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®OTOKOJIOPUMETPUYECKHH METOJ ONPEAEJIEHHA
CJEAOB AJIIOMHHHKA B OJIOBE BbICOKOW HMCTOTHI
C 9PUOAPOMUUHAHHHOM

(Hpe;xcmm{eua HayUHbiM COMHHAPOM  NHNHKO-TEXHOJOTHYECCKOTO (baKlebTeTa)

M3 aurepartypii H3BECTHBI padoTLi pAda 3apyOexHBIX HCc/ienoBarteei
10 TMPUMEHEHHIO 3PHOXPOMLHAINHA L5 KOJOPUMETPHUECKOTO Olipe/ieseHud
aJIOMHHUSA B TODHBIX MOPOJAAX, »KeJe3HbIX py/ax, IleMeHTax, CTajH, nel-
HpIX M IMHKOBBIX crnaaBax npu  colepxanid  ero ot 30 10 0,024 npo-
uenra [1-—6].

Boauelii pacTBop 3pHOXPOMUHAHHHA HMEET OpariKeBO-KeJATYI0 oKpa-
cky. C mopbimensiem pH pacTBopa ero oxpacka NEpexoauT B CHHE-DHOMETO-
Bylo. C a/JlOMHHHEM B NPHCYTCTBHH aMMuauno-auetatnoro 6ydepa ou ob-
pas3yeT paCTBOPHMMBII B BOje KOMILIeKc Kpacno-@uoterosoro usera. Me-
IWAIOT ONPEeIeJIEHHIO aJIOMUHHS KaTHOHLI TPeXBAJICHTHOTO JKejaesa.

Passauunblie aBTOpPLI PEKOMEHAVIOT DasHblii cocTas OydepHoil cMecH,
Pa3JUUHYIO KOHLEHTPAIMIO PeakTHBa M cmocodnl ero npurotosiexds. Her
eAMHoro MHenuss o6 ontumaabuom pH  pactsopa, HEOOGXOAMMOM  CBETO-
(UaBTPe W BpeMEHH BBIAEPKHBAHHsi PACTBOpA Mnepel KOJ0pUMeTpHpoBa-
HHeM. B antepatype HeT AAHHBIX O MAKCHMAaJbHOH UYBCTBHTEABHOCTI Me-
TOda, €ro TOYHOCTH KW BOCIHPOHU3BOAMMOCTH IIpH OnpelaeJeHHH MHKDOROJIH-
YeCTB AJMOMHHHSA, HEJOCTATOYHO JA@HHLIX O CIIEKTPAJbHBLIX XapaKTepHCTH-
Kax CaMoOro peaxkTHda H ero KOMILJIEKca ¢ a.JTl0MHHHEM.

Hamy uaydensl YCJAOBHsI NPIMEHEHHST 3PHOXPOMUHMaHHHA AAs (POTOKO-
JOPUMETPUYECKOTO ONPELEJCHMS CaeJ0B aJIOMHHIS B 0JOBE BbICOKO{ YH-
CTOTEI, YYBCTBUTEJbHOCTb, TOUHOCTH M BOCIIPOH3BOAMMOCTL MeToAa. B pe-
3yJAbTaTe NMpPOBeJeHHBIX ONBITOB Mbl YCTAHOBH/H, 4TO 0,0750/0-1{1311”1J BOJAHKII
pAaCcTBOP 3PHOXPOMUHMAHWHA AOCTATOUYHO YCTOHUHB JMIIb NPH NpHOABJEHH!
K HEMY & & XJIOPUCTOrO HATPUS, & & asoTHokucJaoro Harpus u 0,4 ma Kou-
IEeHTPUPOBAHHOMR 430THOH KMCJIOTH Ha Kamipie 200 M2 pacTBopa peakTHBA,
Kak 3TO peKoMenAyer XuJ/j [4] B oanoil U3 nocaedinx paboT N0C 3PUOXPOM-
nMaHnHy. MakciMyM ONTHYECKOH IJIOTHOCTH KOMIlexca nabJmofaercs Ha
®3IK-H-57 npu 3er1eHoM CcBeTO(PHJABTPE ¢ MakCHMyMOM NpONyCKauus
B 535 mu. Ontumanbubsil pH pactBopa acxkut B npetenax 6,2—66 (puc. 1).
HauGonblas MHTEHCHBHOCTh OKPACKH KOMIJEKCa aJdIOMUHHSA JOCTHTraercs
yepes 5—7 MUHYT Toc/]de CAHBalHs PeakTHBOB H coxpaunsiercs okdio 30 mu-
HYT, 3aTeM MOCTEMEeHHO YMEHbUIACTCH.

JKCMepuMeHTA bHO NPOBEPHB PSAJ BO3MOXKHBIX BapHAHTOB XHMHUECKO
NOATOTOBKU NPpoOBl aHAJH3HPYEMOro 0J0Bd BBICOKOH YHCTOTBHl K (POTOKOJIC-
PUMETPHYECKOMY ONDEAEJCHHIO B HEM CJeJ0B AJIOMHHHUS C 3PUOXPOMIIMA-
IIITHOM, MBI B KOHIC KOHIIOB NPHINJIH K METOAHKe, IO3BOJSAIOUICH YBEPEHHO
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onpedennts 0,1 mke u menee Touno 0,05 mxe anOMHUHA, UTO COCTARJSET
IpH rpaMMOBOH HaBecKe anajiusupyemoro ososa 110 -5—510-6 mpo-
LUEHTOB.
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Puc. 1. 3asuciuMocts onTHUECKOH ILTOTHOCTH Da-
CTBOPOB 3PHOXPOMUHAHHHA M ero  KOMILICKea ¢
amomutinem ot pH pacrsopa: 1 — spuoxpomuua-
HEH U ero KOMIIEKC € ajIOMHHHEeM; 2 — 3DHOXPOM-
HHAHUH; 3 — KOMIJICKC aJIOMHHUA ¢ 3DHOXPOMILHA-

FIHHOM.

Kioeta 3 ¢u, pacTBop cpabuenysi — GHUICTHI-

JST, CBETOQUJILTP ¢ MaKCHMYMOM HpPOLYCKAlHsS B
535 mu.

PaspaGoTanublii HaMH METO/I OCHOBAN Na Pa3JOKEHHH 1ABECKI aliajil-
3HPYEMOrO OJIOBA CMECHIO COJAAHOH KHCJIOTH, GPOMHCTOBOIOPOAHON KHCAO-
Thl H OpoMa, yJajdeHHH OJ0BA TPEXKPATHHIM BbHIADHBAHHEM pacTBOpA
C COJAHOH KUCJOTOH mpH TeMmnepatype, ne ipesbimatoeis 80—90°C, pact-
BODEHHH CYXOTO OCTaTKa B BO3MOXKHO MaJOM KOJHYECTBE COJAHOH KHCJOTHI,
MEPEBCICHHA PaCTBOPEHHOTO OCTATKa B 25 MA MePHYIO KOJIOOUYKY aMMHay-
Ho-aueTaTHOH OydepHoli cMechlo, yeTpaHelin Melalulero BAHSIHS TPeX-
BaJICHTHOrO 2KeéJje3a BOCCTaHOBJEHIEM €ro ackopGHNOBOI KHCAOTOMH, noba-
Baennn 0,075% -noro pacTBopa spuoxpoMilnanuna, JAoBefLeHHH 06beMa 10
25 Ma w doToMeTpipoBalHK 0OPA3YIOUIETOCT KOMMIGKCA ATIOMHHHS 10CTe
CCMUMMHYTHOI BBIAEPXKKH Ha hoTokosgopuMeTpe-Hedenomerpe GIK-H-57
pIL 3€JICHOM CBeTCQHIBTPEe ¢ MAKCHMYMOM TpOmycKaHius B 535 mp.

Pasnoxenne napecku n yjamenue onosa jaautcest 3,54 uaca, (oro-
MeTpuueckoe okoHyanue 30—40 munyr. OumuGka onpejejenus le NpeBbi-
waet -+ 10--159% orHOoCHTEAbHBIX.

CossiHast xucioTa, GPOMHCTOBOAOPOAHAS KHCAOTA H GPOM OYHLLAIOT-
¢ OT C1e10B AJIOMHHIST H APYTHX METa/II0B TPEX-YeTHIPEXKPATHOH I1epe-
TOHKOH B KBAPLEBOM IMCPErOHHOM annapare. AMMUauHO-alUeTATHBIN  Oy-
(epuptit pactop ¢ pH 8,3 rotoButesi cmewenteM 460 M4 ABYHOPMAIBHOTO
pacTeopa yKCYCHoit KncaoTht ¢ 540 ma BYlIODMAAbHOTO PACTBOpPA aMMHa-
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Ka. PacTBop yKCYCHOH KHCJAOTHL MOJYYAIOT H3 JeJSHON KHCJAOThl MapKH
«X4», pacTBOp aMMHaKa — H3 KOHUEHTPHPOBAHHOIO aMMHaKa MapkKu
«uda». 5%-Hbli BOAHBIA pacTBOp acKOPOHHOBON KHC/AOTEl TOTOBUTCH
B JleHb YIOTpeOJeHHsl pacTBOpeHHeM O & acKOopOHHOBOHM KHCJAOTHI MapKu
«yda» B 100 mMsa BOAH. WcxoAHBIT CcTaHAapTHBIH pacTBOP AJIOMUHHSA
¢ 1000 mxe amomMuHusi B 1 ma rotoBuTest u3 cyabdara aaroMHHHSA 0coboil
yuctoThl  (kJgacca A 3aBoaa «Kpacubslii xumuk», BTY Ne 3—334—60}).
Tutp pacrtBopa ycTaHaBJAMBaIOT BECOBbIM nyTeM. PaGoune cTaHAapTHHE pa-
ctBopbl ¢ copepxanueM | mgxe u 0,1 mxe anioMunus B 1 M4 TOTOBSITCS
B JleHb yrnorpebienns pasfaBieHUeM HCXOAHOIO CTAHTAPTHOTO pacTBOpa
BOLOMH, moAkucaeHHol 0,5 ma nepernastofl coasiHoil KUCAOTHL Ha 1 Jurtp.
Bce pacTBOphI rOTOBATCH Ha ABAXK/bl NeperHanHoi BoAe H XPaHATCH B MO-
JHATHJAEHOBOH Tocyae,

[Mocrpochue kaan6Gposounoro rpaduxa

B pax MepHbIX KOJOO4YE€K €MKOCTBIO 25 M4  BHocHTCS 1o 8--10 ma
amMHauHno-aueratHoro Oydepa c pH 8,3, no 6 xameab CcoJsIHOI KHCAOTHI
(1:4), mo 0,5 ma 5% -noro cBeKeNnpHroTOBI€HIOI0 PACTBOPA ACKOPGIHOBOI
KHCJIOTHL U TpebyeMbld 08beM pabouero CTaHAAPTHOTO pacTBopa M3 pacue-
Ta o0LIero cojep:KaHus amoMuHus B npodax g 0,00; 0,05; 0,10; 0.30; 0,50;
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Puc. 2. KaauGposounmifi rpaduk aas ¢$poroxoso-
DHMETPHYECKOTO OMNpefeseHHsT AJIOMUHHA € 3PHO-
v XPOMIMAHHHOM,
Kiosera — 3 c#, pacrsop — GHINCTUHIAST,  CBe-
TOQUABTD ¢ MaKCUMYMOM IIPOMyCKauus B 535 mu.

0,70; 1,00; 1,30; 1,50 mxe. Tlocae nepeMemusauusa go6asasioT no: 0,5 ma
0,075% -nioro pacrBopa 3pHOXPOMUMAHHHA M aMMHAYHO-alleTaTHOro Gydep-
HOTO pacTBOpa A0 METKH, TIIATEJbHO TIEPEMEIIUBAIT M Yepe3 7 MHHYT H3-
MEpAIOT ONTUMHUYECKHe NJICTHOCTH PAacTBOPOB B 3 ¢M KioBeTax Ha (POTOKO-
Jopupe-Hepeaomerpe GIK-H-57 npu senenom cBerodusbTpe ¢ MaKCHMY-
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MoM Hponyckauisi B 335 i, PacTBopoM c¢paBHeHHs CAYKHT OHIMCTHAJAAT.
pH pacTtBopoB mepexa ¢oroMeTpHpoOBaHHeM NpHMepHo pared 6,2. B nawmnx
OTBITAX MBI BpPEMS OT BpeMeHH ero Kontpoauposaain Ha pH-merpe. Ha
pHC. 2 npHBeAeH NOJVUEHHBIH HaMII Ka/ll0pPOBOUHBII TpaQHK.

[lonroroBka npo6 oJsoBa K aHaAH3y

OJ/10B0O BBICOKOI UMCTOTBL NMpH 0TGOpe 1pod 10JAHO OBITb 3aULHILEHO
OT NaJgblep PVK TOUKOIl IOJHITHJICHOBOI IIeHKOoH, as viobctBa otbopa
NMpoObl H YCKOPEHHST pacTBOpeliliss HaBeCKH, aHaJdH3lipyeMoe 0.J10BO NePeBo-
AT B TOHKHE JHCTOYKH. [ast 3Toro B BhICOKHIT cyXoi (apdopoBbill cTakan,
BBIMBITBIH XPOMOBOIT CMeChIO, BOTOI, OUHINEHHON COAAHON KHCJIOTOMN 11
BHOBL BOJOH, moMeulaercss 5—10 e osoBa 11 cTakam narpeBaercst na 3sJek-
TPOTIVIHTKE HECKOJIbKO BbILIE TeMIEpaTypnl NJaBACHHSA OJ0BA. PacnjaBaeH-
HOE OJIOBO BBIIHBAIOT ¢ 20-canTHMeTPOBOH BLICOTBI HO KAIISM Ha UHCTYIO
Geqtyio T1asypoBauilyio IIHTKY. Ecau 00Bo He CAHIIKOM [eperpero, To
NpH 3TOM NOJYYAIOTCS TOHKHC JIMCTOYKH roamuuoit ot 0,1 10 0.2 mu u
CpeHUM BecoM B 1 ¢.

OtoGpanuyio npody 040Ba 114 YACOBOM CTeKAe 06pabaTbiBalOT JABYM
KanAaMH COTAHOH KHCJIOTH, OTMBIBAIOT OHAHCTIJASTOM, CYIaT CYIIH/JIbHOMN
JAAMIOH HAa CTOMHKE, NOKPHITOM TeQJOHOM, B slUHKe M3 OPTCTeKAa H B3Be-
WHBAKT Ha aHAJIHTHUECKHX BecaX. BiaBewieHHYIO npoby CcTaaKUBAIOT B KBap-
IEBBIH CTAKAHYHK A5 PA3JOYKEHHst M B3BCLWHBAOT 4YacoBOE CTeKaG. I1o
pasHoCcTH Beca YacOBOTO CTEKJI& C OJOBOM H IVCTOTQ CTeKJa V3HAIT Bec
HaBEeCKH 0Ji0Ba. '

Xoj ananusa

K naBecke 0/0Ba B KBapueBOM CTaKaHUHKE, ITOKPBLITOM YaCOBBIM CTEK-
JIOM H IOTPVKEHHOM HATOJ0BHHY B XOJ01IYIO BOJY, A00ABILIOT 2 MA KOMH-
LEeNTPUPOBAHHON COMAHON KUCAOTHL, 2,5 M2 GPOMHCTOBOJIOPOAHOH KICAOTH
M TI0 KamjisiM OCTOPOXHO TMOA 4YacoBoe CTeKkdao 1,0—2 ma 6poma. [locae
npekpaiieniss GVpHOH peaklLMH YacOBOE CTEKJIO CHHIMAaeTCsl, oOMbIBaeTcH
1l CTaKaAHYHK CTaBAT 10OJ BBbITAPHTEJIbHYIO JIAMNY HA CTOJUK, NOKPLITHI
Te@JonoM, AnA JajbHelllIero pasaoXKeHHsd HaBeCKH H yIaJieHMs OJOBa.
PacTBop BBIMApHBAIOT 10 4YTh BJAAXKHOLQ ocTaTka, nobasasior | ma coss-
Hoit xucJoThl {1 :1) M BHIApUBAIOT 10 CYXOro OCTaTKa TMpH TeMIiepaTrype
80-—90°C, no6apasior eue 0,5 M4 €oASHON KHCJAOTBL H elle pas BbIMApH-
BAIOT J0OCyXa.

Cyxoli ocTaToK pacTBOPAIT B 6 Kamasx codsiiofi kuciaotol (1:4) 1
NIePEBOMAST aMMHauHO-aleTaTnoll  OypepHod cMecblo B 25 ma  MCPHYIO
Koabouky. HoGaBasiior 0,5 ma CBEKeNPHroTOBAEHIIOro 5%-HOro BOAHOrO
pacreopa acKOpOMHOBOIl KHCJOTBI, IepeMemnBanT, aobasaswor 0,5 ma
0,075%-Horo pacrBOopa 3pHOXpoOMIMAHINA I  aMMHAYHO-aUETATHOrO GOV-
tepHoro pacreopa 10 MeTkd. TmaTeabHO nepeMelIHBalOT H Yepe3 7 MHHYVT
I3MEpSIOT ONTHYECKYIO MNJIOTHOCTL pacTBopa Ia (OTOKOIOpPHUMETpe-nede-
JoMetpe ®IK-H-57 B 3 cm KioBeTax npH 3e/IeHOM CBETOMHIBTPE C MaKci-
MYMOM Tponyckatns B 335 mp. PacTBopoM cpaBHeniisi CayxXuT 611uCTH-
aaT. pH-pacrBopa npumepto pasen 6,2.

ITyctas npobGa npoBOAHTCst Yepe3 Bce CTAAHH Pa3iOXKeHHS HABECKH H
(oroMeTpUPYETCS B  auaJOrHUHBIX YCaoBHAX. OT ONTHYECKON MJIOTHOCTI!
pacTBOpa OTHHMAIOT ONTHYECKYIO ILTOTHOCTh HYCTOH MpOGBI U 1io KaanOpo-
BOUHOMY TpaHKy OnpeiesiioT COACPMKAHHE aJIOMHHHS.

ToynocTp # BOCIIPONH3BOAMMOCTL METOJa HAMH TNPOBEPEHBI HA YHCTHIX
COAfX aNIOMHHIS, IPOBEAEHHBIX 4epe3 Bce CTagdd o6paGOTKH 0J0Ba, Ha
cMecsX cosed H o0pasiiaXx oJoBa BHICOKOH unctorThl. HacTh nosiyuyeHHbX
JauHelXx npHBoAnTCcs B Taba. | n 2.
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Ta6ga ﬁua 1

NMpoBepKka TOYHOCTH MeTOHA

B3aro amoMy- Hafizeno adiomunng, |A6conotHas owunbka, | OTHocHTeanbHaa oinbxa,
HUSl, MK2 MK2Z MK2 %
0,30 0,34 +0,04 ‘ -+-13,3
0,60 0,62 -+0,02 -- 3,33
1,00 1,00 0,00 0,00
1,30 1,28 —0,02 — 1,58
2,00 1,86 —0,14 — 7,00
1,00 0,89 —0,11 -—11,0
0,50 0,47 —0,03 — 6,00

Tabanna 2

PES)’.}]bTaTbl napaaJjeabHbIX OanIlEJleHldﬁ AJNIOMUHHA B 0J0B€ BbICOKOH YHCTOTHI

Ne Haligeno anoMmu- Cpennee 3nayenue, | OTKAOHEHHE OT cpé)l*
¢+ 1pob Hudg, % 9% Hero, %
3,0.107° - 6,2
16 3,7-107° 3,2:107° -+15,6
3,0-107° — 6,2
7,5-107° — 3,2
7,2-107° - — 7,1
30 ’ 7,75-107°
8,3-107° 57,1
8,0-107° + 3,2
- BoiBOABI

Pa3zpaGoTan BBICOKOUYBCTBHTCABHBIH (DOTOKOJOPHMETPUUECKHIT METO1
onpejie/JeHUd CJeI0B aJIOMHHMSI C IPHOXPOMLHAHHHOM. YUyBCTBHTEJBHOCTL
meTtoga 1 10-3—51076%. IlpomosokHTeabHOCTh ompedenetilis 4—5 ua-
coB. Omudra He npesbinaer 10—15% oTHOCHTEJNBHBIX.
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