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3KCTPAKLLUOHHO-®OTOMETPHYECKUA METOH |
“ONPEAEJIEHHUS CJIENOB BOPA B OJIOBE BbICOKOHW YUCTOThI

10. JI. JIEJIbYYK, B. A. HMBALINHA

{IIpencrasfiena HayuHO-METOXHYECKHM CEMHHADOM XHMHKO-TEXHOJOTHYECKOro (aKyJeTeTa)

B Jsurtepatype HeT omnHCaHHA METONOB OMPEAENEHHS MHKDOKOJHUECTB
60pa B 010Be BLICOKOH YHCTOTH. B NoOHCKax BbICOKOUYBCTBHTEJNBHOTO METO-
Ja HaMH HcelieJJoBaHAa BO3MOXKHOCTb H YCJAOBHUS MPHUMEHEHHs] MJS 3TOH Leau
HauboJiee UYBCTBHUTEJNbHBIX DEAKTHBOB, HCIOJb3YEMbIX AJAA (DOTOMETpHYEC-
KOro ompeaeserHs MHUKpoxkoaudecTs 6Gopa B Apyrux oObekrax. M3 Bcex
H3YUeHHbIX PEaKTHBOB H pAa3JIHYHbIX BaDHAHTOB OKOHUAHHSA ONPEASNEHUS
JYUIIUM 0KasaJjcsd METHAEHOBBIH rosy6el NMPH 3KCTPaKUHOHHO-GOTOMETPH-
YeCKOM OKOHUaHHM ¢ 1,2 AUXJOP3ITAHOM B KauecTBe 3KCTpareHta. B pesyib-
TaTe UCCAeAOBaHHMA paspaboraHa MeTOAMKA oOlpele/]eHHs CJAedoB 0Oopa
B 0JI0Be BBICOKOH UYHCTOTHI ¢ uyBcTBUTENbHOCTBIO 2.10 59 mnpu naBecke
aHaausupyeMmoro oJsoBa 0,5 r.

Merunenosnbiii roay6oit C,6HisN3SCl-3H.O ornocutress K o6paTHMBIM
OKHCJIHUTENbHO-BOCCTAHOBUTENbHBIM HHAMKAaTOpaM. HopMmasabHBIll OKHCH-
TEJIbHO-BOCCT@HOBUTEJbHLIA notenuuan ero npu pH 7 pasen 40,011,
apu pH 0 40,53 B. BoccranoBnennasi ¢opma OecuBeTHasl, OKUCJIEHHAst
dopma cunada [l].

Jas onpejenerus MUKPOKoauyecTs Gopa [2—4] ucrnoabs3dyercs cnocoo-
HOCTb METWJeHNBOro roayfboro naBaTthb B kucjaoi cpefe npu pH 1 ¢ rerpa-
¢rTopobopaT-HOHOM OKpalIeHHBLIl B CHHHH LBET KOMIUIEKC, 3KCTPATUPYEMBIH
1,2 puxaopsranom. CocraB koMmjeKca H ycJaoBH# omnpepenexus ot 0,2 go
25 Mxr Gopa B crajam uayuenw [lactopom u corpyauukamu [3]. Kapasaora
n Hemoapyk {4] ucnosnb3oBaiy 3TOT KOMIUJIEKC [l SKCTPAaKLHOHHO-(OTO-
-MeTpHuerwnrn ompefedeHusi 6opa B TerpadTopHIe ypaHa € YyBCTBHTENb-
HocThio 8.10-5 9. ‘

ITo panuwim Ilacropa [3], cocraB Kommnaekca terpadrTopbopara ¢ METH-
JeHOBBIM roJiyGniM 1 : 1, cTpykrypHas dopmyJa
[CHl; H e H . CH;*
| C S C I
Nv—C/\C/\C/\C“——I'\I
l

HCX. /C\ # C\ /CH

CH N CH
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. BF, _
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Hawn onbiTht nokasanau, YTo 0J0BO- MEWIAET ONpellefeHnio Gopa ¢ Me-
" TWJIIEHOBBIM TOJyObIM H LOJXKHO ObITb HOJHOCTbIO YLAJEHO H3 aHaJH3HpYe-
Moro pacrtsopa. B mnpeasaraeMoli HaMU MeTOAMKE OJIOBO YJAAJASIOT [OC/E
pasyoxKeHHsA HABECKH COJAHON KHUCJIOTOH H MNEPruApojieM B BHOE TETPaxJo-
puaa o/10Ba TPEXKPATHBIM BbiNapHBaHHeM MpH TeMmIepaType, He npe-
shimaomeil 90°C. Bosee BBICOKYIO TeMIepaTypy Heab3si LONYCcKaTb, TAK Kak
o0pasyomHica ;B 3THX VCJAOBHAX Oeblii HrOMbYaTHIfl OCAAOK He YAAJAETCH
npy JajbHefilleM BbINAPDHBAHWH C COJIAHOA KHCJ/JIOTOH M JeJaeTcs HEBO3-
MOXKHBIM onpeflesiende Hopa 3THUM METOJOM.

Onpeaenennio 60pa 3TYM MCTOLOM MEIIAIOT TaKkKe KaK OKHUCIUTEH,
TaK 4 BoccraHoBuTesH. OKHCAUTEAH [epeBOAAT MeTHJIEHOBHIH roJayGon
B ero CHHIOI OKHUCJAEHHYIO (OpMY, BOCCTAHOBUTENH — B GECLBETHYIO BOCCTa-
HOBJIEHHVIO (DOpMY.

JINXJ0p3TaHOBBIE 3KCTPAKTH KOMIJIEKCca TeTpadTopOopaT-HOHA ¢ Me-
THJAEHOBLIM TOAyObIM B HWHTepBaJie KOHIeHTpauuit 6opa 0—5 MKr mnocae
ueHTpuyrupoBanuss HX Ha aJeKTpuueckod ueHtpupyre LYM-1 npu
7000 o6/mun nopuuHsioTcs 3akony JlambGepra — Bepa.

MexanuaM u cKOpOCTb IpeBpalleHMT GOPHOH KHUCAOTH B TeTpadTop-
o6opar-uoH uayuusan bab6ko u Mapuenko {5}, BausaHue KoHueHTpauuu HF
Ha cxkopoctb npouecca — [lacrop wu corpynnuxu [3]. ITo aanneim bBadko,
npouecc Haet B ABe cTaauu. ITpakTHuecKM MTHOBCHHO HJET NepBas crafus
¢ obpasoBaHueM THADPOPTOPOOOPHOH KHC/IOTHI.

I. H; BO; + HF Z HBF; OH 4 2H,0

O6pa3oBarue TeTpadTOpOGOPHOH KUCJAOTH 10 BTOPOH CTaJaHH mpouecca
KATaJNTHYECKH YCKOPAIOTCA HOHAMH BOAODOJA.

Il. HBF; OH + HF Z H [BF,] + H,0
OT KMCJIOTHOCTH pacTBOpa M KOHUeHTpauxu HF 3aBUCHT W CABHr paBHO™
BeCHst 3Toro mpouecca. Yem GoJibille KHUCJAOTHOCTb PACTBOPA H KOHUEHT™
pauus HF, tem ckopze u nosHee Gop nperpaiaetcs B [BFs]—

Haim onbiTel nokasanu, yto npu npHOaBJIeHHH K CYXOMY OCTATKy
nocJie yiaJieHus M3 aHaJauaupyeMoro pactsopa 3 ma SN cepHO# KuCnoOTHI,
2 Ma Boabl u 5 MJa DY pacTBopa MAABUKOBOH KHCAOTHI AOCTATOYHO OLHOTO
yaca AJs NPaKTHUECKH NOJHOro npespalineHusi 6opa B Terpadropobopar-
HOH npH KOMHATHOH TeMmepatype.

INacrop u corpyanuku [3] ¢oToMeTpupoBasK HAHXJIOP3ITAHOBHIE 3IKCT-
PAaKTHl KOMIJIeKca MOpH CBeTOMHIbTPE ¢ MAKCHMYMOM NPONYCKaHUS
B 660 MMk, Kapanosa 1 Hemonpyx {4] — npu cBetoduabTpe ¢ MakKCHMyMOM
nponyckanus B 656 Mmx. B Hawmux onbiTax GoJjiee TOUHble U BOCHDPOU3BOAU-
Mble JaHHBIE NOJYY4aJuCb IPH CBeTOMUIbTPE C MAKCHMYMOM NpONyCKaHHs
B 610 MMK. ‘

Mertoauka onpepnesieHdss MHKpPONpHMecH §0pa B 0JIOBE BLICOKOH UHCTO-
Thl CBOJUTCS K Pa3/J0XKEHHI0 HaBECKH aHAJTH3UPYEMOTO OJIOBA COJISTHOH KHC-
JOTON ¥ MNepruipojeM, YyAaJTeHHI0 0/J0Ba TPEXKPAaTHBIM BHIMAPHBAHHEM
¢ HCI, nepeBenenuio 6opa B {BF,] 1 3ateM B OKpalleHHBbI!I KOMIJIEKC C Me-
THJIEHOBBIM TOJYyObIM, 3KCTPAardpOBaHHIO KOMIJIeKca AHXJAOPITAHOM H (HOTO-
MEeTPHUPOBaHHIO 3KcTpakTa Ha ®3IKH-57 npu kpacHom cBetoduibtpe Ne 7
€ MaxkcMMyMoM nponyckaHud B 610 MMK.

Hasecka osoBa 0,5 r. [TpopomxkurenpHocTs ananusa 4 uyaca. UyBcTBH-
reqbHOCTL Metoja 2+ 10—5%. Omubka onpenenenus -+0,1 Mxr.

¥YBennueHneM HaBeCKH aHAJAM3HPYEMOro 0JI0BA MOXKHO COOTBETCTBEHHO
'[IOBBICHTb YYBCTBHTEJbHOCTb Merona o0 1-10~° % npu rpamMMmoBOi Hasec-
Ke u 10 1-10-%9% npu gecaTurpaMMoBoOil HaBecke.

Bona wucnosb3yercsi ABaKAbl NeperHaHHAafd B KBaplLeBOM amnmapare,
» COJISTHAsl KHCJAOTAa H30MHecTHYecKas, nepekucb Bogopona 30%-Hwulit pactsop
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X. Y., MHXJOP3TAH JBa)KJAbl MeperHaHHbli, MeTw/JIeHOBbII roay6ofi 0,002 M
pacTBOp B OMAMCTW/IASATE, CepHAasd KHCJAOTA X.Y4.,, MJIABUKOBAs KHC/EOTA
Y. [i. a., lleperHaHHasi B NPUCYTCTBHH MAaHHHTA, MAHHUT 4. 4. a. |Y%-Hbll
pacTBop. Pas/ioKeHHe HABeCKH H yJajeHHe 0J0Ba MPOBOAUTCA B INKaduHKe
H3 OPrCTeKNa MOJA CYIMIHJIbHOH 3/€KTPOJaMIOH.

O./10BO BBLICOKOH YHCTOTBI NpH OTGOpe HPOO HOMKHO OBITh 3alUHIICHO
OT NaJbleB PYK TOHKOH NOJMM3TUNCHOEOH nJeHkod. s ymobctBa orbopa
npoObl H yCKOPeHHS PA3/NOMCHHs HABeCKH aHAJH3HPYEMOro 0J0BA €ro me-

PEBOAAT B TOHKHME JUCTOYKH, NMOJYyUEHHE TaKuX JHCTOYKOB OMHCAHO HAMH
paHee. ~

Xox aHaausza

K naBecke oa0Ba B npegenax 0,5 r B yalleyke W3 KBapia WJIH H3 CTeK-
Jia, He cojepxKaulero 6opa, npubABAAIT DO MJ H3ONUHECTHYECKOH COJMAHON
KHCJOTBl M MO KamjasM NpH mnoMmemwuBanuu 25 xkanedb 30%-Holi mepexucu
Boaopona. Ilocne pacrBopennss Hasecku jgobasisior 1 ma 19%-Horo pacrtso-
Pa MAaHHHTA M pacTBOP BLINAPUBAKIOT AOCYXa B IWIKa(yuKe H3 OPrcTeKaa
noJ cyWHJbHOH JlaMIOOH Npu teMuepartype, He mpesbiuawueit 90°C. K cy-
XOMY OCTaTtky A00aBJAfIOT | MJ COJNSHOH KHCJAOTHI U BbIIAPUBAIOT LOCYXa,
J064BASIOT ellle | MJ 3TOIl KHCJAOTHL MU B TPETHH pa3 BHIIAPHBAIOT JOCyXa.
3arteM ocraTok ofpabaTwiBaloT 3 MJ D N cepHOH KHCJIOTH, PAacTBOp Mepe-
HOCAT B MOJH3TUJAEHOBHIl IMAUHAP, OCTATKH pPACTBOpPa B YAllKe CMBIBAIOT
2 ma 6upuctusnasita, gobasisior 5 ma b% -Horo pacrBopa MIABUKOBOH KHC-
JIOTH H OCTaBJSAIOT CTOATh IPH KOMHATHOH TeMmepaTtype Ha 1 uac.

ITocae sToro x anaausupyemomy pactBopy jaobasasior 2 ma 0,002 M
pacTBopa MeTHJaeHoBoro roay6oro, 10 ma 1,2 guxjaopstaHa, MJAOTHO 3aKphI-
BAOT MOJMHAITUIEHOBBIH LHIUHADP KPBIKOH, TIIATEJbHO NEepeMelIMBAIOT Of-
HY MHHYTY U nocjae pasaeneHus ¢as orOupaloT CyXOH MHIETKOH ¢ rpylei
IUXJOPITAHOBBIA 3KCTPAKT, MEePEHOCAT ero B UEeHTPUDYXKHYIO TNPOGHPKY
H UeHTPHODYrHPYIOT B TeuycHHe | MHHYTBI Ha 3JIeKTPHYECKOHl LeHTpHdyre
LLYM-1 npu 7000 o6/mun.

‘OrtuedTpuyrdpoBaHHblii 3KCTPakT (OTOMETPHPYIOT Ha (HOTOKOAODH-
Mmetpe-HedenoMerpe ®IKH-57 B KioBeTe ¢ TOJLIMHON €01 3 MM NDH Kpac-
HOM cBetoduapTpe Ne 7 ¢ MakcUMMyMoMm mnponyckanua B 610 MMk, pacrtso-
pOM CpaBHEHHsS CAYKHT OUIUCTHIIAT.

Conmepxanue Gopa B aHAJH3NPYEMOM 0JI0Be B MKI HAaxXoAAT IO KaauO-
pOBOUHOMY rpacdHKy, NPOUEHTHOe cojAepkanue 6opa BHIYHCAAIT IO
(popmye

Bs

10000H « '

.

%B =

rae %B — npouent 6opa B asajqusHpyemMom oJ0Be; B

Bec 6opa B HaBec-
xe oJoBa B MrK; HmHuasecka 6opa B T..

MocTpoeHne KaauGpoBouHOro rpaduka

M3 ucxomdoro cranpaprHoro pacrtBopa Gopa, coaepxamero 1000 mxr
6opa B 1 Ma, rortoBuT pabouue pacTBOpH, coxepxamue 10 MKr/ma
H 1 mkr/mJa. Pas6aBnenre BeAyT OHIHCTH/IATOM.

B 10 maseHpKHX yallek W3 KBAapla WJH U3 CTeKJaa, He COAePIKalero
60pa, BHOCAT COOTBETCTBYIOIIME OOBEMBI CTaHAAPTHBIX PAOOYHX PacTBOPOB .
¢ xoaHuectBoM Gopa 0,0; 0,1; 0,3; 0,5; 0,7, 1,0; 2,0, 3,0, 4,0; 5,0 mxr.
B kaxayio ualiky npu6aBasgioT 00 5 MJI H3ONMHECTHHECKOH COJSTHOR KUCAOTHI,
10 xanear 30%-woii mepekucu Bogopona, | ma 1%-Horo pacrsopa MaHHH-
Ta, pACTBOPH BHIMApPHBAIOT [OCYXa MOJ CYLIHJIBHOH 3JIEKTPOJAMIIOH
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B WwkaduHKe H3 oprcrekja npu temneparype 90—95°C. K xaxaomy cyxo-
My octatky no6asasior 3 Ma 5 NV cepHo#l KHCAOTH, PacTBOD INePEeHOCAT
B NOJHW3THJIEHOBBIA UHAMHAP, YALIKy CMBIBAOT 2 MJ OHAMCTHAAATA, IPH-
6aeasior 5 ma 5%-Horo pacTBopa MAABHKOBOIl KHCAOTHL H OCTABJAIOT CTO-
sITb NpH KOMHATHOH TeMmnepatype 1 uac.

' Ta6nunal

3aBHcHMOCTL ONTHYECKON NMJIOTHOCTH OT KoauuecTBa Gopa

Koau-

YeCcTBO
6opa, 0,0/ 0,1} 0,3} 0,7| 1,0] 2,0] 3,0| 5,0

MK2

On'mqec-l ’
xas naor-0,336 10,372 10,381 {0,395 | 0,41 | 0,45 | 0,49 {0,59
HOCTB l

VRN,

Tabauna 2

" [IpoBepka TOMHOCTH METOJA HA CTAHAAPTHLIX pPACTBOpPAX
6opa, NPOBeACHHBIX Yepe3 BCe CTaJHMH AHAJH3A O0J0Ba
BBICOKOH YHCTOTHI

Baaro 6opa, | Haiineno 6opa, | Ab6coaloTnas OTHocuTenbHaSA
MK2 MK2 oninbka, M2 omubra, %
0,6 0,45 —0,05 —10
1,0 1,05 40,05 -+5
1,5 1,5 0 0
2,0 1,85 —0,15 . -7, -
2,5 2,62 , +0,02 +0,8
Tadbnunma 3

TipoBepxa TOYHOCTM M BOCAPOH3BOAMMOCTH MeTOoRa Ha obpasile
0JI0Ba BBICOKO# YHCTOTH

~ Haeecka | Haihpedno 6opa, Cperee snaue-|{ OTKIOHEHHE OT
0J0Ba, 2 % Hue, %o cpendero, %
04872 | 3,4.10°% —8,1
0,5110 3,0.1071 +5,4
0,5 32° 3,5.107* 3,7.10~* —5,4
0,5084 3,6.107% —-2.7
0,5072 3,9 107* 45,4
0,547 3,9.107¢ 45,4

K pacrsopy B nuauuipe po6asasior 2 ma 0,002 M pacrsopa MerHae-
HoBoro rosy6oro ¥ 10 MA AUX/A0P3TaHA, LWHJAKHHIAD 3aKPLIBAIOT H TLLATENbHO
nepeMewinsaior 1 munyry. Ilocne paspenenus ¢as cyxoil nuneTkoff ¢ rpy-
weil oTGUPAIOT AHUXJOPITAHOBBI 3KCTPAKT, MEPEHOCAT €ro B LEHTPUDYXK-
HYI0 NpO6MPKY M HEHTPHYTUPYIOT B TeueHHe | MMHYTH Ha 3JeKTPHYecKofh
uenrpupyre LIYM-1 npu 7000 o6/muu.

- OtuentpudyruposaHHbiil 3kcTpakT (GoTOoMEeTPHPYIOT Ha (GOTOKOJOpH-
merpe ®IKH-57 B KioBeTe ¢ TOJILHHOH €10 3 MM TIPH KPAacHOM CBETO-
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¢uabTpe Ne 7 ¢ MakcHMyMoM npomyckasus B 610 MMK. Pactsopom cpas-
HEeHHA CAYKHT OHAUCTHAIAT.

B taGa. 1 npuBeseHri naHHb, TOJyYeHHBIE HaMH Js1  HHTepBaja
KouueHTtpanuu 0—5 MKr Gopa.

TouHoCTb M BOCHPOH3BOAMMOCTbL METOHA NpOBepeHa Ha CTaHIapTHBLIX
pactBopax Gopa H Ha o6pasue 0OJ0Ba BLICOKOH YHCTOTBI C COAEpPXKaHHEM
fﬁopa 3,70 - 10 - 4% (raba. 2, 3).

B BbimO/IHEHHH SKCNEPHUMEHTANBHOR wacTH pPaboTH yyacTBOBaja CTy-
nedrka I'. H. Jembosckas.

BriBoamn

Paspaborana MerogHKa 3KCTPaKLHOHHO-(OTOMETPHUECKOTO ONpenese-
HUs1 MHKDOKOJIHYeCcTBA 60pa B OJOBEe EBICOKOH UHCTOTH 1O OMNTHYECKOH
IIOTHOCTH [HX/AOPITAHOBHIX SKCTAKTOB BHYTPHKOMIVIEKCHOTO COELHHEHHS
TeTpadpropobopar-HoHa C METHASHOBBIM TOJAYOLIM.

UyscreutedbHocTs Meroga 2+ 10-°% npu Hasecke ososa 0,5 r. TIpo-
AO/KHTEJbHOCTb aHaAusa 4 yaca. Own6Gka onpeaenenusa 40,1 MKr.
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