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MEPKYPUMETPUUECKHHU METOH ONPEAEJEHHA XJOPHOOB
B 3JEKTPOJIMTAX HUKEJEBbBIX BAHH

(ITpencTanieHa HaydyHblM CEMHHAPOM XHMHKG-TeXHOJIOIMYECKOro (akysbTera)

MepkypuMeTpudeckHe METO/Abl OnpeJeseHus TajJoreHuji0B HAaXOAAT BCEe
6()J1b111€e HpHMEHeHHe B HpaKTHKe XUMHYECKOIo apnaJusa. STH METOARI
SIBJASIIOTCS. NOBOJABHO TOUHBIMH W He CBA3AHDLI ¢ NMPUMEHEHHEM Takoro nedu-
IIHTHOTO peakTHBa, KaK a30THOKHC/I0e cepebpo. M3 MepkypHMeTpHUeCKHX
MeTOAOB Haubodiee ONpaBAaHHBIMH OKa3aJdHCb Te, KOTOpPble OCHOBAaHBI Ha
IIPUMEHEHHH B KauecTBe MHAUKATOPOB nH(peHuaxapbazoHa M B-HUTPO30-a-
HaToad, OAHAKO, NEPBbIH AaeT B 3KBHBAJCHTHOH TOUKE HEUETKHH Nepexon
OKpPAaCK{, BTOPOH CKJ/JOHeH 00pa3oBBIBATH IIePeCHILEHHBIE PACTBOPDLI, YTO
IIpHBOJJ,I'['F K HE'CBOEBPGMBHHOM}’ BbhINA€HHUIO ocaaka H HENPAaBHJbHOMY
(hHKCHPOBAHWIO MOMEHTAa 3KBUBAJCHTHOCTH.

Panee [1] namu Obl1 npeasoxxken HOBHIH CMeLIaHHbI MHAHKATOP, OKa-
3aBIUIMICS BIOJIHE TNPHFOAHBIM [JIsl MepKYpPHMETPHUECKOr0  OlpeAcaeHHs
XJA0PHI0B, OPOMHAOB H {10AHAOB. DTOT HHAMKATODP MpCAcTaBiIseT coboil
CMeCh JABYX MEPKYPUMETDHUCCKHX HHAMKATOpPOB: audenuarapbasoHa
B-HHTPO30-a-nadrona. [leranbHoe H3ydenue I110KasaJjo, UTO €My HE MPHCY-
L HeJOCTaTKH KaXJ10T0 HHAHKATOpd, B3SITOTO B OTAeabHOCTH. [1pH THTpO-
BaHHH B NPUCYTCTBHH CIHPTA OH TIO3BOJISIET THTPOBAThb B AOBOJBHG IHUPO-
KOM JHanasoHe KHCJAOTHOCTH, HEPEXOA OKPAacKH B 3KBHBAJEHTHOH TOUKE
pe3KHH, fa)e NpH THTPOBAHMH AOBOALHO pasbaBaeHHbX (0,01 H.) pacrBo-
OB, M He UMeeT MECTa BhiaZeHue KAaKoro Obl TO HU ObLIO Ocajka.

FlpumeHeHne cMeWaHHOTO HHAHKATOpPa TMO3BOJWIO HaM pa3padoTraTh
MeTOABI onpejefennsa xgopa, 6poma H Hoda B OPTaHUYECKHX COeJHHEHHSX
2§ B nacrosiuieit pa6oTe npeanaraercss MepKypUMeTPHUECKHH MeTOH ofipe-
JACICHUST XJOPHIAOB B JEKTPOJHTAX HUKEJCBBIX BaHH.

Hdaa onpenesenns XJ0PHAOB B HHKeJAEBBIX 3JeKTPOJUTAX NPEASOKEHO
neanliit pag meroaos. HaubGosee pacnpocTpaHE@HHBIMH H3 HHX  SBJSIIOTCS
00bLeMHble apreHTOMeTpHUYECKHe METOAbl C MPHMEHeHHeM B KauyecTBE WHIH-
Karopa xpomara Kajaus (Merton Mopa) n KocBeHHOe onpejejieHHe ¢ poja-
HIIOM aMMOHHSI B TPHCYTCTBHH Ke/€302aMMOBMITHBIX  KBACLLOB  (MeTOA
Doavrapaa) [3, 4]. MeToas 3TH LOBOJBHO NPOCTHIE, HO OHH CBH3aiBl ¢ HC-
nojabzoBanneM JeQHUHTHOrO pPeakTHBA — a30THOKHCAOTO. cepebpa. Mexay
TCN, H3BECTHO, YTO NMPHMCHEHHE apPrenTOMEeTPHUECKHX METOJOB IPH Macco-
BbIX aHaJH3aX KpauHe OrpaHHyCHO H JICNYCKAIOTCH JHIUb NPH AadabHeiued
pereHepatn cepeGpsaHbIX 0CTATKOB, YTO OCJHOMKHSIET METOMUKY.

B nocnefnee Bpema mpensoxken MepKypPHMeTPHUECKHI MeTOI onpefe-
JEHHA XJOPHIOB B CIHPTOBOIl cpelle ¢ audenuakapbazonom [3]. Cymuocts
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MeTOoJda 3aKA0UACTCA B CACAYIOULEM: 2—3 MA  JIeKTPOJHTd BbIapHBAIOT
B (appopoBoll ualike 11a BOASHOII Gaue jocyxa. OxJaaxaeHublil ¢cyxofii
OCTATOK PACTBOPSIOT B a30THOH KucaoTe, npubasasior 20 ma cnupra, aude-
nuaKapbasoHa M, NnepeMeliHBas B YallkKe CTEKJSHHON Najoukoil, THTPYIOT
pacTBOPOM a30THOKHCJIOH OKMCHOH PTYTH [0 NOABJAeHHUs PHONeTOBOIl oKpac-
Kit. Mbl npoBepu/Il 3Ty METOAHKY M MOJAYYUAH CHABHO OTKJOHSIOLLIHECH
pesyabTatbl. JT0 0ODBACHAETCH, MO-BUAMMOMY, T€M, UTO B CBf3H ¢ NMOCTe-
IIEHHBIM TMEPEX0J0M OKPACKH HHAHMKaTopa TPYAHO (QUKCHPOBATH KOHeELl
THTPOBAHHS, KPOMe TOTO, MeTOJ OCJAOMKHACTCS JOMOJHHTEJIbHbIM BblliapH-
BAHHEM 3JeKTPOJHTA.

[Tpumenssa cmewanHbll MHAHKATOpP, HaM VYAadocb pa3paboTaTh Obi-
CTPYIO H TOUHYIO METOAMKY ONpelejeHHs XJOPHAOB B BaHHAX HIKeJHpOBa-
nus. Ilepexol OKpackm OCYHIeCTBJSICTCS JIOBOAbHO pe3ko oT 1—2 ka-
nejab ~ 0,03 H. pactBopa MepKypHHHTpaTa. BocnpOH3BOAMMOCTb pe3V.ibTa-
TOB XOpouias.

C Leablo BBIACHEHHsS! BAHSHUS DASJHUUBIX BEUIECTB, MOTYLIMX NpPHCYT-
CTBOBATb B HHKE/JIEBOM 3JICKTPOJHTE, Ha MEPKYPHUMeTpHUecKoe OlNpeeseHHe
XJIOPHIOB €O CMeWaHHbIM HHAHKATOPOM, MBI [IPOBEJAH P THTPOBAHHII
B NPHCYTCTBHH NOCTOPOHHHX HOHOB. K | ma xaopucroro Hatpus (coaep-
Kane Cl' 3,046 me/ma) nobGasasinn pa3anulible KOJHUECTBA PAcTBOpa coO-
Jieit 1 ApYrux J00aBOK, 2 Kaniu AHdeHiakap0a3ona, 2 Kanau p-UHTPo30-a-
HabTO1a, HEHTPANH30BALH a30THOH KHCJIOTOH 0 3€/eHOH OKPACKI H THTPO-
BaJli PacTBOPOM HHTpaTa OKHCHOH PTYTH A0 NEPEXOAa OKPACKU H3 3e/1eHOil
B PO30BVYIO WM KpacHyl. PeayabTaTel THTpOBaHMS NpHBedeHH B Talbua. |.

[IpumepHoe coiepxKaHiie HOHOB, cOCTABASIOUINX OOLIYHBLIC HHKeJieBbIe
32eKTposuThl, He npesbiwaet: 300 me;ma Ni, 130 me/ma SOy, 7 mejnas CU,
30 me/ma H3zBOs, 3 me/ma caxapuna n 0,1 me/na dpypdyposa. Kax Buano
U3 taba. 1, 1o6aBku B npeaesax VYKa3dHHbIX KOJHYECTB O0Ka3blBAIOT He-
GoabluOe BJMHAHHE HA Pe3y/JAbTATBl THTPOBAHHS, UTO TIO3BOJASET ONpPeAeasiTh
XAOPHABI B MX MPHUCYTCTBHM. Bosbuive OTK/IOHEHHS INOJAYY4eHBbl B cjayuae
npudasnenus caxapuua. Ilocaennuii, kak nokasaja xoJoctas npofa, 3a-
I'PS3HEH HOHAMH XJopa.

MeTtoanxa 6blia npoBefleHa HA ONPeICJCHHH XJAOPHAOB B 3JEKTPOJIHTC
CJICAYIOUIeTO cOCTaBa:

Cyabdar uukeas--250 2 1,
XJopuj  HHKeas —20 2 2,
Bopuas kucaora—30 2 a2,
CaxapuH --3 2'a,
Pypdypon --04 22,
ItHaoseiil cnupt-—1,5 Ma a.

OjHaKO NPH THTPOBAIIMH XJOPHAOB B 3/J€KTPOJNUTE B MOMEHT HpHGaBIeHHS
CIOHPTA BbIazaa ocalOK 3€JEHOro lBeTa, KOTOPBIH He Hcue3aa A0 CaMoro
KOHLA THTPOBAaHHS. DTO NPHBOJIMIO K PacCIIbIBYATOMY NE€PEXOAY OKPACKH H
pesyabTaThl TIOJAYYaAIHCh HeBOCIPOU3BOAMMEIMH. Mexay TeMm, npH THTpoBa-
HHH pacTBOpa XJOPHCTOTO HATPHSA B NPHUCYTCTBHHU NOBOJABHO OOJLLIHX KOJIH-
4yecTB MOCTOPOHHHX HWOHOB NMOAOOHOrC SBJAEHHS Mbl He HaGAwIANH., IDTO
MOXHO OOBACHHTb, NO-BUAMMOMY, O0/bIHM coacBbiM 3 dexrom, Hamre
NPeAno/oKenne ObIO NOATBEPKAECHO THTPOBAHHEM 3JEKTPOJIHTA ¢ JtoOaB-
KOH HEKOTOPOTO KOJH4YeCTBa pacTBOPa HJH CYyXOifl COJMH HUTpaTa HaATPHS.
PesyapTathl onbiToB npusegeHsl B Tab.. 2.

M3 npuBeleHHBIX AaHHBIX BHAHO, YTO THTPOBAHHE XJIOPHAOB B IIpH-
CYTCTBHH HEKOTOpOTO KoJjuuecTBa (~ 300 me/ma) a30THOKHUCAOTO HATpHA
npoTeKaer raajiko. PacTBop Lo KOHHA ocTaeTcss NpO3pauHblM M B SKBHBA-
JEHTHON TOYKE HHJAMKATOD MeHseT LIBeT H3 3e/eHOTO B PO30BHiH ot |—2-Ka-
nejb pacTBOpa MepKYpPHHHTpara,
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Ta6aunuma 1

MepKypUMeTPHUECKOe TUTPOBaHKE XJOPHCTOr0 HAaTPHS CO CMEIIAHHBIM HHAHKATOPOM
B NPHUCYTCTBMH PAsJHUYHBIX A00aBOK

Conepxanve xJopa a0 Bcex omnbitax 3,546 #me2

Job6asaeuo, az
Haiineiio OTH.
Ni (NOg)e-6H;O| NazSO4- 10H,0 | H; BOs | caxapun q’%%‘}l’y" X10pa, M2 | omKOKa,
27 —_— — — — 3,546 —
135 — — — — 3,546 —
270 — —_ — — 3,546 —
540 —_ — — - 3,568 -+0,31
810 — — — — 3,606 +1,71
- 12,7 — — — 3,546 —
_ 63,5 — — - 3,546 —
_ 127 — — — 3,511 —0,98
— 254 — — — 3,459 —2,47
270 127 — — — 3,546 —
403 192,5 — — — 3,546 —
— — 30 — — 3,534 —0,31
— - 60 — — 3,534 —0,31
— — — 0,3 — 3,614 +1,89
— — — 1,5 — 3,683 -+3,91
— — _— 3,0 — 3,855 +8,83
— — — — 0,2 3,546 —
—_ — — — 0,4 3,558 +0,31
— — — — 0,8 3,546 —
270 127 30 3,0 0,4 3,718 -+4.77
270 127 30 — 0,4 3,580 +0,98
540 254 60 — 0,8 3,580 +0,98

Tabaunuma 2

MepKypUMeTpUIECKOE THTPOBAHHE JJEKTPOJHTA B NPHCYTCTBHM HHUTPATa HATpHS

Pacxo
KoanuectBo snek- | Ilpubasaeno 1 M. | IlpubaBaeno cy- Mepxyfl
poauTa, MA PACTB. HHTpATa | XOii CONM HATPATA | pupurpa-| [TpUMevanne
HaTpHA, MA HaTpuA, M2 1a, Ma |
1 0,5 — 4,12 Ocazka rert
1 1,0 — 4,13 Ocazka mer
1 2,0 —_ 4,12 Boinapaer 6ennti
0CaJI0K B 3KB. TOU-
Ke
1 - 200 4,12 QOcanka Her
1 o 300 4,13 Ocanxa Her
1 - 400 4,13 Buimanaer Geanii
0CanoK B 3KB. TO4-
Ke
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Heo6xoiumue peaktusb: 1. [IpuGansuteanno 0,03 n. pacrt-
BOp MepKypHHMTpaTa: 5—6 2 a30THOKHC/IOH OKHCHOH PTYTH pacTBOPAIOT
10 KarmiaM B KOHIEHTDHPOBAHHOH 430THOH KHMCJOTe O NOJHOrO pacTBope-
HUS cOJH H o6beM pactsopa ZoBoAsT 1o | auTpa. Ecan npu croanuu B Te-
ueHHe CYTOK BHIAEJSETCSt 0CajOK — PacTBOp (uabTpYIOT. 2. TutrpoBaHubIH
pacTsop xJopucroro Hatpus. 3. Pas6asnennas (~0,05 H.) asoThast KuCJO-
ta. IlpuMensieMyo a30THYIO KHCIOTY HeOGXOIMMO MPOBEPHTD HA OTCYTCTBUC
B Hell xjopunos. 4. 19%-mblit cnupToBBIl pacTBOp AMdennakapbaszoHa.
5. 1%-HBIil COUPTOBEIL PACTBODP [-HHTPO3C-a-Hadrona. 6. 96% -Hblil 9THIO-
BB CIHPT.

Xopm anaausa: B KoEHYUeCKyIO KOaG0UKy Ha 50 ma mepenocar 1 ma
pacTBOpa 3JEKTPOJNMTA, PpHGaBAsiior okoso 300 M2 HATpaTa HATPHs, 2 Karl-
au gueHunnkap6asoHa, 2 Kaiid B-HETPO30-c-HA(PTONA, HEATPANH3IYIOT
a30THON KUCJIOTOM 0 3e/eHoH oKpacku u gobasistor 5 ma caupra. Cogep-
JKUMOe KOJOO0YKH B36aNTHBAKT M THTPYIOT MepKYDHHHTPATOM JO I€Pexoia
OKpPaCKH pacTBopa M3 3ejenHoi B kKpacHylo. TakuM ke o6pasoM ycTaHaBJ/IH-
BalOT THTP MePKypHHHTPATa, HO BMECTO 3JEKTPOJHTa GepyT pacTBOp XJo-
puctoro Hatpusa. ComepKanue XJ0pa BHIYUCAAIOT MO (opmye

Ber= T V-1000,

rae Boi—conepxanue XJopa B 2/.4;
T —TuTp MepPKypHHHTpATA MO XJAOPY;
V—KoauuecTBo M2 MepKYypPHHUTpATa, Noulejuiee Ha THTPOBAHHE.

JlJs cpaBHEHHs Pe3yAbTaTOB XJODH/ABL! OJHOBDEMEHHO ONpeNesInch
BECOBHIM MeTodoM. JlaHHble ONBITOB CBeAEeHB B TabJa. 3.

Taéauna 3

HposepKa MEPKYPHMETPUUECKOrQ OnpeEncaeHng XJAOPHJ0B B HHKEJEBOM 3JACHTPOJHTE CO
CMEMAHHBIM HWHIMKaTOpOM

Becosoii MetTon

MeprypHMerpHUecKHil MeTOR

B3(TO 3JEK- | BEC XJOPHCTO- HalmgeHo | B39TO 3JeKTPO-| HaljgeHo Xa0- | OTHOCHT.
TpoaHTa, M4 | 1O cepebpa, z | X10pa, /4 nuTa, MA pa, 2/a omuobKa, ¥6
5 0,1395 6,9123 1 6,944 + 0,44
5 0,1391 6,9110 1 6,910 — 0,04
5 0,1389 6,9040 1 6,928 + 0,21
Cpennee
3HayeHue 0,1392 6,9130 6,927 + 0,20

Kak BHAHIO H3 TabJHIB, Pe3yabTaThl MEPKYPHMETPHUYECKOro Ompeaene-

HHSl CO CMEIIAHHBIM HHIHKATOPOM XOPOLIO COFJIACyTCA ¢ AAHHBIMH, MOJY-
YeHHBIMH BecOBBIM MeTofoM. Cpeansia oTHocuTedbHas omnbka 0,18%. Boc-
NPOH3BOJMMOCTb X0pouias. B BBINOJIHEHHH SKCIEPUMEHTANBHON YacTH pa6o-
Tel yuacTBoBajia cryaedtka A. H. Apunmosuu.

BoiBOabI

[Mpejaoked MepKYpPUMETPHUECKHII METOL ONpeAc/eHHs  XJIOPHIOB
B 3JIeKTPONMTAX HHKEJEBHIX BaHH. MeTOX NpPOCTOH, TOUHBIH, AaeT XOPOIIO
BOCNIPOU3BOJAUMBIC Pe3YAbTaTHL
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