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OOCNIIXEHHA EQEKTUBHOCTI Ali
OKCUETUIMAEHOAUDOCPOHOBOI KUCJIOTU (OEQDK) HA
KPUCTAJI3ALI0O KAPBOHATY KAJIbLIIO

MeTtonoM HenepepBHoro no3yBaHHa NaOH pocnigxeHo BnnuB OE®K
Ha KpucTanisauilo kap6oHaTty Kanbuito. Ha ocHOBiI noTeHUiOMeTPUYHUX
BMMiploBaHb pCa i pH BCTaHOBNEHO, WO 3a1€XKHICTb MAKCUMaJNbHUX
3HaveHb noxigHux d(pCa)/dt Bip pH € nokasHukaMu epeKTUBHOCTI Ail
iHri6iTopiB conboBux BiaknaaeHb. OTpMMaHi pe3ynbTaTh y3romKylTb-
CA 3 pe3ysibTaTaMy rpaBiMeTPUUYHUX AOCAIAXKEHb.

KnwuoBi cnoBa: iHribitopu conboBuX BigKnaaeHb, KpUcTanisauisa Kap-
60HaTy Kanbuilo, NoTeHUioMeTpis.

1. Bctyn

BioknageHHs Manopo3YMHHUX CONIEM Ha TEXHOJNoriYyHoMy obnapg-
HaHHI € HebaXXaHNM NPOLECOM B 3B'SI3KY 3 CYTTEBMM 3HMIKEHHAM edeK-
TMBHOCTI MOro GYHKLIOHYBAHHS i 36iNblUEHHAM MaTepianbHUX BUTPAT Ha
eKcnnyaTauito Takoro obnagHaHHa [1]. ns 3MeHLWeHHA BigKNaaeHb Wn-
POKO 3aCTOCOBYHTbLCS iHMOITOPM POCTY KPMUCTaNiB ManopPO34YMHHUX CONEN
[2]. OgHUM i3 HaMbGiNbW edeKTMBHUX iHBITOPIB KanbLin KapboHaTHUX
BigknageHb € OEJ®K [3], mexaHi3M fii askoi nonarae B aacopbuii Ha no-
BEPXHi pocTyyoro Kpuctany [4].

MeTa paHoi po60oTK Nonsira€ y BU3Ha4YeHHi ePpeKTUBHOI KOHLEHTPa-
uit OEA®K, wo 3abe3neyye 3MeHLWEHHS BUTPAT Ha il 3aCTOCYBaHHSA i Ta-
KMM YMHOM € BaXKJIMBOK TEXHIKO-EKOHOMIUYHOK | HAYKOBOK 3a4ayeto.

2. EkcnepuMeHTanbHa 4acTuMHa

HocnigXeHHs edbeKTUBHOCTI Ail iHribiTOpiB BigKnageHb 6a3yeTbca
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Ha cnocobi iHiLitoBaHHA KpuUcTani3auil Manopo34YMHHMX KOMMOHEHTIB Ta
iHOMKaUil gii iHribiTopa. B poboTi kpuctanisauis CaCOs iHiUiloeTbCA Wwna-
XOM po3yBaHHA nyry (NaOH) y pocnigKyBaHui po3uuH. MNpu [o3yBaHHI
HenepepBHO 3MIHIOETbCA pH cUCTEMKU, NOYEProBO YTBOPHKOOYN KpUCTani-
3aUiMHi CNONYKM BiQNOBIQHOrO XiMiYHOro cKnagy i AoOyTKY PO34MHHOCTI.
3LINCHIOETLCA KOHTPOSb NEBHUX i3NKO-XIMIYHMX MapaMmeTpiB, B AadHIN
po6oTi ue pCa? i pH. Pe3synbTaTn pocnigXeHHA ONUCYIOTLCSA 3aleXHoC-

d(pCa . . .

TAMU — BiA pH. TaKi 3aNeXHOCTi XapaKTepPM3yTb YTBOPEHHS KPU-
CTani3auinHMX CNONYK, TOMY IX MOXXHA Ha3BaTN KpUCTanorpaMaMmum, a mMe-
To4 pH-cKaHyBaHHsAM [6].

BusHaueHHsa edekTmBHOCTI Ail OEJPK nepepbavano BM3HAYEHHS
YyTNMBOrO NapameTpa, AKUKM 3 HafinHo iHAnKyBaB 6u pito iHribiTopa. Mpwn
BWKOHAHHI EKCNEepUMEHTIB BUMIPHOBANUC:

- MOKa3HWK aKTUBHOCTI ioHiB Kansuito (pCa%, o4.);

- MOKa3HWK aKTUBHOCTI ioHiB BogHto (pH, o4.);

- TeMmneparypa (t, °C).

CxeMa eKcnepuMeHTaNbHOI YCTAaHOBKKM NoKa3aHa Ha puc. 1. Jocni-
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Puc. 1. bnok-cxema ycTaHOBKW ONs OOC/igXeHHS ePpeKTUBHOCTI Ail iH-
ribiTopiB BigknageHb: 1 — TepMocTaToBaHa KOMipKa, 2 — efleKTpog, no-
piBHSHHS, 3 — pH-enekTpon, 4 — pCa-enekTpon, 5 — TeMnepaTypHun
[aBay, 6 — Hacoc nepemillyBaHHs, 7 — TepMocTaT, 8 — EMHICTb Ans
NaOH, 9 — nepuctanbTuyHum Hacoc, 10 — BIMEM, 11 - nnata AL,

12 - EOM
[)KEHHS BUKOHYBANMCb Ha aHanizaTtopi akocTi BogHux cuctem (AFABC) [5].
Bopna PiBHeHCbKOro MicbKBoAoKaHany (aue. Tabnuui) B KloBeTi 1 3 enek-
Tpoaamu 2...5 (puc. 1), TepmocTatyBanacsa npu 25° C 3a gonomorot Tep-
MocTaTa 7 i po3yBaBcs iHribiTop. [lani nepuctanbTMY4HNUM HAacocoM 9, He-
nepepBHO MPOTSAFOM YCbOro OOCAiIAY 3 MOCTIMHOK LWBUAKICTIO, J03yBanu

y KtoBeTy po34mH NaOH i3 eMHocTi 8.
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Tabnuus
Qi3nKo-xiMi4yHi napameTpu Boau PiBHEHCbKOro MiCbKBOAOKaHany
Ne Has3Ba napametpa 3Ha4yeHHs na-
3/n pameTpa
1. Kanbuin, mr-eks/am’ 4,15
2. MarHin, mr-ek/am? 5,75
3. 3aranbHa NyXHicTb, Mr-eks/am’ 6,7
4, Xnopwawu, mr/gm? 11,1
5. pH, oa. 7,73
6. pCO;, oa. 3,5
7. KuceHb, mMr/am’ 7,4
8. EnekTtponpoBigHicTb, MKCM/cM 470
9. OEQJ®K, mr/am® 0,0

LLBnAaKicTb 0O3YBAHHSA | KOHLUEHTP

auis NaOH nigbupanuck 3 ymM0BMU

Hanb6inbLWwoil iHGOPMATUBHOCTI | ONTUMANBLHOCTI NPOBEAEHHS eKCnepuMe-
HTy. [lpoTaroM ycboro gocnigy, po34ynH nepemiyBaBcs 3a A0OMNOMOrok

a0 40 60

Hac, XBHNHUHK

&0 100

Puc. 2. KiHeTM4Hi KpuBi NOKa3HMKa

-6,0;
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ioHiB Kanbuito pCa

8-8,0:9-10,0:10-0,0 mr/aom>.

BigLUEeHTpoBOro Hacoca 6. [ocni-
0N BUKOHYBanW Ons TaKUX KOH-
ueHTpauin OEA®K: 0,0; 0,25
0,50; 0,75; 1,0; 2,0; 4,0; 6,0; 8,0;
10,0 mr/gm’. OTpuMmaHi pe3ynb-
TaTU € KIHETUYHMMU 3aNEeXHOC-
TAMU i3MKO-XIMIYHMX NapaMeT-
piB, AKi BUMipOBannUCb ogHo4Yac-
Ho Ha AABC (puc. 2-3). Ha Kox-
HOMY i3 BKa3aHux rpadikis 30-
OpaXkeHi KiHETUYHI KPUBI, AKi Bi-
ONOBiOAlTh Pi3HUM KOHUEHTpa-
uiam OE[JOK: 1 - 0,25; 2 -0,50; 3
-0,754-10,5-20; 6 -4,0;7

AK BUAHO 3 pUC. 2, aKTUBHICTb IOHIB KasbLit0 3MEHLWYETbLCA BMNPO-
poex nepwux 10..20 XxBUAWH 3a paxyHOK YTBOPEHHS i pOCTy 3apoaKiB
KpucTanisauii. Jani, 6inblw iHTeHcMBHe 3MeHWweHHs Ca?* BianoBigae pyn-
HYBaHHIO MEPeHacMyeHOro pPO34YMHY i MACOBOMY YTBOPEHHIO TBEpAol
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da3n. lMicna cnagy nepeHacuyeHHsa cuctema nepexogutb y ¢asy crauio-
HapHOI, NiHINHOI KpUcTanilauil, KONn KiNbKiCTb yTBOpeHoI TBepaol dasu
NIHINHO 3aneXuTb Bif, KiJIbKOCTI [030BaHOro peareHTy. [lpn [o3yBaHHI
nyry pH cuctemMn HenepepBHO
3pocTac (puc. 3) 3 pi3How WBUA-
KiCTIO, KA OeLl0 3MEHLUYETLCS B
o6nacTi CnoHTaHHOI KpucTanisa-
Uil 3 nopganblWMM BUXOOOM Ha
nonuuto B obnacTi NiHiMHOT KpUc-
Tanisauii. 3 nigBuWeHHAM pH, 3a
paxyHok yTBopeHHss HCO; 36i-
nbwyetbes pCO, cuctemun; pani B
obnacTi cTauioHapHoi KpucTani-
g » — ® ™ 33uil LWBMAKICTb 3MEHLIYETHCS.

Ha puc.3 BUAHO pPO3XOMXKEHHSA
KIHETUYHUX KPUBUX SIKI BignoBi-
[A0Tb ABOM Aiana3oHaM KOHLUe-
HTpauin OE®K: 0,25...0,75 mr/am® ta 1,0...10,0 mr/am°.

B miana3soHi 0,25...0,75 mr/am® kpucTanisauia sinbyeaeTbcsa 6inbLu
IHTEHCUBHO, HiX nMpu KoHueHTpauiax 1,0..10,0 mr/gm®, ue 3HauuUTb, WO
WBMAOKICTb nepexopy ioHiB y TBepay ¢a3y binbla, i TOMy enekTponpo-
BiOHICTb ANA Aiana3oHy MeHLWWUX KoHueHTpauin OEJ®K 3pocTae 3 MeH-
IO WBMAKICTI. 3a xapakTepoM kpueux pCa Ta pH BMAHO, Wo npu ne-
peBULLEHHI KoHUeHTpauil OEA®K 0,75 mr/gm® weupkicTb KpucTanisauii
CaCO; pi3ko 3pocTac.

3. Pe3synbTath i 06roBopeHHs

Posrnspanuce noxigHi KiHeTu4Hux kpusux pCa, pH. AHani3 noxia-
Hux no pCa (puc. 4) nokasye, wWo
. ° TX MiKW i3 36iNbLUEHHAM KOHLEHT-
pauii OE®K 3MmiwyoTbcsa B CTO-
POHY 36inblweHHs pH, npuyomy
pca) TaKe 3MilleHHS € MOHOTOHHUM,
ane He nponopuivHuMm. lpu ne-
pexoni kKoHueHTpauin OEAQPK Big,
0,5 mo 0,75 mr/gpMm® cnocTtepira-
ETbCA CTPUOOK MaKCUMyMy MNOXi-
OHOI Wwopno pH 6inbw HiXK Ha ABI

OOUHULL.
Puc. 4. 3anexHicTb noxigHol pCa 3anexHicTb 3Ha4YeHb Mak-
Big pH cuMmyMiB noxigHux pCa Big pH He
€ MOHOTOHHUM (puc. 4) i Ma€ Hal-
Ginblue 3HaYeHHS, WO BianoBigae KoHueHTpauii OEAPK 2,0 mr/am3. Mpu
napanesbHOMY AOCHigXeHHi iHridytodoil git OE®K Ha Takin caMin Bogi
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iOHiB BOgHIO pH
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rpaBiMeTPUYHMM METOAOM ONTMMasibHa KOHLUEHTpauia (36inbweHHsA aKoi
He npuBoaunao A0 36inbleHHs iHriGyyol Ail) Bignosigana Takomy X
3HaueHHto, To6T0 2,0 mMr/am® (puc. 5). Len dakT € goka3om Toro, Lo aHa-
ni3 MakcuMymiB noxigHux pCa npu pH-ckaHyBaHHI MoXke 6yTn BUKOpUC-
TaHWUM K MeToq, BU3HAYEHHS ONTUMaNbHUX KOHLEHTpaUIl iHribiTopiB Big-
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Puc. 5. 3anexHicTb
y=(d(pCa)/dt)max/[(d(pCa)/dt)max]max Bl KOHUEHTpPaLiT OEPK ona meToaoy
pH-ckaHyBaHHA — HenepepBHa KpuBa) Ta ebeKTUBHICTb ANA rpaBiMeT-
puuHoro Metony (Es(m) — nyHKTMpPHa KpuBa)

KNnageHb. 3 puC. 4 TaKOX BMAHO, WO Npu KoHueHTpauii OEJ®K 2,0 mr/gm?
MAKCUMYM MOXIQHOI € HE TiIIbKN HAaUBULLMM, ane A0 TOr0 X i HANBYXX4YUM.
Ha Hawy AOyMKy, Takmn ¢akT € A0Ka3oM Toro, wo KoHueHTpauia 2,0
mr/am® € [OCTaTHbLOM ANA 6NIOKYBAHHS iCHYUMX («CTapux») LEHTpPIB po-
CTY, @ 3HAYNTb KpUCTani3auia BiAOYBaETbCA HA LWOMHO YTBOPEHIN HOBIN
ANCnepcHin $asi i ue € TaKoX A0KA30M aacopbuinHOro MexaHi3Mmy iHri-
oytouoi ail OE4®PK. Taka HoBa ¢da3a € BY3bKO QUCMEPCHOMD, WO NigTBEP-
IXKYETbCS BY3bKICTIO MiKiB KpMUcTanizauii noxigHoi pCa.

4. BUCHOBKM

1. Po3pobsieHO MeTo4 BM3HAYEHHA ePeKTUBHOCTI iHFiByto4ol aii 3a
AOMNOMOIO KOHTPOJIKO NMEBHMX NAapaMeTpiB NPU HENEPEPBHOMY 3MilLleHHI
CUCTEMMU B NyXKHY 06nacTb (MeToaoM pH-cKaHyBaHHS).

2. NipTBEPAXKEHO afCcopbUINHMA MexaHi3M iHribytouol ail OEA®K i
BCTAaHOBJMIEHO, W0 BJIOKYHOTbCS 3apPOAKN [OKPUTUYHUX PO3MIpIB.

3. MNoka3zaHo, Wwo edekTuBHicTb Ail OEA®K MoXHa BM3HA4yaTWU 3a-
NEXHICTI0O MaKCMManbHUX 3HadyeHb noxiaHux d(pCa)/dt Big pH. OTpuMaHi
pe3ynbTaTu Y3rogXylTbCs 3 pe3ynbTaTaMu TPaBiMETPUYHUX [OCTIi-
OXKEHb.

4. Pe3ynbTaTu OaHoi poboTu Aanu MOXIMBICTb po3pobuTtn cnocib
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BM3HAYeHHS OMTMMaJIbHUX KOHLIEHTPaUin iHribiTopiB conboBUX BigKna-
aeHb [7].
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INVESTIGATION OF THE EFFECTIVENESS OF THE
OXYETHYLDENDIPHOSPHONIC ACID (OEDPA) ACTION ON THE
CRYSTALIZATION OF CALCIUM CARBONATE

The method of continuous dosing of NaOH investigated the effect of
OEDPA on the crystallization of calcium carbonate. Based on
potentiometric measurements of pCa and pH, it was found that the
dependence of the maximum values of the derivatives d (pCa) / dt on
pH are indicators of the effectiveness of salt deposition inhibitors. The
results are consistent with the results of gravimetric studies.
Keywords: salt scale inhibitors, crystallization of calcium carbonate,
potentiometry.
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WCCNEANOBAHUE 3®PEKTUBHOCTHU OEUCTBUA
OKCU3ITUIMAEHAN®OCP®OHOBOU KUCIOTbI (034%PK) HA
KPUCTAJUJIN3ALNIO KAPBOHATA KAJ1bLUUA

MeTtonoM HenpepbiBHOro aosupoBaHus NaOH nccnenoBaHo BNusHue
03[ PK Ha kpuctannmsaumio KapboHaTta Kanbuua. Ha ocHoBe noTeH-
uMomMeTpmuyeckux usmepeHumn pCa v pH ycTtaHOBNEHO, YTO 3aBUCUMOCTb
MaKcUManbHbIX 3Ha4YeHui npoussoaHbix d(pCa)/dt ot pH aBnswoTCca no-
Kasartenamm 3¢ PpeKTUBHOCTU AeACTBUS MHTMBUTOPOB CONeBbIX OTNO-
»eHun. MonyyeHHble pe3ynbTaTbl COMMACylOTCS C pe3ynbTaTaMum rpa-
BMMETPUYECKUX UCCIIeA0BaHUMN.

KnioueBble cnoBa: NTHrMGUTOPDI COJIEBbIX OT/IOXKEHUM, KpUCTaNNM3aumua
Kap6oHaTa Kanbuus, NOTEHLUOMETPUSA.
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