r ocyvyasAPCTHB

HHBHA CTAHIATPT
cC o 3 A

CCP

S

B3 8—97

TAJLJIUN

METOJ OIIPEAEJINEHUA MEIU, KAIMUA U IINHKA

I'OCT 22519.5—-77

H3nanue opunmansnoe

UIIK U3JATEJIBCTBO CTAHIAPTOB
Mocksa



YIK 669.873:543.06:006.354 I'pynma B59

TOCYIOIAPCTBEHHBM®A CTAHIAPT COI3A CCP

TAJUTHIN
Mertoa onpeaejieHHs MeIH, KAIMHS H LHUHKA TOCT
THALLIUM. Method for the determination 22519.5—-77

of copper, cadmium and zink

OKCTY 1709

Jara seenenns 01.01.78

. Hacrosiuumit crannapr ycranaBiuBaeT nosisiporpadM4ecKuit METOX oNpeneneH s Meau (IIpY MaccoBoi
none mexu ot 0,000005 mo 0,003 %), kanmus (mpu MaccoBoit Jone Kaxmus ot 0,000005 xo 0,003 %) u
UMHKA (pM Maccoso none umHka ot 0,000005 mo 0,003 %), B Tanuu mapok Tn00, Ta0 u Tnl mo
T'OCT 18337.

Merton ocHoBaH Ha otaeneHuH Taums (I11) axcTpakumei IMXIOPIUATIIOBBIM 3GUPOM (XIIOPEKCOM),
tesutypa (IV) MeTHIH306YTIIKETOHOM M3 pacTBOpOB GPOMMCTOBOLOPOXHONM KHMCIOTHI 3—4 MOJIb/IM> U
nosiporpad4ecKoM oMnpeleNeHUH MeaH, KAIMUS U IMHKA Ha GOHe, conepXalleM aMMHaK M XJIOPHCTbL
aMMOHMUIt, B MPUCYTCTBHHU CYJIbGUTA HATPMSA, B Mpeeax MOSPU3ALMH PTYTHOTO KAlaioWero 3MeKTpoaa
ot MuHyc 0,3 1o MuHyc 1,6 B 110 OTHOLIEHHIO K HACKIIIEHHOMY KATOMENLHOMY WM BHYTPEHHEMY PTYTHOMY
3/IEKTPOAaM CPaBHEHHS. : :

(N3menennan pepakumsa, Mam. Ne 2).

1. OBIIUE TPEBOBAHUSA

1.1. O6ume TpeboBaHUA K METONY aHaIM3a U TpeboBaHUA GezomacHocTH — o TOCT 22519.0.
(A3menennas penakums, Usm. Ne 3).

2. ATIIIAPATYPA, PEAKTHBEI 1 PACTBOPEI

[Monsporpad ocumwutorpadpuyeckuil WIK noasiporpad nepeMeHHOro Toka Joboro THA.

Kucnora azotHas no I'OCT 4461 u pasz6aBneHHad 1:1.

Kucnora consinas no F'OCT 3118 u pasbasnexHas 2:1.

Kucnora 6pomucrosonoponnas no F'OCT 2062.

Kucnora xnopHast, 57 %-Hslit pactBop (8,5 Monb/aM3).

Ammuak BoaHblii o T'OCT 3760.

AMMoHU#A xmopucTsiit mo FTOCT 3773.

Bpom o 'OCT 4109.

Mens no 'OCT 859 mapxku MOO.

Hartpuit cepHHUCTOKHMCIBIN (CYNTbOUT HATPHS).

Kangmuit no T'OCT 1467, mapku KnQ.

Pryts no 'OCT 4658.

LMHK MeTaJUIM4eCKuii rpaHyIMPOBaHHbIM.

CraHgapTHbIe pacTBOpHI MEIH.

PactBop A; rotoBsaT cremyiomMM oGpasom: HaBecKy Meau Maccoit 0,100 r pacteopsiior B 10 cM3
a30THOW KMCIIOTBI M BBIMAPUBAIOT Aocyxa. [IpHIMBAIOT 2 cM® CONSIHON KHCNOTBI M CHOBA BHIIAPHBAIOT
aocyxa. [punnsatot 50 cM? consfiolt KucnoTer, 200 cM? BObI, KOJIMYECTBEHHO EPEBOAT B MEPHYIO KOJIBY
BMECTUMOCTBIO 1 M3, pa3GaBiIsiOT 1O METKH BONOMH U MEepeMeIINBAIOT.

1 cM3 pactBopa A comepxuT 0,1 Mr Megu.

H3nanne oduunaisHoe : Ilepeneyarka Bocnpenmena

© HzpatenscTBO cTaHmapTos, 1977
© WIIK Hzpatenbcto craHmapTos, 1998
Mepeusnanue ¢ UsmeneHusmu



C. 2 TOCT 22519.5—77

Pactsop B; rorosar cnexyommm obpasom: 10 cM? cTanmapTHOro pactBopa A Memu MOMEILAIOT B
MepHyio konby BmectuMocTbio 100 cM3, npuusaior 10 cm3 consiHOM KHUCHOTSI, OXJIAXKIAIOT, pa3baBisIIOT
0 METKH BOHOM W ITEpEMEILIMBAIOT.

1 cm3 pactsopa b comepxwut 0,01 Mr mexu.

Pactsop B; rotosar cremyommm obpaszom: 1 cm3 craHmapTHoOro pacTBopa A MeoM NOMELIAIOT B
MepHy10 Konby BMectumocTbio 100 cM3, npurusaior 10 cm3 cosstHoit KucToTh, 25 cm3 BOIBI, OXJIAXAAIOT,
pa3baBisIIOT A0 METKH BOLOM M IepEeMEIINBAIOT.

1 cm3 pactBopa B conepxut 0,001 Mr meou.

PacTtBOop B npuMeHAIOT CBEeXENPUTrOTORIEHHBIM.

CraHgapTHBIe pacTBODHI KaIMHs.

PacTBop A; rotosar creiyiomum o6pa3om: HaBecKy KaaMus Maccoit 0,100 r pactBopsifor B 10 cM3
a30THOH KHMCIOTBI, pa3baBieHHOH 1:1, u BeImapuBaioT nocyxa. Ilpwimsaior 2 cM3 colstHO KHUCJIOTHI, U
BBIMAPUBAIOT 10 BIAXHOro ocTatka. [Ipuiusaior 50 cM3 consiHoit kucoTel, 200 cM3 Bomsl, OXJIAXAAIOT,
KOJIUYECTBEHHO MEPEBOAAT B MEPHYIO KOJIOy BMeCTUMOCTBIO 1 AM3, pa3baBisioT DO METKM BOHOH M
MepeMELLHBAIOT.

1 cM3 pactBopa A conepxuT 0,1 Mr KagMmusl.

Pactsop B; rorosar cnemyrommm o6pasom: 10 cM3 cTaHmapTHOro pacTBopa A KagMHs ITOMEILAIOT B
MepHY10 K06y BMecTuMocTeio 100 cM3, npunusaior 10 cM3 consHoit KHCJIOTBI, OXJIaXIAal0T, pa3baBisdiorT
IO METKHM BOIOH M MepeMellNBaloT. :

1 cM3 pactsopa B cozepxur 0,01 Mr kagmus.

Pactsop B; rotosar crexyrommm o6pasom: 1 ¢cm? craHmaprHoro pacTtBopa A KaaMHs MOMEUIAIOT B
MepHYIo Kon6y BMectuMocTbio 100 cM3, npuinBator 10 cM3 consHoilt KucaoThI, 25 cm3 BOZbI, OXJIAXKIAIOT,
pa3baBisIOT [O METKM BOINOM M MEpEeMEILNBAIOT.

1 cM? pactBopa B comepxut 0,001 Mr KamMus.

PactBop B NpHMEHSIOT CBeXENPHIOTOBICHHBIM.

CraHzapTHbIe pacTBODBI LIMHKA

PacTBOp A; roTOBAT CrenyolmMM 06pa3oM: HaBECKY LIMHKA Maccoit 0,100 r pacreopsifoT B 50 cm3
COJITHOH KHCIOTBI, MPUINBAIOT 200 cM3 BOIBI, OXNIAXAAIOT, KOIMYECTBEHHO MEPEBOAT B MEPHYIO KONy
BMECTUMOCTBIO 1 M3, pa36aBIIIOT 0 METKH BOIOM M IepeMeILuBaIOT.

1 cM? pactBopa A comepxur 0,1 Mr LMHKA. -

Pacteop b; rorosar crenyroumm o6pasom: 10 cM3 craHmapTHoro pacTBopa A IMHKA MOMELIAIOT B
MepHYI0 Kojby BMecTuMocTbio 100 cM3, mpwimsaor 10 cM3 constHoi KHUCJIOTBI, OXJIAXIAIOT, Pa3zbaBasioT
IO METKM BOIOH M NepeMelMBaloT. PacTBOp NPUMEHSIOT CBEXEMPUTOTOBIEHHBIM.

1 cM3 pactBopa comepxut 0,01 Mr HMHKA. )

['panynpoBouHBIE pPacTBOPBI MM, KaIMUS M LMHKA, FOTOBAT CNeNyIolMM o0pa3oM: K HaBecKam
Tawma Maccod 1,000 wmu 5,000 r (cM. Tabn. 1), mepen pasnoxeHHeM HX B KHC/IOTaX, OTMEPHUBAIOT
MHKPONHUIIETKAMHM CTaHAAPTHBIE PACTBOPbl MM, KaIMMA M LUMHKA W Jajlee BeOyT WX TIOArOTOBKY, KaK
yka3aHo B pa3l. 3. Pas6asnenue o65eMOB pacTBopoB npo6 ¢ Ko6GaBKAMH U KOHUEHTPAaUUK B HUX N06aBOK
yKa3aHbl B Ta6n. 1.

Tab6bnunpa 1

Ho6aeneHo craHaaprHOrO pacTBOpa MaccoBas
KOHUEHTpalIMA
no6GaBkH B pacTBOpe
® . Meau KanMusa LMHKa npo6hl, MI/amM
5 =
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| S : |83 4 g4 2E| £ 8| B
1 {99,9995 5,000 B | 0,25 | 0,00025 B | 0,25 0,00025 b | 0,25 0,0025 5 0,05 0,05 10,5
2 | 99,9995 5,000 B |04 |0,0004 B {04 | 0,0004 B | 0,4 | 0,004 5 10,08 0,08 |0,8
3 199,999 5,000 b |01 |0,001 B | 0,25 0,00025 B {0,25]| 0,0025 5 10,2 0,05 | 0,5
4 199,999 5,000 B | 0,2 |0,002 B | 0,4 | 0,0004 b |04 !0,004 5 104 0,08 0,8
5 199,99 1,000 A 0,1 {0,01 B | 0,3 |0,003 B | 0,5 | 0,005 10 |1 0,3 0,5
6 {99,99 1,000 A 0,2 10,02 B {0,5 | 0,005 b | 0,8 |0,008 10 | 2 0,5 0,8
7 199,98 1,000 A 0,1 |0,01 A 0,1 |0,01 A |0,1 }0,01 20 | 0,5 0,5 0,5
8 | 99,98 1,000 A 0,2 0,02 A {02 10,02 A 10,2 |0,02 20 |1 1 1
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DoHoBblit 3ekTponuT. B 1 aM3 pactBopa coxpepxurcs 100 r xiopucroro aMMmonus u 100 cm3
aMMHaKa.

B ciy4ae nmonsiporpadupoBaHus Ha ocuuLtorpaguyeckom nosiporpacde 1 nm3 dpoHosoro 3JIEKTpO-
JIMTa JOMKeH coaepxatsb 20 cM3 pacTBopa xenaTuHa. DoHOBBIH JJIEKTPOJIUT YCTOHYMB B TEYEHHE 7 MHEH.

Odup-P, B'-AUXTOPIUSTHIOBHIH (XTOpEKC).

MeTtunmmso6yTiikeToH.

Kenarun numesoit mo TOCT 11293, pactsop 20 I/IM3, CBEXEPUIOTOBIEHHBIH.

(Asmenennas pexakumsi, Mam. Ne 2, 3). .

3. IPOBEJEHUE AHAJTIN3A

3.1. B xonuyeckyio konby BMecTuMocThio 100 cM3 momernaroT HaBecKy Taumus Maccoit 1,000 r (npu
MaccoBo#t nose Tawtnst 99,98—99,99 %) wim 5,000 r (mpu MaccoBoit moe TALUS 99,999—99,9995 %),
NMPUIIMBAIOT a30THYIO KUCOTY, pa3basieHHyo 1:1 (k HaBecke Maccoit 1,000—2,000 r 4—6 cM3, K HaBecke
macco#t 5,000 r 8 cm3, B konby ¢ KOHTPONBHOM Npobo#i COOTBETCTBEHHO — 4, 6, 8 cM3), HaKpbIBAIOT
aCOBBIM CTEKTOM U PACTBOPSIOT NMpH HarpeBaHuu. CTeKI0 yBUPAIOT # Mpoby BBIITAPUBAIOT [0 BJIAXHOTO
ocratka. OX1axnaioT U MPUIMBAIOT K Npobe, coxepxaiei HaBecky 1,000 r — 2 em3, k npo6am, conepxa-
M Haseckd 2,000 r u 5,000 r — cooTBeTcTBEHHO 5 1 10 cM3 CONSHON KUCTOTHI Y OCTOPOXHO BBINTapH-
BAIOT IO ITOJIHOTO YAAJIEHUS OKCHIOB a30Ta.

K ocratky npwiuBaior pactsop bpoMucroBonoponHoit kuciotel ¢ (HBr)=4 Mois/aM3 (K mpobe ¢
HaBecKoit Maccoii 1,000—2,000 r 10—15 cM3, k npobe ¢ HaABECKOlH Maccol 5,000 r 20 cm3), cooTBeTCTBEHHO
0,51 1 wim 3 cM3 6poMa, HAKPBIBAIOT YACOBBIM CTEKIOM H OCTABISIIOT 0 MOJHOIO PacCTBOPEHUSA TaJUIMs
Ha TEIUIOM MECTe NPH MEpUOLNYECKOM NepeMeLIMBAHUH.

PactBop npo6e! (BbLIENSTIOIIME MAPE! GPOMA) MOCITE OXTAKIEHHUS MEPEBOMAT B AEJUTENBHYIO BOPOHKY
BMECTUMOCTBIO 120—150 cm3, npuinBaloT K pacTBopam, CONEpXallMM HaBecKy Mpobsl 1,000 r — 20 cm3,
2,000 r — 30 cM3, k pacTBopy, comepxatemy HaBecky 5,000 r — 60 cm3 xnopekca, OMOJIOCHYB MM IIpEJBa-
PUTEILHO KOOy, B KOTOpPOH NpPOBOMWIOCH PAITOXKEHHE, U OKCTPAarUpYyIOT TAUIUH IPH MELICHHOM
BCTPAXMBaHUM B TeyeHHe 2 MuH. [ocre pasmeneHus ¢has opraHMyecKHii croi 0oTOpachHIBAIOT, B JEUTEb-
HYI0 BOPOHKY MPUJIMBAIOT B COOTBETCTBUM C HaBecKoi mpobsr 10; 20 mam 30 cm3 XJjiopekca, 1—2 kammu
6poMa M 3KCTpakuMIO TAUIUs moBTopsioT. Tloce cbpoca BTOPO# MOPIMH XI0peKca IKCTPAKLHMIO TAIUTHS
TIOBTOPSIIOT elle [Ba pasa. :

Boxueiit croit, mocne c6poca xnopekca, TIEPENIUBAIOT YE€PE3 TOPJIOBUHY B NPYTVIO ENUTENBLHYIO
BOPOHKY, mpubasmsiior 1—2 kammm 6poma, 10 cm3 XJIIOpEKca, BCTPAXMBAIOT B TeyeHUe 2 MHH. Ilocie
TLIATENLHOTO OTAENEHMS XJIOPEKCa BONHBIA CIOH CIMBAIOT Yepes FOPJIOBUHY B CTaKaH BMECTHMOCTBIO
50 cM3, BbIMapuBalT Ko 06beMa 3—4 cM3, mpuamBaoTt 1 cMm3 XJIOPHON KHCJIOTBI U BBIIAPUBAIOT [0
BBLICJICHHUS NapOB MOCTEAHEH, NIPIWIMBAIOT 1 cM3 a30THOM KHMCIOTHI M [POAOIKAIOT BBIITAPHBATH [IOYTH AO
MTOJTHOTO YAAEHUS XJIOPHOM KUCJIOTBI. ~ -

IIpu HanMYMKM B TAJUIMH TEJUTYpa, YTO YCTAHABJIHBAIOT NPEABAPUTESIBHO, TAJUIMH 3KCTPArMpyloT, KaK
YKa32HO [0 MepeBoNa BOAHOIO C/IOSl B APYTYIO BOPOHKY, HO BMECTQ XJnopekca npubasisior 15 cm3
MeTWIM300yTIWIKETOHA (6pOM He DO0ABJISIIOT) M 3KCTPATHPYIOT TEJUTYDP, UHIMHI Y OCTAaTKM TA/UTUS B TEYEHUE
1 MuH. BoxHblit CJI0/ [TOMEILAIOT B CTAKAH BMECTHMOCTBIO 50 cM3 I Ianee MOCTYNAOT, KaK YKa3aHo BBIIIE.

K ocraTky mocne BeimapuBaHHA KHCTOTBI npwiuBaioT 5—10 wm 20 cM3 poHoBOrO 3JIEKTPOJIUTA (CM.
1abi. 1), npubaBisiOT Ha Kaxubele 5 cM3 okono 50 mr CY/Ab(UTa HATPHSA, NMEPEMELIMBAIOT U IPOBOAST
nonsporpapupoBaHe Meau, KaIMUsS U I[MHKA COOTBETCTBEHHO NpM MOTEHUMANAX MHUKOB MuHyc 0,52,
muHyc 0,82 1 MuHyc 1,4 B no oTHOLIEHUIO K HaCBIILEHHOMY KaJlOMEJIbHOMY 3JIeKTpORY. B aHaOrMYHBIX
YCNOBHAX MONAPOTpadUpYIOT PacTBOP KOHTPOJNBHON IIpo6bl U IPadyMpOBOYHbBIE PACTBOPBL. 3HaueHHe
BBICOTBI BOJIHBI KOHTPOJIBHOIO OITBITA BBIYMTAIOT U3 BbICOTHI BOJIHEI Ipo6bl U 06pabaThIBAIOT PE3y/IbTATHI
aHanM3a.

Ocuutorpaduyeckuit nonsaporpad NpUMEHSIOT NIpy aHaIM3e MeOM, KaaMHs M LMHKA B TALIMYU C
MaccoBoii noneit ero 99,98—99.99 %.

(U3menennas penakums, Uzm. Ne 2, 3).

4. OBPABOTKA PE3VJIbTATOB
4.1. MaccoByio oo Menu, KaaMus Win UMHKA (X) B MpOLEHTAX BBIMUCIISIOT 10 dopmyne

H-V.C

Y= G =B m 1000

rae H — BbICOTa BOJNHBI Menu (KagMusi WK LMHKa) NPHU MOAporpadupoBaHUH pacTBopa NpoObl, MM;
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H, — BbicOTa BOJHbI MeIM (KAIMHMs WM UMHKA) NP NOJAPOrpadpupoBaHUM pacTBopa npo6bl €O
cTaHIapTHO! 100aBKOMH, MM;

¥ — o6beM pacTBopa Mmpo6sI, CM3;
C — MaccoBasi KOHIEHTPAlIMS CTAHAApTHON N06aBKU Menu (KaaMHsl WIK LIMHKA) B IPaflyHpOBOYHOM

pacTsBope, Mr/am>;

m — Macca HaBecKH TaJUus, I.
(Viamenennas penakums, M. Ne 2, 3).

4.2. AGCONIOTHBIE 3HAYCHUS Pa3HOCTe! pe3y/bTaToB JBYX MapaUTeJbHBIX ONpeaeNeHHi (MoKasaTesb
CXOMMOCTH) U PE3Y/IBTATOB ABYX aHAIM30B (10KA3aTeNlb BOCIPOU3BOAMMOCTH) C NOBEPUTENBHON BEPOAT-
HocTbio P = 0,95 He TOJDKHBI NIPEBBILUATH 3HAYEHUIl JOMyCKAEMBIX PACXOXAEHHUI, YKa3aHHBIX B Tab. 2.

Tabnuua 2

MaccoBast [ONS MEIH, KATMuUsl
WM UMHKa, %

JomyckaeMoe pacxoXaeHHe Napaule/IbHBIX

onpenencHui, %

JlonyckaeMoe pacXOXICHHE pe3ynbTaToB
aHanmn3a,

Mens Kagmmit mmk Menb Kagmust LInnk
Ot 0,000005 oo 0,000010 BxumioY. 0,000003 0,000003 — 0,000004 0,000004 —
Cs. 0,000010 » 0,000020 » 0,000005 0,000005 0,000005 0,000008 0,000008 0,000008
» 0,000020 » 0,000050 » 0,000010 0,000010 0,000010 0,000015 0,000015 0,000015
» 0,000050 » 0,000100 »- 0,000030 0,000030 0,000030 0,000040 0,000040 0,000040
» 0,00010 » 0,00020 » 0,00005 0,00005 0,00005 0,00008 0,00008 0,00008
» 0,00020 » 0,00050 » 0,00010 0,00010 0,00010 0,00015 0,00015 0,00015
» 0,00050 » 0,00100 » 0,00030 0,00030 0,00030 0,00040 0,00040 0,00040
» 0,0010 » 0,0030 » 0,0005 0,0005 0,0005 0,0008 0,0008 0,0008

(U3menennas penaxumsi, Mzm. Ne 3).
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