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E. ®. Bopouusn, E. M. Ilaxaos, A. II. Bacuiaeunko

Huemumym xumuu nosepxnocmu HAH Ykpaurot,
ya. I'enepana Haymosa, 17,
03164 Kues, Ykpauna

WccremoBano BimsiHME MeXaHWYECKON 00paGOTKM HEIIOPHCTOI'O0 BBICOKO/MC-
IepCHOro KpemMHe3éMa (HAaHOKpeMHe3éMa) B IIapOBOM MeJLHUIIE Ha aacopo-
U0 O6bIUYbero chiBopoTouHoro anboymuua (BCA). YcTaHOBIEHO, UTO BeJU-
ypnua agcopbrum BCA ma emawHHMIy Macchl HAHOKpPeMHE3EéMa CHUMKAETCS
cuMO0aTHO BpeMeHU 00paboTKU. ITO 00BACHEHO CHUKEHUEM YIeJbHOH IIO-
BEPXHOCTH KpeMHe3éMa, MOCKOJbKY abcostoTHas ancopbrusa BCA (T.e. oT-
HecEHHAA K eIMHUIlE ILJIOIIAAM) /s BCeX 00pasIiloB OCTaach HEM3MEHHOH U
cocTaBmIa TpUMepHo 2,4 Mr/M2.

HocaigkeHo BIIMB MeXaHiuHOI OOPOOKM HEIMOPUCTOr'0 BUCOKOAMCIIEPCHOTO
KpeMHe3eMy (HaHOKpeMHe3eMy) V KYJbOBiM MJMHI Ha amcopOIlifo 0Muavoro
cupoBaTkoBoro anpOoyminy (BCA). BcramoBieHo, IO BeJMYMHA amcopoOIrii
BCA ma oguHUIII0O Macu HaHOKPEMHe3eMy 3MEeHINYyEThCA ciMGaTHO IMOAO0 ua-
cy 00pobku. Ile MOACHIOETHCA BHUIKEHHAM ITHUTOMOI IIOBEPXHI KpeMHe3eMy,
ocKinmbKu abcomtoTHa azacopbiia BCA (TobTo BimHeceHa J0 OOWHWUIIL TIJIOIIT)
IS BCiX 3pasKiB 3aJMINMIACA CTAJOIO i CKJIaga IpubanusHo 2,4 mr /M.

The effect of mechanical treatment of nonporous superfine silica (nanosi-
lica) in a ball mill on adsorption of bovine serum albumin (BSA) is stud-
ied. As shown, the value of BSA adsorption per unit mass of nanosilica
decreases with the time of treatment that can be explained by the decrease
of specific surface area of silica, because the value of BSA adsorption per
unit of area is kept constant and is equal to 2.4 mg/m? for all samples.

KaroueBble cjoBa: HaHOKPEMHE3EM, MexaHMUecKas obpaboTKa, OBIUME ChI-
BOPOTOYHELIH aJb0yMUH, agcopOIms.
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1. BBEAEHUE

AMOpPDHBI BBICOKOIUCIIEPCHBIN KPEMHE3EM, COCTOSAIINN U3 HEIIOPUCTHIX
yactul guamerpom 10—12 uM (HaHOKpeMHe3EM), B HACTOSIIee BpeMs BCE
IITUPe UCIOJb3YyeTcA B (papMaliuy He TOJBKO B KAUeCTBE BCIIOMOTATEIb-
HOT'O BeIlleCTBa MPU CO3JaHUU Pa3IUUYHBIX JIEKAPCTBEHHBIX IIPeIapaTos,
HO U Kak cy0OcTaHIusd, T.e. JeMCTBYIOIIee BEIleCTBO, B Mpenaparax copo-
IIMOHHO-eTOKCUKAIIMOHHOTrO meiicTBus [1]. B mpoiiecce mpousBoacTBa
IIpenapaToB IPUMeHseMbIe BEIIIeCTBa IIPETEePIIeBaIOT PA3JIUYHbIE BO3IEH -
CTBUA, B TOM YHCJIe, MEXaHUYECKUE, IIPU X U3MEJIbUEHUU.

Namenbuenne TBEPABIX TEJ B MEXAHUUYECKUX aKTUBATOPAX HPUBOIUT
He TOJbKO K YMEHBIIIEHUIO Pa3MepPOB YaCTUIL U3MeJIbYaeMOoro BeIlecTRa,
HO 1 K I'IyOOKUM (QU3UKO-XNMUYECKUM TPeo0pPa30BaHUAM : HAPYIIIEHUAM
UCXOMHON CTPYKTYPhI; 00PasOBAHUIO KAUYECTBEHHO HOBOM IIOBEPXHOCTH
YaCTHUIl, PA3PHIBY XUMUUECKUX CBA3EH U IMOABJIECHUIO aKTUBHBIX IIEHTPOB
[2]. OmHako mpyM MexaHMUYECKO 00paboTKe AMCIEPCHBIX TBEPIBIX TeJ
MOTYT IPOUCXOMUTH W IIPOTUBOIIOJIOKHBIE ITPOITECCHI, B YACTHOCTU, CHU-
JKeHUe BeJIUYNHEI yIeJbHOU moBepxHocTH [3].

dapmakogornyecKasa aKkTUBHOCTh HaHOKPEMHe3EMa 00yCJIOBIEHA eT0
BBICOKMMH aJCOPOIIMOHHBIMU CBOMCTBAMU OTHOCUTEJIBHO 6EJKOB (IIpO-
TEOHEKTUUYECKUE CBOMCTBA), IIOCKOJBKY OOJBIIIMHCTBO TOKCHUUYECKUX
BeIIeCTB UMeIoT 6eJIKOBYI0 npupoay. IloaTomy 1esb HacToAIel paboThI
COCTOAJIa B UCCJIEOBAHUY BIUSHUA MeXaHUUECKOH 00paboTKM HAHOK-
peMHezéMa Ha aficopOIimio 6BIYBETO CHIBOPOTOUHOTO asibkoymMuHa (BCA).

2. OKCIIEPUMEHTAJIBHBIE METO/bI

B kauecTBe HaHOKPeMHe3éMa ObIJI McIIoJab30BaH aspocuya A-300 mpous-
BoactBa OnwiTHOrO 3aBoga UXII HAH Ywkpauns! (r. Kanyir) ¢ Benuun-
HO#l yZenbHOI moBepxHOCTU ~ 300 M?/r U KoHIeHTpaIueil cBOGOTHBIX
cuiIaHoJbHBIX rpyn 0,75 MMoJIb/T.

MexaHnuyecKyo 06pab0TKy HaHOKPeMHe3EéMa IMPOBOAMJIN B IIIaPOBOI
MeJIbHHIIe ¢ KepaMudecKuMu 6apabanamu émroctsio 0,8 am?® u mapamu
nuameTpoM 2,5 cm. Yucso o60opoTos 6apabana cocTasisaao 60—70 mun .

Ancop0biuio mapoB BOABLI IIPOBOAMIMN IIpu TeMmiepatrype 293%0,1 K.
Ilepen sTuM o00Opasibl HaHOKpPEMHE3€éMa TEePMOBAKYYMHUPOBAIU IIPU
nasienuu 10°° mm pr.ct. u t = 573 K. Y geasHyro nosepxHOCTS (S, ) uc-
XOMHOTO M O0pabOTAHHBIX HAHOKPEMHE3EMOB ONPENeJANN II0 HU3KO-
TeMIepaTypPHOI amcopOIiuy a3oTa, a U3MEeHeHUe MacChl IIPU IPOKAJIH-
BaHUU — C HMOMOIIbI0 AepuBatorpada Q-1500 D (Beurpus). Mukpodo-
rTorpapuu YacTUUYEK HAHOKpPeMHe3éMa OBLIIM IIOJYUYEeHBI C IIOMOIILIO
aJIeKTPOHHOTO MUKpocKomna CamScan (BenukoGpuranus).

Ancop6iuio BCA 13 BogHoro pacteopa mpu pH = 5 ucciemoBasu craTuye-
CKHUM cIioco0oM. PaBHOBeCHYI0O KOHIIEHTPAIIUIO OeIKa Ompenessim oumype-
TOBBIM MeTomoM [4]; cooTHoIleHure TBEPAAA (Pasa—pacTBOP COCTABJIAIO
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Puc. 1. 3aBucuMOCTS BeJIMUNH MaKcuMaabHOU agcoporiuu BCA (a) 1 yaenbHOMI
IIOBEPXHOCTY HAHOKpeMHe3€éMa (0) OT BpeMeH! MeXaHNUYeCKOoi 06paboTKu.

100 mr:10 mur; HauanabHAaA KourenTparus BCA coctaBiasia 0,1-1,0% mace.
ITosryueHHBIE M30TEPMBI XOPOIIIO OIIMCHLIBAIOTCS ypaBHeHmeMm Jlemrmiopa,
YTO IIO3BOJISIET JIETKO PACCUMTATL BEJMUMHY MaKCHMAJBHON ancopOIiun
(A,,.xc), KOTOPAS II0 OIIPEIEJICHIIO COOTBETCTBYET EMKOCTY MOHOCJIOA.

3. PE3YJBTATBI UCCJEITOBAHU

C yBesmueHMeM BpeMeHU MeXaHWUYEeCKOIl 00paboTKU HaHOKpPEeMHe3EéMa
BeauunHa agcoporiuu BCA ma eguHuIty maccsl cHu:Kaerca (puc. 1, a),
YTO MOKET OBITH O0YCJIOBJIEHO CHUMKEHUEM YAEJbHON IIOBEPXHOCTH
KpeMmHe3éMa (puc. 1, 6). B 10163y 9TOr0 CBUAETEILCTBYET TOT (haKT, UTO
ancopbiiua BCA, oTHecéHHAS K eJUHUIIE IIJIOIIAAM, OCTAIach HEM3MEH-
HOII 1 cocTaBmIIa AJIA BceX 00pasIioB IpuMepHo 2,4 mMr/mP.

Kak y:Ke oTMeuasoch BBIIIE, B JINTEPAType OTMEUAETCA CHUIKEHUE
BEJINYUHBLI YIEJbHON ITOBEPXHOCTH BBICOKOAMCIIEPCHOTO KpeMHe3éma
BCJIEICTBHE €ro MexaHuuecKoil obpabGorku. Hampumep, Beauuuma
yIAeJIbHOH MOBEepXHOCTHU aspocuiia A-175 mocyie MexaHUUeCKO akTUBa-
MU cHUBMIach co 175 1o ~ 100 m?/T, B TO BpeMdA KaK ILJIaBJIeHOT0 KBap-
na Boapocaac~ 0,1 1o~ 10 m*/r[5].

Kaxr ussectHo [6, 7], nccaenyeMblii HAHOKPEMHE3EM COCTOUT U3 IIep-
BUUYHBIX YaCTUUYEK, COJAep:KallliX Ha IMOBEPXHOCTH TI'UAPOKCUILHBIE
rPYIIOBL Y ATOMOB KpeMHUSA (CBOGOAHBIE CUJIAHOJIbHEIE TPYIINEI) B KOJIH-
yecTBe 2—2,5 MKMOJIb/M?, CUJIAHOJbHEIE I'PYIIIIbI, CBA3aHHBIE B3aMMHBI-
MUY BOJOPOAHBIMU CBS3SMH, a TaKyKe COpOMPOBaHHbBIE MOJIEKYJIbI BOJHI.
IlepBuuHbIe YacTHUIIBI HAHOKPEeMHe3EéMa 006JIalal0T CKJIOHHOCTHIO K o0pa-
30BaHUIO BTOPUYHBLIX CTPYKTYpP — arperartoB, pasmepom 100-500 mwm,
KOTODBIE B CBOIO OUepeab CO3Jal0T HOBbIE 00PA30BAHUA BILJIOTH IO IIPEJ-
CTaBJIEHHBIX Ha PUC. 2 MUKPOMETPOBBIX (PJIOKKYJI. ArperupoBanue mpo-
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Puc. 2. MukpodoTorpaduy HaHOKPEMHe3EMa II0CJIe MeXaHUYeCKoH 00paboT-
Ku B TeueHue 2 (a), 4,5 (6) u 12 (8) uacos.
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Puc. 3. 3aBUCUMOCTL KOJINUYECTBA BBLIJEJEHHON BOABI IIPK IPOKAJNBAHUN Ha-
HoKpeMHe3éMa 10 1270 K oT BpeMeHU MexaHUUeCKOI 06paboTKM.

MCXOIUT B pe3yIbTaTe 00pasoBaHUI MEKUYACTUUHBIX BOJOPOIHBIX CBA3EH
3a CUET MIOBEPXHOCTHLIX CUJIAHOJIbHBIX I'PYIII.

I pobiennre TBEPABLIX TeJ IPU MeXaHMUYECKOM BO3IEMCTBUM Ha HUX
IIPOMCXOAUT TOJBKO OO0 00pas3oBaHUA UYacTUUEK pasMepoMm He memee 0,1
MKM, a 3aTeM UMeeT MECTO TOJbKO X IIacTuuecKad gepopmanusd [8]. B
HAIlleM cJIy4yae Ha 9JeKTPOHHO-MUKPOCKOIMIMYECKUX CHIMKAX BUIHO, UTO
pasMepbI (PIOKKYJI IocIe MeXaHuuecKoil 00paboTKe B IIIapOBOI MeJIbLHIU-
e yMeHbIIaloTcsa. TepMorpaBuMeTpUUYeCKUe HCCIEeNOBAHUSI IPU JTOM
00HaPY KU IOBLIIIIEeHIIE BEIAEIeHNA BOALI IPU IIpoKaauBauuu 10 1270
K mnsa MexaHMYeCKU aKTHBHPOBAHHBIX 00pasIloB II0 CPABHEHUIO C UCXO/I-
HBIM (puC. 3), YTO MOMKET OBITH OO'BACHEHO YBEJIHMUYEHUEM KOJIUUYECTBa
B3aMMOJEMCTBYIOIINX MeXKIy C000Ii pamee CBOOOAHBIX CUJIAHOJIBHBIX
TPYIII COCeOHUX HAHOUACTUYEK M UX IOCJeAyiolnell KOHIAeHcaIlel Ipu
HarpesaHuu. O ToM, UTO B pe3yJibTaTe MeXaHNUeCKOro BO3IefiCTBU pac-
TYT YHCJIO U ILJIOIAAL KOHTAKTOB MEXKAY HAaHOUACTUYKAMI, CBUIETEIb-
CTBYeT, B YACTHOCTHU, 3HAUNTEJIbLHOE IIOBBIIIIeHIEe HACLIITHON MAacChl KpeM-
Heséma ¢ ~ 50 7o ~ 300 r/u, T.e. B 6 pas, u cHmxenue B IK-ciexTpe uH-
TEHCUBHOCTH II0JIOCHI IIOTJIOIITEH A CBOOOAHBIX CUJIAHOJMBHBIX IrpyHil [9].

O6pa3symoluecsa MeKUYaCTUUHELIE CUJIOKCAHOBBIE CBA3HU ABJIAIOTCS Ha-
MPAKEHHBIMU U ABJISIOTCA NOIOJHUTEIbLHBIMU IIeHTPaMU aacopOoIiuu
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Puc. 4. VIzoTtepMbl afcopOIiiy BOALI Ha MOBEPXHOCTH mcxomHoro (1) m mexa-
HUYecKu o6paboTamHOro B TeueHue 8 uac (2) HaHOKpPeMHe3EMOB.

MOJIEKYJI BOJIbI, B PE3yJbTaTe Yero eé u30oTepMa JIEJKUT BBIIIE B CIydae
MeXaHNYeCKU aKTUBUPOBAHHOTO HAHOKPEMHE3EMAa, YeM AJIA UCXOJTHOTO
(puc. 4).

B pesyabTraTre 60Jiee TECHOTO KOHTAaKTa HAHOYACTHUIL IIOCJIE MEXaHUYe-
CKOIf 00paboTKM YacTh HMOBEPXHOCTH KpeMHe3EéMa CTAaHOBUTCA HEIOC-
TYIIHOM KaK s 0oabinux MoeKya (BCA) Tak u giia MmaJsbix (asora).
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