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BcTanoBeHO BIUIMB KOHIIGHTpamii KOMOIHOBaHOI HAHOMWCHEPCHOI I00aBKM CpiOIO/TIMHO3EM Ha
3aKOHOMIPHOCTI Tedil pO3IUIaBy CyMilll ITOJINPOIIEH/CIiBHIOMaMia. 3aleXHICTh BENWYUHU Po30yxaHHA i
B’s13k0cTi posruiasis Big BMicTy Ag/Al,O3 Mae ekcTpeManbHuMii XapakTep: MiHiMallbHA B’ SI3KiCTh i MAaKCHMaIbHA
eIaCTUYHICTh XapakTepHi mis cymimi, mo mictute 0,05 mac. %. Merogom JTA moka3zaHo, mo mobaBka B
IHTepBalli HU3bKUX KOHIICHTpAIii MO3UTHBHO BIUIUBA€E HA (JOPMyBaHHS KPHCTATIUHOI CTPYKTYPH KOMITO3HUTHHX
eKCTpyzariB. 3Haiieno, mo cpi6no y Buxinii mobasmi Ag/Al,O3 posmomineHo, nepeBaKHO, Y BUTIISII KIACTEPiB
Ta HAHOYACTHHOK 710 20 HM, B eKCTpyJarax 3 MOTPIHHHUX CyMilllel — MepeBakHO, y BHIJIA/ HAHOYACTHHOK. Y
BIUTy9EHHX 13 MOTPIffHUX eKCTPyJaTiB IMONIMPONUICHOBHX MIKPOBOJIOKHAX cpibno mepeOyBae, mepeBaxkHO, y
KJIacTepHOMy craHi. HasBHICTH cpibia B MOMINPONIIEHOBHX MiKPOBOJIOKHAX € BAXIMBHM IS CTBOPCHHS
0GaKTepUINIHIX TOHKOBOJIOKHUCTHX (LTBTPIB.

KirouoBi cioBa: cymim TOMIpONiieH/CHiBIONiaMiT,
eKCTPYJaTH, MOMIIPOIIICHOB]I MiKPOBOJIOKHA.

HAHOJWCIIEpCHA J1o0aBKa, cpi0dio, TIIMHO3EM,

Cmamms nocmynuia do pedaxyii 13.04.2014; nputinama oo dpyxy 15.09.2014.

MUTaHHS HAJaHHA iM CHEMU(IYHIX BIIACTHBOCTEH,
30KpeMa aKTyaJbHHM € MOAN(]IKyBaHHI 3 METOI0
onepxaHas OakTeprunuaHIX MBM.

Merta po0OOTH — BCTAaHOBHTH BIUIMB KOHIICHTpAIIil

Beryn

[Mpemapatu cpibna 3aBISKH IIUPOKOMY CHEKTPY
AHTUCENITHYHOI J1ii 3HAXOJAITh HMIMPOKE 3aCTOCYBaHHA B

MEIWYHIH MPAKTHUI, B O10TeXHONOTIAX. [ i ABUIIICHHS
e(eKTUBHOCTI TpemapaTiB cpibia BHKOPHCTOBYIOTH
KOMOIHOBaHI MaTepiaJli: HAHOYACTHHKH Cpibjia HAHOCATh
Ha TIOBEPXHIO OKCHIiB MeTaiis, 30kpeMa Al,O3, Zn0, ski
1 caMi TIPOSBISIFOTh AHTHCENTHYHI BIIACTUBOCTI. Taki
MaTtepianu BUKOPHCTOBYIOTh B TEXHOJOTISX
BopoounmeHnss  [1,2] sk edexruBHi  copOeHTH
MEIMYHOTO TPHU3HAYEHHS UII TeMo-, eHTepocopOmii, a
TaKOX B KocMeToorii [3].

[Moninpomninexn (T1I) i HOMIMPOIIJICHOBI
MikpoBonokuucTi marepiamu (MBM) maroTe 703Bin B
YkpaiHi Ha BHKOpDHCTaHHS B MEIUKO-OIONOTIYHIA Ta
Xap4oBii mpomMucioBocTAX. Ha cweoromui B VYkpaiHi
po3po0IiieHa i BIIPOBA/KEHA TEXHOJIOTIS BHPOOHUIITBA
¢GUIBTPIB HA OCHOBI TOJINPOMIIICHOBUX MiKPOBOJOKOH
(MB) 3 TOHKICTIO OYHCTKH 1 MKM, SIKi 3HAMIIITN IIHPOKE
3acTocyBaHHS y (papMaleBTHUHIN Ta XapdoBii ramyssx
MPOMUCIIOBOCTI, @ TAKOX JJISI OUHUIICHHS TIUTHOI BOIM B
noOyroBux ymoBax. Ha TopsakKy IEeHHOMY CTOITh
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KOMOIHOBaHOI 100aBKH cpiOJIO/TIIMHO3EM Ha pPEONOTivHi
BIIACTUBOCTI pO3IJIAaBiB Ta TPOIECH IUIABICHHS 1
KpHCTai3alii B CyMiIIax MOMINpPOITijeH/CIIiBIIOTiaMi,

|. ExcnepuMeHTa/ibHA YACTHHA

Kom6inoBany mpo6aBky cpibno/rmunoszem (Ag/ALLOs)
CTBOPIOBAIM HAa OCHOBI MIPOTEHHOTO TIIMHO3EMY
(mocnimHOT mapTii BHPOOHUIITBA Kamycpkoro
ekcrepuMenTansaoro 3asoxy IXII HAH Vkpainu) 3
BE/IMUMHOIO MHTOMOI moBepxHi 145 M%/r. Crouatky i3
CIMPTOBOTO PO3YMHY ancopOyBanmd HIiTpaT cpibina Ha
MOBEPXHIO YACTHHOK OKCHIY aJIOMIHIIO 1 CyIImiIH Ha
MOBITPI 3a KIMHATHOI TEMIIEpaTypu BHOPOAOBK 12 ron,

noTiM — y cymminbHid madi 3a Temmeparypu 80° C
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MPOTATOM 3 TOJI, MiCJISl YO0 TPOBOUIIN TEPMOOOPOOKY B
MydenpHi meui 3a Temmeparypu 550° C  Brpomoik
15xB. Taxuii TemMmepaTypHuU peXuM  BHOPaHO
BHXOJISIYM 3 aHAJI3y TEPMOTpaM TIIMHO3EMY 3 HAHECEHUM
Ha HOro IOBEPXHIO HiTpaToM cpibia.

Texuomnorist BupooHnTBa MB 6a3yerscst Ha siBHI
cnerudigHOro BOJOKHOTBOPEHHS B IpOIECi mepepoOKu
posmiasis cymimeii monimepis [4]. Cyrs #ioro momnsrae B
TOMY, IIO 33 YMOBH Te€dil pO3IUIaBy CyMilIi MONiMEpiB
M7 Ji€l0 PEONIOTIYHUX CHI OJWH i3 KOMITOHCHTIB
(BOJMOKHOTBIpHMIT) ~ yIBOpIOE B Maci  IHIIOro
(Martpuuynoro)  momimepy  Gesmia  MB,  crporo
OpIEHTOBaHMX y HANPSAMKY eKcTpysii. MB Buirydarots i3
KOMITO3HIIITHOTO €KCTPYIaTy E€KCTPaKIi€l0 MAaTPUIHOTO
TOJIiMEPY BiIOBITHAM PO3YHHHUKOM.

Jns OZlep’KaHHA MB BUKOPUCTOBYBAJIU
i3oraktnunmit [T mapku 21060 (TVY 6-05-1756-78)
BUPOOHMITBA JIMCHYAaHCEKOTO XIMIYHOTO 3aBOLy 3
Ty 168° C Ta B’s3kicTio posrutaBy 300 I1a-c 3a Hanpyru
scyBy 7 =5,69-10°Tla. Sk MaTpuummii momimep
BukopucroByBanu crisrnoiiamig (CITA) (OCT 6-05-438-
88 wmapku ITA-6/663 BupoOHuiTBa Ypanmbeekoro BO
Llmactuk”), 1o sBiase coboro cmiBmomimep 50 %
g-karponakramy Ta 50 % rekcamermieHagumiHaty -—
[NH-(CH,)s-CO-NH-(CH,)s-NH-C0-CH,),-CO],— 3
Ty 166°C 1 B’a3kictio posmnaBy 870Ilac 3a
1=569-10"Tla. Bemennns [06aBOK Y pO3ILIABH
MOJIIMEPIB  TIPOBOAWJIA 3a JOTIOMOTOI0 KOMOIHOBAaHOTO
4yepB’ TIHO-AUCKOBOTO 3KcTpyaepa JITTI25, B auckoBiid
30HI SIKOTO 3/IHCHIOBAJOCH TOHKE Ta pPIBHOMipHE
3MilTyBaHHS KOMITOHEHTIB.

B’s3KicHI  BIIACTHBOCTI PO3IUIABIB  JOCIIHKYBAIH
METOJIOM KaIlIIPHOI BiCKO3MMETpii 3 BHKOPHCTaHHSIM
MIKpOBICKO3UMeETpa MocTiiHoro THcKy MB-2 B miama3oni
manpyr 3cyBy (0,10 - 5,69)-10°IIa 3a Temmeparypu
190°C. Pexwmm Tewii po3muaBy N BHU3HAYadM 3a
TAHTEHCOM KyTa HaXWily JOTHYHOI B AaHii TOYIl KPHBOI
Tewii 1o Bici abcrmc. Brmmme mo0aBOK Ha MPSAOMICTB
pO3IUIaBIB  CyMilllell  XapaKTepu3yBalld  BEIMYHHOIO
MaKCHMAJIbHO MOKIUBOI (UILEPHOT BUTIKKH Dy, SKY
BHU3HAYalM SK BIJHONICHHS IIBUIKOCTI MPHHAOMY
3aTBEPAITIOT0 CTPYMEHIO 10 IIBHIKOCTI BHTIKaHHS
posruaBy 3 (opMmyBambHOrO OTBOpY. Ll Bemmumna

JI.C. Izro6enko, O.0. Camr’sinenko, I1.I1. T'op6uk, 1.O. Lebpenko Ta iH.

XapaKTepHu3ye 3AaTHICTh PO3IUIABYy JIO MOB3JOBXXHBOTO
nedopmyBanss. EnacTuuHicTh po3IIiaBiB OIiHIOBANM 32
BEJINYMHOIO po30yxaHHA B skcTpynariB  cymimei,
MiTAHUX BIiAMATIOBAaHHIO B CHIIIKOHOBIM pigwHI 3a
170°C BmpomoBxk 5XB UIA TOBHOI penakcarii
HAaKOIMUYCHUX BUCOKOCIACTHYHUX JehopMallii.

3 MeTol0 BHBYEHHS 3aKOHOMipHOCTEH (ha30BHX
MEpeXo/diB Y TONIMEpPHHX MarepiajaX peecTpyBald
Tepmorpamu Ha aepuBatorpadi Q-1500 D ¢ipmu MOM,
bynanemr. BukopHCTOBYBaNM IUIATHHOBI THUIJI, SIK
eramon  Opamu  Al,O;.  3pasku  moapibHroBaH,
JIOCITI/KYBaHA npoba cKJIagana 120 - 200 mr.
TepMorpamMu TpoLecy IUIaBJICHHS pPEECTpyBall 3a
IIBUIKOCTI  HArpiBaHHSA S Tpajg/XB B IHTepBami
temriepatyp Big kimHatHoi mo 200 °C, micns doro
3aMMCyBaIH KPUBi KPHUCTAi3amii po3IIiaBy 3a MBUIAKOCTI
oxonmomkeHHs 1,5 rpam/xs. Toumicte  BU3HAUCHHSA
TeMIepaTyp IUIaBIICHHA Ta KpHUCTaJi3amii CcKiagaia
+2°C. Crymisb KPHCTAIIYHOCTI (CK, %)
pO3paxoByBald 3a MeTOmWKoo [5], BHXOmIUM 3
EHTaNbIii  TUIABJICHHS  MOBHICTIO  KPHCTaJi9HOTO
ToJIiMepy 3a PIBHSIHHSM:

o = AH/ AH,,-100,
Je AH,, — TemnoTa miaBJieHHs] HOBHICTIO KPHCTAIiYHOTO
noniMepy, sika cknanae pst 11 62 kan/r; AH — Tertora
TUIABJICHHS JIOCITIHKYBaHOTO 3pa3Ka.

s pospaxyrky AH mpoBommwimm KamiOpyBaHHS
IUTOIII TKIB TEIUIOBUX €(EKTiB 3a n-aMiHOOCH30HHOIO
KUCJIOTOK, ~ CHTaNbMiSA  IDIABJICHHS SKOi  CKJajae
36,3 xai/r.

JI1s1 BUI3HAYEHHS PUCYTHOCTI YaCTHHOK cpibia Ta iX
pPO3MIpy pPEECTpYBaIM CHEKTPH BiIOWTTS BiAIMOBITHUX
TIOPOIIIKiB, eKCTpyaaTiB Ta MB Ha criekrpometpi Perkin
Elmer Lambda 35.

1. Pe3yabTaTn Ta iX 00roBOpeHHs

Onepxana mobaska AQ/AlLO; Mama myxHacTHit
BHTJISI TIOAIOHO IO BUXITHOTO MiPOr€HHOT'O TIIHHO3EMY
ta Oyna 3abapeleHa B SKOBTHH Komip. Ii mmroma
MOBEpXHs, BU3HAUCHA 32 METOJIOM TEIUIOBOi JecopOrrii
aprony, cknama 134 M%/r. Bmicrt cpi6na B KoMbiHOBaHiit

Taoauua 1
BrumB 106aBKkH Ha peoJIOTiYHI BJACTUBOCTI PO3ILIABY CYMIIIi MOJIINPOIIiJIeH/ CITiBITOIiaMiy
Hassa nmomimepis, ckiaja cyMirn mac n Macsat
P ” Aeym ' 10™*1Ta n Dy, % B
(]
5,69

11 260 2,0 25300 2,0
CITA 560 1,2 77400 1,6

MIT/CITA
30/ 70 160 1,7 10200 7,2
30/ 70/ (0,05) 140 1,7 8000 8,5
30/70/ (0.1) 150 1,7 8700 7,5
30/70/ (0.5) 160 1,7 9000 7,4
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Puc. 1. Cnexrpu B Y®- Ta BUIMMOMY Aiana3oH JUIsL: @ — 100aBKH cpi0o/TIMHO3EM,;
6 —excrpynartis IIT/(Ag/Al,O3) i3 BmMicTom Ag/AlLO3: 1 — 0,05 mac. %; 2 - 0,1 mac. %; 3 — 0,5 mac. %;
6 — excrpynartis IIIT/CITA/(Ag/Al,Os) i3 BmMictom Ag/Al,Os B IIIT: 1 — 0,05 mac. %; 2 - 0,1 mac. %; 3 — 0,5 mac. %;
2 - JUIst MIKpPOBOJIOKOH, BrUTydeHHX i3 excrpyaatis ITIT/CITA/(Ag/AlLOs) i3 Bmictom Ag/Al,O; B TIIT:
1-0,05 mac. %; 2-0,1 mac. %; 3 -0,5 mac. %

nobasui — 0,5 mac. %. Ciig 3a3HayuTH, IO IIATOMA
noBepxHsi omepxkaHoro 3paska AQ/AILO; Hmwkua 3a
IIMTOMY IOBEPXHIO BHUXIAHOTO TJIMHO3EMY, IO MOXE
BKa3yBaTH HA Te, IO IIiJI YaC HAHECCHHS HITpaTy cpidia
Ha TJMHO3EM i3  pO3YMHY, BHCYIIyBaHHI Ta
NPOXKapIOBaHHS TOPOIIKY IIEBHOIO MIpOI0  MOTJIO
BiZOyTHCS arperyBaHHs YacTMHOK SIK TJIMHO3EMY, Tak i
cpibma. Crmextp mob6aBku AQ/Al,O; mpexncraBieHo Ha
puc. 1, a. B cnekrpi nmpHCyTHI IBI CMYrH HOTJIMHAHHS:

iHTeHcHBHA — 3a 253 HM Ta ciaba — 3a 423 am. Ilepma

CMyTa BiAOBiA€ 3a INIA3MOHHMH Pe30HaHC KIaCTepHOT O
cpibma 3 posmipamu kimacrepiB mo 1 HM, a gpyra —
HAHOYACTUHOK 3 po3mipamu 10 20 um [6, 7].

3 jgamux peomorivHMX gocmimkers  (tabim. 1)
BUIUIMBAE, M0 PO3IUIABH K BuXimamx momiMepiB [T i
CIA, Taxk 1 cymimi [III/CITA € TumoBnmMu
HEHBIOTOHIBCHKUMH ~ piJMHAMM, Ha 1[I0 BKa3ylOTh
3Ha4eHHst BexmuuHu N. [pucyrhicts mo6asku Ag/AlLO3
3a Bmicty 0,05 — 0,5 mac. % He mpU3BOIUTH MO 3MiHH
XapakTepy Tedii po3IuaBiB MoOAM(IKOBAaHMX CyMilIen
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JUTSL  BCIX JIOCHiDKEHWX KoMIo3Wmid. B’s3kicte 1
posrutaBy 6inapHoi cymimi ITIT/CITA pi3ko 3MeHIIyeThes
HOPIiBHSHO 3 1 BHXimHHX momimepiB (tabm 1), mo €
XapaKTepHUM 7SI PO3IUIABIB, 3a Tedii SKMX KOMIIOHEHT
nucriepcHol  (asu yrBoproe pinki crpymeni (MB) B
Marpui iHmoro [4].

MiniMaibHE ~ 3HAYeHHS  B’S3KOCTI  pO3IUIaBiB
HOTPiIHHHX cyminrei MIT/CIIA/(AgQ/ALLO3)
cnoctepiraeTecst 3a BMmicty mob6aBkm 0,05 mac. %. Ile
MOXe OyTH TOB’s3aHO 3 €(EeKTOM TaK 3BaHHX MallUX
KOHILICHTpaliif, omucanuMm B poboti [8]. Excrpemansuy
3MiHY PEOJIOTIYHIX BIIACTHBOCTEH PO3ILIABIB CyMilIeH 3a
BBEJICHHSA JeCATHX JOJIeH BiJCOTKAa a00aBKH aBTOPHU

MOSCHIOIOTH 3MIHOIO TEPMOJMHAMIYHAX IapaMeTpiB
CHCTEMH, B Iepuly  d4epry, TepMOIWHAMIYHOKO
CYMICHICTIO 4YM HECYMICHICTIO KOMIIOHEHTiB. 3a

spocranns Bmicty Ag/Al,O3 B’s3KicTh 3pocTtae i crae
PIBHOIO 3HAYCHHIO 1) pO3IUIABY BHXIAHOI CyMiImmi
[IT/CIIA, ToOTOo B maHOMYy iHTEpBaNi KOHIICHTpPAIil
HAHOAWCIICPCHOI ~ JOOAaBKM  CIIOCTEpIraeThCs  e(deKT
HanoBHeHHs. CITiJ] 3a3HAYMTH, 110 Taka 3aKOHOMIipHICTh
XapakTepHa UIsI BCHOTO JOCTIKYBAaHOTO Miama3oHy
Hanpyr 3cyBy T = (1,62 — 5,69) 10 ITa.

Bimomo, 1m0  HEHpsAMOKW  XapaKTEPHCTUKOIO
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JI.C. Izro6enko, O.0. Camr’sinenko, I1.I1. T'op6uk, 1.O. Lebpenko Ta iH.

Taoauus 2
TeMmrnepaTypHi XapaKTepHUCTHKH IUIABJICHHS Ta KpUCTali3auii 1Jis eKCTPyAaTiB
noJinpornisen/criBnoiamin/(cpibmo/rimHozem)
[Mnasmenns, T° C Kpucranizamis, T° C
Excrpynar MIT+CIIA CIIA 11
Ty [ T | To AT Ts [ T | T [T [ To | Ts | AT | CK,%
MIT/CIA 148 | 171 | 188 | 40 | 146 | 140 | 126 | 124 | 112 | 109 | 15 27,9
30/70
[IT/CITA/(AgQ/AlLO5) 150 | 172 | 190 | 40 | 150 | 142 | 129 | 125 | 114 | 107 | 22 35,8
30/70 (0,05)
[IT/CITA/(AgQ/AlLO5) 153 | 172 | 188 | 40 | 148 | 142 | 128 | 126 | 117 | 105 | 23 35,6
30/70 (0,2)
[IT/CITA/(AgQ/AlLO5) 152 | 170 | 190 | 38 | 148 | 140 | 129 | 118 | 117 | 106 | 23 34,8
30/70 /(0,5

Ilo3nauenna: TeMneparypa MovaTKy IUIaBICHHS eKCTpyaary — Tq, TeMIepaTypa IIaBIeHHs eKCTpyaaTy — Ty,
TEMIEPaTypa 3aBEPIICHHS MIABICHHS eKCTPYIaTy — To, TeMIIEpaTypa Mo4aTKy kpucrainizamii CITIA — T,
Temneparypa kpuctanizauii CITA — T, Temnepatypa nodarky kpuctamizauii ITIT — Ty, TeMIeparypa KpHCTami3arii
IIT (meprumii MaKCHMyM) — TKp, Temneparypa kpuctaiizanii [T (mpyruii makcumym) — T’ «p» TEMIIEPATYypa
3aepmenns kpuctaiizawii I111 — Ts; AT, — Temneparypuuii inTepsan miasieHas o6ox nonimepis: 111 ta CITA;
AT, — remnepaTypuuii intepBan kpucramizamii I111

Taoauus 3

TemrmiepaTypHi XapakTEpUCTHKH TUIABJIEHHS 1 KpUCTali3allil MiKpOBOJIOKOH HA OCHOBI IOJINPOMIJICHY

Bwmict nobaBok y cymimri ITnaBnenns, T° C Kpucranizamis, T° C
Ha ocHogi I1I1, mac. % T, T T, AT, | CK, % Ts T Ty AT CK, %
I11 142 170 199 52 | 26,9 129 | 120 108 21 | 349

ITIT + 0,05 % Ag/Al, O, 146 | 172 184 38 | 27,8 134 | 128 112 22 | 414

ITIT + 0,1 % Ag/AlLO; 148 | 172 190 42 | 27,0 134 | 128 112 22 | 42,3

ITIT + 0,5 % Ag/AlLO; 146 | 172 188 42 | 26,8 134 | 130 110 24 | 43,7
€JIACTUYHOCTI ~ pO3IUIABIB  TOJNIMEPIB €  BEIMYMHHU 3aKOHOMIPHOCTEH CTPYKTYPOTBOPEHHS Yy PpO3INIaBax
po30yxaHHs eKcTpydaTy B, migmaHoro Bimmamy 3a MOJNIMEPIB 32 TPHUCYTHOCTI HAaHOJWCIEPCHOI HTOOaBKH.
CHELiaIbHOI0 METOAMKOIO JJIsi TOBHOI  penakcarii XapakrepucTukd  (a30BUX IIEPEXOMiB, BH3HAUYCHI 3
HAaKONWYEHUX  BUCOKOENACTHYHMX  Aedopmamiii. 3 TepMOTrpaM IUIAaBJICHHS Ta KpHUCTalli3alii, HaBEJECHO B
IHIIIOrO 00Ky, BEIAYHHA B ONOCEPEIKOBAHO Tabm. 2.
XapakTepu3ye NpOLEeCcH CTPYKTYPOTBOPEHHS 3a Tedil Bigomo, mo muas cymimi [IIT/CIIA inTepBanm

pO3IUIaBiB cyMimieil monimMepiB: YuM Oiibllie YTBOPHIIOCH
MB i guM BOHM TOHMI, TMM Oinbiri 3HaueHHs B [4]. 3
Tabn. 1 BUIHO, IO 3HAYCHHS BEJIMYUH PO30YXaHHS s
norpifinux  cymimeit IIIIJ/CIIA/(Ag/ALLOs)  Bum,
mopiBHAHO 3 ekctpymatamu i3 IIT/CIIA, mo cBigguTh
PO YiTKY peaizaliro crnenruivHoro BOJIOKHOTBOPCHHS.
e Oyno WATBEpMKCHO ITaHUMH MIKPOCKOMIYHUX
JIOCIIKeHB. cepenHiil miamerp MB 3meHmyerscst 1o
1,9 Mxm mpotu 4,0 MKM, 3pOCTalOTh MacoBa YacTKa Ta
omHOpimHicTs po3mopity MB  3a  ToBmmHOIO [9].
Bemmuunaa ®@,,, AKa XapaKTepU3ye 3aTHICTH PO3IIIABY

JI0 TIOB3OBXHBOI Aedopmamii, Ui HAaMOBHEHUX
cyMmilledl MeHIIa, HDK /I BHUXIAHOI, aje Ime He
nepenikomkae  cralbinbHIM  mepepoOIi  po3miaBiB
MOIU(IKOBAHUX  KOMIO3WIIIH  HAa  TpamuIlifHOMY
eKCTpy3iHOMY O0JIaJHAHHI.

Bigomo, o0  MIKPOCTPYKTypa  €KCTpyAaTiB

BH3HAYAETHCS HE JIMIIEC MiKPOPEOJIOTIYHIMH TIPOLiecaMi
Ha crajii mepepoOku, a W 3HAYHOIO MipOI0, 37aTHICTIO

MoMiMepiB  AWcrepcHoi  ¢a3u  Ta  JTUCHEPCHOTO
CepeloBUIla KPUCTANI3yBaTUCh, a TAKOX YMOBAMH
KpHUcTati3aii. Tomy  BaxIUBHM €  3HaHHA
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npouecy IuiaBieHHs o0ox momimepis [IIT Ta CIIA
cmiBmagaroTth [10], ToMy TemIepaTypHi XapaKTepHCTHKH
TUTABIICHHS CYMIIIli BiTHOCATHCSA 1O 000X MOJIMEpIB, 1 1A
o0CTaBHMHA HE JIa€ 3MOTH CYIMTH NPO BIUIMB 100aBKU Ha
TemriepaTypHi nepexoan ta CK KOXHOro 3 momiMepis.
Kpucramizarmis >x po3miaBy cymimi mepebirae Tak, 1o
cnodatky Kkpucranmizyetbcs CIIA, a moTiM 3a
npucytHocTi TBepmoro CITA — IIII. Ium mosicHIOETBCS
ZIesiKe 3pOCTaHHS TemmepaTypu Kpuctamizamii [II1, skxa
XapaKTePU3YEThCS TEPIIAM  IIKOM T'Kp MOPIBHSIHO 3
KpHUCTaTi3aIi€o po3aBieHoro exkcrpymary 1, s
SKOTO Temmeparypa Kpuctamiszaiii ckmamae 115°C.
Kpucramizamis III1 y BucCOKoauCmepcHOMY CTaHi Ha

TBEpHii  TIOBEpXHI  €IEMEHTIB  HaaMOJEKYJAPHOI
ctpykrypu  CIIA  mepebirae depe3 TeTepOrcHHE
3apoakoyTBopeHHs. IlIBuakicTe KpucTamizaimii B IbOMY
BUMAJKy BHINA, HDK 32 YMOBH TOMOTCHHOI'O
3apoAKOyTBOpeHHs.  [locuneHa — HyKkieamis — TaKoX

MIPUBOMIUTH JI0 3POCTAHHS TEMITEPATYPH KPUCTATi3allil.
Jts kpucramizamii eKCTpyaaTiB MOTPIHHUX CyMimIen

ITIT/CITA/(Ag/AlLO5) XapaKTepHO 3pPOCTaHHSI

TEeMIepaTypu MMovaTKy Kpuctamizamii it IIIT (Ty)
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MIOPIBHSHO 3 TEMIIEPAaTypOIO MOYaTKy KpucTaizamii st
I (micnms JITTI), a TakoX TI0sBa JOJATKOBOTO
HHU3BKOTEMIIEpaTypHOTo MiKy Kpucramizamii TIIT — T”Kp.
BcranoBieHa 3aKOHOMIpHICTh 1TOB’s13aHa, 3 OJJHOI'O OOKY,
3 mucriepcHAM ctanoM I1I1 y Buriisai MB Ta 3 HasBHICTIO
nepHoi wactku Il y wmibkdpazHomy mapi, sKuit
KPHCTAJII3yEThCS 3 YTBOPEHHSIM CYIIEpTOHKHX (HiOpHi Ha
MOBEpXHI OCHOBHOTO BoJOKHA [4]. TpucyTHicTh H06aBKu
Ag/AlL,O; y posmnasi cymini IITT/CITA npu3BoguTh 10
PO3IIMPEHHS TEMITEPaTyPHOTO IHTEPBAITY KpHCTaTi3amii
ITIT mopisusiHo 3 xKommosuitiero IIT/CITA (3 15 mo 22 -
24 rpan), mo 3acBimdaye Mpo (GOpPMYBAaHHS KPUCTANITIB
IIT 3 mmpmUM pPO3KHIOM 3a pO3MipamH, SKi MOXYTh
PO3TaIIOBYBATHCh SIK Y OCHOBHHX MikpodiOpmiax, Tak i
B Mik(}iOpmiax, M0 BIiIXOAATH BiA OCHOBHHUX
MikpodiOpmn Ta 3’emHyroTh ocraHHi. CiiJ 3a3HAYHTH,
0 TPHUCYTHICTh HAHOIUCIEPCHOI TOOAaBKU CIIpHUSIE
3pocranHio CK 3a kpucramizarii po3ruiaBy eKCTpyAaTiB
32 HU3BKOI MIBHUIKOCTI OXOJIO/DKEHHSI.

JlocmikeHHS TPOoIIeciB TUIABIICHHS Ta KpUCTai3arlii
nominporineHoBux MB (ta6u. 3) mokasany, mo Ty, III1
jmemio 3pocrae i MB, onepxaHMX i3 TOTpiMHHX
ekctpymatiB. CK, Bu3HaueHMi 3a TepMorpamamu
IUIABJIEHHS IS HOCIKeHHX MB, HeBucOKHii 1 Malio
3aJIeKHUTh B BMICTy BHCOKOAMcHEepcHOi nobaBku. Take
HiBeNmoOBaHHA BIUMBY ocraHHboi Ha CK moB’s3aHo 3
TPUBAIMM EKCIOHYBAaHHSIM 3pa3KiB 3a YMOB ITiABUIIEHOT
temmeparypu (78°C, 12rom) mim dwac ekcrpakumii
€TaHOJIOM MaTPUYHOTO MONIMEpY 3 EKCTPYAATIB cyMimieit
MoMiMepiB. 3a MPHUCYTHOCTI TBEPIIOi BUCOKOIMCHEPCHOL
Jn00aBKM B PpO3IUIAaBI MOTPiHHOI cymimi (OpPMYIOTECS
OMHOPIAHIII 3a pO3MipaMH KpPHUCTAJITH, Ha IO BKa3ye
3BY)KCHHS TEMIIEPAaTypPHOTO iHTEpBAITY TUIABJICHHS.

3a kpucramizamii posmrasy MB 3a  ymoBHM
MOBUTBHOTO OXOJOMKEHHSI CIOCTEPIraeThesl 3pOCTaHHS
Ty a1a MB, ozepkaHuMX i3 HOTpiHMX cymimiei, Ta
JIedKe  PO3MIMPEHHS  TeMIIepaTypHOrO  IHTEpBally
KpHcTami3arii. Po3mmpeHnas TeMrnepaTypHOro iHTepBay
kpucramizarii 111 3acBiggye mpo yTBOpEHHS KPHUCTATITIB
3 IMUPIAM PO3KHIOM 3a pO3Mipamu, Mo MOXe OyTh
OB S13aHO 31 CTEPHYHHMH TepemKogaMu (HopMyBaHHIO
KPHUCTANITiB MiKpo(iOpmI.

o6 BW3HAYNTH, SK PO3MOAUISIOTHCS YACTHHKHI
cpibia B mOABIMHMX Ta MOTpPIHHUX eKcTpyaaTax Ta MB
3a pI3HOTO BMICTY KOMOIHOBaHOi TOOABKH, peECTPYBAIH
cnekTpu B Y®- Ta BumuMmomy miamaszoni. Ha pwmc. 1, 6
HaBEJICHO CHEKTPH TOTTMHAHHSA ekcrpynarie [T 3
pisanm  Bmicrom AgQ/AlLOs. Sk BUmHO, B CIEKTpax

NpUCyTHI cMyru nornuHanHs 3a 295 — 315 um Ta 410 —

420 um.  [HTeHCHBHICTH IMX CMYyr  3pocrae  3i
301IBIICHASIM BMiCTy JOOaBKH B eKCTpyAati. Cropiire 3a
BCe, 31 3pOCTaHHSAM BMICTY JOOABKH BCE XK BiIOYBa€ThCA
arperyBaHHs YacTHHOK 3a TIEPEMIITyBaHHS pO3IUIABiB
HATIOBHCHHX TMOJIMEPHHUX CYMIIIeH, IPOTe TIEBHUN BMiCT
HAHOYACTHHOK Cpibjia, a TaKoX KIIACTEPHOro cpidia
XapaKTepHHH I  BCIX TOABIMHMX  KOMIIO3UTHHUX
excrpyzaatis ITIT/(Ag/Al,O3) B miama3oHi KOHIEHTpaIii
Bix 0,05 o 0,5mac. % (puc.l, 6). s motpiitHHX

BrumB HaHoancniepcHOi 100aBKH ¢piOIIO/TIIMHO3EM Ha PEOJIOTIYHI BIACTHBOCTI. ..
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excrpynartis [TIT/CITA/(Ag/AlLO;), puc. 1, 8, xapakTepHa
cMmyra norfnuHaHHs 425 HM, X04a B CHEKTpax MPUCYTHS 1
MmanoinTeHcuBHa cMyra 3a 290 um. ToOTO, B MOTpiHHKUX
eKCTpymaTax cpibmo mepedyBae, TEepeBaXKHO, y BUIILAII
HAHOYACTHMHOK, HE3HaYHy 4YacTKy TakoX 3aiMae
KJIacTepHe cpibmo. 3a TexHoorielo onep>kanHs MB ms
BIJIy9EHHSI OCTAaHHIX 13 EKCTPYyJaTiB CyMilIi IMOJiMepiB
MB  BiZMHUBaIOTP  BiJ  MATPUYHOTO  TIONIMEPY
eKCTparyBaHHsM eraHoioM B amapaTti Cokcruera
BIIPOIOBIK TPUBAJIOTO Yacy.

Jns mposBy OakTepHMIUAHOCTI onepkanux MB
BaXUIHNBO, MO0 y HUX 30eperiimcs, He BUMIUINCA Ta HE
OKHCIIUTNCS, HAHOYACTHHKH cpidma. Tomy BaxkiIuBy
iHpopMmario JIAl0Th criektpodoTomMeTpryHi
nmociimkeHHs MB, onepkaHuX i3 MOTPIHHUX eKCTPYAATIB
ITIT/CITA/(Ag/AIL03) i3 pisaum  Bmictom  Ag/Al,Os.
Crnextpu BimOurTs 3pa3kie MB, oxepkaHux i3
BiJIOBITHUX EKCTPYHAATiB, MO BiJHOMICHHIO IO 3pa3KiB
MB, opepxanux i3 cymimi [III/CITA, HaBereHo Ha
puc. 1, 2. 3 pucyHka BHIHO, IO VI CIEKTPIB YCiX
3pa3kiB XapakTepHa cMmyra 3a 275 HM, sika BKa3ye Ha Te,
mo MB, BmiTydeHi 3 eKCTpPYyAAaTiB, MICTATH KIACTEPHE
cpibmo. Ilpmuomy cmyra BimOWTTS, IIO BiAMOBiAA€E
IJIa3MOHHOMY PE30HAHCY, IPUCYTHS y criekTpax it MB
y BChOMY miamas3oni koumentpamiii Ag/Al,O3: Bim 0,05
no 0,5 mac. %. IlpucyrtHicts cpibiia y HAHOPO3MIPHOMY
craHi y nominporiieHoBux MB € BaxnuBuM (akropom
IVl CTBOPEHHS  IOJIMEPHUX  TOHKOBOJIOKHHUCTHX

(binbTpiB.

BucnoBkn

BcraHoBieHo BIUTMB KOHIEHTpalii KOMOiHOBaHOI

HAHOJMCIIEpCHOT ~ N00aBKM  cpiONO/TIIMHO3eM  Ha
3aKOHOMIPHOCTI Teuii po3IiaBy cymii
MOMIMPOMIJIeH/CiBIoMiaMis.  3alleKHICTh  BEJIMYMHHU

po3byxanHs i B s3k0CTi po3miasiB Big Bmicty Ag/AILO;
Ma€ eKCTpeMallbHHUI XapakTep: MiHIManbHa B’S3KiCTh 1
MaKCHMAaJIbHA eACTHYHICTh XapaKTepHi IJisi CyMilii, 1o
micture 0,05 mac. %. 3parHicTh 10 MOB3I0BXHLOIO
nedopMyBaHHSI pO3IUIABIB TPHUKOMIIOHEHTHUX CyMilIei
3MEHILYETHCS, ale BOHA € AOCTaTHBHOK UL HEepepoOKn
HAMOBHEHHUX PO3IUIABIB HA ICHYIOUOMY TEXHOJIOTIYHOMY
oOJiaiHaHHI.

Metomom JITA mokazaHo, IO HaHOAWCIEPCHA
J00aBKa B IHTEpPBaJll HU3bKUX KOHIIEHTPALIN MO3UTUBHO
BIUIUBA€ Ha (DOPMYBAHHS KPUCTANIYHOI CTPYKTYpH
KOMITO3UTHHX  CKCTPYHATiB.  3pOCTaE  TeMIeparypa
MOYATKy KpHUCTaNli3amii 1 CTyMmiHb KpPUCTAIYHOCTI Ta
PO3IIMPIOETHCST TEMIIEPATYPHUI 1HTEpBaJl KpHCTAII3aIlii.
3Haiizeno, mo cpibio y Buximiid mobasmi AgG/AILO3
pO3MOAIICHO, TMEPEeBAKHO, Yy BUIJLIII KJIAacTepiB Ta
HaHoyacTHHOK 10 20 HM, B €KCTpyJarax 3 MOTPiHHHX
CyMillleil — TepeBakHO, Y BUINISJI HAHOYACTHHOK, IO
3acBiJUye MPO MOXKJIMBE arperyBaHHs yTBOpeHb cpibiia B
mpoleci eKCTpy3ii po3uiaBy. Y BUIIydEHUX i3 MOTPIHHUX
eKCTPYZaTiB TOJINPOIIEHOBUX MIKPOBOJIOKHAX cpibiio
nepeOyBae, TMEpPEeBaXHO, Yy  KIACTEPHOMY  CTaHi.
HasBHicTh cpibia B MOIMPOMIIEHOBUX MiKPOBOJOKHAX
€ BXIMBEM  JUII  CTBOPEHHS  OaKTEpHUIMIHHX
TOHKOBOJIOKHUCTHUX (BLIBTPIB.
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The Influence of Nanodispersed Silver/Alumina Addition on the Rheological
Properties of Melts and Phase Transitions in Polypropylene/Copolyamide
Blends

10.0.Chuiko Institute for Surface Chemistry of NAS of Ukraine, 17, Generala Naumova Str.,
03164, Kyiv-164; e-mail:ryash@i.ua,
2Kyiv National Univercity for Technologies and Design, 2, Nemyrovycha-Danchenko Str.,
01011, Kyiv-11, e-mail: mfibers@ukr.net

There is concentration influence of nanodispersed silver/alumina addition combined on appropriatenesses of
polypropylene/copoliamide mixture melt flow studied. There are dependences of swelling and viscosity from
Ag/Al,O5 concentration of extremal nature: the minimal viscosity and maximal elasticity are characteristic both
for blend, containing 0.05% mass. of addition. It is shown, using DTA technique, that addition in low temperature
range having positive influence on crystal structure forming of composite extrudates. It is founded, that silver in
initial position distributed, mainly, in the cluster and nanoparticles (up to 20 nm) forms, and, mainly, in the
extrudates of treble blends, as nanoparticle form. Mainly, the silver in polypropylene microfibers removed from
treble extrudates, in cluster form founded. There is presence of silver in polypropylene microfibers, which is
important for creation of bactericidal thin-fibrous filters.

Key words: polypropylene/copolyamide blend; polypropylene/copolyamide mixture; nanodisperse addition;
silver; alumina; extrudates; polypropylene microfibers.
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