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Brms rizpo¢o0HIX BIaCTHBOCTENH KOMIO3UTHOI
CHCTEMH Ha aficopOLii0 OapBHUKIB Pi3HOI IPUPOIH

IIpedcmasneno unenom-xopecnondermom HAH Ypainu B.B. Typosum

Hocridnceno adcopbuitiny soamicmu pisnux Gopm kpemnesemie uodo kamionnozo (memunenosuil curii (MC))
ma anionnozo (konzo uepsonuii (K9)) 6apenuxis. Ilposedeno adcopbuito MC i3 pozuunis, wo mooenoomy cepe-
Oosuwe WAYHKA MA KUWEYHUKA. 34 OMPUMAHUMU 130MePMamMu oyineno copouitiny 30ammicmy Kpemmesemic y
pisnux modeaviux cepedosuwax. Y pasi aocopouii MC 3 kucnozo posuuny (pH 1,5) cnocmepizaemvcs smenuenst
senuuuHIL A0copoUii BHACIIO0K eLeKMPOCMAMUUI020 GI0UMOBXYEAHHSL 00HO3APAONCCHUX CKAA0BUX. YuljinvHerms.
Kpemmesemy smenuye aocopouyiio bapenuxis y subpanomy inmepsani pH. Iloxasano, wo xomnosumma cucmema na
0CHOBI cyMmiuti 2i0podinviozo0 ma 2iopophobiozo KpemHe3emie Xapaxmepusyemnpcs GUCOKUMU COPOUIHUMU 6lLAC-
mugocmsamu wodo KU nopiensno 3 yuinonenumu aocopbenmamu. Y eunaoxy MC xomnosum A-300/AM1-300
mae ¢ 21 3,7 pasa euwgy adcopouyiro 6 kucait obracmi pH nopiensno 3 yuginvruenumu Gopmamu kpemmesemy
(A-300 3 C; 300 2/ ma A-300 3 C; 175 ¢/n 6idnosiono). 3nauenns adcopbuii MC Gimvwe wine y 6 pasie suuyi
nopisusano 3 K4, wo moxce Gymu 06ymoeneno eirekmpocmamusuiumis 63acMoIAMU Mid MOIEKYAAMU OapeHuKa ma
Nn08EPXHEI0 KpeMHEe3eMy.

Kntouoei crosa: kpemnesem, bapsuuxi, komnosummi cucmemu, adcopbuis, YD -cnexmpockonisi.

BucokoaucnepcHi kpemMHe3eMr BUKOPUCTOBYIOThCS Y (papMarlii STk OTIOMiXKHA peYOBUHA JIJIS
BUTOTOBJIEHHST PI3HUX KOMIIO3UTHUX CUCTEM MeJIMYHOro nmpusHadenss [1—7]. Bouu maoTh BU-
COKi ajicOpOITifiHi BJACTHBOCTI MIO/I0 PI3HUX HU3bKOMOJIEKYISAPHUX OioMosieKkys1 Ta 6iomoriMe-
PiB 1 3aCTOCOBYIOThCS B MEMITMHI JIJIsT JIIKYBaHHS PI3HUX 3aXBopioBaHb [1, 2, 8].

B ocranni poku cTBOpEeHO yHIibHEHI MOAU(DIKaIli KpeMHe3eMY, SIKi MOXKHA BUKOPUCTOBY-
BaTH i IK eHTepocopOEHTH, i IK HOCii Jikapchkux npenapatis [9]. 3 yIuiibHEeHHSIM KpeMHese-
My 30iJIBIITYETHCS HACUITHA TYCTHHA i 00'€M M€30- Ta MaKpOIIOp Y MisKUaCTHHKOBOMY ITPOCTOPI
arperaris [10]. Tomy My cTaBuIM 3a METY JIOCTIPKEHHST COPOIIITHOT 3aTHOCTI pisHUX (GOPM Kpem-
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Puc. 1. KanibpyBasbHa KpUBa METUJICHOBOTO CUHBOTO (@) Ta KOHTO 4epBOHOTO ()

He3eMiB 3 Po30aBJIeHUX BOJHUX PO3YMHIB 100 KaTIOHHUX Ta aHIOHHUX GapBHUKIB (Ha IIPUK/Ia/L
METUJIEHOBOI'O CUHBOT'O Ta KOHI'O YE€PBOHOI0).

Marepiamu ta meroau. [locaikysanu rigpodinbunii kpemuesem Mapku A-300 (Sgpp =
=295 M /T, Kamym, Yxpaina) 3 macummorio ryctunoio (C,) 45, 175, 300 /a1 Ta rigpodobuuii kpem-
nesem AM1-300 (C, = 45 r/n), a Takox cymim A-300 (C, = 300 r/1) 3 AM1-300 y cniBBiamno-
mrerHi 1/1. /g orpumanss pizHUX GOPM YIIIITbHEHOTO KPEMHE3eMY BUKOPUCTOBYBAJIN BUXIiJI-
wuii A-300 BiamoBizHO /10 MeTOIMKY, onrcanoi B [9]. Ak MapkepHi peuOBUHN BUKOPHUCTOBYBAJHN
pisHO3apsKeHi OAapBHUKK 3 PI3HOI0 MOJIEKYJISIPHOIO Macoio: MeruaeHoBuii cuuiii (MC, M =
= 319,85 r/mousp) BupobHUITBA OO0 “XiMmaboppeaktus” ta xkouro yepsouuii (KU, M =
= 696,67 r/Moub) BupoOHMITBA “Peadapm”. Axcopbirito 6apBHUKIB Ha MOBEPXHI KpeMHE3EMY
MPOBOJIMJIN B cTaTUYHUX ymoBax npu 23—25 °C. [l 11b0oro 0 HaBa)KKU KPEMHE3EMY MacoIio
0,1 r momaBanu 10 ma BogHoro pozunny MC 3 BUXITHUMHM KOHIIEHTPAIliIMUA B Jialla30Hi Bij
7,82 1o 78,16 mxmousb/1 a6o KU — Bix 3,13 mo 31,26 Mxmoub/a ta nepemimysanu ~1 1o/,
Tepay dasy BigokpemsioBanu neHTpudyryBanasam mpotsrom 20 xB npu msuakocti 3000 06/xs.
OnruyuHy rycTuHy meHTprdyraTy BuMipoBaiu Ha ciektpodoTomerpi (Specord-M40, Carl
Zeiss Jena, Himeuunna) npu goskuni xpuai 660 um aas MC i 495 um ans KU, Beruunny
azcopO1ii 6GapBHUKIB OIIHIOBAJIM 32 PIZHUIEI0 KOHI[EHTPaLiil BUXiZHOIO Ta PIBHOBAKHOIO
PO3UYMHIB.

Pesyabratu Ta ix o6roBopenns. MC ta KY Hasexath 710 pedoBUH-MapKepiB, PEKOMEH/IO-
BaHMX (hapMaKONEeHUMI HOPMaTUBaMK JIJIST TeCTYBaHHs OiabiocTi Meandnux copbentis [11].
MC y po3urHi 3HaXOIUTHCSA B KaTiOHHI (hopMi, TOOTO 3aps/PKeHUI TIO3UTUBHO Ta Ma€ Tipo-
hobHmiT apomaTuunHmii parMentT. BiH Mojen0€ MO3UTUBHO 3apsijizKeHi HU3bKOMOJIEKYJISIPHI
pedoBUHU (AJKANI0IIN, TiCTaMiH, INME/IPOJI, HOBOKAIH TiZIPOXJIOPHU/I, IIPOMEIOJ Ta iH.) 1 3aCTOCO-
BYETDHCS JIJIsT a7IcOPOITii Ha HETATUBHO 3apsI/PKEHNX MOBepXHsX [12].

Antcop6riiiiny 3aatHicTh pisHux (hopm kpemueseMis 100 MC pociKyBain mpyu pisHUX
3Havennsx pH: mogenbuuit po3uns 3 pH 5,5 Ta po3uunuu, 1o imMiTyoTh (isiooriuni ceperoBu-
ma KHUIMKOBO-TPABHOTO TpPakTy — cepemoBuiie mynka (pH 1,5) ta kumeunuka (pH 7,0).
Posumsu goBoauu 10 notpidHoi Besmunan pH 3a gonomoroto crarngapr-turpis HCl abo NaOH.
Yac xoHTakTy KpemHesemis 3 MC Bifnosigas yacy mepeOyBaHHSI KPEMHE3eMY B LILIYHKOBO-
KHMIIKOBOMY TPaKTi, SKUI IBJIsIE COOOIO TPUBAIICTh HOTO MakcHMaIbHO edekTuBHOI il [13, 14].

84 ISSN 1025-6415. Dopov. Nac. akad. nauk Ukr. 2021. Ne 5



Bnaus 2idpoghobnux 6racmusocmeni KOMROIUMHOL Cucmemi Ha adcopouiin 6apenukie pisnoi npupoou

5 1
| |
4L
3_
4 A
2L
3
LF 2
SO 10 20 30 40 50 60 70 80 40 50
g CP,MKMOJIB/]I
2 a 0
=
=

= N W R Ul O N 0o O

Puc. 2. Ancop6buigs MC na mosepxHi pisHux ¢opm

0 1 9 3 4 5 6 7 8 kpemuesemis 3 C,; 45 (1), 175 (2), 300 (3) r/n Ta
C , MKMOJIb /T A-300/AM1-300 (4) npu pizuux snadenusx pH: a —
Pg 1,56 —55,6—7,0

ByJio mobynosano kaniopysaabhi rpadiku maiuss MC (puc. 1, @) Ta KU (puc. 1, 6), mo Bigobpaskae
3aJIEKHICTD ONTHYHOI I'YCTUHU BiJl KOHIIEHTPAIlil BOAHOTO PO3YMHY OapBHUKA.

B Y®-cniekrpax Buxiznoro MC crocTepirailoTbcsi MAKCUMyMHU TIOTJIMHAHHS 1Ipu 248, 296,
610 Ta 660 nm. MonoMepHna (opma y BOAHOMY PO3YHMHI TTOTJIMHAE CBITJIO MTPU JOBXKWHI XBUJI
660 1M, a qumep — nipu 610 um. OxHak, 3rigno 3 [11], ana BusHavenuss MC BUKOPUCTOBYIOTH
Jsiaiie Ba MakcuMymu (296 Ta 660 HM) i3 yoTUPHOX. 3 puc. 1 BUIHO, 110 Ky T HAXUJTY KaaibpyBasib-
HOI JTiHil BignoBigae 3akony byrepa—Jlambepra—Bepa, Tomy mogasibiii 0649ncIeHHsT TPOBOANIN
npu norsmaanHi 660 aM. 130Tepmu agcop6irii MC 3 MO TbHUX PO3YNHIB TIPU PI3HUX 3HAYEHHSIX
pH mnaBezeni na puc. 2. 3rigno 3 knacudikamieo /xkaitnca [15], BoHu XapakTepusyooThes i30-
TePMaMM JIEHTMIOPIBCBKOTO THITY, MAIOTh JIOCUTb KPYTY IIOYATKOBY JIJISIHKY 1 IIBU/IKO BUXO/SITh
Ha HACMYEHHS.

Sk BuaHO 3 puc. 2 i Tabaui, npu pH 1,5 Besumna ancopoOiii Haiimenina. Ile moscHOETbCs
THM, 1[0 aICOPOIIiT IIePELTKO/KAE eIEKTPOCTATUYHE Bi[IITOBXYBAaHHS O3UTUBHO 3aPsIKEHO] 110-
BepxHi KpemHeseMy Ta GapBHuKka. 3i 30imbientsiM pH moBepxHst ajgcopbenTy HabyBa€ HeraTuB-
HOTO 3apsjly i eJeKTPOCTaTUYHEe TPUTATAHHS MK 3apsi/IKEHOI0 ToBepXHeto i kaTioHamu MC
361JIBIIY€EThCS, 110 ToJierirye agcopOiiito. IIpu Beix 3Hauenusx pH agcop6uis MC Haiibinbina
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1,2 na nosepxHi A-300 3 C, 45 r/J1, nopiBHAHO 3
Lok fioro ymiibHeHUM#u opMamMu (IUB. pucC. 2,
’ kpusa 7). Ile Moske GyTH TIOB’SI3aHO 3 THM,
=08 110 BHACJIIOK Ti/[POYIIiIJIbHEHHSI KpeMHe3e-
a . .
5 MY 3MEHHIYETHCS JIOCTYIHICTH ITOBEPXHi 3a
é 06} paxyHOK opmyBaHHA audysiitHUX 1epe-
< KO/ y TIPOIECi TIPOHUKHEHHST OapBHUKA /10

MoBepXHi KpeMHeseMy abo (hopMyBaHHST 3B’s1-
3aHUX 3 MOBEPXHEIO TiJIPATHUX KOMILIEKCIB,
SKi yTPYAHIOIOTH Tipottec andyaii [10].
- - Ha mnosepxui rigpododbroro AM1-300
0 5 10 c 11\54KM0 ]%I?/ﬂ 25 30 35 azcopbOiis MC He crniocrepiraerbest. Ile mo-
4 B’S13aHO 31 3MEHIIEHHAM KiJIbKOCTI ajacopb-
Puc. 3 Ancop6utist KY na nosepxui pistux Gopm kpem-  piijignx IIEHTPIB, 3a AKi CTYTYIOTh MOBEPXHEBi
St G T, OO 0 NI gy, i Tapo
6izarii 3aMiHIOIOTbCSI HAa METHUJIbHI. Y KHC-
JoMy cepezioBuIi Haiimena agcop6iiis MC croctepiraetses Ha nosepxui A-300 3 C,; 175 1/
(nuB. puc. 2, a, kpusa 2). Ancop6itis MC Ha nosepxti kommosuta A-300/AM1-300 nopisHioe
2,48 MKkMOJIb/T, 1110 B 2 i 3,7 pasa Gizbiie, Hixk Ha A-300 3 HacumHo rycrunoo 300 ta 175 /1
BigmosigHO (B, TabmmIrio). TobTo hopmyBaHHs Kommo3uTHol cuctemu A-300/AM-1 cymposo-
JUKYETHCST 301IBIIEHHSIM a/1COPOIIT 11010 KaTIOHHOTO OapBHUKA.
ITpu Bucoxomy snadenni pH (7,0) agcop6buis MC y cepeanbomy B 1,5 pasa Bulla, HizK 1Ipu
pH 5,5. Bigmiueno, 1o npu pH 5,5 B 06/1acTi HUSbKKMX 3HAY€Hb PIBHOBAsKHOI KOHIIEHTpAIil (110
1,4 mxmoub/n) MC BusiBsisie 6;113bKy acOpOIiiiHY aKTUBHICTh Ha TIOBEPXHI BCIX JIOCIIIKEHUX
KpemHe3eMiB, 3a BUHATKOM A-300/AM1-300, 3i 30ibIeHHAM KOHI[EHTPAIIil afcopOIiiiHa akTHB-
nicrb MC Ha nosepxui A-300 3 C, 45 ta 175 1/1 ctae Gimbiomo, Hixk Ha noepxui A-300 3
C, 300 r/n. Hpu pH 5,5 rpanmyna agcop6uis MC na nosepxni xommnosura A-300/AM1-300 i
A-3003 C,; 300 r/n mae rocuth 6mmsbKi snauenns. Taka x cutyartis crocrepiraerbes i mpu pH 7,0.
[MopiBHsITbHE BUBUYEHHST a[COPOIIITHOT aKTUBHOCTI OCTI/KEHUX COPOEHTIB TOKA3aJ0, 110
MC Haiikpaiie azcopOyeThCsl Ha MOBEPXHI BUXIAHOTO (He yImiabHEHOro) KpemHesemy A-300 3

L
[\
T

AncopOiist pisHO3apAAKEHHX OaPBHUKIB
Ha TOBEPXHI IOCHI/[PKEHUX KpeMHe3eMiB

A, MKMOJIB/T
3pasox Hacunna MC
TyCcTUHA, T/JT K4
pH 1,5 pH 5,5 pH 7,0

A-300 45 4,81 6,56 8,24 0,43
175 0,67 4,54 6,82 0,062

300 1,2 3,48 5,77 0,2

A-300/AM1-300 880 2,48 3,26 5,95 1,04
AM1-300 45 — — — 0,26
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C, 45 r/n npn Bcix sHavennax pH. Kommosur A-300/AM1-300 mae Bucoki copOuiiini Biac-
TUBOCTI B KucJii obaacti pH, mopiBHAHO 3 yiiabHeHUME (hOpMaMK KPEMHE3EMY.

Hactynaum etarmom gocuimkerns 6yio BuBueHns agcop6Ouii KY Ha moBepxHi pisHux opm
kpemuesemiB. KY HajieskuTh /10 aHIOHHUX GAPBHUKIB, BiH BUKOPUCTOBYETHCS JIJIsl BUBYEHHST ajl-
copOI1ii HETATUBHO 3aPSI/PKEHNX HU3BKO- Ta CEPEIHbOMOJIEKYJISIPHUX PEYOBUH (HATPIIO JUKJIO-
(deHak, caminuaaTy, aHaJAbIIH, acHapKaM, coJii 6apOiTypoBOI KUCIOTH, COJIi JKUPOBUX Ta Giaiap-
HUX KUCJIOT TOIIO) HA MOBEPXHSX, IO MAIOTh TO3UTUBHUN 3apsy [12].

Orpumani izorepmu agcop6biiii KY Ha moBepxHi A0CHIIZKEHUX KPEMHE3EMIB HaJlesKaTh 10
L-tuny (puc. 3). 3rigno 3 [15], Taka opma i3oTepmMu MOKe CBIUNUTHU TIPO CUJIIBHY B3aEMOJIIIO
azicopbary 3 azcopbeHTOM. 3 aHaji3y oJep)KaHMX AaHWX BHHO, 110 MiHIMaJbHa BeJUYUHA
ancop6uii KU cnocrepiraerses na nosepxui A-300 3 C, 175 r/n (0,062 MkmoIb/T, 1B, puc 3,
kpuBa 2), a MakcuMasibHa — Ha moBepxHi A-300/AM1-300 (1,04 mxMomb /T, kpuBa ). /lig kpem-
He3eMiB 3 Pi3HOI0 HACUITHOIO I'YCTUHOIO HaiOibima agcopoOiis KUY Biamivena wHa mosepxui A-300
3 C;45 r/n (nuB. puc. 3, kpusa 1), a Haiimenma — na A-300 3 C,; 175 r/n (kpusa 2). AncopOitist
K4 na A-300 3 C,45 r/n nopismioe 0,43 MkMob/T, 110 B 2 i 7 pa3 Giznbmre, nix na A-300 3 C, 300
ta 175 r/a BignosigHo (auB. Tabmuio). Axcop6iist KY va A-300/AM1-300 y 5 pasis Gisbira,
nix Ha A-300 3 C,; 300 r/m, Ta B 4 pasu 6imbura, nix na AM1-300. To6To crioctepiraerbes Taka
MOC/IIOBHICTD Y 3MiHI BeJIMUNHU a[cOPOILii:

A-3003C,1751/n1<A-3003 C,300 r/n<AM1-300 < A-3003 C,451/1 < A-300/AM1-300.

[TopiBHiooun oTpuMaHi gani 3 ajgcop6biii MC i KUY, 6aunmo, 1o isorepmu agcop6biii MC ta
KY nanexats mo L-tuny 3a kmacudikarieio [Ixaitnca [15] (auB. puc. 2, 3). Makcumanbha
ajicop6iist KatioHHoro 6apBHNKa crioctepiraetbes Ha nosepxui A-3003 C,; 45 /1 (6,56 MKMOJIDL/T
npu pH 5,5), a anionnoro — Ha kommosuti A-300/AM1-300 (1,04 MrMoJib/T) (IUB. TabIUINO).
To6ro amcopbitiss MC maiizke B 6 pasis Ginbina, Hixk KU. Haitmenmna Besimunna agcopOitii B 060X
BHNajKax crnocrepiraerbes A A-300 3 C, 175 r/n (0,67 mxmonn/r npu pH 1,5 ana MC Ta
0,062 mxmous/T a1t KY).

BucHoBku. KommosuTtHa cucteMa Ha OCHOBI cyMiliri rigpodibHOTO Ta rigpohoOHOro Kpem-
HE3eMiB XapaKTePU3YEThCSI BUCOKUMU COPOIIHHIUMY BJIACTUBOCTSIMU T[0JI0 aHIOHHOTO OapBHUKA
HOPIBHSIHO 3 YIIIbHEHUMHK aAcopOeHTaMu. Y BHUINAAKY KaTioHHOTo GapBHUKa KoMo3ut A-300/
AM1-300 mae B 2 i 3,7 pasa Bumty azcopOiiio B Kuciiil obaacti pH nopiBHAHO 3 yIiIbHEHUMU
dopmamu kpemuesemy (A-300 3 C,; 300 r/n ta A-300 3 C, 175 r/a1 Bianosiano). 3nauenns aj-
cop6itii MC 6isbi Hik y 6 pasiB Buiii mopisHsiHo 3 KU.
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EFFECT OF THE HYDROPHOBIC PROPERTIES
OF A COMPOSITE SYSTEM ON ADSORPTION
OF DYES OF DIFFERENT NATURE

The adsorptive capacity of various silica with respect to cationic (methylene blue, MB) and anionic (congo
red, CR) dyes has been studied. The adsorption of methylene blue from solutions simulating the stomach
and intestine media has been provided. The adsorption isotherms obtained allow the adsorptive capacity of si-
licas in different simulating media to be determined. In the adsorption of methylene blue from an acidic solu-
tion (pH 1.5), the adsorption is reduced due to the electrostatic repulsion of the identically-charged dye com-
ponents. Compaction of silica causes a reduction of the dye adsorption in the selected pH interval. It is de-
monstrated that the composite system based on a mixture of hydrophilic silica and hydrophobic silica has
better adsorption properties with respect to congo red as compared with compacted adsorbents. In the case of
methylene blue, the adsorptive capacity of the A-300/AM1-300 composite system is 2 and 3.7 times higher in the
acidic pH interval as compared with compacted silicas (A-300 with C, =300 g/1, and A-300 with C,= 175 g/I,
accordingly). The adsorptive capacity of methylene blue is more than six times that of congo red. This feature
may be caused by electrostatic interactions between the dye molecules and the surfaces of the silica particles.

Keywords: silica, dyes, composite systems, adsorption, UV spectroscopy.
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