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Y HacTynHui yac o6'emu CBITOBOro NMpPOMMCIIOBOro BUPOOHMUTBa no nepepobui HadTh 36inbLuy-
10TbCH 3 KOXHUM pokoM. MpomurcnoBa obpobka HadpTn nonsirae B ii 3HeCONtOBaHHI Ta 3HeBOAHEHHI. [Npun
06po6Li Hadh TV METOAOM KaBiTaLii MPOMMBHI BOAW MOCTYMOBO 36arayyroThbCs ioHamMm xnopy. Ix npucyT-
HICTb 3YMOBHOE YTBOPEHHS! XJIIOPUOHOI KUCNOTU B NOAANbLUNX TEXHOSOMYHMX CTagisix TepMidHOT obpo-
6kn HadpTu. Mapm HCI 3HWXKYIOTb NPOAYKTUBHICTE BUXOAY HAadTONPOAYKTIB, MOPYLLYHOTbL PEXUM poboTH
HadpToNepepobHNX YCTAHOBOK, 3HWXKYHOTb KamnopiNHICTb i SIKiCTb HATOBMX NManue, BUKIMKAOTbL KOPO3ito
anapaTtypu HadhTonepepobHMX YCTaHOBOK.

MeTa po6oTu: ouncTka NPOMMUBHUX BOA KaBiTauinHoi 06pobku Had T Big xnopua-ioHie. 3agadi po-
60TW: BU3HAYMTM OCHOBHI NapamMeTpu NPOLIECY peareHTHOT OYUCTKM NPOMUBHUX BoA HadTu Bifg xnopua-
iOHIB Ta NPOBECTWN ONTMMI3aL,il0 KOro cTagin.

Y poboTi METOAOM MOTEHLIOMETPIT BU3Ha4anu BMICT XIIOpUA-iOHIB Y NepioaMyHO BigibpaHmx npobax
BoA. KoHTpornb BMICTY ioHiB cpibna y po3yunHi nicns ocagkeHHss NPOBOAMIN Ha aTOMHo-abcopbuinHomy
cnekTpodoToMeTpi. laeHTudikauio cnonyk ocagy nicns oCcaXeHHs1 3A4iNCHI0Banu peHTreHorpadiyHum
meToaoMm. MopdhonoriyHi 0cob6nMBOCTI MOBEPXHI 0OCagy BUBYEHI MO METOAY €NTEKTPOHHO-30HA0BOIO MiK-
poaHanisy. Bumipu kncnoTHocTi BOAM NpoBoaUNU BUMIpIOBaNbHUM NPUCTPOEM — MiNiBONbTMETPOM.

[nsa ounweHHa NnpoMMBHUX BoA HAdTU Big XNOpuA-ioHIB 40 HOPM TEXHOMOFYHOrO NpoLecy 3anpo-
MOHOBAHO XiMiYHWUI peareHTHUIN MeTof OCadXeHHs. 3a peareHT-ocadXyBad BUOpaHO apreHTym HitpaT
AgN O, onTMarbHa KinbKiCTb SIKOro BubpaHa Ha niacTaBi ekcnepuMeHTanbHUX JaHWX.

BusHauveHi ocHOBHI NnapaMeTpu npoLecy peareHTHOI OYMCTKM NPOMMBHUX BOA HadTw Big Xropua-
iOHIB Ta oNTMMI30BaHi NOro cTaii: KinbkicTb peareHTy-ocagxyBadya AgNO Mo BiAHOLUEHHIO A0 KifbKOCTi
XNopua-ioHiB, WO MICTATLCS, HA CTafil OCaKEeHHsI; Yac KUN'ATiHHA cycneHsii AgCl; 06'eMHi cniBeigHO-
HeobXxigHOro Anst 06podKM po3unHy, WO 3anuWwMBCA MicNs AeKkaHTauii, 3 0cagom apreHTym Xxropuay
AgCl; 06'eMHi CniBBIAHOLLEHHS NTY>KHOFO PO34MHY, LU0 AEKAHTYETLCS, | 0cagy, Lo YTBOPUBCS, Ha cTagii
X po3gineHHs; o6'emn Boam, HeobXxigHOT AN NpoMUBaHHSA ocafy; 06'eMy KOHLLEHTPOBaHOT a30THOT K1C-
notm HNO3 Ha cTtagii po34nMHEHHS OTPMMaHoro ocagy.

Po3rnsHyTuin B poboTi NpoLec OuULLEHHST BOA KaBiTauinHOI 06po0ku HadpTh Big XNOPUA-iOHIB, L0
BKIMOYaE XiMidHe OCaPKEHHs1 XNOPUA-iOHIB apreHTym HiTpatoM AgNO; 3 HacTyMHOK pereHepadieto pe-
areHTa-ocagxyBaya, Moxe OyTu BUKOpPUCTaHUIA Ha NignpuemMcTBax rasoHadTogobyBatoyol i HadTone-
pepo6HOi NPOMUCIIOBOCTEN.

KnrouoBi cnoBa: npomusHi 600u Hachmu, pea2eHmHa o4ucmka, Xsopud-ioHu

NMocTtaHoBKa Npo6nemu Ta i aKkTyanbHiCTb. Y
HaCTyMHUI Yyac 06'emMn CBITOBOIrO MPOMMUCIIOBOrO BU-
pobHuLTBa no nepepobui HadTh 36inbLUYOTbCA 3
KOXHUM pokom [1, 2]. MNigsuLleHni BMIiCT 3abpyaHto-
BayiB y HadTi, WO HaaxoauTb Ha HadTonepepobHi
3aBOAM, 3HAYHOIO MIPOK0 YCKNAAHIE TX HOpMaribHY
eKcnnyaTawito i NoripLUye sKiCTb KiHLLeBMUX NPOAYKTIB:
MOripLYETLCA PO3YUHHICTL | PO3TSHKHICTL OiTyMIB,
30iNbLUYETLCSA 30MbHICTL BKa3aHoro nanuea. 3 Ha-
TN 3 BUCOKMM BMICTOM CONen HEMOXNUBO ofep-
»KaTn KOKC BUCOKOro CTYMNeHH Ynctotu [3].

MpomucnoBa obpobka HadTK nonsrae B ii 3He-
COSIOBaHHI Ta 3HEBOAHEHHI [4, 5]. BcTtaHoBNEHO, WO
nicna nonepeaHbLOro 3HECONOBaHHA CUPOI HadTK
AKICTb HAOTONPOAYKTIB 3HAYHO 3POCTAE, a eKkcnya-
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Tauisa TexHonoriyHux HadTonepepobHNX yCTaHOBOK
36inbwyeTbes. Tak, npyu 0bpobui HadTM mMeTooOoM
KaBiTauiil NPOMMBHI BoAM MOCTYNoBO 36arayyloTbes
ioHamn xnopy. KoHueHTpauis ioHiB xrmopy 3a uum
MeToAoM nigsuLyeTbecs Ao 70 pasis, B NOPIBHAHHI 3
OOMNyCTUMUMMU KinbkocTaMmu 2-5 mr/n [6].

3asBuyar HagpTa, fka NocTynae Ha HadgTonepe-
po6Hi 3aBoAn, MicTUTb Big 9 Ao 570 Mr/n xnopucTunx
conen [4]. Yacom BMiCT umx gomiwok byBae Haba-
rato BULLMM. IX NPUCYTHICTb 3YMOBIMIOE YTBOPEHHS
XIIOPUOHOT KUCIMOTU B nofanblumMX TEXHOMOTMYHUX
cTagisx TepmiyHoi 06pobku HadTn. Mapn HCI 3HK-
XYIOTb NPOAYKTUBHICTb BUXOAY HadTONPOAYKTIB,
nopyLwylTb pexum pobotn HadTonepepobHux yc-
TaHOBOK, 3HWXYIOTb KanopinHiCTb i AKiCTb HadhTOBUX
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nanue, BUKMNMUKaOTb KOpPO3ito anapatypu HadgTone-
pepobHux yctaHoBoK.. Kpim Toro, nositTpa pobouoi
30HU 3a6pYAHIOETLCA TOKCMYHO crionykoto HCI, wo
€ HeraTMBHUM YMHHWKOM O51s 340pOB'A nogen, ski
npaurTb Ha NIANPUEMCTBI, Ta BUKINNKAE KOPO3ito
TEXHOSMOrMYHOro yCcTaTKyBaHHS i iCTOTHO noripLuye
YMOBM npaLi.

Kpim Toro, Ha HadpTonepepobHUX nignpuemMcT-
Bax, i3-3a BIOCYTHOCTi 3aMKHYTOro BOJOCMOXU-
BaHHS, HEPiKa NpaKTMKa CKMAaHHS BENUKMX 00’emiB
CTiYHMX BOA npoLecy nepepobku B NPOMUCIIOBY Ka-
Hanizauito [1]. CKngaHHs HEOYULEHUX CTIYHUX BOQ,
Yy MPOMCTOK, 3a0pyaHEHUX BUXIQHOK CUPOBUHOLO,
YCINSIKUMW  HEOpPraHiYHMMW N OpraHidyHVMKn  pe-
YOBMHAMW, 3aBOa€ BeNUKWA  30UTOK  HaBKO-
NULWHBLOMY CEPEAOBULLY.
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AHania pesynbTaTiB OCTaHHiIX AochnifgXeHb
Ta nybnikauin, Wo cTtocyTbCcA npobnemu. Y ni-
TepaTypi OnNUCYOTbCSA Pi3HI CNOCOBU 3HECONEeHHSA
Boawu [7-9]. NopiBHAHHS eheKTUBHOCTI METOAIB O4n-
LLIEHHS NPOMUBHUX BOA HaBegeHo y Tabnuui 1.

3 HaBegeHnx gaHux Tabn. 1 BMaHo, Wo 3anpo-
MOHOBaHI cnocobu 0o3BONATbL €(PEKTUBHO 3HECO-
noBaTn BOAMW, OAHAK MalOTb 3HAYHi HEOONIKK: Tep-
MiYHi METOAN XapaKTepuayTbCA BUCOKMMU KaniTa-
NbHUMU | ekcnnyaTauiitHMMKn BUTpaTaMun; MexaHidHi
— MalTb JOCUTb MpocTe obnafHaHHsA, ane He €
ePeKTUBHUMM Y 3HECOSTIOBaHHI BOAW; ENEKTPUYHI Ta
eneKkTponiTU4Hi — He € peHTabenbHUMU; peareHTHiI
XiMiYHi MeToan — € AeLlleBUMU, AOCTYNHUMMU | A03BO-
NS0T NPaKTUYHO NOBHICTIO 3HECONIOBATK BOAY.

Tabnuus 1. MNopiBHAHHA ePeKTUBHOCTI METOAIB OYMLLEHHSA MPOMUBHUX BOS

KoMnoHeHTM npoMMBHOI BoAu HahTn

ca®* | cu** | Mg** | K* | Na* | ¢l | No,- | soz

MeToam ouu- Bwmicr, mr/n O6nagHaHHA
LLEeHHS
830 | 01 | 140 | 37 [580]530] 18 | 1100
CTyniHb ouMLweHHsA, %

TepMidHnin 95 — 92 — — — — 32 cknagHe
EnekTpuyHun - 96 — — — 96 92 54 CcKnagHe, KOLUTOBHE
PeareHTHUI 98 96 98 98 96 98 97 98 npocTte, gellese

Micna aHanisy iCHylo4MxX MeTofiB 3HEecorto-
BaHHS MPOMUBHUX BOA [7-9] 3po6neHO BUCHOBOK,
L0 peareHTHNn MeTon OCaPKeHHS € HaneeKTUBHI-
UMM, TaK K JO3BOSISIE OYMLLIEHHSA XJTOPIABMILLYHOYMX
BOO, Ha piBHi MinirpaMoBMX KOHLEHTpauin i mae
CTYNiHb OYMLLIEHHS NPOMUBHMX BOA HadTH Big XSo-
pua-ioHie 98%.

MeTa i 3apau4i po6oTu. Meta poboTu: ouncTka
NPOMUBHMX BOJ KaBiTauiiHOi 06pobku HadTu Big
xnopug-ioHis. 3agadvi pobOTU: BM3HAYUTM OCHOBHI
napameTpu Npouecy peareHTHOI OYUCTKA NPOMUB-
HUX BOA HadTh Big xnopua-ioHiB Ta NPOBECTN ONTU-
Mi3alito noro cragin.

MaTepiann i meTtoauM pocnigkeHHA. |oHu
XNopy B nepioanyHo BigidpaHux npobax Boa BU3Ha-
Yyanu MEeTOAOM MOTEHUIOMETpPIl 3 BUKOPUCTAHHAM
pob0o40ro Xnop-cenekTMBHOIO eNneKkTpoay i xnopcpi-
©OHoro enekTpoay NopiBHAHHS. KoHTponb BMICTY io-
HiB cpibna y po3unHi nicnsi ocagXKeHHs ioHIB XIopy
NpoOBOAMMM Ha aTOMHO-abcopb LinHOMY cnekTpodo-
ToMeTpi «CaTypH» npu JOBXWMHI  xBuni A =
328,1 uM; WwinvHa = 0,1 uM; ] = 10 MA.

laeHTUdikaLito cnonyk ocagy nicns ocagXeHHs
34iMcHIOBanNu peHTtreHorpadiyHMm MeToaoM Ha no-
poLukoBoMy andppakromeTpi «Simens D — 500» y mi-
OHOMY BMNPOMIHIOBaHHI 3 Hikernesum ginbTpom. Mi-
HeparnoriYHMn cknag OKPEMUX TpaHyNOMETPUYHUX
dpakuin BU3Ha4aBCH 3a 4ONOMOro peHTreHodaso-
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BOro aHanidy, BUKOHaHOro Ha NOPOLLKOBOMY Andpa-
ktomeTpi Siemens D500 B MigHOMY BUMPOMiHIOBaHHI
3 rpadpiToOBMM MOHOXpOMaTOpoM. BukopuctaHo npu-
6nun3Ho no 0,5 cm® koxHoro 3pasky. BkasaHuin 06’eM
3paskiB peTenibHO po3Tupanu i nepemiwysanu B
anyHgosin ctynui Ha npoTasi 20 xB, NiCAs YOro oTpu-
MaHUN NOPOLLOK MOMilLlanu B CKNSAHY KIOBETY C po-
6oumMM ob6’emoM 2x1x0,1 Mm3 ansa pericTpauii and-
paktorpam. [NoBHONPOMINbLHI AudpakTorpaMmum BUMI-
psHi B iHTepBani kyTiB 5<26<120° 3 kpokom 0,02° i
yacom HakonuyeHHst 30 ¢ B KOXHi Toui. MepBuH-
HUA nowyk a3 BMKOHaHWMK no kapTtoTeui PDF-1
[10], nicna Yoro BUKOHaAHWI PO3pPaxyHOK PEHTreHor-
pamam no metoay PiTBenbaa 3 BUKOPUCTaAHHSIM Npo-
rpamu FullProf [11].

MopdornoriyHi  0cobnMBOCTI MOBEpXHi ocagy
nicrs OCa[KeHHs1 BMBYEHI MO METOAY eNeKTPOHHO
— 30HOOBOro mikpoaHanisy (EPMA) Ha ckaHyto4oMy
enekTpoHHoMy Mikpockoni JSM-6390 LV 3 cucrte-
MOI peHTreHiBcbkoro MmikpoaHanisy INCA. 306inb-
LUEHHS1 MOBEPXHi 3pas3KiB 3HaAXoAWNoCb B Mexax
1000-20000.

Bumipu KMCNOTHOCTI BOAM NpoBOAUNN BUMIpIO-
BanbHMM MPUCTPOEM pH-MeTp — MiniBonbTMeETp,
AKMIN BKNIOYaE TBEPOOdasHN CeneKTUBHUIA enekT-
poa i MmoandikoBaHUI eneKkTpos NOPIBHSAHHA B NOSi-
nponineHoBmx Kopnycax. TpuBanicTb OOWHUYHOIO
BUMIpY cknagana 1-2 c.
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Ak 06'ekT pob0oTM 06paHi NPOMMBHI BOAM KaBiTa-
uiiHoi 06pobku HadpTh (pH = 7,53), cknag saknx Ha-
BeOeHo B Tabn. 2.

Tabnuusa 2. [lokas3HUKN KOHTPOIIO
NPOMMBHMUX BOA HadhTU

loHHWI cknag KoHueHTpauis, mr/n
Hatpin + kanin 226
Kanbuin 106
MarHin 30
Xnopugm 241
Cynbcatu 269
lgpokapboHatu 268
CinikaTtn 24

Pe3synbTatu Ta ix ob6roBopeHHsa. [1na Buaa-
NEeHHSA XNopua-ioHIB 3 NPOMMBHUX BOA HadTh 06-
paHO peareHTHUI MeTon OCamXeHHs. Y AKOCTi pea-
reHTa-ocafkyBaya BMKOPUCTAHO apreHTym HitpaT
AgNO;, akuin ocagxye ioHn Cl™ y Burnsai Manopos-
YMHHOT | ManOTOKCUYHOT CMOSYKW.

Ha noyaTky pob6oTu Oynu BU3Ha4Y€Hi OCHOBHI Na-
pameTpu NPOLECY OYMCTKU:

— KiNbKiCTb peareHTy-ocagxysada AgNO; no Bi-
OHOLUEHHIO [0 KifbKOCTi XNOpuA-ioHIB, WO Mic-
TATbCSA, Ha CcTafii OCaaKeHHS;

—yac kun'aTiHHg cycneHsii AgCl; o6'emHi cnis-
BiQHOLLEHHS MPOMMBHOI BOAM, LLO OEKaHTYETbCS, i

— KinbkicTb nyry NaOH, HeobxigHoro ans obpo-
OKM pO34MHy, WO 3anuwIMBCSA Nicns AekaHTauil, 3
ocafiom apreHTym xnopugy Agcl,

— 00'eMHi CMiBBIQHOLLEHHS NY>KHOrO PO34MHY, LLIO
OeKaHTYeTbCH, | ocagy, WO YTBOPUBCSH, Ha cTagil iX
pO34ineHHs;

—ob'emn BOOM, HeOOXiOHOI ANs MPOMUBAHHS
ocaay;,

—06'eMM KOHLEHTPOBAHOI a30THOI KWUCIOTKU
HNO5 Ha cTagii po34MHEHHS1 OTPMMaHOro ocagy.

PeareHt-ocagxkysad AgNO; BUKOPUCTOBYBanNu
B HaAMIipHIl KINbKOCTI, L0 NepeBuLLye cTexiomeTpu-
yHy B 1,05 pa3. OnTumanbHa Kinbkicte AgNO; BUG-
paHa Ha nigcTaBi eKkcnepMMeHTarnbHUX AaHux, ii 00-
I'PYHTYBaHHSA MNOMSrae B HAaCTYMHOMY:

— 3MEHLUEHHS cniBBigHOWeHHS “Cl: AgNO3" =
1: 1,05 cnpuMYUHUTL OOAATKOBE 3HUMXKEHHSA KOHLIEHT-
pauii xnopua-ioHis, WO € HegOoLUiSTbHUM 3a TEXHOSO-
rieto npovecy;

— MNEepEeEBULLEHHSI KINbKOCTI peareHTa-ocamxy-
Baya pobutb cnocié HeeKoHOMI4YHMM, OCKINbKK Beae
[0 1Oro NoAopoXKYaHHS.

Peakuito ocamkeHHs MpoBOAUNM B HeWTparb-
HOMYy CcepefoBWLi Npu 3HaveHHi pH =6-—7 3
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NPUNYLLEHHAM, WO B PO34YUHI NpOTiKae HaACTynHa Xi-
MiYHa peakuis

Cl"+ AgNO; - AgCl | +NO;- (1)

Ocapn yTBOpPIOETLCH Y BUMAAI cycnensii. [ns
OTPVMMaHHS HM3bKOAWCMEPCHOIO OCagy CYCMeHs3ito
knn'atate npotarom 15-30 xB. Konu dinbtpat ctae
npo3opuMm, a ocag HabyBae TEMHO-KOPUYHEBOTO KO-
Nbopy, KUN'ATIHHA NPUNUHAIOTbL, @ PO34YMH BiACTOMO-
toTb 30-60 xB. Nicnga voro 3/4 o6'emy pinbTpaty ae-
KaHTYIOTb | aHani3ytoTb Ha BMICT XNOpua-ioHIB.

AHani3 cinbTpaty Ha BMICT Cl™ — ioHIB Nnokasas,
LLIO iX KOHUeHTpauis cknagae Cy- = 5 mr/a. TexHo-
NOriYHMI npouec KaBiTauinHoi 0bpobkn HadTh ne-
penbadvae BMIcT ioHIB Cl™ He BuLe 5 mr/n. Tomy, 3a-
3HaA4YeHMN BMICT XMOPUA-iOHIB B PO34MHiI MOBHICTIO
3a]0BONbHAE BCIM BUMOram npouecy obpobkun Ha-
dTH, TOMy MPOMUBHA BOAa 3HOB MOXe OyTu nosep-
HeHa B TEXHOMOMYHWUIA LINK.

[nsa nigBuLLEeHHA eKOHOMIYHOCTI npouecy o4un-
LLIeHHS MPOMUBHUX BOA HAadhTW noganbLumnim eTan po-
00TK nonsiraB B pereHepadii cpidna i NoOBepHEHHI
Moro y BuUrnagi posduHy-ocamxysada AgNO; y Tex-
HOMOTYHUIA LMK,

Micna ocamkeHHA XNopua-ioHIB i KUN'ATIHHS,
yTBOPEHUA 0OCad, CTaBaB YOPHO-KOPUYHEBOIO
KOMbOpY 3  YKPYMHEHUMWU  KOHrrmomepaTtamu

YacTUHOK (puc. 1).

Puc. 1. MikpodoTorpacpii noBepxHi YaCTUHOK
OTpMMaHoro ocagy

OpaHak BigoMo, Lo ocaj apreHTym xropuay no-
BUHEH OyTu Ginoro konbopy. [Ans 3'scyBaHHs Li€i 00-
CTaBvMHM OynoO BCTaAHOBIIEHO efNeMeHTHWA cKnag
3paska ocapy (Tabn. 3) Ta npoBeAeHO NOro peHTre-
HodpasoBu aHanis (puc. 2).

PeaynbTat  peHTreHIiBCbKOro  MikpoaHanisy
INCA Ha ckaHyl4YOMYy eneKkTPOHHOMY MiKpOCKOMi
JSM-6390 LV (puc. 2) nokasanu, WO Yy 3pasky



MiCTUTBbCS apreHTym xnopug AgCl 3 NOMITHOK AOMi-
LLIKOK KanbLin kapboHaTy B ABOX MoaudikaLiax: ka-
NbUWT | aparoHiT.

Tabnuusa 3. EnemeHTHMI cknag 3pa3ka ocagy

EnemeHTt MacoBa yacTka, %
[ 13,69
K 14,92
Cl 16,86
Ca 8,01
Ag 46,52

MepeBipka pewwTn MOXITMBUX CMONyK, 3 obme-
XXEHHSM eneMeHTHOro cknagy BiAnoBiAHO OO0 pe-
3ynbTaTiB €NeMeHTHOro aHanisy, Aana HeraTuBHUMN
pesynbTtat. Po3paxyHok BMICcTy ¢a3 y 3pasky MeTo-
nom PiTBenbaa O03BOMMB BU3HAYUTU, LLO BaroBUN
BMIiCT apreHTym xnopugy AgCl cknagae 76,8(6)%,
aparoHity CaC0; y Bumadi poMbivYHUX Mpuam —
11,1(5)%, kanbumty CaCO; y BUrMsAA4i TPUroHanbHNX
KpuwrTanis — 12,1(4)%. Cnocrepiraetbcs BHa He-
BiAMOBIOHICTE MK pesynbTaTaMy €fIEMEHTHOro i
pPeHTreHoda3oBoro aHanidy 3a BMICTOM BYrneut y
3pasky. Lle MOXHa MOSACHUTU HasIBHICTIO Y 3pasky
amMopHOro Byrneuto, 9K He dae oudpakuinHol
KapTUHW, TOMY He BM3HAYaETbCS METOOOM pEHTre-
HocpasoBoro aHanisy. MoxHa Takox BigMITUTK, LLO
apreHTyM xnopupa, aparoHiT Ta KanbLuT — pe4OBUHU
©e36apeHi (6ini, y BUrnagi nopoLky), Togi sk gocni-
[PKEHWNN 3pa3ok MaB YOPHO-KOPUYHEBWUI KOMIP, LLO €
[oOaTKOBUM CBIOLITBOM HasiBHOCTI y 3pa3ky aMop-
dHoro Byrneuyo.

Full Scale 16055 ctz Cursar: 0.000 ke

Puc. 2. PeaynbTatn peHTreHiBCbKOro MikpoaHanisy
Ha CKaHyt4OMYy eneKTPOHHOMY MiKpOCKonMi

['PYHTYIOUMCh Ha BULLIE BUCTOBNEHUX pe3yrnbTa-
Tax, noganbLlUniA Xif, ekcnepMMeHTY Nnonsirae B nepe-
TBOPEHHI Manopo34YMHHOrO B MiHeparnbHUX KUCIOo-
Tax (B KOHLUEHTPOBaHI a30THi KNCNOTI) apreHTym
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xnopugy B p[obpe po3umHHy crnonyky Ag20 3a
PIBHAHHAM peakuii

24gCl ! + NaOH — Ag,0 + ---. (2)

Insa yboro Ao 3anuwleHoi nicna gekadTauii 1/4
YacTMHM PO34YMHY 3 OCagoM MOpUiMHO Jopasanu
TBepaun nyr NaOH. CnoyaTky nyr jogasanu B criB-
BigHoweHHi 1:10 i kun'atunm npotarom 5-10 xB 4o
MOMEHTY MOro NOBHOMO PO34YMHEHHS. [Nnsa nepeBipkn
PO34YMHHOCTI ocagy nposoaunu Bigbip — 0,02 r ocagy
npomMmBann HEBESNKOIO KiNbKICTIO BOAW i gogasanu
KOHLIEHTPOBaHy HiTpaTHY KUCMOTY. AKWo ocaj He
PO34YMHSABCH, TO 40 PO34MHY 3 0CAA0M Lie AoJaBanu
cyxuin nyr NaOH B cniBBigHOLWeEHHI 1:2 i kun'atunu.
MopuinHi gogaBaHHS nyry NpoBOAWMAN OO MOMEHTY,
Konwu y3data npoba ocagy MOBHICTIO po3dMHsiNacs B
HiTpaTHIN kucnoTi. Micns yboro 9/10 o6'emy inbT-
paTy, Wo MicTuTb Nyr NaOH, AekaHTyBanum B oKpemy
€EMHICTb i 36epiranu ons NOBTOPHOrO BUKOPUCTAHHS.
Banuweny nicnga aekanTauii 1/10 yacTUHY poO34MHYy
3 0cagoM nNpoMmMBann BOAOK OO 3HWKEHHS 3Ha-
YeHHsA pH = 7,5 — 8,5. [MpomMunTKIA ocag po3dYNHANN B
KOHUEHTPOBaHI HiTpaTHin kncnoti HNO; npw cnis-
BigHoweHHi 1:1,05. lMicna 4Yoro, po34nH NOYaTKOBOrO
peareHTy-ocaf)XyBaya, L0 YTBOPWUBCSH, 3 MnoAasb-
LIOK KOHLEHTpauieto Moxe OyTM 3acTOCOBaHUN B
TEXHOMOriYHOMY MpOoLECi OYMLLEHHS BOA KasiTauin-
HOi 06pO0KM HadhTK.

BucHoBKKW. Ha nigcTtasi npoBeaeHnx ekcnepu-
MeHTanbHUX AOCNiAXEHb MPOLECY OYNCTKA NPOMUB-
HUX BOJ, KaBiTaLiMHOT 06pobkn HadTh Big xnopua-
iOHIB 3p06eHi HAacCTyMHi BUCHOBKMU:

— MOKasaHo, WO cepen Pi3HWX METOAIB Ouu-
LWEHHS MNPOMMBHUX BOA4 HadTW Big XNOpwUAO-ioHiB
OinbLw eheKkTMBHMUM METOAOM € peareHTHUN crnocid
OCaPKEHHS, SKUW O03BONSAE 3HU3UTU 1X BMICT Y
48,2 pasu;

— BU3HA4YeHi OCHOBHI MapameTpu npolecy pea-
FeHTHOT OYMCTKM NPOMMBHUX BOL HAadpTW Big Xriopua-
iOHIB, SKMIN BKITHOYAE XiMiYHE OCaXKEHHS iOHIB XNopy
apreHTym Hitpatom AgNO; 3 NofanbLUOK0 pereHepa-
Lielo peareHTa-ocagKyBaya,;

—- OMNTUMI30BaHO BCi CTafil OYNCTKN MPOMUBHUNX
BOA HadTK Ta pereHepadii peareHTa-ocaaxysaya.

Po3rnsHyTuiA B poboTi NpoLIEC OUYULLIEHHS BOA Ka-
BiTaUiiHOI 0OpoOkM HadTu Big XIOPWUA-iOHIB, LU0
BKITKOYaE XiMiYHE OCaKEeHHS XNOpUa-ioHiB apreHTymM
HiTpaToM AgNO3 3 HacTynHoOI pereHepadieto peare-
HTa-ocakyBaya, Moxe ByTu BUKOPUCTaHWUI Ha nign-
premcTBax rasoHagTogobyBato4oi i HadpTonepepob-
HOI NPOMMCNOBOCTEN.
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AHHOTaUuA
PeareHTHasa o4uMcTKa NPOMbIBHbLIX BoA HehTH
E.B. Xo6oToBa, B.B.laueHko, A.A.lLlenTyp

B HacToswwee BpeMsi 06bEMbI MMPOBOIO NPOMBILLIIEHHONO NPOM3BOACTBA No nepepaboTke Hed TN yBenmym-
BaOTCA C KaxkablM rogom. NpombineHHas obpaboTka HedhTH 3aknovaeTcs B ee 00ecconMBaHmm U 00e3BOXM-
BaHuW. [Npn obpaboTke HepTM METOAOM KaBMTaUMU MPOMbIBHbIE BOAbI MOCTEMEHHO oborawarTcs MoHaMM
xnopa. Nx npucyTcTere Bbi3biBaeT 0Opa3oBaHNE COMSHON KACMOThl B AANbHENLLINX TEXHOIOMMYECKNX CTaansax
Tepmuyeckon obpaboTkn HedTw. Mapbl HCL CHWXaKOT NPOU3BOANTENBHOCTL BbiIXoA4a HEPTENPOAYKTOB, Hapy-
LaT pexum paboTbl HedTenepepabaTbiBalOLLMX YCTAHOBOK, CHUXAOT KanopuMHOCTb U Ka4eCTBO HETSHbIX
TONNUB, BbI3bIBAOT KOPPO3NIO annapaTypbl He(pTenepepabaTbiBatOLLMX YCTAHOBOK.

Llenb paboTbl: 04MCTKA NPOMBIBHbBIX BOA KaBUTALMOHHON 06paboTkm HedhTn OT xnopua-moHoB. 3agaun
paboTbl: onpeaenuTb OCHOBHbIE NapaMeTpbl NpoLecca peareHTHOM OYNCTKM NMPOMbIBHbBIX BO4 HEPTU OT XI10-
pua-MoHOB 1 NPOBECTU ONTUMU3ALMIO €ro CTaaunn.

B paboTte MmeTogoM NOTEHUMOMETPUM OMNPEAESIEHO COAEPKAHME XIIOPUA-MOHOB B NEPUOSNYECK OTOBPaHHbIX
npobax BoA. KoHTpomnb coaepxaHus MOHOB cepebpa B pacTBOpe MOCIe OCaKOEHUSI MPOBOAUIM HA aTOMHO-ab-
copbumoHHOM cnekTpodoTomeTpe. NoeHTudmkaumio coeaMHeHUn ocaka MOCMe OCaXAEHWS OCYLLEeCTBMANU
peHTreHorpadmyeckum meTtodom. Mopdhonornyeckme ocobEHHOCTU MOBEPXHOCTM Ocadka M3y4YeHbl METOAOM
3NEKTPOHHO-30HAOBOIO MyKpoaHanu3sa. 3amepeHns KUCNOTHOCTM BOAbI MPOBOAMITU MUMIMBONBTMETPOM.

[ns 04MCTKM NPOMBIBHBIX BOA HE(PTU OT XMOPUA-MOHOB C HOPMamMu TEXHONOMMYECKOro npoLecca npeano-
YKEHO XUMUYECKU peareHTHbIN MeToa ocaxaeHus. B kayecTBe peareHTa-ocaguTens BolOpaH apreHTyMm HuTpar
AgNO5 , oNnTManbHOE KONMMYeCTBO KOTOPOro YCTAHOBIIEHO HA OCHOBAHUMW SKCNEPUMEHTarbHbIX AaHHbIX.

OnpefneneHbl OCHOBHbIE MapaMeTphbl NpoLiecca peareHTHOM OYUCTKM NPOMbIBHBLIX BOA, HE(TH OT Xrnopua-
WOHOB 1 ONTUMM3NPOBAHbI €ro CTaguun: KONMYeCcTBO peareHTa-ocaautens AgNO; No OTHOLLUEHUIO K Konnye-
CTBY XJIOPUA-MOHOB, COAEPXKALLMXCHA Ha CTaguun ocaxaeHus; kungyeHnn cycneHsnm AgCl; o6 bemMHble COOTHO-
LLeHMs NPOMbIBHOW BOAbl, NOCNE AeKaHTaumu u ocagka AgCl Ha cTaamu ux pasaeneHunst; KonnyecTso LLenoyn
NaOH, Heobxoamnmoro anst o6paboTkM pacTBopa, OCTaBLUEroCH Nocre AeKaHTaummn, C 0CagkoM apreHTyM XJo-
puaa AgCl; 06beMHblE COOTHOLLEHUS LLLEMNOYHOro pacTBopa, Nocne AekaHTauumn 1 ocagka, obpasoBasLuerocs
Ha cTaguu ux pasgeneHuns; obbembl BoAbl, HEOOXOAMMOW AN NPOMbIBKM 0CaJKa; 00 beMbl KOHLEHTPUPOBAH-
HOW a30THOM KUCNOTbl HNO5; Ha cTagun pacTBOPEHMS NOMy4YEHHOro ocajkKa.

PaccmoTpeHHbI B paboTe npouecc OUUCTKM BOA KaBUTALMOHHOW 00paboTku HeddTU OT XNopua-MOoHOB,
BKIMOYasa XMMUYECKoe OCaxaeHune XMnopua-UoHOB apreHTym HutpatoMm AgNO; € nocrnegytollen pereHepa-
LMen peareHTa-ocaguTens, MOXeT OblTb MCNOSb30BaH Ha NpeanpuaTmusx rasoHedTeobbiBatoLLEen N HedTe-
nepepabdaTbiBaloLwen NPOMbILLITEHHOCTEN.

KnioueBble cnoBa: 1POMbI8HbIE 800bI Hed)mu, peaceHmHas o4ucmka, X/'lOpUO-UOHbI.

Abstract
Reagent purification of oil wash
E.B. Khobotova. V.V.Datsenko. A.A.Sheptur

The volumes of the oil production are growing from year to year. The industrial processing of oil lies in its
dehydration and demineralization. When treating oil by the method of cavitation, flashing water get enriched
by chloride ions. Their presence implies the creation of chloride acid during the following technological stages
of the thermal treatment of oil. HCl fumes decrease the volumes of the oil products’ production, disrupt the
operation mode of oil-processing machines, worsen the calorific value and quality of petrol, and cause the
corrosion of oil-processing machines.

The aim of the work is the purification of flushing waters of cavitation treatment from chloride ions.

Objectives of the work: determine the basic parameters of the process of the reactant purification of the
cavitation treatment’s flushing waters of oil production from chloride ions and optimize its stages.

The work implied the determination of chloride-ions content in periodically collected water samples. The
control of the content of silver ions in the solution after the sedimentation was held on the atomic absorption
spectrophotometer. The identification of sediment compounds after the sedimentation was carried out by the
radiography method. The morphological pecularities of the compound's surface were studied in accordance
with the electron-probe microanalysis method. The assessment of water acidity was carried out by the meas-
uring device — millivoltmeter.
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The chemical-reagent method of sedimentation was suggested for the purification of oil flushing waters
from chloride ions to the standard level of the technological process. Argentum nitrate was selected as the
sedimentation reagent - its optimal amount was defined by the experimental data.

The basic parameters of the reagent-based process of the purification of oil flushing waters from chloride
ions have been determined. Its stages have as well been optimized: the amount of the sedimentation reagent
AgNO5 in relation to chloride ions that are present at the sedimentation stage; the boiling time of the AgCl
suspension; volume ratios of the decantating flushing water and the AgCl sediment on the stage of their sepa-
ration; the amount of the NaOH lye necessary to process the solution left after the decantation, with the AgCl
sediment; the ratios of the lye solution that is being decantated, and the sediment formed during the separation
stage; volumes of water necessary to rinse the sediment; the volumes of the concentrated HNO; acid during
the stage of the dissolution of the produced sediment.

The suggested method of the purification of flushing waters of the cavitation oil treatment from chloride
ions, that involves the chemical sedimentation of chloride ions by the Argentum nitrate, with the subsequent
regeneration of the sedimentation reagent, can be used in oil-producing and oil-refining industries.

Keywords: washing waters oil, reagent purification, chloride ions.
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