoytutensHo, ©Oonee 2 wmac.% wu meHee 20 wmac.% Uennonosbl C

HEMOANMDULMPOBAHHON NOBEPXHOCTLIO.

CornacHo oaHOMY M3 BapuvaHTOB OCYLIECTBNEHMSA, HacTosuwee usobpeteHne
Take npegnaraet: V) cnocob B cootsetctBuM ¢ 0) wunm 1), 1), ) wnm V), rae
COOTHOLLEHME MacCOBOro pacxoja BTOPOW CYCNEH3MM U TeKyyden cpeabl B
CBEPXKPUTMHECKOM NN KPUTUYECKOM COCTOSHUM NeXUT B ananasoHe ot 1:10000 go 3:10,

npeanoYTUTENLHO, B AnanasoHe ot 3:10000 go 3:10.

CornacHo OfHOMY W3 BapuaHTOB OCYLLECTBIEHMs, HacTosiljee u3obpeTeHue

Tarke npegnaraet: VI) cnocob B coorsetctBum ¢ 0) mnum 1), 1), 1), IV) nnun V), rae Ha
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CTaauun C. BTOPYIO CYCMEH3UI0 N TEKYYYl0 CPeAy B CBEPXKPUTUYECKOM WU KPUTUYECKOM

COCTOAHUN NPUBOAAT B KOHTAKT nnbo

i. MOCPEACTBOM OAHOBPEMEHHOIO TOHKOrO pacrbifieHNs MOTOKa BTOPOW CYCNeH3nu
HaHOLENMONMO3HbIX YacTUL C HEMOAMUMPULMPOBAHHOW MOBEPXHOCTBLIO U MOTOKa TeKyYen
CpeAbl B CBEPXKPUTMYECKOM UM KPUTUYECKOM COCTOSIHUU MO OTAENbHOCTU Yepe3 OAHO
unu 6onee, NPEANOYTUTENBHO, KOHLEHTPUYECKNE UMM KOAKCUarbHble (COOCHbIE), Conna B
cocya Ans obpasoBaHWsa YacTuL C PerynvpyemMbiMU LaBrneHuemM W/unv Temneparypou,

nmnbo

ii. MyTeM cMeluMBaHus, 3aKkpy4ymBaHusi, BCTPAXUBAHNUS UMW NEPEMELLNBAHNS NHBIM
o6pa3omM NOTOKa BTOPOW CYCMEH3UN U MNOTOKA TEKYYEW Cpeabl B CBEPXKPUTUYECKOM UNA
KPUTUHECKOM COCTOSIHUM C 0Opa3oBaHMEM CMECU U MOCMEAYIOLLErO TOHKOrO pacnbineHns
yKasaHHOM CMEeCU 4epes3 OgHO unu Bonee conno B cocyh anst obpasoBaHusa 4acTtuy C

perynupyembiMu gaBreHnemMm u/unm Temneparypon.

CornacHo OaHOMY K3 BapuvaHTOB OCYLIECTBMEHMSA, HacTosuwee usobpeteHne
Tarke npeanaraet. V) cnoco® B cooTtBetctBUM C VI), roe Ha cragum i. BTOPYIO
CYCMEH3UI0 U TEKydylo cpeay B CBEPXKPUTUYECKOM UMW  KPUTMYECKOM COCTOSHUM
NPVBOASAT B KOHTAKT NOCPEACTBOM OAHOBPEMEHHOIO TOHKOIO pacrblfieHNs NOTOKa BTOPOU
CYCMEH3UN HaHOLENMIONO3HbIX YacTuL ¢ HEMOANMULMPOBAHHOW NOBEPXHOCTLIO U NOTOKA
TekyyYen cpefbl B CBEPXKPUTUYECKOM WU KPUTUYECKOM COCTOSIHUM BMECTE WUNKU Mo
OTAENbHOCTM Yepe3 OAHO unu Bornee, nNPeanoyvYTUTENbHO, KOHLEHTPUYECKUE WUnu
KoakcmarnbHble, Conna B Cocya And obpasoBaHUs YacTuy C perynmpyemMbiMn gaBneHnem
nvnn temnepatypon. OgHo mnn 6onee conna moryT ObiTb 06opyaoBaHbl 06GNAaCTbIO
BHYTPEHHErO0 NEepemelLnMBaHMs, B KOTOPOM pABa MOToka oObeguHalTCa nepes
COBMECTHbIM pacrblfiEHNEM B EMKOCTb AN 06pasoBaHns YyacTuy, Unx No MEeHbLUEN Mepe
ABa conna MoryT ObITb pacnonoXeHbl Takum oOpasomM, YTO ABa NOTOKa OO6BLEAUHSAIOTCS
nocne TOro, kak Ux no OTAEMbHOCTU PacnbINAT B €MKOCTb ANt oOpa3oBaHusa yacTuy,.
Bbino ycraHoBneHo, 4to B 060ux cnyvyasx oCOBEeHHO 3P PEKTUBHBIMM SBNAOTCS CONna, u
B YACTHOCTW, KOHLUEHTPUYECKME WUMN KOaKCMarbHbIE COMMa, WUMEKLWME COOTHOLUEHME
anametpos D1/D2 B gnanasoHe ot 0,7 fo 0,9, rae D1 cooTBeTCTBYET ANaMETPy Conna,
yepes KOTOpOEe MPOXOAWUT MOTOK BTOPOW CYCMEH3UW HAaHOLENMIONO3HbIX 4Yactuy C
HEMOANMUUMPOBAHHOW MOBEPXHOCTLIO, a D2 COOTBETCTBYET AMaMETPy comnna, 4yepes

KOTOPOE NPOXOAUT TeKyYasi cpeaa B CBEPXKPUTMUECKOM UM KPUTUHECKOM COCTOSIHUM.

CornacHo OAHOMY K3 BapuvaHTOB OCYLLECTBMEHMSA, HacTosuwee usobpeteHne
Tarke npegnaraet: VIII) cnocob B cootsetctemm ¢ 0) unu 1), 1), 1), 1V), V) unu VI), rae B

criyyae cragum C., OCYLLECTBISIEMOW, Kak onpejeneHo B M. i, BTOpas CyCrneHs3us
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NOCTyNaeT Yepes LieHTparbHbIA 3)KEKTOP KOHLEHTPUYECKOro UM KoakcuanbHOoro conna, a
TeKy4as cpeaa B CBEPXKPUTUHMECKOM COCTOSIHAM MOCTYNaeT 4epe3  KOrbLEBOW

nepugepnnHbIN KEKTOP.

CornacHo 0OaHOMY M3 BapuvaHTOB OCYLUECTBNEHUS, HacTosuee u3obpeTteHne
Take npegnaraet: 1X) cnocod B coorsetrctaum ¢ 0) unm 1), 1), 1), IV), V), VI), VII) unn
VIIl), roe BTOpoOM pacTBopuTenb BbIOUPAOT M3  OPraHNYeCcKUx pPacTBOpUTENER,
NPeanoYTUTENBbHO, MOMSAPHbLIX PACTBOPUTENEN, TaKUX Kak CNUPTbl, anbAernibl, KETOHbI
unu okcuabl, bonee npegnoyTUTENbLHO, U3 CNUPTOB, Takux kak C1-C6 anudartnuyeckme
CNMPTLI (ankaHonmbl), Kak, Hanpumep, 3TaHOM, H-MPOMaHomn, u3onponaHon, H-BytaHon,
n3obyTtaHon, rekcaHon; unn taknx kak C2—C4 ankaHauonbl, HanpuMep, Takue Kak 3TaH-
1,2-Anon (3TUNeHrnukone), nponaH-1,2-gunon wunu nponaxH-1,3-4Mon; UNM Takux Kak
LUMKITOanKaHo-nbl, Hanpumep, Takne Kak LMKNorekcaHon; unu takmx kak ns C1—-C4 KeToHbl,

TaKne Kak aueToH; Unu ux komOmnHauun.

Hactosawee wusobpeteHne Tawke npeanaraet: X) MNOPOLWIOK U3 CyxXux
AUCNEPrMpyemMbiX B BOAE HAHOUEMMIOMNO3HbIX YacTuy, NPeanoyTUTENbHO, U3 CyXuX
AUCNeprMpyemMbiX B BOAE HAHOLEMMIOMNO3HbIX 4YacTuy, MO CyLWeCTBY COCTOSALMX U3
HaHoBonokoH uennonosbl (CNF), HaHokpuctannuyeckon uenntonosbl (NCC) unm ux
CMecen, rge Cyxue Jucneprmpyemble B BOAE HaHOUENNIoNo3Hble 4Yactuubl C
HEMOANMPULMPOBAHHON MOBEPXHOCTBIO NPEANOYTUTENBHO UMEKOT aKTUBHOCTb BOAbI a,
meHee 0,4 unu B gnanasoHe ot 0,01 go 0,4, n, 6onee npegnoututensHo, ot 0,2 1o 0,4, B

YaCTHOCTU, NMPU U3MEPEHMM NPU KOMHATHOW TeMNepaType.

CornacHo OgHOMY W3 BapuaHTOB OCyLUEeCTBNEHWs X), BXOAsLWME B COCTaB
nopoLUKa YacTuLbl UMET guameTp B gnanasoHe ot 3 40 200 HM W/nnu NMET CPEaHIO
AnvHy B pamanasoHe ot 10 pgo 1200 Hm. Yactuubl MOryT UMeETb MO CyLIeCTBY

chepuyeckyo Unn BeITSHYTYIO hopmy.

Hactosawee un3obpeteHme Tawke npegnaraet: Xl|) nopowok U3  Cyxux
AUCNEPTrUPYEMbIX B BOAE HAHOLUENMIOMO3HbIX YacTul, NonydaembiX B COOTBETCTBMM CO
cnocobom, onucaHHbiM B nwbom u3 nyHktos 1), 1), ), V), V), VI) wvnn Vi),
NPeAnoOYTUTENBHO NMEIOLLNIA ME3OMOPUCTYIO UM MaKPOMOPUCTYIO CTPYKTYPY C pasMepom
nop B agnanasoHe ot 2 Ao 500 Hm, nnun B gmnanasoHe ot 2 4o 50 HM, unun ot 50 Hm go 500
HM, COOTBETCTBEHHO, W/IWNN AMaMETP BOSIOKHa KOTOPOro NeXuTt B gmanasoHe ot 4 go 200

HM, WM TUMWYHBIA pasMep YacTulbl NopoLUKka dsy COCTaBNsET MeHee 75 MKM.

Hacrtoswee nsobpeteHne Take npegnaraet: Xll) HaHOUENNONO3HbIE YacTulpbl C

HEMOANMULMPOBAHHON MOBEPXHOCTbIO, MONyYaemble C Mnomowpio  crnocoba B
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COOTBETCTBMM C nyHkTamu ¢ 0) no 1X), npeanoyTuTensHo, NO CyLeCcTBY COCTOALUME U3
HaHosonokoH uennonosbl (CNF), HaHokpuctannuyeckon uenntonosdbl (NCC) unm ux
cmecen, bonee nNpeanoyTUTENBHO, NMEIOLLEE aKkTUBHOCTb BOAbI aw MeHee yem 0,4 unu
ot 0,01 go 0,4 n, 6onee npeanoutuTenscHo, ot 0,2 no 0,4, B YACTHOCTW, NPU U3MEPEHUN

Npv KOMHaTHOW Temneparype.

KPATKOE OMUCAHUE TPAPNYECKUX MATEPUATIOB

MpeanouTUTENbHbIE BapMaHTbl OCYLLECTBMEHMUS U300PETEHUS ONMCaHbl HUXKE CO
CCbINKOW Ha rpaduyeckne marepuarnbl, KOTOpble MpegHasHavyeHbl ANS WnncTpauum
HacCTOALMX MNPeAnOYTUTENbHbIX BapUaHTOB  OCYLLECTBMNEHUS U300peTeHnss u  He

npegHasHayveHbl N8 UX orpaHnyeHuns. Ha rpacduyeckux marepuanax:

Ha dur. 1 nokasaHo pacnpegeneHue no TONWmnHeE HaHOBOTOKHNUCTOM LENmonossbl,
He MOABEpraBLUENCA paHee CylKe, C HEMOAUMDULMPOBAHHOW MOBEPXHOCTBIO MpU
M3MEPEHMM C MNOMOLIbIO aHanu3a Un3obpaKeHWA  MUKPOCHMMKOB  pPacTpOBOro
(CkaHupytoLLEero) anekTpoHHOro Mukpockona (aHrn. abbpesuatypa — SEM, ot scanning

electron microscope).

Ha ®ur. 2 nokasaHo pacnpegeneHne no ToNWyHe BbICYLLEHHOW HAHOBOMOKHUCTOMN
Lennionosbl ¢ HEMOAUMPULMPOBAHHOW MOBEPXHOCTbLIO, MOMYYEHHONW B COOTBETCTBUU C
HacToAWmUM Un306peTeHnemM npu MUCNONb3OBAHMM HAHOBOIOKHWUCTOW LENMoNo3sbl, He
noaBepraBlLIENCH  paHee  Cylwke C  HEeMoaMPUUMPOBaHHOW  MOBEPXHOCTbIO,
npoaHanuanpoBaHHon Ha dur. 1, Npy U3MEpPEHMM C NMOMOLLLIO aHanu3a n3obpaKeHun

MUKPOCHMMKOB SEM.

Ha ®ur. 3 nsobpaxkeHa BA3KOCTb 4UCNEPCUA HAHOBOOKOH HEMOAN(PULNMPOBAHHON
He nOABEpPraBLUENCA paHee CyLIKE HAaHOBOMOKHWCTOW LEenmonosbl M LEennionossl ¢
HEMOANMPULMPOBAHHON MNOBEPXHOCTLIO, MOMYYEHHOW B COOTBETCTBMM C HACTOSLLUM
nsobpeteHneM nNpu  UCMNOMb3OBAHUM  HEMOAUMDULMPOBAHHON  HAHOBOITOKHUCTOW
Lenmnono3abl, He NOABEPraBLUENCs paHee CyLKe, NPU pasnuyHbIX KOHUeHTpauusax 1,92,

2,55 1 3,18 mac.%, B 3aBMCUMOCTM OT CKOPOCTU casura.

Ha ®ur. 4 npeacraBneHO CABUIOBOE HaMPSPKEHME AUCTNEPCUA HaHOBOMOKOH
HEMOANMPULMPOBAHHOW HE NOABEPraBLLUENACH PAHEE CYLLKE HAHOBOMOKHUCTOW LIENMIONO3bI
N Lennonosbl ¢ HEMOANPULNPOBAHHON NOBEPXHOCTbLIO, MOMYYEHHOW B COOTBETCTBUM C
HacToALWMM nsobpeTteHnem npwm NCNonb3oBaHUn HemoanpLMpPOBaHHON
HaHOBOMNOKHMUCTOW LENMONo3bl, HE NOABEPraBLUENCH paHee Cyluke, Npu pasnuyHbIX

KoHueHTpauusax 1,92, 2,55 n 3,18 mac.%, B 3aBUCUMOCTU OT CKOPOCTU CABUra.
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Ha owur. 5 npeacrasneH moaynb ynpyroctn (G') AucnepcMrn HaHOBOMOKOH
HEMOANMPNLMPOBAHHOW HE NOABEPraBLLUENCS paHee CyLLKE HAHOBOMOKHUCTOW LIENMNIONO3bI
N Lennonosbl ¢ HEMOANMPULUPOBAHHON NOBEPXHOCTbLIO, MOMYYEHHOW B COOTBETCTBUMU C
HacToALMM ns3obpereHnem npwm NCnonb30BaHUn HEMOANPULMPOBaAHHON
HaHOBONOKHUCTOW LENMono3bl, He MNOABEpPraBlUENCs paHee Cylike, MNpu pPasfnyHbIX

KoHUeHTpaumsax 1,92, 2,55 n 3,18 mac.%, B 3aBUCUMOCTW OT YrIOBOW YacToOThl.

Ha ®wur. 6 npeacrasneH moaynb Baskoctn (G") agncnepcnin HAHOBOMOKOH BOMOKOH
HEMOANMUUMPOBAHHOW, HE MNOABEPraBLUEACH paHee Cyllke  HaHOBOJOKHUCTOW
LUennionosbl U LENnono3bl C HEMOAUMPUUNPOBAHHOW MNOBEPXHOCTLIO, MOSTYYEHHON B
COOTBETCTBUMN C HACTOALMM M306pETEHMEM NPU NCMNONB3OBAHUM HEMOANPULNPOBAHHON
HaHOBOMNOKHMCTOW LENMON03bl, HE NOABEPraBLUENCS paHee CyluKke, NpU pasnu4yHbIX

KoHUeHTpaumsax 1,92, 2,55 n 3,18 mac.%, B 3aBUCUMOCTW OT YrIOBOW 4acToOThl.

Ha ®wur. 7 npegcrtasneH mukpocHumok SEM cyxux CNF, nonyyeHHbix w3
ancnepcun 2 mac.% CNF B rekcaHone, noaBeprHyToM Cywlke pacnbifeHnem ¢

ncnonssosaHmem CO, B CBEPXKPUTUYECKOM COCTOSHUN.

Ha ®ur. 8 nsobpaxeH mukpocHumok SEM cyxmx CNF, nonyyeHHbIX 13 gucnepcum
2 mac.% CNF B aTaHone, NnogBEpPrHyTON CyLLKe pacnblfieHnemM ¢ ucrionb3osaHnem CO, B

CBEPXKPUTUNHECKOM COCTOAHUN.

OMNCAHWME MPEAMNOYTUTENIbHLIX BAPUAHTOB
OCYUWECTBINEHNA M3OBPETEHUA

TepMuH "HaHouennonosa" npu UCNonb30BaHUU B 4aHHOM KOHTEKCTe OXBaTbiBaeT
TePMUHbI "HaHoBOMNokHUCTasa uenntonosa”, unu "CNF", nnu "HaHoOBONOKHa Lennonosbl”,
unn "CNF" (ncnonb3yetcs B kadeCTBE UX CMHOHMMA), U OTHOCUTCS K HaHo4yacTuuam
LEeNnionosbl, XapakTepU3yLUMCS Hanuumem cqepuyeckon WM BbITSHYTON (POpMbI.
CpegHun guameTp npeanodTUTEnbLHO nexut B aumanasoHe ot 3 o 200 Hwm,
NpeanoYTUTENBHO, B gnanasoHe ot 5 g0 100 Hm, 6onee npeanodTUTENBHO, B AManasoHe
oT 5 po 30 HM, B crny4ae, ecnu 4acTuubl UMEKT BbITAHYTYIO OPMY, acnekrHoe
COOTHOLLUEHWEe cocTaBnsetr >1, npeanoyTUTenbHO, >5, npu 3TOM OHU  UMEKT
YNOMWHABLLMIACA BbILE gMaMETP U CPeaHIon AnuHy B guanasoHe ot 10 go 1200 Hm,
nNpeanoYTUTENBHO, B gmanasoHe ot 50 go 700 Hwm, 6onee npeanodtutensHo, oT 70 4o
700 HMm.

TepMuyH "cyxon" npu NCNonb3oBaHUN B aHHOM KOHTEKCTE O3HA4YaeT Mo CyLeCcTBy

He cogepalni XXMAKOCTU, B YaCTHOCTU, BOAbI, NP atMocepHbIX ycnosusx (1 atm,
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25°C), npeanoytuTenbHO, coaepxawum meHee 5 mac.%, 6onee npeanoyYTUTENBLHO,

meHee 2 mac.% KUAKOCTU U, B YACTHOCTU, BOAbI.

MpeanoYTUTENbHO, TEPMUH "AUCNeprupyembid B BOAE" NMPWU MCMONb3OBaHUM B
AAHHOM KOHTEKCTe o3HadaeT obpasylowun CyCcrneHsuo B BOAe, rae MOXeT ObiTb
JOCTUTHYTO MO MeHbLuer mepe 70% 1, NpeanoYTUTENBHO, NO MeHbLUEN mepe 75%, bonee
npPeanoYTUTENbHO, MO MeHbLen mepe 85% BOCCTAHOBMEHWE MOAYNSA YNPYrocTy,
nameperHoro npu 10 paa-c’; unu, B Ka4yecTse anbTepHaTVBbI, MO MeHbLUeR mepe 70%,
NpPeanoYTUTENBHO, NO MEeHbLUEN Mepe 75%, bonee nNpeanoYTUTENLHO, NO MEHbLLEN Mepe
85% BOCCTaHOBMEHWE MOAYMS BA3KOCTW, UBMEPEHHOro NP ckopocTu casura 10 pag-c’;
Unu, B KayecTBe anbTepHaTuBbl, NO MeHbwen mepe 80%, npeanoYTUTENLHO, MO
MeHblen mepe 90% BOCCTAHOBMNEHME BbICOTbI HAHOUENMONO3HOM ¢asbl BOAHOW
avcnepcun npu cogepxaHunm 0,4 mac.% TBepablX BELIECTB, MO CPaBHEHUKD C He

noaBepraBLUENCs paHee CyLLKE HaHOLENMIONO30U.

MepBasi CycneH3usl HaHOUEMMOMO3HbIX YacTuy C  HemMoauduuMpoBaHHOM
MOBEPXHOCTBID B MEPBON BOAHOW KMAKOCTU MOXET OblTb MONyyYeHa nyTem
CYCMEHANPOBaHUSA LEMNMIONO3HbIX YacTuy C HEMOAMMPULMPOBaAHHOW MOBEPXHOCTLIO B
NMepBOM BOAHOW KMAKOCTM U  pasmoria CyCneHsMu LEnmionosHbiX 4vactuy ¢
HEMOANPULMPOBAHHOMW MOBEPXHOCTbID A0 TeX MNOop, NOoKa BHYTPU CYCMEH3UM He

00pa3syloTCca HAaHOLENMIOMNO3HbIE YacTULbl C HEMOAUMULMPOBAHHON MOBEPXHOCTLIO.

LlennionosHble 4actuubl C  HEMOAUMUUMPOBAHHOW MOBEPXHOCTBIO  MOTyT
NPOUCXOAUTb MpeXae BCEro W3 BOMOKOH [PEBECHOW MAacChbl, BOIOKOH Jpyrou
LUennionosHon 6OGuomaccbl WM KOMMEPYECKM  AOCTYMHOW  MUKPOKPUCTANIMYECKON
uennionosbl, Hanpumep, Takonm kak Avicel PH-101 u3 kopnopauum FMC Corporation.
ldpeBecHass Macca BKMNOYAET BOMOKHA  M3MENbYEHHOW  APEBECMHbI,  BOMOKHA
PeUVKIIM30BAHHON WUNU  BTOPUYHOW APEBECHON MacCbl, BOMNOKHA OTOENEeHHON WU
HeoTOeneHHOW ApeBecuHbl. B kayecTBe ApPEeBECHOM MAaCChbl MOXET WCMONb30BaTbCS
APEBeC/Ha TBEPAbIX U MSArkux nopog. Kpome Toro, Ans NpUroTOBMNEHUS LENMONO3HON
MacCbl MOFYT UCMONb30BaTbCA NOAXOASALLME MaTepuarns! LENMONo3HoN Buomacesl, Takme
kak Baracca, NbHsHbIE BOMOKHA, Npoco, 6ambyk, XNonok, NeHbka unm cmsanbs. B kavectse
ApYyroro npumepa, ApeBecHasi macca npeacrasnsgetr cobon oTOEeneHHyo Lennionosy 13

NUCTBEHHbIX NOPOA APEBECUHBI (920).

Pasmon UennonosHbiX 4Yactuy C HeMoAUMUUMPOBAHHOW MOBEPXHOCTLIO B
CyCneH3um MoxeT ObiTb obnervyeH, ecnu nepsasi BOAHANA KUAKOCTb NpeacTaBnsieT coboun
CMecCb BO/bl 1 OAHOro Unn 6onee XMMMUYECKMX KOMMNOHEHTOB, CNOCOOHbIX JENCTBOBATL B

KayecTBe areHToB, CrnocobCTByOLWMX HabyxaHuio, ocnabnsaowmnx MEXKPUCTannmyeckme
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cBA3M Uennonosbl 6e3 ocnabneHms BHYTPUKPUCTANIMYECKMX CBSA3EW Lennonosbl. B
3TOM Cny4Yae 4acTuubl Uennono3bl € HEeMOAUMULUPOBAHHOW  MOBEPXHOCTHIO
NPeanoYTUTENbHO OCTaBNAOT HabyxaTb B NEPBON BOAHOW XUAKOCTW, BKMOYaOLLEN
CMEeCb BOAbl U ogHOro unu 6onee areHTa, cnocobCTByOLWEro HabyxaHuio, B TeYeHune
3ajaHHOro BpemMeHun, Hanpumep, oT 1,6 A0 24 vyacoB mnnM NOOOro MPOMENYTOYHOrO

Konn4yecrtesa BpeEMEHU U, Heobs3aTenbHo, npu nepemMeLumnBaHnn.

Habyxwwe wvnn  HeHabyxwme  BOMOKHWUCTbIE  YacTuubl  LENMonosbl €
HeMoANMPLMPOBAHHON NOBEPXHOCTLIO, CYCMNEHANPOBAHHbIE B NEPBON BOAHOWN XMUAKOCTH,
NOABEPratoT MEXAHNYECKOMY W3MESbYEHUIO, UCMOMNb3ysa CYLUECTBYIOLME TEXHOMOruum,
M3BECTHblE B AaHHOM 0Bnactv TEXHUKWN, C MPUMEHEHNEM BbICOKUX CABWIOBbIX YCUIUN,
Takne kak Mukpodrionamsayuna (Hanpumep, ¢ NOMOLLbIo Mukpodnongmnsaropa M110-EH
Microfluidizer Processor, 0o60pynoBaHHOrO ABYMSI COEAWHEHHBIMW MOCHEA0BaTENbHO
Kamepamu), rOMOreHM3auus BbICOKOrO JaBfeHus (Hanpumep, C MCMNONb30BaHUEM
romoreHusatopa Bbicokoro paeneHua NanoDeBee (BEE International Inc),
romoreHmsartopa BbICOKOro pasneHus/sbicokoro casura ConCor (Primary Dispersions
Ltd)) vnn c npuMeHeHMeM 3HauuUTeSNbHbIX CUIMT TPeHUa (Hanpumep, npu  NOMOLLM
PPUKLUMOHHON KonnouaHon menbHuubl Super MassColloider (Masuko)), wwunu c

NCNonb30BaHNEM X KOMOUHALUIA.

Bo Bpemsi MexaHW4yecKoro W3MerbYeHUs CYCMEH3UM LEnmono3HbiX Yactuy ¢
HEMOANMPULMPOBAHHOW MOBEPXHOCTLIO YacTulbl LEnnionosbl pasdmsaloT Ha Tpebyembie
HaHOLUEenmMono3Hble vactuybl C HEMOAUMULMPOBAHHOW MNOBEPXHOCTbIO, MpU  3TOM
obpasyeTca nepBasi CyCneH3uMsi HaHOUENMOMNO3HbIX YacTuy € HeMoaANULMPOBAHHOM

NOBEPXHOCTbIO B NEPBON BOAHON XXUAKOCTW.

B kayecTBe anbTepHaTMBbl, CYCMEH3UM HaHOLENMoNo3HbIX 4Yactuy ¢
HEMOANMDULMPOBAHHON MOBEPXHOCTLIO B BOAHBLIX XUAKOCTAX SABMSOTCA KOMMEPYECKU

AOCTYNHbIMW.

MepBas BOgHas XULKOCTb HE AOIMKHA PaCTBOPSTH HAHOLEMNMIONO3HbIE YacTuLbl C
HEMOANMULUMPOBAHHON  MOBEPXHOCTBbID, TakK uYTO  LENMOMO3Hble  4YacTuubl He
pacTBOPSAOTCA B MNEPBOA BOAHOW >KMAKOCTW, a oOpasyloT nepByld CYCMNEH3UK
HEpPaCTBOPEHHbIX HaHOLEMMIONO3HbIX 4YacTuy. [lonHoe pacTBOpPEHWE LEenmnonosbl
MPUBEAET K Pa3pyLLEHNIO KpUCTannmnyeckmx obnacrten Lenmono3HbiX YacTul, KOTOpbIe,
KaKk CuYMTaEeTCsl, OTBEYalOT 3@ HEeOOblYHblE MEXaHU4YecKne CBOWCTBA HAHOBOOKOH

yenniono3sbl (CNF) u HaHokpucTannuyeckoun yenntonossl (NCC).
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lMepBas BOAHASA MUAKOCTb MOXET ObITb BOAOW NMOO CMECHIO BOAbLI U OAHOrO MUnn
fornee XMMMYECKOro KOMMOHEHTa, TaKoro Kak OpraHudeckne pacTBopuTenu, rae
yKa3aHHble OpraHn4yeckue pacTBOPUTENN NPEANOYTUTENBHO NO MEHbLUEWN MEpPEe YaCcTUYHO
pacTBOPUMbI B BOAE, U A€ yKasaHHble OpraHuyeckue pactBopuUTENU NPeanoyvTUTENbHO
MOryT AEeWCTBOBaTb B KayecTBe areHToB, CNOCOOCTBYWOLMX HabyxaHuio, WU
NpPeAnoYTUTENBHO NepBasi BOAHASA XWAKOCTb SBMSETCS CMECb BOAbl C MOPXONUHOM,
nUNEPUANHOM 1N umn oboumm 1, Gonee NPeanoYTUTENLHO, NPeaCcTaBnNaeT cobon cmecb
MopdonMHa, nunepuanHa mnn mx oboux, coaepxawyio ot 60 go 99% (06bEMHBbIX)
MopdonMHa, nunepuanHa nnn nx odonx, unm ot 70 g0 95% (06beMHbLIX) MOPAONMHA,

N NUNEPUANHA, UNN NX 0BOKX.

[MepBasi CyCMEH3Wss HAHOUEMMIONO3HbIX 4Yactuy C  HemoguduynpoBaHHOM
NOBEPXHOCTBIO B MEPBON BOAHOWM KUAKOCTU MOXET UMETb COAEPKaHWe LEnmnonosbl OT
0,1 go 10 mac.%, npegnoututensHo, ot 0,1 o 5 mac.% n, 6onee NpegnoYTUTENBHO, OT
0,5 po 2,5 mac.%, ykasaHHble Mac.% paHbl B pacyeTe Ha o0y mMaccy nepBow

CYCMNEH3UMW.

MNMocne obpa3oBaHWs MNEPBOM CYCMEH3MM  HAHOLENIOMNO3HbIX 4YacTuy C
HEMOANMUUMPOBAHHOW MOBEPXHOCTBID B NEPBOW BOAHOW KWAKOCTUM nepsas BOAHas
XKUAKOCTb B MEPBON CYCMEH3UM AormkHa ObiTb 3aMeHeHa Ha BTOPOM pPacTBOPUTEND,
KOTOpPbIM CMELUMBAETCA C MEPBOM BOAHOM XWAKOCTbIO W HE pacTBOPSIET uYacTuubl
Lennonosbl € HEMOAMMUUNPOBAHHOW MOBEPXHOCTbID, C oBpasoBaHWMEM BTOPOU
CYCMEeH3MM Lennono3HbiX YacTuy ¢ HEMOANMULMPOBAHHON NMOBEPXHOCTLIO B YKa3aHHOM

BTOPOM pacTBopuTene.

Takas 3ameHa MOXeT ObITb OCYLLECTBNEHA HECKONbKUMK cnocobamu, Bknovas a)
OCYLUEHWE MEepBON CYCMEH3UM HaHOLEMMONO3HbIX YacTuy € HEMOAMPULMPOBaAHHON
NOBEPXHOCTbIO B MEPBON BOAHOM XXMUAKOCTU C yaaneHnem 6onbLien 4actn nepBor BOAHON
XMAKOCTU U MOCMEAYILWMM BbIMbIBAHMEM OCTaTKOB MNEPBON BOAHOM KUAKOCTU C
MOMOLLbIO MOBTOPHOrO MPOMbIBAHWUSI €LUe BRaHbIX HAaHOLEMNMIONO3HbIX YacTuy ¢
HEMOANPULMPOBAHHON MOBEPXHOCTBLIO BTOPLIM PacTBOPUTENEM O TEX MOp, Moka He
OyaeT yganeHa no CywecTBy BCA nepBasi BOAHas XWUAKOCTb M He obpasyeTcs BTOpas
CYCMEH3Ms LENMoNo3HbIX YacTuy ¢ HEMOANMPULMPOBAHHON NMOBEPXHOCTBIO B YKa3aHHOM
BTOPOM pacTBOpUTENE, Unu b) NnpombiBaHWE B TEYEHUE ANUTENBHOrO BPEMEHM MEPBOM
CYCMEH3MM HAHOLENIIOMNO3HbIX YacTUL, C HEMOANMPULMPOBAHHON NOBEPXHOCTLIO B MEPBOM
BOAHOW >XWAKOCTM BTOPbIM pacTBOpuUTENEM O Tex Mnop, noka He OyaeT yaaneHa no

CyllecTBy BCS nepBas BOAHAs >XWLKOCTb W He obpasyercss BTopasi CyCrneH3us
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LeNmnionosHbIX YacTuy C HemMoaMPULUPOBaAHHOW MOBEPXHOCTbIO B YKa3aHHOM BTOPOM

pactsopuTene.

B cnyyae a) 3ameHa moxeT ObiTb OCyL|eCTBNEHa, Hanpumep, C MOMOLLbIO
LEeHTPOBEXHOro (PMNbTPOBaHUS B NEPUOANYECKOM PEXMME, a B Cnyyae b) 3ameHa MoxeT
ObITb OCyLleCTBNEHa Mnpu MOMOLUN HEMNPEPbIBHOMO LEHTPOBEXKHOro punbTpoBaHuS.

Opyrue cnocobbl Takke N3BECTHbI B AaHHOW 00MNacTN TEXHUKN.

BTopon pacTBopuTEnb HE AOMKEH pPacTBOPATb HAHOLENMIOMNO3HbIE YacTuubl C
HEMOANPULMPOBAHHON MOBEPXHOCTLIO, TaK YTO LIENMIONO3HbIE YacTulbl HE PacTBOPEHbI
B MNEpPBOA BOAHOW >XMAKOCTW, a oO0pasyloT NepByld CYCNEH3U HEepPaCTBOPEHHbIX
HaHOLENMNOo3HbIX YacTuy. MNonHoe pacTBOpeHMe LENnonosbl MPUBEAET K paspyLUEHMIO
KpUCTannmnyeckmx obnacren LennionosHblixX Yactul, KOTOpble, Kak CUATAETCs, OTBEYAIOT
3a HeoOblyHble MEexaHu4eckme CBOMCTBaA HaHoBOMOKOH uennonosel (CNF) un

HaHokpucTannuyeckon yennonossl (NCC).

BTopon pactBopuTenb AOMKEH MO MEHbLUEN MEpPe YacCTUYHO CMELLMBAaTbCS C
BOAOW W NpPEAnoOYTUTENBHO CMELUMBAETCA C APYTUMW KOMMOHEHTAMM, TakKMMK Kak
OpraHn4eckne pacTBOPUTENN, NEPBON BOAHOW KUAKOCTW, 4TOObI OOnerynte 3ameHy u
M3BNeYeHne no CyLlecTBy BCEW MEPBON BOAHOW MWUAKOCTU M3 MEPBOM CYCMEH3NU

HaHOLENMI03HbIX YacCcTuUl.

Bropon pacteBoputenb npeanouTUTENbHO 4BRNdAeTCs  ogHum  unm  bonee
OpraHMYECKNUM PacTBOPUTENEM, KOTOPbIA NPEANOYTUTENBHO OTNNYAETCSA OT OPraHNYeCKnX
pacTBoOpUTENENn, B KOHEYHOM WTOre BXOASLUMX B COCTaB MEPBON BOAHOW XXMAKOCTU, W,
NPeanoYTUTENBHO, MO MEHbLUEN Mepe 4YacTUYHO CMELUMBAEeTCs ¢ BOAOW. lMoaxoasuimm
BTOPOW pacTBOPUTENb BbIOUPAIOT U3 OpraHUYeCcKMx pacTBoOpUTENnen, nNpeanodYTUTENLHO,
NONSIPHbIX PacTBOPUTENEN, TaKUX KaK CAUPTbI, anbAernabl, KETOHbl, au€TOHUTPUN Unu
OKCUAbI, Takne kak guokcaH unu TIrd (tetparmagpodypaH), 6onee npeanovYTUTENBHO, U3
cnnptoB, Takux kak C1-C6 ankaHonbl, Kak, Hanpumep, 3TaHon, H-MpOonaHom,
nsonponaHon, H-6ytaHon, nsobyTaHon, rekcaHon, unn Takux kak C2—-C4 ankaHamonsl,
Hanpumep, Takne kak ataH-1,2-gmon (3TUNEHrNuKonb), nponax-1,2-guon unu nponax-1,3-
AWOM, WNM TakMxX Kak LMKNoankaHonbl, Hanpumep, Takne KakK LWUKNOreKCaHom, Wunu
keToHoB, Hanpumep, wun3s C1-C4 KeTOHOB, Hanpumep, TakMX Kak aueToH Wunu

auetanbgerng; Unm KomoMHaLWin ykazaHHbIX CIUPTOB U KETOHOB.

Korga no cyLecTBy BClO NEPBYIO BOAHYIO XUAKOCTb YAANSIOT U 3aMEHSIIOT BTOPbIM

pactBopuTenemM, obpasyeTcs BTopas  CYCMeH3usl  LeNnmonosHbiX  4Yactuy ¢
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HEMOANMDULMPOBAHHON MOBEPXHOCTbIO B YKka3aHHOM BTOPOM pacTBopuTene, KoTopasi

3arem MOXET ObITb 4ONONHUTENLHO obpaboTaHa.

Btopas  cycneHauss  UEnMionosHbiX — 4Yactuy € HEMOAUMMLMPOBAHHOW
NOBEPXHOCTbIO KOHTAKTMPYET C MOTOKOM TEeKyyelh Cpeabl B CBEPXKPUTUYECKOM WNn
KPUTMYECKOM COCTOSIHUM, MNpU 3TOM Tekyyass cpefa B CBEPXKPUTUYECKOM  UNU
KPUTMYECKOM COCTOSIHUM CMELLMBAETCS CO BTOPbIM PacTBOPUTENEM U He COnbBaTUpyeT
YyacTubl LUennionosbl ¢ HEMOANMULMPOBAHHOWM NOBEPXHOCTbIO, B YCNOBUAX, MOAXOASALLMNX
ANA NepemMeLLeHns Mo CyLLeCcTBY BCEro BTOPOro pacTBOPUTENS B CBEPXKPUTUYECKYHO

TEKy4yto cpeay.

B kauyecTBe crneayloLien CTaguM MOTOK BTOPOW CYCMEH3UW HaHOLENIoNo3HbIX
4yacTuLy ¢ HeMoANPULNPOBaAHHON NOBEPXHOCTLIO KOHTAKTUPYET C MOTOKOM TEKYYel cpeabl
B CBEPXKPUTUYECKOM WUIN KPUTUYECKOM COCTOSIHUW, YTOObl NMepemectuTb BeCb BTOPOW
pacTBOpUTENb B CBEPXKPUTUYECKYIO TEKyuylo cpegy. CrnegyeT noHumarb, YTO ANS TOro,
4yTOObl NepemeLyeHne Obino ycnelwlHbIM, AaBreHue M TemnepaTtypy BO Bpemsl cragum
NPUBELEHUS B KOHTaKT YCTaHaBNMBalOT Takum obOpasom, 4ToObl Tekyyas cpeja B
CBEPXKPUTMYECKOM UMM KPUTUYECKOM COCTOSIHUM OCTaBanacb B CBEPXKPUTUYECKOM WUNn
KPUTMYECKOM COCTOSIHUM MO MEHbLUE Mepe [0 Tex Mnop, MNoka OCyLLeCTBNSeTCs

nepemMeLLeHue.

Cneynanucty B gaHHou obnactu TexHukun OyaeT U3BECTHO, Kakne 3ajaHHble
yCrnoBus Mo Temnepartype u fasneHuio TpebyloTcs ANSA NonyyYeHus TeKyYyew cpenbl B

CBEPXKPUTUYECKOM UM KPUTUHECKOM COCTOAHUN.

Kak npaBuno, npuemnemoe paBreHue cnegyet BblibupaTb B AuanasoHe
npnbnuantensHo oT 10 go 300 6ap, npeanoyTUTENLHO, B AManasoHe NpubnnsnTensHo oT
15 po 250 6ap, npegnodTUTENLHO, B AManasoHe npubnuautensHo oT 73,9 go 150 bap,
TOorga Kak npuemnemyto Temnepartypy cneayeT Bbloupatb B gunanasoHe nNpubnusmTensHo
ot 0 go 100°C, 6onee npegnodTUTENBLHO, B AnanasoHe npubnuantensHo ot 25 go 60°C,
kak, Hanpumep, 30°C, 35°C, 40°C wnmn 45°C, 6onee npeanodTUTENbHO, B AMana3oHe

npnbnumsntensHo ot 31,1 o 50°C.

[lna ocyllecTBNeHUs NepemeLleHusi BCero BTOPOro pacTBOPUTENS B TEKy4vyto
cpeny B CBEPXKPUTMYECKOM WUMN KPUTUHECKOM COCTOSIHUM HEOBXOAUMO, YTOObl Tekyyas
cpefa B CBEPXKPUTMYECKOM WM KPUTUYECKOM COCTOSIHUM Obina CMmeLlMBaemMon Cco
BTOPbIM pacTBOpUTENEM W He conbBaTUpoBana HaHoLEennono3Hble 4Yactuubl C
HEMOANMDULMPOBAHHON MOBEPXHOCTbIO. CMeluMBaemMoCcTb BTOPOro pacTBOpUTENs C

TEeKy4Yeln Cpefon B CBEPXKPUTUYECKOM UMW KPUTUHYECKOM COCTOSIHUM MO3BONSIET BTOPOMY
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pacTBOpPUTENIO MNeEPEMELLATbCA U3  BTOPOM  AWUCMEPCUM B TEKyyyld Ccpeay B
CBEPXKPUTMYECKOM WM KPUTUYECKOM COCTOSIHUM, TOrAa Kak €ro HeconbBaTupyloLlee
CBOWCTBO B OTHOLUEHUM HAHOLENMIONO3HbIX YacTuy C  HemoaUULMPOBaHHOM
NOBEPXHOCTLIO NPeAOTBpaLLAET paspyLleHe COOCTBEHHON HaLMOMNEKYNAPHOW CTPYKTYpPbI

BHYTPMW HAHOLIEMNIOMNO3HbIX YaCTUL, C HEMOANMULNPOBAHHON NOBEPXHOCTLIO.

[nsa ocywecTBneHns nepemeLLeHuns no CyLecTsy BCEro BTOPOro pactBopuTens B
TEKy4yl0 Cpeay B CBEPXKPUTUYECKOM WU KPUTMYECKOM COCTOSIHUA B E€MKOCTU Ans
obpasoBaHus YacTuy Heobxogumo, 4YTOObl  KONMMYECTBO TEKyden cpeabl B
CBEPXKPUTUYECKOM WM KPUTUHYECKOM COCTOSIHUM, KOTOpasi KOHTaKTMpyeT CO BTOPbIM
pactesoputenem, 6b110 4OCTaTOMHO GonblUMM, Tak YTOObl BTOPOW PacTBOPUTENb MOXHO
6bIN0 NO CyL|ecTBY MNOSMHOCTbI yAanuUTb W3 BTOPOW CyCneH3uu. ToO4yHOE MaccoBoe
COOTHOLLEHNE MEXAY TEKYYEen Cpeon B CBEPXKPUTUYECKOM MM KPUTUYECKOM COCTOSHUM
N BTOPOW cycneHsnem OyneTr 3aBUCETb B OCHOBHOM OT XUMWYECKOW MNPUPOAbI
NCNONb3yEMON TEKy4YeN cpeabl U OT XUMMYECKOW MPUPOAbI UCMONb3YyeMOro BTOPOro
pacteoputenda. B cnyuyae, korga Tekydas cpefa B CBEPXKPUTMYECKOM UMK KPUTUYECKOM
COCTOSIHUM BKMNOYaeT npubnuautensHo ot 98 po 100 mac.% puokcuga yrnepopa, a
BTOpass CYCNeH3us sBnsieTcs CcycneHsmen, cogepxawen ot 0,1 go 10 wunw,
npegnoytutensHo, ot 0,1 pgo 3 wmac.% HaHOUenmomo3HbiX Yactuy ¢
HemoauduympoBaHHON noBepxHocTbio B C1-C4 cnupTtax, Hanpumep, Takux Kak 3TaHon,
OoT 1 A0 3 MacCoBbiX 4YacTenh BTOPOW CYCMNEH3MM KOHTakTupytloT ¢ oT 10 go 10000

MacCoOBbIMU HYaCTAMU Tequeﬁ cpelbl B CBEPXKPUTUHECKOM UM KPUTUYECKOM COCTOAHUMN.

Mpy NoMOLM perynmpoBaHmsa TemnepaTtypbl 1 gaBrneHns 60NbLUMHCTBO BELLECTB,
HaxoaaLWmxcss npv  OObIYHbIX YCMOBMSIX B rasoo0pasHOM COCTOSIHUM, MOryT ObITb
nepeBeAeHbl B COCTOSIHME, OTNMYHOE OT OObIYHbIX TBEPAOrO, XKUAKOrO U rasoobpasHoro
COCTOSIHUI. B TakoM COCTOSIHUW, N3BECTHOM Kak CBEPXKPUTUYECKOE COCTOSIHUE, BELLECTBa
CTaAHOBATCA 3PMDEKTUBHBIMU U CENEKTUBHBIMU KULKOTEKYUMMU PACTBOPUTENSIMU, TaKkxe
Ha3blBAEMbIMM CBEPXKPUTMHECKUMWN KULKOCTAMU. TEKydyto Cpeay B CBEPXKPUTUHECKOM
COCTOSIHUM XapaKTEPU3YIOT, KaK KUAKOCTb BbIe €€ KPUTUHMECKOW Temnepartypbl Tg U
KpuTn4eckoro aaesneHus Pg, rae oba aTv napameTpa OnpeaensoT KPUTUUECKYHO TOYKY Ha
avarpamme as3oBoro pasHoBecusi. Kputuueckass Todka oTobpadkaeT Temneparypy u
AaBIieHME, MPU KOTOPbIX BELLECTBO MOXET CYLLECTBOBaTb B BMAE Napa M >XUAKOCTU B
cocTosHun pasHoBecuda. Okonokputuyeckad obnactb MOXET ObITb onpejeneHa Kak
obnactb HWKe KPWUTMYECKOrO JAaBneHus wwnn Temnepatypbl. B npeaenax
OKOIOKPUTUYECKON OONacTM HEKOTOpblE TEKyume Cpeabl MOryT CyllecTBOBaTb B

COCTOSIHUM ABYX (has C pasHbiMM MACTHOCTAMW NapOBOM U Kuakon dasbl. [axe Hmke nx
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KPUTUYECKOrO [aBIEHUSl, TO €CTb B OKONMOKPUTUYECKMX YCIOBUSIX, HEKOTOPbIE CXaTble
rasbl MOryT nprobpeTaTb pacTBOPSIOLLME U NPOHMKAIOLWME CBONCTBA, ABNSAIOLNECSH OYEHb

LI€HHbIMW B MpoLeccax IKCTPaKLMMW, OCDKAEHUS U CYLLIKW.

Tekyyas cpesa B CBEPXKPUTUHYECKOM UIMN KPUTUHYECKOM COCTOSIHUM MOXET ObiTb
BbiOpaHa 13 TEKyuMx cpegd, BKnovawmx B cebs cnegylowme BewwecTsa nnm CoCTosLwmx
N3 HUX: asoT, AMOKCWA yrnepoga, 3TaH, NponaH, OKCuA asoTa, aproH, KUCrnopos, MeTaH,
OyTaH, H-NMEeHTaH, oKCug asoTa, rekcadpTopug cepbl, xnopdTopyrnepoabl, dTOpyrnepoab,
npocTbie 3upbl, cogepxawue no ABa ankunbHbIX pagukana, KoTtopble MoryT ObiTb
OAVHAKOBbIMW UNW pasHbIMK K cogepxaTt He Bonee 3 aTOMOB yrnepoga, OkUCb Yriepoaa,
rennn, BOAOPOA, KCEHOH, BKIOYas CcMecu nobbiX U3 HUX, U NPeanoYTUTENnsHO BbibpaHa
n3 guokcmupa yrrnepoga, 3TaHa, aproHa, KCEHOHa, BO3jyxa M a3ota U cmecen nobbix 13
HUX. Hambonee npeanoyTUTENBHO, TeKy4Yyad cpeja B  CBEPXKPUTUYECKOM UMK
KPUTUYECKOM COCTOSIHUM SIBNAETCHA AMOKCUAOM yrnepoga. [1penmyLecTBo ynoMsHYTbIX
BblLLE TEKYYMX Cpej 3aknioyaeTcsa B TOM, YTO OHW SBMAIOTCA rasoobpasHbiMU npu
0bbIYHbIX ycrnoBuax (Hanpumep, npu Temnepatype 25°C n gasneHum 1 atm) 1, Takum
obpasom, MoryT ObITb NErko yganeHol C NOMOLLBIO NMPOCTOrO BbIMyCKka U3 €MKOCTU ANS

obpasoBaHus YacTuy,.

CornacHo OfHOMY M3 BapWaHTOB OCYLLECTBINEHWUS, NMOTOK BTOPOW CYCMEH3uu
HaHOLENIIONO3HbIX  YacTuy C  HEeMOAUMPULMPOBAHHOW  MOBEPXHOCTbIO  MOXET
KOHTaKkTUpoBaTb C MOTOKOM TEKy4Yel CpeAbl B CBEPXKPUTUHYECKOM WMU KPUTUYECKOM
COCTOSIHUM MOCPEACTBOM OJHOBPEMEHHOTO TOHKOrO pacrbifieHNs1 MNOTOKa BTOPOW
CYCMNEH3UM HAHOLENMIONO3HbIX YaCcTUL C HEMOAUMMLNMPOBAHHOWM MOBEPXHOCTLIO U MOTOKA
TEeKy4el cpefbl B CBEPXKPUTUYECKOM MWIN KPUTUYECKOM COCTOSIHAM MO OTAEMbHOCTM
yepes oAHO Unu Gonee, NPEANOYTUTENBHO, KOHLEHTPUYECKME UMK KOaKcuanbHble, conna
B COCyA AN 0O6pasoBaHUs YacTuL C perynupyemMbiMy AaBneHem Wunm TemnepaTypon, B
KOTOPOM AaBneHve 1 Temneparypa yCTaHOBMEeHbl Takum o6pasomM, YTO Tekyyas cpega B
CBEPXKPUTMYECKOM MITU KPUTUYECKOM COCTOSHUM OCTAEeTCA B CBEPXKPUTUYECKOM WUNn
KPUTMYECKOM COCTOSIHUM. Takum o6pa3omM, NOTOK BTOPOM CYCMNEH3UM HaHOLENIoNO3HbIX
YyacTuy ¢ HemogudULMPOBaHHOW MOBEPXHOCTLIO MENKO pacnbinsloT B €MKOCTb AN
obpa3oBaHUst 4acTuL OTAENbHO OT MOTOKa TeKydel Cpefabl B CBEPXKPUTUYECKOM UM
KPUTMYECKOM COCTOSIHWUM, TO €CTb [Ba NOTOKA KOHTAKTUPYIOT TOMNBLKO NpY OL4HOBPEMEHHOM

NOCTYNNEHWN B eMKOCTb 4151 06pa3oBaHnNs YacTuL Yepes ogHo unu Gonee conna.

Conna, noaxogswme ANs pacnbifeHNs Teky4yen cpefbl B CBEPXKPUTUHECKOM MIU
KPUTUYECKOM COCTOSIHUM WM BTOPOW  CYCMEH3MM  HAHOLENMIONO3HbIX  YacTuy ¢

HEMOANMDULMPOBAHHON MOBEPXHOCTBIO, XOPOLUO M3BECTHbl crneuyuanuctam B AaHHOW
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obnactn TexHukn. OHW  BKNIOYAIOT, Hanpumep, POTOPHO-AUCKOBbIE pPaCnbIUTENW,
pacnbinUTENn C yAapsIoWMMN CTPYSIMKU, KanunnsipHble pacnbinMTenu, OfHOKaHarbHble
cpopCyHKK, ynbTPasBYKOBbI€ pacnbiMTeNny BUOPMPYIOLLEro MNn NynbCUpYOLWero Tmna,
ABYXJIOTOYHbIE  (POPCYHKW, TakMe KaK KOHLUEHTpUYEeCKMe WnuM  KoakcuarbHble
ABYXIOTOYHblE (POpPCYHKM K T.4. Conna npeanoyTUTENbHO ABMSAIOTCA A4BYXTOTOYHLIMU

chopcyHkamu, HanpumMep, TakMMK Kak KOHLEHTPUYECKNE UMW KOoakcuanbHble conna.

CornacHo anbTepHaTUBHOMY BapuaHTy OCYLLECTBIEHUS, MOTOK BTOPOW CyCMeH3nmn
HaHOLUENMIONO3HbIX  4acTuy C  HEMOAUMDUUUPOBAHHOW  MOBEPXHOCTbID  MOXET
KOHTaKTUpOBaTb C MOTOKOM TEKYYeW Cpefbl B CBEPXKPUTMYECKOM WU KPUTUHECKOM
COCTOSIHUM MYTEM CMELUMBAHUS, 3aKPY4YMBaHUS, BCTPAXUBAHUS UMW NEepeMELLNBaHUS
WHbIM 06pa3oM NOTOKa BTOPOW CYCMEH3UN U MOTOKA TEKYYEN CPeabl B CBEPXKPUTUYECKOM
WM KPUTUYECKOM COCTOSIHMM C 0OpasoBaHMEM MEPBOM CMECU W TOHKOrO pacrblfeHUs
yKasaHHOM CMEeCU 4epes3 OgHO unu B6onee conno B cocyj anst obpasoBaHusa 4acTtuy C
perynmpyembiM1 SaBreHneM U/unu TemnepaTypon, B KOTOPOM JaBrieHNe N Temneparypa
YCTaHOBIEHbI TakUM 06pa3om, YTO TeKyYast Cpeaa B CBEPXKPUTUHECKOM MU KPUTUYECKOM
COCTOSIHUMN OCTaEeTCH B CBEPXKPUTUUECKOM UM KPUTUHECKOM COCTOSIHUUN. Takum obpasom,
MOTOK BTOPOW CYCMEH3UW HAHOLEMMIOMO3HbIX 4YacTuy C  HEMOAMDULMPOBAHHOM

NOBEPXHOCTHIO CMELLMBAIOT €eLLe A0 pacnbifieHnsi B cocya AN obpasoBaHus vYacTul.

OpHo unu Bonee conna HanpaeneHbl B €MKOCTb ANnA obpasoBaHWs 4vactuy U
MOryT pacnonaratbCsi Tam MO-pas3HOMY, Hanpumep, Takum obpasom, 4YTO CTpywm,
BbIXOASLLME 13 ogHOro unmn 6onee conna v NOCTynawLwme B EMKOCTb ANs obpa3oBaHus
YyacTuy, NpMBOAAT K 0Opa3oBaHUIO 3aBUXPEHUS UNU TYPOYNEHTHOCTM BHYTPU E€MKOCTU
Anst obpasoBaHWs YacTuy AN YNyuWeHUs nepemMeLleHnss BTOPOro pacTBOpUTENS B

TEKy4yto Cpefy B CBEPXKPUTUYECKOM UMK KPUTUYECKOM COCTOSIHUM.

Mocne TOro kKak BTOpas  CYCNEeH3Msl  HaHOUEMMOMO3HbIX  4YacTuy ¢
HEMOANPULMPOBAHHON MOBEPXHOCTBIO KOHTAKTUPYET CO CBEPXKPUTUYECKOW XKMAKOCTbLIO
(Tekyyen cpepon) B eMKOCTM aAnst obpasoBaHMsl 4acTul, YacTUHMHOE WU MOJTHOEe
abcopbupoBaHme BTOPOro pPacTBOPUTENS TEKYYEW CPEAON B CBEPXKPUTUYECKOM WNU
KPUTUMECKOM COCTOSIHUM  UHULMUPYET 0OOpasoBaHUEe HaHOLENMIONO3HbIX 4Yactuy C
HEMOANPULMPOBAHHON NOBEPXHOCTLIO U OCAXKAEHNE YKa3aHHbIX YacTuL B HUXKHEN YacTu
emMKocTn ana obpasoBaHusa yactuy. Cmecb BTOPOro pacTBOPUTENS U TEKyden cpeabl
yaanswT 13 eMmkoctn ansa obpasoBaHusa yactud, 4Tobbl nocne 3aToro cobumpartb cyxue

AVCneprupyemble B BOLE HaHOLENMIONO3HbIe YacTubl.

Cmecb Tekyyel cpefbl B CBEPXKPUTMYECKOM WIU KPUTUYECKOM COCTOSHUM W

BTOPOro pactBOpuUTENs MOXET ObITb NPEeAnoYTUTENbHO yAaneHa npu nomom



10

15

20

25

30

19

PEerynmpoBaHns AaBNEHUs WUNU TemnepaTtypbl, HanpuMep, C MOMOLLbIO MPOMbIBKY,
BEHTUNMPOBAHUS UMW OTKAYMBAHUS COAEPXKUMOrO EMKOCTU 4na 0B6pa3oBaHMs YacTuL Unm
C MOMOLWbIO MNepeHanpaBneHnss CcMecuM B rasopasgenurensHoe  YCTPOWUCTBO,
No3BOMsOLLEE pas3fensTb CMEeCb Ha OTAErNbHble KOMMOHEHTbI, COCTaBNSIOLME CMECH,
UMW NO MEHbLUEW Mepe pereHepupoBaTh OAUH U3 BTOPOrO PacTBOPUTENS WM TEKyYen
cpeabl, Npu HeobA3aTeNbHOM OAHOBPEMEHHOM HarpeBaHuM emkocTu. HeobssaTenbHo,
E€MKOCTb MOXXHO HECKONbKO pa3 npoayBaTb APYrMM rasoM AnA yAaneHUs OCTaTKoB
BTOPOro PacTBOPUTENA WNN TEKyyel Cpeabl, WUNM HECKONbKO pas HarpesaTtb AnNA

yAaneHus ocTaTkoB BTOPOro pacTBOPUTENS UMW TEKYYEN Cpeabl.

Mocne 3aBepLUeHMs yaaneHus CMecU TeKyder cpefbl B CBEPXKPUTMYECKOM WM
KPUTMYECKOM COCTOSIHMM 1 BTOPOro pacTBOpUTENs 06pasyloTcs cyxue gucneprupyemble B
BOJE HaHOLENMIONO3HbIe YacTULbl, KOTOPbIE BMOCNEACTBUN U3BNEKAIOT U3 EMKOCTU ANS

o6pasoBaHus YacTuy,.

Emkocte anst obpasoBaHmsa 4actuy MOXeT ObiTb NOOOM EMKOCTbIO, B KOTOPOW
MOXHO perynumpoBaTtb TEMMepaTypy W AaBMNEHUE, U KOTOpasi COAEPKUT OTBEpPCTME,
MO3BOMSAOLIES WU3BMEKATb HAHOLENMIONO3HbIE 4YacTuubl C  HEMOAMPULMPOBAHHON
MOBEPXHOCTbIO, ANsi cbopa Cyxmx 4UCNEePrnpyemMbIX B BOAE HaHOLEMMIONO3HbIX YacTuy ¢

HEMOANMDULMPOBAHHON NOBEPXHOCTHIO.

Cyxve  aucneprvpyemble B BOAE  HaHOLENMIONO3Hble  vacTuupl C
HEMOANMDULMPOBAHHON MOBEPXHOCTbIO MOryT OblTb AuMCneprupoBaHbl B BOAe C
obpa3oBaHMEM CYCMEH3UM HaHOLENMIONO3HbIX 4Yactuy €  HemoaudpuuMpoBaHHOM
NOBEPXHOCTLIO, WAEHTUYHOM MO MUKPOCKOMMYECKON MOPMONorMu U pPeonornyecknm
CBOMCTBaAM  CYCMEH3UW  HaHOUENMMo3HbIX 4YacTuy C  HemMoauduuMpoBaHHOWM

NOBEPXHOCTbIO, N3 KOTOPOW OHU ObINN N3rOTOBMEHDI.

Mony4eHHbIe Taknm 06pasom Cyxue AMcneprmpyemble B BOAE HAHOLEMMIONO3HbIE
yacTuubl C  HemoaupuyupoBaHHOM NOBEPXHOCTLIO npeacraensit  cobon
CcBOOOAHOTEKYYMM MOPOLLOK, KOTOPLIA NErko XpaHuTb, TPAHCNOPTUPOBAaTb N 4O3MPOBaTh.
MNpenmyLiecTBO  pacnbiMMTENbHOM  CYLWIKM € MOMOLUbIO  TeKydeh Ccpeabl B
CYNEPKPUTUYECKOM UMM KPUTUHECKOM COCTOSIHUM 3aKNIOYaeTCs B TOM, YTO pasmep YacTuy

HaxoguTcC4a B Y3KOM AMana3oHe.
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OMNUCAHME NMPUMEPOB OCYUIECTBINEHNA WM3OBPETEHUA

Mpumep

[MpurotoBnenmne cycnensvm CNF

Llenntonosy cynbutHOM OTOENKM M3 APEeBECUMHbl NUCTBEHHbIX nopog (92a)
n3Menbvanu HOXOM 1 3amadusann B 78% cmecn MOpPMOnuH : Boga Npu KOHUEeHTpauum
1% (mac.) B Te4EeHUe OAHOro Yaca npu Temnepartype okpyxatowen cpegbl. MonyyeHHyto
Takum 0BpasomM CyCneH3n HabyxXLvx LenmonosHbiX 4acTuy ¢ HeMoamnduLMpoBaHHON
NMOBEPXHOCTbIO Aanee nogseprann MeXaHNM4yeCcKoMy U3MENbYEHUD C BbICOKMM CABUIOM,
NCMNONb3ysi BbICOKONPON3BOAUTENBHLIN ugkoctHon npoueccop MICROFLUIDICS® M-
110EH, yctaHoBneHHbin Ha gasneHne 1700 Gap, B TeYeHME NSTUM nocnepoBaTenbHbIX

MPOXOA0B.

3arem MOMYYEHHYIO  TakUm obpasom CYCIMEeH3unio Lennonossbl c
HEMOANMULUMPOBAHHON  MOBEPXHOCTBIO B CMEcU  MOPQONWH : BOAa  Crerka
ueHTpudyrmposann  Ansi  OTAENEHUS  HAHOBOMOKOH  LENnono3bl  OT  CMECH
MOPQONWH : BOAA, HE CcTapasiCb MNpyM 3TOM MOMHOCTbIO BbICYLUMBATL HaHOBONOKHA
yennionosbl. OcTtatkm cmecn MOPIONUH : BOAA yAananu 3artemMm nyTeM MHOroKpaTHOoro
NMPOMbIBAHWUS  BIaXKHbIX HAHOBOMOKOH LENMono3bl  AENOHU3NPOBAHHOW BOZOW C
NOCNeAyroLWMM yaaneHnemM BOAbl CHavana ¢ NOMOLLbIO NErkoro LeHTpudyrnposaHms, a
3aTeM — MHOrOKPaTHOW NMPOMbIBKOW BMNa)HbIX HAHOBOMOKOH LIENMION03bl 3TaHOMNOM npu
noMmow uUeHTpudyrnposaHus. [llocne atoro apobasnanu 3TaHon, 4TOOblI MOMY4YUTb
CYCMEH3UI0 HAHOBOMOKOH LENMono3bl C HEMOAUMPUUMPOBAHHOW MOBEPXHOCTHIO B
3TaHOMNe, UMEIOLLYIO COAEpXKaHWe HaHOBOMOKOH LENMoNo3bl ¢ HEMOAUMDULMPOBAHHON

nosepxHocTbio 1,3 mac.%.

Cyuika

[Mony4yeHHyIO paHee cycrneHsuo, cogepxawyrw 1,3 mac.% HaHOBOSOKOH
LUenniono3el C HEMOAMMULUPOBAHHOW MOBEPXHOCTbID B 3TaHoOne, AOBOAUNM A0
CycneHsuu, cogepxawen 2 mac.% HaHOBOMOKOH LEenmnonosbl ¢ HEMOANMOULNPOBAHHON
MOBEPXHOCTbIO B 3TaHone. ocne 3Toro Nony4YeHHYK CYCMEH3UI0 BbIMBaNM B €MKOCTb
ans obpasoBaHuUst 4acTuy npu MaccoBon ckopocTu notoka 100 mn/MuH, rae oHa
KOHTakTMpoBana ¢ cynepkputudeckum CO,, nocTynawLwmm B EMKOCTb ANa obpasoBaHus
YyacTuy Npu MaccoBon CkopocTu notoka 15 kr/y, aasneHunn 120 6ap u Temneparype 40°C.
MopowkoobpasHbI  LENMNoNO3HbIN  MaTepuarn, HakanmMBalWMACA B HMKHEN 4YacTu

eMKOCTM AN 0bpa3oBaHus YacTul, U3Bnekany Ans nocneayoLwen nageHTndukaymn.
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CrpykTypa

AOna Toro, u4tobbl OUEHUTb MOPMONOrMI0 HaHOBOMOKOH LEnMonosbl C
HEMOANMPULMPOBAHHON MOBEPXHOCTBIO A0 W MOCMNE CYLKU PacrblfieHUEM C MOMOLLbIO
CBEPXKPUTMYECKOrO AMokcuaa yrnepoga, obpasel He NoABEpPraBLUMXCA paHee CyLuKe
HaHOBONIOKOH LEeNnono3bl € HEMOAMMULMPOBAHHOMW MNOBEPXHOCTBHIO U3  CYCMEH3uM,
cogepxawen 1,0 wmac.% HaHOBOMOKOH UEnnionosbl € HemoandbunynpoBaHHOM
MOBEPXHOCTbID B 3TaHOME, NPOMbIBaNM B AEVOHU3UPOBaAHHOW BOAE ANS YAaneHus
ataHona, pasbasnanu 100-kpaTHO B BOAE, MOCME YEro roMoreHM3upoBanu, MCNomnb3ys
ynbTpassykosoe yctponcteo (GEX 130, ynbTpassykoson romoreHmnsartop, 130 Br, Cole-
Parker, BenukobputaHus), B Te4eHne 3 MUHYT NpU MHTEHCMBHOCTM 60% C nocneayowmum
ewe ogHum 10-kpaTHbiM pasbaBneHMEM LEVMOHU3MPOBAHHOW BOAOW C OBpasoBaHMEM
CyCMeH3uu, coaepaLlen 0,001 mac.% HaHOBOMNOKOH Lennonossl c

HEMOANMDULMPOBAHHON NOBEPXHOCTLIO.

AHanornyHbIm obpasom, cyxue HaHOLEeNntono3Hbie YyacTuybl c
HEMOANMPULUMPOBAHHON  MOBEPXHOCTbIO, MOMYYEHHbIE  CYLWIKOW  pacnbifieHnem C
NCNONb30OBAHMEM  CBEPXKPUTMYECKOrO  AMOKCuAa yrnepoga, Aucnepryposann B
AENOHU3NPOBaHHON Boae ¢ obpasoBaHMem cycneHsun, cogepxawen 1,0 mac.%
HaHOBOMNOKOH LIENmMono3bl ¢ HEMOAUMULNPOBAHHOW MOBEPXHOCTLIO B AENOHN3NPOBAHHON
Boge, 3arem pasbasnanu 100-kpaTHO B BOAE, TOMOreHM3NpPoOBanu, WCMOMb3ys
ynbTpassykosoe yctponctso (GEX 130, ynbTpassykoson romoreHmnsartop, 130 Bt, Cole-
Parker, BenvkobputaHus) B Te4eHne 3 MUHYT Npu MHTEHCMBHOCTM 60% C nocneayowmm
ewe ogHum 10-kpaTHbiM pasbaBneHnem AEenNOHM3MPOBaHHOW BOAOW C obpasoBaHUEM
CyCrneHsuu, coaepaLlen 0,001 mac.% HaHOBOMNOKOH Lennonossl c

HEMOANMDULMPOBAHHON MOBEPXHOCTLIO.

Kaxkgbii 13 o0pasyoB HAaHOCUMN Ha CBEXECKOMOTbIA CMIOASHON AUCK (MYCKOBUT,
anametp 9,9 mm n TonwuHa 0,22 — 0,27 mm, Agar Scientific, BenukobputaHuns), KOTopbIN
Bbin 3akpenneH Ha anomuHueson ctomke SEM. lMocne storo obpasuybl cywmnu B
BakyymHoun neum (Gallenkamp) npu Temnepartype 35°C u gasneHmmn 700 mbap B Bakyyme

B TE4YeHNEe HO4YW.

BbicylieHHble o6pasubl B TevyeHne 50 CekyHA MOKpbiBanv 30M0TOM, UCMOMb3Ys
YCTPONCTBO Ans noHHoro HanbineHus (EMITECH K550X, Quorumtech, BennkoGputanus),
Ansi obecneyeHns 4OCTaATOYHOIO MPOBOASILLEro Crosi U OCYLECTBRANM HabnwaeHne ¢
ucnonessosaHmem SEM (S4800 FESEM (anrn. Field Emission SEM — aBTOo3nekTpoHHas
CkaHupywowas mukpockonusi), Hitachi, BenukobputaHus). B kavecTtBe yCKOPSOLLEro

HanpPsHKEHUS N JanbHOCTU HabntogeHnsa ncnonobsosanu 3 kB n 8,5 MM, COOTBETCTBEHHO.
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LLnprHy BOMNOKOH Ha mMuKpodoTorpadhmsx ¢ yBenudeHumem 45k msmepsnn npu
ncnonb3oBaHMM nporpammHoro obecneveHus Imaged (Bepcus 1,47, HaumoHanbHbIW
nHCTUTYT 3apasooxpaHeHns, CLUA). bonee 500 BONOKOH 6bINM M3MEpeHbl Ha pasHbIX
CHumkax. PacnpegeneHue no LwMpuHE BOMOKOH Ans BCex o6pasyoB nokasaHo Ha

rmcTorpammax, n3obpaxeHHblx Ha dur. 1 un 2.

Peonornyeckue cBoUCTBa

O6pasubl He noaBepraBLUENCs paHee Cylwke HaHouennonosbel 1M obpasybl
BbICYLLEHHOW  HaHOLENMonosbl AMCNeprupoBanu B BOAEe MNpUM  TPeEX  pasHbIX
KOHLEHTpauusix, TO eCTb Npu KoHUeHTpaumax 3,18%, 2,55% n 1,92% (mac.), ¢ NOMOLLbI0
cnocoba, onncaHHoro Bbiwe. 3TN o0b6pasybl UCMbITbIBANN HA PEOMETPE C PeErynupyemMbim
HanpsbkeHnem AR-1500ex (TA Instruments) ¢ uWCNONb30BaHMEM KOHLEHTPUYECKOW
UUNUHLPUYECKON TFEeOMETPMYECKON OPMbl C M3MEpUTENbHbIM 3a30poM 1 MM npu

Temneparype 20°C.

Bce obpasubl CHayana nojsepranv BO3AENCTBMIO ckopocTu casura 50 ¢’ B
TeyeHne 60 c. 3atem mamepsanu socctaHosneHne mx G' u G" (mogynen ynpyroctm u
BA3KOCTW, COOTBETCTBEHHO) B 3aBUMCUMOCTM OT BpemeHn B TedeHne 1800 ¢ npwu
konebaTenbHon aedopmauymm 0,1% u yrmoson yvactote 50 pag-c'. Pesynbrathl
nokasaHbl Ha dur. 3 n 4. Kak MOXHO BUAETb U3 MPEACTABNEHHbIX HA 3TUX PUCYHKaxX
pes3ynbTaToB, BA3KOCTb HE MOABEpraBLIerocsl paHee cywke obpasya no cywecTsy
BOCCTaHaBNUBAETCA ANA BbICYLLUEHHOro obpasya npy NOBTOPHOM AUCMEPrUPOBaAHUN NPU

BCEX UCCMEAYEMbIX KOHLEHTPaLUSIX.

[Mocne BOCCTaHOBUTENBLHOrO nepuoja AUCnepcun aHanuMsmpoBanu C pasBepTKon
no yactoTe. Yrnosyto yactoTy Bapbuposanu ot 0,1 go 300 paa-c’' norapudmuueckn (4
3amepa Ha gecatb) npu konebarensHon gedopmauun 0,1%, n peructpuposanu G’/G". B
KOHLE BbINOMHANN 3aMeaneHne PasBEePTKN «YCTaHOBUBLLEMCA» CKOPOCTM caBura B
AvanasoHe wmexay ckopoctamm casura 100 n 0,1 c'. YcraHosuBLLMiiCS pexum
onpeaensnn Kak U3MEHEHME BEMNUYMHbLI BA3KOCTM MEHee 4eM Ha 5% B TedeHune Tpex
nocneaoBaTtenbHbIX Nepnogos msmepeHus no 30 ¢ kaxabid. MakcumanbHOe BpeMms,
Jonyckaemoe Ans Kaxgoro 3amepa, coctaBnano 240 c¢. BenuuuHbl COOTHOLUEHUS
CKOPOCTU CABUra/BSA3KOCTM PErMCTPMPOBAnNM MPU BCEX CKOPOCTSIX caBura. PesynbTarbl
npeacraeneHbl Ha dur. 5 u 6. MN3amepeHuss ¢ pasBepTKon MO 4acTtoTe konebaHuu
MOKasbIBalOT, YTO Kak N B Cryvyae U3MEepPEeHus BA3KOCTW, onnucaHHoro Bbiwe, n G' n G" B
3HAUYUTENBHOW CTEMEHN BOCCTaHaBNUBANMUCbL MNOCMHE MOBTOPHOrO AMCNEPrMPOBaHUS

obpasLa BbICYLLEHHOrO NPOAYKTa NpU BCEX TPEX UCCMNEeAYEMbIX KOHL|EHTPaLMSX.
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KONMMYECTBEHHOW OLEHKN BOCCTaHOBNeHUa BaAskoctn u  G’/G"

23

nocne

MOBTOPHOrO AUCneprupoBaHns Hxe B Tabnuue 1 conocTaBneHbl XapakTepHble 3Ha4YeHUs

ANa KaX4on M3 KpmBblX Ha dur. 3, 4, 5 n 6. Ha ocHOBaHMM MNOMYYEHHbIX AAHHbIX

CTaHOBUTCA O4YeBUAHbIM,

YTO PEeonorMyeckMe napameTpbl,

Takne

KaKk BA3KOCTb,

NMoKasbiBalOT BOCCTAHOBMIEHME MOCHE MOBTOPHOrO AUCMEPrMPOBaHUSA NPUMEPHO OT 75%

A0 80% n BoccTtaHoBneHne G'/G" — npubnusntensHo 80% wu BbiLe.

Tabnvya 1

XapakTepHbIE PEONOrnYeckne napameTpbl NPy BCEX TPEX KOHLIEHTPALIMSX

KoHUeH- | B akocTb, n, mpn 10 ¢
Tpaums, b, M, NP G, npn 10 pag-c'/Ma | G”, npn 10 pag-c'/Ma
o Ma-c
mac.%
He He He
noasepras- Bblicy- noasepras- Bbicy- noasepras- Bblicy-
LUMACS paHee | LUEHHbLIW | LUMICS paHee |LUEHHbLIW | LUMACS paHee |LWEHHbIN
CyLLKE CyLLKe cyLLKke
1,92 0,391 0,301 443 43,2 6,36 5,78
2,55 0,908 0,695 148 131 20,7 16,8
3,18 1,89 1,48 430 366 58,1 46,2
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®OPMYIIA N3OBPETEHUA

1. Cnocob nonyyeHna HaHOUENMoMNO3HbIX 4YacTuy C HeMoaUdPULUPOBaHHOW
NOBEPXHOCTBLIO UMM MOPOLLKOOOPA3HON KOMMO3MLMM, BKMOYAIOLWEN YKasaHHbIE YacTuubl,

BKITHOYAIOLLMN CTagunun:

i. nonyyeHms nepBow CyCneHsmm Lennono3HbIx yactuy c
HEMOANMULMPOBAHHOW MOBEPXHOCTLIO B MEPBONA BOAHOW >XUAKOCTWU, NMPWU 3TOM BOAHas
XUAKOCTb HE pacTBOPSIET HAHOLENMONO3Hble YacTuubl €  HeMoanULUPOBAHHOM

MOBEPXHOCTHIO,

i 3aMeHbl MO CyLIeCTBY BCEW MEpBON BOAHOW XMAKOCTM B NEpBOU
CYCMEH3UN Ha BTOPOW pacTBOPUTEMb, CMELLUMBAOLNACS C NEPBOA BOLHOWN XXUAKOCTLIO U
He  pacTBOPSIIOLYMN  HAHOLENMIONO3HbIE  YacTUybl € HEMOAMMDULMPOBaAHHON
MOBEPXHOCTbIO, C OOpa3oBaHWEM BTOPOM CYCMEH3UM HaHOLEMMIONO3HbIX 4YacTuy C

HeMoANMULMPOBaHHON NOBEPXHOCTbIO BO BTOPOM pacTBopuTene,

iii. NpUBEAEHUSI MOTOKa BTOPOW CYCMEH3UM HaHOUENMIOMO3HbIX 4YacTuy C
HEMOANMPULUMPOBAHHON MNOBEPXHOCTbID B KOHTAKT C TMOTOKOM TEKy4deW cpenbl B
CBEPXKPUTUYECKOM WM KPUTMYECKOM COCTOSIHMM, Npu  3TOM Tekyyaa cpeja B
CBEPXKPUTUYECKOM UM KPUTMYECKOM  COCTOSHUM  CMELUMBAEeTCH CO  BTOPbIM
pacTsoputenem n He conbBartmpyeT HaHOLennono3Hble YyacTuubl c
HEeMOANMPULMPOBAHHON NOBEPXHOCTLIO, B YCIOBUSX, NOAXOAALLMX ANA NEPEMELLEHUSA MO

CYLL|ECTBY BCErO BTOPOrO PacTBOPUTENS B CBEPXKPUTUYECKYIO TEKYUYIO CPEaY,

iv. yAarneHus BTOPOro pacTBOPUTENS U TEKyYel Cpeabl B CBEPXKPUTMYECKOM
UMK KPUTUYECKOM COCTOSIHUW, NPEeSNoYTUTENBHO, NYTEM PErynupoBaHus 4aBrneHus uWunm
Temneparypbl, C 00pasoBaHUEM CyxMX AUCMEPrUPYEMbIX B BOALE HAHOLEMNMIONO3HbIX

yacTuy,

V. HaKOMMEHUS  HAHOLENMOMNO3HbIX YacTuy € HeEMOoAMULMPOBaHHON
NOBEPXHOCTBIO W/WUNU MPUFOTOBMNEHNA MOPOLLKOOOPA3HON KOMMO3NLUK, BKMAOYAOLLEN

yKasaHHble YacTuLbl.

2.  Cnocob npuUroToBrEHUA CyXMX AMCMEPrUPYEMbIX B BOAE HAHOLEMNMIONO3HbIX
yacTuy C HeMOanMOUUMPOBAHHOM MOBEPXHOCTHI UMM NOPOLLKOOOPa3HOM KOMMO3NLUN,

BKIIOYaIOLLEN YKasaHHble YacTuLbl, BKIIOYaOLWWUIA CTaguu:

i nony4eHus nepsoWn cycneHsum Liennono3HbIX yacTuy c

HEMOANMOULNPOBAHHOM MOBEPXHOCTLIO B MEPBOM BOAHOW >XUAKOCTU, NMPU 3TOM BOAHas
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XMAKOCTb He pacTBOPSIET HAHOLENMIONO3Hble 4YacTuubl C  HemMoaMdULMPOBaHHON

MOBEPXHOCTbIO,

i 3aMeHbl NO CyLlecTBY BCEW MEPBON BOAHOW XWAKOCTU B NEPBOU
CYCMEH3UN Ha BTOPOW pacTBOPUTENb, CMELUMBAIOLNNCA C NEPBOA BOAHOWN XUAKOCTbIO U
He  pacTBOPSAIOWMA  HAHOLENMIONO3Hble  YacTuubl C  HEMOAMMULMPOBaAHHOM
MOBEPXHOCTbIO, C OOpas3oBaHMEM BTOPOM CYCMEH3UM HaHOLEMMIONO3HbIX 4YacTuy ¢

HEMOANMULMPOBAHHON MOBEPXHOCTLIO BO BTOPOM pacTBopuTene,

iii. npUBEAEHUSI MOTOKa BTOPOW CYCMEH3UW HaHOLENMIONO3HbIX 4acTuy C
HEMOANMPULUMPOBAHHON MOBEPXHOCTBID B KOHTAKT C MOTOKOM TEKy4YeW Ccpenbl B
CBEPXKPUTUYECKOM WM KPUTMYECKOM COCTOSIHMM, NpuM  3TOM TeKkyyaa cpeja B
CBEPXKPUTUYECKOM UMM KPUTMYECKOM  COCTOSIHUM  CMELUMBAETCA CO  BTOPbIM
pacTsoputenem n He conbBartmpyeT HaHOLEeNMonosHble YyacTuybl c
HeMoANMPULMPOBAHHON NOBEPXHOCTLIO, B YCIOBUSX, NOAXOAALLMUX ANA NEPEMELLEHUSA MO

CYLLIECTBY BCEro BTOPOro pacTBOPUTENSI B CBEPXKPUTUYECKYIO TEKYUYIO Cpeay,

iv. yAaneHusi BTOPOro pacTBOpuUTENs U TEKyYen Cpefbl B CBEPXKPUTUHECKOM
UMW KPUTUHECKOM COCTOSIHWW, NPEeSNoYTUTENBHO, NYTEM PerynupoBaHus faBneHust Wunm
Temneparypbl, C 0O6pa3oBaHMEM CyxMX AUCMEPrUpyeMbiX B BOAE HaHOLEMNMIONO3HbIX

yacTuy,

V. HaKOMMEeHUs CyXmx AUCMEepPrMpyemMbiX B BOAE HAHOLEMMIONO3HbIX YacTuy ¢
HEMOANMUUMPOBAHHON  MOBEPXHOCTBIO  W/WNM  MPUrOTOBNEHUS  MOPOLLKOOOpa3HON

KOMMO3MLWK, BKMIOYAIOLLEN YKa3aHHble YacTuLibl.

3. Cnocob no n. 1 unn 2, rae nepsas BoAHasA XNAKOCTb ABNSeTcs nubo Boa0Nn,
nmbo cmecbld BOAbl C OAHUM wunu 6Gonee oOpraHuYeckMMm pacTBOpUTENEM, rhe
OpraHn4ecKne pactBoOpUTENN NPELNOYTUTENBHO MOTYT 4ENCTBOBATL B Ka4ECTBE areHToB,
cnocoBCTBYOLMX HabyxaHWIo, N NPeAnoYTUTENBHO NepBas BOAHAA XUAKOCTb SBNSAETCS
CMECbI0 BOAbl M LMKINYECKOrO BTOPUMMHOIO amuHa, coaepxawen ot 60 go 99%
(06bEMHBIX) LUMKNMMYECKOTO amuHa, U Bonee npeanoyTUTENbHO MpPenCcTaBnseTr cobou
CMeCb BOAblI U MOponuMHa, nunepuanHa mnm nx oboux n Hambonee npeanoYTUTENBHO
npeacrtaensieT cobonm cmecb MopdonuHa, NnnepugnHa unu nx obonx, cogepxailyto ot 60
40 99% (o6bemMHbIx) mMopdonuHa, nunepuanHa unn mx obomx, mnu ot 70 go 95%

(06 beMHbIX) MOpONUHA, UNK NUNEPUANHA, U Nx ob6ounx.

4. Cnocob no n. 1 unu 2, rge yactuybl LENMono3bl C HEMOANMPULNPOBAHHOM
MOBEPXHOCTLIO B NEPBOW BOAHOM XKMAKOCTU SABMAOTCS HAHOLEMMIOMO3HbIMA YacTmuamm ¢

HEMOANMPNLMPOBAHHON NOBEPXHOCTLIO B NEPBOWN BOAHOW XKNAKOCTU.
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5. Cnocob no nwbomy n3 npealecTBYOLWUX NYHKTOB, r4e nepsas CyCneHs3us
cogepxut ao 20 mac.%, npegnoututensHo ot 0,1 go 20 mac.%, 6onee npeanouTUTENBHO

6onee 2 mac.% u meHee 20 mac.% uenntonosbl ¢ HeMoANPULMPOBAHHON NOBEPXHOCTLIO.

6. Cnocob6 no nwobomy w3 nNpPeaLlecTBYOWMX MYHKTOB, TA€ Ha CTaguu
npvBeaeHns noToka BTOPOW CyCrneH3uu HaHOLUENMMNO3HbIX  Yactuy  C
HEMOANMDUUMPOBAHHOW MOBEPXHOCTLID B KOHTaKT C MOTOKOM TEeKyyen cpeabl B
CBEPXKPUTMYECKOM WM KPUTUYECKOM COCTOSIHAM COOTHOLLEHME MAacCOBOro pacxoja
BTOPOW CYCMEH3NN N TEKYYEeN Cpeabl B CBEPXKPUTUHECKOM WUIA KPUTUYECKOM COCTOSIHUM
nexut B gnanasoHe ot 1:10000 po 3:10, npegnoytutencHo, B ananasoHe ot 3:10000 ago
3:10.

7. Cnocob no nobomy 13 npeaLecTByOLWMX NYHKTOB, rA€ Ha CTagum C. BTopas
CYCMEeH3Msi U Tekyyasi cpeja B CBEPXKPUTUHMECKOM WM KPUTUYECKOM COCTOSIHUM

KOHTaKTUPYHOT Nnbo

i nocpescTBOM OAHOBPEMEHHOTO TOHKOrO pachblfieHMsi MoToKka BTOPOW
CYCMNEH3UM HaHOLENMIONO3HbIX YacTUL ¢ HEMOANMULIMPOBAHHOW NOBEPXHOCTLIO 1 MNOTOKa
TEeKy4el cpefbl B CBEPXKPUTUYECKOM MWIN KPUTUHECKOM COCTOSIHAM MO OTAENbHOCTM
yepes oHO unu Gonee, NpPesnoOYTUTENBHO KOHLEHTPUYECKME UMK KoakcuanbHble, conna
B cocya ANns ob6pas3oBaHUst 4acTuy C perynvpyemMbiMi gaBneHnemM u/vnu Temnepartypou,

nmnbo

i. MoCpesCcTBOM  CMELUMBaHWS,  3aKpy4MBaHWsi,  BCTPSIXMBaHWS UMK
nepemMeLlnBaHns MHbIM 06pasom NOTOKa BTOPOW CYCMEH3UM M NOTOKAa TEKyYewn cpejbl B
CBEPXKPUTMYECKOM UMM KPUTUYECKOM COCTOSHUM C  oOpasoBaHMeM CMecu ¢
nocnegyLwyM TOHKUM pacnbifieHMem 3ToM CMecu Yyepes ogHo unu 6onee conna B Cocyq,

Ana o6pasoBaHMsa YacTuL C perynmpyemMbiMi AaBrneHnem uunm temnepaTypon.

8. Cnocob no n. 6, rae B criy4yae BbINONHEHUA CTagun C., OCYLLECTBMNSIEMON Kak
ONpeaeneHo B MYHKTE i., BTOpas CYCNeH3ns MOCTYMnaeT 4Yepes LeHTparbHbIA 3KEKTOP
KOHLIEHTPUYECKOrO UMM KOaKCUanbHOro comna, a Tekyyas cpeja B CBEPXKPUTUYECKOM

COCTOSIHUM MOCTYNaeT Yepes KONbLEBOW NEPUPEPUNHBIA BKEKTOP.

9. Cnocob no niobomy 13 NpeaLecTBYOLWMX NYHKTOB, F4€ BTOPOW pacTBOpUTENb
BbIOpaH M3 OpraHMYeCcKUX pacTBOPUTENEN, NPELNOUTUTENBHO, MONSPHbIX PaCTBOPUTENEN,
TakMx Kak ChnvpTbl, anbAeruabl, KETOHbl WUNWM OKCUAbI, Oornee npeanovYTUTENbHO, U3
auertoHa, cnupTtos, Taknx kak C1-C4 cnupTbl, TakMe Kak 3TaHon, M30nponaHorn, Unun 13

C1-C4 keTOHOB, Takux Kak aLeToH.
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10. Cnocob no nobomy M3 NpeaLUecTBYIOWMX MYHKTOB, rae Tekyyas cpeja B
CBEPXKPUTMYECKOM UMM KPUTUYECKOM  COCTOSIHUM  SIBMISIETCS  TEKYY4eW Cpeaom,

BKIIOYAIOLLEN ANOKCU YrNepoaa Ny CoCTOsILLEN U3 AnoKeuaa yrnepoga.

11. HaHouennionosHble 4actuubl C HEMOAMPULMPOBAHHOW MNOBEPXHOCTbLIO,

nonyvyaemblie ¢ NOMOLLbIO croco6a no nbomy 13 NPeALLIECTBYOLMX MYHKTOB.

12. Cyxve pgucnepryupyemble B BOAE HaHOLENMIONO3Hble YacTuubl UMK
NOpPOLUKOOOpasHas KOMMO3WLUS, BKMOYalOLWas yKkasaHHble CyxXue Aucneprvpyemble B
BOAE HaHOLENMIONO3Hble YacTuubl, F4e 4acTvua Mnu nopoLlkoobpasHas KOMMo3nLust

NPeAnoYTUTENBHO UMEET aKTUBHOCTb BOAbLI ay MeHee Yyem 0,4.

13. Yactunypbl nnu nopokoobpasHas Komnosnyua no n. 12, rae yactuubl UMEKOT
avameTp B ananasoHe oT 4 go 200 HM n/unn cpepHwol AnNuHY B gmnanasoHe ot 10 go
1200 Hm.
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