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JOCHIIKEHHA EOEKTUBHOCTI OYUILIEHHSA BOJAHUX PO3YUHIB BI/
®TOPY IPUPOJHUMHU COPBEHTAMM TA IX AKTUBOBAHUMHU
3PASKAMU
B.C. Kypuniaenko, H.M. Toacronanosa, O.B. Canrinosa, T.I. O0ymenko
HarmionanpHuii TEXHIYHUHA YHIBEpCUTET Y KpaiHH
KuiBchkuit momitexuiuynuii iHcTUTYT iMeHi Irops Cikopcbkoro, Kuis, Ykpaina
vi.kurylenko@kpi.ua

Y nmanit poboti mocmimkeHo ancopbmito ¢ropun-ioHiB (F) 3 BuKOpHCTaHHSM
MIPUPOTHUX COPOEHTIB, HAMPUKIAM OCHTOHITY 1 ILEONITy, a TaKOX iX aKTHBOBAHHX
ananoriB. Excnepumentn 3 azcopOwii NOpPOBOAMIM MpPHU PI3HUX TOYATKOBUX
KoHIIeHTpalisx F  Ta piBHsaXx pH, 3 MeTow OIiHKK ancopOmiiHoi e(eKTUBHOCTI
OCHTOHITY Ta LIEOJIITY, @ TAKOX iX aKTHBOBAaHMX BEPCiil B pi3HUX yMOBaXx.

dTOp € XIMIYHUM E€JIEMEHTOM, SIKHW MPUCYTHIN Y IPUPOTHOMY CEPEIOBHIII, 1 HOTO
HasBHICTb MOKe OyTH 3yMOBJIEHA SIK TPUPOJHHMH TIPOLIECAMH, TaK 1 JIHOACHKOIO
nisutbHicTIO [1]. Xoya B HU3BKHMX KOHIIEHTpALiAX GTOpP Ma€ KOPHUCHUI BILIMB, 30KpeMa,
y 3amoOiraHHi Kapiecy, BHCOKa KOHIICHTpamis (TOpy B HHUTHIA BOJI MOXE CTaTH
npUYrHOI0 (PIIE0OPO3y 3y0iB 1 cKeneTa, 0 CTAHOBUTH CEPHO3HY 3arpo3y 3/I0pOB'I0 B
Oaratpox perionax cBity [2]. ToMmy BualieHHs HaJIHMIIKY (QTOPY 3 JPKEpes MUTHOI
BOJIM € TTUTAHHSIM BEJIMKO1 BAXKJIMBOCTI Ta HAYKOBOTO 1HTEPECY.

Jnist OUMIIeHHST BOJHUX PO3YHHIB Bifl 10HIB (TOPY BUKOPUCTOBYIOTH Pi3HI METO/H,
Taki SIK OCa/KEHHS, MEMOpaHHI MPOIECH, eNEeKTPOKOoArysiis, aacopOuis Ta 10HHUN
006MiH [3]-{7]. KoxeH i3 X METO/IiB Ma€ CBOi MepeBary i HeTOMIKH.

AncopOiisi € OOHUM 13 MEePCHEeKTUBHUX MiIXOIB O BHIAJICHHS (TOPY 3aBHSKU
CBOili MPOCTOTI, €KOHOMIUHIN E€(PEKTUBHOCTI Ta MOXKJIMBOCTI BHUKOPUCTAHHS PI3HUX
aacopOeHTiB. Y mpoteci ancopOiii i0Hu (TOpy HAKOMUUYIOTHCS Ha MOBEPXHI TBEPJOTO
MaTepiany abo ancopOeHTy, IO J103BOJIsIE €PEKTUBHO 3HU3UTH KOHIIEHTpAIlil0 GTOpy y
Boxi [8], [9].

EdexTuBHICTD NPUPOAHUX COPOEHTIB YacTO MOKHA MiJBUIIUTH 3a JOMOMOIOIO
mporieciB  akTuBamii abo Momudikaiii, CHpsMOBaHMX Ha 30UTBIICHHS KUIBKOCTI
AKTUBHUX IEHTPIB a00 3MiHY BJIACTUBOCTEH MOBEPXHI AJIs MOCHICHHS afacopoiii dTopy
[10]. Lle nocnimkeHHs cpSMOBaHe Ha BUBYEHHS aJCOPOLIMHOI 31aTHOCTI MPUPOJIHUX
copOeHTIB Ta iX aKTUBOBAHUX BEpCii i BuaaneHHs Gropy.

Martepianu ta Meroau: AAcopOLiiiHi eKCIEPUMEHTH MPOBOIUIN 3 BUKOPUCTAHHAM
OEHTOHITOBHX Ta LIEOJITOBUX COPOEHTIB NPU PI3HUX BUXIJHUX KOHLEHTpALisIX GTOPUILY
(3,5, 10 ta 15 Mr/zLM3) ta 3naueHusx pH (7,5; 3,7; 2; 4; 6; 8). KucnoTtHy akTuBaIito
copbOenTiB nposoaun pozunHoMm 2M HNOg;. [lo3a copOenty cranoBuna Bix 0,1 mo 1
Ha 100 Ma MoaenbHOro po3uuHy. TakoX AOCHIKEHO BIUIMB Yacy copOIii Ha
3aJIMIIKOBUI BMICT (TOPHI-10HIB.

3araioM JOCHIKEHO e(EeKTUBHICTh MNPUPOJAHUX ILIEONITY Ta OEHTOHITY 0e3
perymanii pH ta 3 perymsuieto (Puc.1).

- bentowir (pH 7,5)

EdextuBnicth azncopOIii OeHTOHITY mpu HeperyaboBanomy pH 7,5 Oyna
oOMexeHa, MOXKIMBO, 4Yepe3 HEeCHPUSATINBY eJNEeKTPOCTATUYHY B3AEMOIII0 MiX
HETaTUBHO 3aps/DKeHUMMH 1oHaMu F- 1 crmabo 3apsKEeHOI0 TOBEPXHEI OCHTOHITY.
Hanpukiaz, crymise BaganeHss dropy 3pocras Bix 8,33% (CO = 3 mr/am®) mo 18%
(Co=10 MF/)IMs), a motim 3MeHmuBes 10 12% (CO = 15 MF/JIMS), 110 MOXE CBIIYUTH
PO MeXY COpOLiHOT EMHOCTI.
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Pucynok 1 IlopiBHsAHHS edeKTUBHOCTI copOLii pTopua-10HIB MPUPOTHUMH
[ICOJIITOM Ha OCHTOHITOM

- Heomir (pH 7,5)

[{eosiT MpoIEMOHCTPYBAB JEIIO KpaIly aacopOiiiHy eeKTUBHICTh, HI)K OCHTOHIT
npu pH 7,5. Bumy epexkTuBHICTh MOXHA TMOSCHUTH HASBHICTIO OUIBII JTOCTYMHHUX 1
AaKTUBHHX IICHTPIB aacopOrii Ha MOBEpXHI LEOJITY MOpPiBHIHO 3 OeHToHiTOM. IIpoTte
3arajgpbHa aacopOIiiiHa 34aTHICTh 3aJMINaiacs BiIHOCHO HM3bKOW: Bix 13,67% no
25,13% muis modaTkoBUX KoHIeHTpamiid F~ 3 ta 10 MF/IIM3 BIJIITOBITHO.

- benronir (pH 3,7 niakucnenuit 0,1 M HCI)

[Tiaxucnenus pozuuny 1o pH 3,7 3HauHO MOKpaImiIo ajgcopOuiiHy eQeKTUBHICTh
OEHTOHITY, NIPUYMHOIO € MPOTOHYBAHHS MOBEPXHI OEHTOHITY, IO CHPUATIO aAcopOIii
ioHiB F uepe3 enexkTpocTaTuuHy B3aeMoJit0. BincoTok BupaneHHs 301IbIIyBaBcs 3
BUIIMMHU IMOYATKOBUMHU KOHIICHTpalisiMU (TOpY, KomBarouuck Bix 31,67% no 44,5%.

- Heomir ( pH 3,7 miakucnenuit 0,1 M HCI)

[ToniOnuM umHoM minkucneHHs a0 pH 3,7 mimBummio aacopOIiiiiHy 34aTHICTH
neomity. [IpoTOHYBaHHS MOBEPXHI LEONITY MOTJIO CTBOPHUTH OUIBIN AKTUBHI IEHTPU
ajicopO11ii, 110 MPU3BEJIO 0 BUILOTO BiJICOTKA BUAaideHHs ¢pTopy: Big 51,33% no 66,8%,
npuyoMy HaiiBumia eeKTUBHICTH crioctepiranacs npu Co =5 Mr/m°,

- lleonit, akTHBOBaHUHN HITPATHOIO KUCIOTOIO

Kucnorna aktuBanis 3 BukopuctanusiM 2M pozunny HNOj cyTTeBO migBuImia
edexTuBHICTH ajcopOIii meomity. [Ipomec akTuBarii cupusiB BUIAJICHHIO JOMIIIOK Ta
301IBIIEHHIO KIJIBKOCTI aKTUBHUX LIEHTPIB aacOpOILIii, 110 MPU3BENO 10 Maiike TOBHOTO
BHUJIaJICHHs 10HIB (TOpPY 11 KOHIEeHTpamin 3, 5, 10 ta 15 Mr/am° (pozunnn Nel, Ne2,
Ne3, Ne4 iamoBigHo) uepe3 120 xBuiuH. Bynno mpoBeneHO IOCHIIKEHHS CTYICHS
BUJAJIeHHA BiiHOCHO Yacy (Puc. 2), micns 15 xBunuH Bix 96,87% no 99,57%, nicas 180
XBWIMH Oylla JOCATHYTa piBHOBAra y BCiX 3pa3Kax J0CSralo4M CTYNEHIB BUJAJICHHS Bij
99,93% 10 99,97%. B 3B’s3Ky 3 UM Oyj0 BUPILIEHO 3MEHIIUTU 703y copOeHty B 10
pa3iB B HACTYITHUX JOCIigaX.
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PucyHnok 2 3anexHiCTb CTyNEHIO BUAICHHs GTOpY Bl yacy

3MeHmIeHHs KimbkocTi copoenty o 0,1 r Ha 100 mi1 3HMXKYE CTYHIHb BHAAICHHS
¢dTopy. IMOBipHO, 1€ TOB'SI3aHO 3 HETOCTATHHOIO KITBKICTIO IOCTYITHUX MiCllb afacopOii
it ioniB F~ B pesynmbTaTi 3MEHIICHHS KidbKOCTi copOeHTy. CTymiHb BHIAJICHHS
3MeHIryBaBcs Bif 95,97% no 52,6% 31 3pocTaHHAM BUX1IHOT KOHIIEHTpAIIil MOJEIBHOTO
po3uuny (Puc. 3).

KMCNOTHO aKTMBOBAHWIA LLEoNiT

.. 100%
2 o0%

= 80%

‘3 70%

Iz 60%

2 50%

S a0%

2 30%

i)

T 20%

E. 10%

O 0%
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BmicT GpTOpY B MOAENBHUX PO3YMHAX, M/ Am?

Pucynok 3 Ctyniap BujajaeHHs: GTOpy IpU 3MEHILIEHH]I TOYaTKOBOI KOHLIEHTpaLlii

Jis BU3HAUEHHS BIUIMBY JI03M COPOEHTY OYIJ0O MPOBEIECHO AOCIIHPKEHHS 3 IIE0JIITOM
(Puc. 4) mpm moOYATKOBMX KOHIEHTparisx ¢ropy — 3 mr/mm° ta 5 mr/am®
BUKOPHCTOBYIOUM HACTYIHI /103U copOeHTiB: 25 mr, 50 mr, 75 mr, 100 mr, 1000 mr.
Sxmo mpoBecTH IHTEPHOJALID, TO MOXHA MMO0AUUTH, L0 TPHU TOYATKOBIN
KOHIIeHTpauii ¢Topy — 3 mr/nm® TJIK mocsraetbest npu 1031 copOeHty B 40 mr, a npu
MOYaTKOBIN KOHIIEHTpaIii ¢Topy B 5 mr/am° — 70 wr.
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Pucynoxk 4 3anexHicTh e)eKTUBHOCTI BHIAJICHHS PTOPY KUCIOTHO aKTHBOBAHUM
IIEOJITOM Bij 703U COPOEHTY

MoskHa 1mo0aunTH, MmO e(EKTUBHICTh CcOpOLii 3pocTae i3 30UIBIICHHSAM 03U
[IEOJIITYy, MPOTE IeH 3pICT HE € JiHIMHUM. Hampukiam, I 1mo4aTkoBOi KOHIIGHTpAIii
dTopy 3 M/, edekTuBHICTh copOuii nmpu 25 Mr ctaHoBuUTh Oinbine 40%, ane Konu
no3a 30umpmryerses 70 100 Mr, BUIaieHHs TiABHIIYEThCs 10 Maibke 96%. Lle cBimunth
PO Te, IO BXKE MPU HEBEIHKIN 1031 COPOECHTY MOXKIIMBE BIUCOKE BHAAJICHHS PEUOBUHHU.
IIpoTe mpy 3GiTbIICHH] TOYaTKOBOI KOHIEHTpaLii Gropy 10 5 Mr/am°, 103a copOeHTy,
HEoOXiJHa N7l JOCATHEHHS aHAJOTIYHOTO BIJICOTKY BHUAANieHHS, 30imblnyeTbes. lle
MIJKPECIIOE BAXKJIUBICTh BHOOpPY ONTHMAJIbHOI /103U COPOEHTY B 3aJIEKHOCTI Bij
KOHIIEHTpaIlli 3a0pyAHIOBaYa y BO/II.

Taxox monibHe nociiakeHHs Oyno mpoBeaeHo ais OeHToHity (Puc. 5) mpu Tux
caMMX NOYaTKOBUX KOHIeHTpamisx. Jlo3u copOeHty Oyno 3miHeHo Ha 50 mr, 75 mr,
100 mr, 200 mr, 300 mr, 400 mr, 1000 mr. Pesynpratm mokazamu, mo [JIK mpu
BUKOPUCTaHHI OEHTOHITY JIOCSTaeThCsl TUIBKU MPH A03yBaHHI B 118Mr npu movatkosiit
KOHIEeHTpauli ¢Topy 3 mr/mm° ta 184mr IpU TOYATKOBIM KOHLEHTpauii ¢Topy
5 mr/am°.  3aranoMm, pesylbTaTH ACMOHCTPYIOTb, IO ONTHMATbHI YMOBH IS
nocsrrennst TJIK B 1,2 Mr/aM® BKIIOYArOTh BUKOpHUCTaHHA 103U copbeHty 200 mr ta
BiJIMOBIAHOT TOYATKOBOI KOHIIEHTpallii PTopHIiB.
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Pucynox 5 3anexHicTh e(eKTHBHOCTI BUJAICHHS (TOPY KUCIOTHO aKTHBOBAHUM
OCHTOHITOM BiJl 103U COPOCHTY

[IpoBeneHO MOCHIKEHHS 3 METOK BHUBUCHHS €(PEKTHBHOCTI Pi3HUX COpPOCHTIB,
TaKHUX SIK AKTHBOBAHHI KHCJIOTOO IIEOJIIT Ta OCHTOHIT B 3aJIeXKHOCTI Bif yacy (Puc. 6).
[{eomiT, aKTUBOBaHHWI KHUCIOTOIO, MPOSBHB BHUCOKY IIOYATKOBY €(EKTUBHICTh Yy
BUAJICHHI 3a0py/AHIOBaYa, OCOOIMBO HA MOYATKY MPHU HUKYUX JI033aX, B IMOPIBHSHHI 3
O6enroniToM. OgHaK, HEOOXIHO 3a3HAYUTH, IO MPHU MOJAIBIIOMY 30UIbIIEHHI JO3H,
e(eKTUBHICTh EONITY y BUIaJCHHI 3a0pyAHIOBaua TMOCTYNOBO 3MEHIIYETHCS, IO
CBITUUTH PO MIBUAKE HACUYEHHS MOTO aKTUBHOI MOBEpXHi. BEHTOHIT Moka3aB MEHITy
MOYaTKOBY €(EKTHBHICTb, HOr0 €(PEeKTUBHICTh Yy BHUAAJIEHHI 3a0py/HIOBaua IOKa3ye

IUTABHUM CHaj, BKa3ylOUM Ha OUTBII TPUBAIMKA MPOIEC HACUYECHHS TOPIBHAHO 3
LIEOJIITOM.

5 4
4,5 -
4

35

Cr, mrfam?
w

0 20 40 60 80 100 120 140 160 180
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Lleonit, m{cop6.)=0,05r

Leonit, m{cop6.)=0,1r
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Pucynok 6 3MiHa KOHIIEHTpallil0 PTOPY BiJ Yacy MpH pi3HUX YyMOBax
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JlonatkoBo OyJi0 BHSBJICHO, 110 KOHIIGHTpAIlisl COPOCHTY BILUIMBAE Ha €()EKTHBHICTh
nporecy. 30KkpemMa, JUIsl IIEOITy BHINA KOHIIEHTPAIlisi COPOCHTY PU3BOIUTE 10 HUKYIOT
e(EeKTUBHOCTI B TOPIBHSAHHI 3 MEHIIUMH KOHIIEHTpallisMu. [Ipore Takwii BIUIMB HE €
SCKpPaBO BUPaKEHUM 151 OeHTOHITY. [licist ocsrHeHHs IeBHOT 1031 00uBa COpOEHTH
JEMOHCTPYIOTh TIEBHY CTaOumi3amilo e(eKTHBHOCTI, IO MOXKE CBITYUTH TIPO
JOCSATHEHHS! MAKCUMAJIbHOTO HACHYEHHS IXHbOI aKTUBHOI IIOBEPXHI.

[TimcymoByrOYM TIPOBENICHI TOCIIKEHHS MIOA0 3aJICKHOCTI €(pEeKTHBHOCTI COPOITii
dTopuAiB Big THILy COPOCHTY Ta WOro OOpOOKM — aKTUBOBAaHUN KHCIOTOKO IICOJIT
MOKa3aB BHCOKY €(DEKTHUBHICTh BHIAJICHHS (PTOPHUIIB, JOCATAIOYM BiJICOTKA BUIATICHHS
96,24% mpu 1031 copOeHTY 2 I/IM°, 1O CBIXYUTH PO BUCOKY AKTUBHICTH Ta HASBHICTH
nmop, 37aTHUX copOyBaTu 10HIB ¢Topy. Lli pe3ynapTaTH BKa3ylOTh Ha BaKIHUBICTh
JIETAIbHOTO BHBYCHHS MEXaHI3MIB copOIlii Ta onTuMizamii COpOEHTIB, MO0 TOCATTH
HalKpaioi eeKTUBHOCTI BUAAICHHS 3a0pYHIOBAYiB 3 BOIM.

[Momanpmi  gocnmipkeHHsT OyAyTh CHpPSMOBAaHI Ha TOKPALICHHS BIIACTHBOCTEH
COpOCHTIB 3aBASKM I1HHOBAllIMHUM MeToAaM Moaudikaiii, 1m0 MOXYTh MiJBULIUTH
e(EeKTUBHICTb BUAAJICHHA (QTOPHI-IOHIB 13 BOAHM, CHPHUSIOYM TAKHUM YHHOM
3a0€3MeYeHHI0 YUCTOI MHUTHOI BOMM Y BIIMOBIAHOCTI 10 TJI0OOATbHUX CTaHIAPTIB
3JI0pOB's Ta OE3MEeKH.
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