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AnHoTanusi. Mogudukanyeid conoimMepa MajJerHOBOTO aHTUAPHJIA CO CTHPOJIOM, ObUI CHHTE3HPO-
BaH XeJaToo0pasyromuii copOeHT copeprKkamuii GpparMeHTsl |-aMuHO-2-THIPOKCH-4-CYITb(OKNCIOTHI Ha-
¢ramuna. Unentndukanus copdenra npoBoamnack merogom HMK-cnexrpockonuu. Beuti mccienoBaHsl
COPOIIMOHHBIE YCJIOBUSI KaJIMHsI C 3TUM COpPOEHTOM, BriepBbie. CopOLus U3ydaniach B CTATHYECKUX M JIU-
HAMUYECKUX peKMMax. Pe3ynbrarhl MccieoBanust oKas3ally, YTo MaKCuMalbHas copOims copOeHra Ha-
omiromaercst npu pH 5. B Xoze npeBapuTeNbHBIX KHHETHYECKUX HKCIIEPUMEHTOB OBIJIO YCTAaHOBIICHO, YTO
MaKCHUMaJbHasl CTeNeHb COPOIMU KaJMHUsl IOCTUraeTcs 3a 3 yaca U Jlajiee MpakTHYECKH He U3MEHSIeTCsI.
BrnusiHue noHHOM critkl pacTBopa u3yueHo poromerprueckum merogoM. Kaamuii(Il) copouposanu u3 pac-
TBOPOB, ¢ HOHHOU cuioit 0.1-1.4. Pe3ynbraTsl nccienoBaHus MOKa3alil, YTO 3HAYUTEIBHOE YMEHbBILICHHE
copOLMU KaJMUsI TIPOMCXOJIUT, B pacTBOpax ¢ MOHHOM cwioit Oonee 0.8 M. Tak ke OBUIO HCCIICIOBAHO
BJIMSTHUE KOHLIEHTPALMK MeTajla Ha copOuuto. Pe3ynbrarbl ncciaejoBaHus II0Ka3alli, YTO C YBEIMYCHUEM
KOHIIEHTPAIIMHU KaJMUs B PACTBOPE YBEIMUMBACTCS KOJIMUECTBO COPOMPOBAHHOTO METAJUIA, a IIPH KOHIICH-
Tpauuu paBHOH 6-10° Monb/n cranoutcs makcumanbHo (pH=5, Cog+ = 6:107 momb/i, V =20 mn,
m_..=005r copbrmonHast eMkocTh (CE) = 398+10,23 mr/r). Bbuto nccieioBaHo BIMSIHAE PA3IMYHBIX
kucnor (HCIO,, H,SO,, HNO,, HCI) na necopbuuro kaamus u3 copoenra: kaamuii(1l) konnuectsenHo ne-
copoupyercst 2 M HCI. Crenens n3Binedenus noHoB kaamust (II) mpu onTuManbHbIX yCIOBUSIX MIPEBBIIIACT
95%. ccnenoBanue MpoBOAMIN TAKXKE B IMHAMUUECKHUX YCIOBUSIX. bblia H3yueHa 3aBUCUMOCTb COpOLIH
OT CKOPOCTH TI0JIa4H PACTBOPOB MPOOBI U AIMIOCHTA, MAaTPHYHOE BIMSHNE. YCTaHOBIICHO, YTO ONTHMAJIbHAS
ckopocTh noToka pasna 1,0 mi/muH. [Ipu ckopocTn noTtoka Bblie 1,5 MI/MUH cTeleHb U3BJICYEHUS CHU-
xaercst. CopOMpOoBaHHBIC HOHBI KOJIMYECTBEHHO M3BJIEKAIOTCS M3 COPOEHTA IIPH CKOPOCTH ITOTOKA AITIOCHTA
1 mi/muH. [TpoBeneHHOE HcclieoBaHUE MOKa3aJl0 BO3MOXKHOCTD MCIIOJIb30BaHUSI MaTPHUIIBI COMOJIMMEpA
MaJICHHOBOTO aHTHJPHU/IA CO CTHPOJIOM, MOAN(DHUIIMPOBAHHOIO aMHHOM, ISl COPOLMOHHO-(hOTOMETpHYe-
CKOTO oIpe/iefIieHus Kagmus. Ero MO)KHO IOBTOPHO MCIOJIB30BAaTh M0CiIe pereHepanuu. Pazpadoranunas me-
TOJINKA MOXKET OBITh NPUMEHEeHa JUIs BeiaeaeHus kaaMusi(1]) 13 npupoaHBIX U IPOMBIIUIEHHBIX 00BEKTOB.

KioueBble ciioBa: Meroanka onpenenenus, kaamuii (1), xemarubiii copoeHT, copOrms.

B Hacrosiiee Bpemsi OOJIBIION MHTEpEC Mpej-
CTaBJIET aHAJIU3 TSHKEJBIX METAJJIOB, K KOTOPBIM OT-
Hocutcs kaamuii (I1I). AHanu3 npupoaHbIX 0OBEKTOB
¢ 1enplo onpenaeneHus B Hux kaamus (II) mposonsr
C WCIOJB30BaHUEM PAa3IMYHBIX XUMHYCCKHX U (H-
3UKO-XUMHUECKUX MeToNoB [1-4]. OCHOBHBIE METO-
JIUKH OIPEIEIIEHUS] HOHOB HE BCET/Ia YIOBJIETBOPSIOT
COBpPEMEHHBIE TpeOOBaHHUs MO TMpeneny OOHapyKe-
HUS U TpeOYIOT MX OTAEJICHHUSI OT COIYTCTBYIOIINX
anemMeHToB. OHUM K3 HauboJee MepCHeKTUBHBIX H
9KOJIOTUYECKH BBITOHBIX METOAOB SIBJISIETCSl COpO-

© Anmes D. I, baxmanosa @. H., 'amunos C. 3., Usipa-
ros ®@. M., 2019

IMOHHOE KOHIICHTPUPOBAHHE C IPUMEHEHUEM IOJTHU-
MEPHBIX XeIaTo00Pa3yIoIINX COPOCHTOB.

Y MHOIMX paHee HW3BECTHBIX COPOCHTOB €CTh
Ompe/eNieHHbIe HEeJOCTaTKH: HHU3Kas COpOLMOHHAs
eMKocTh [5-18], HeynoBieTBOpuUTENbHas CTENEHb
copOuumu [7], Temrieparypa npOUCXOKICHHs KOHIICH-
tpupoBanus [14-18]. Cunte3 copOeHTOB, 00JaAar0-
X 00Jiee BBICOKMMH COPOI[MOHHBIMUA CBOMCTBaMU
no otHomeHuto k kagmuto (II), Bcernma ocraercs ak-
TyaJbHOI PoOJIEeMOH.

B Hacrosinieit pabore oOCyxkmaroTcsi pesylibra-
ThI MCCJICZIOBAHUS TI0 M3BJICYCHUIO U KOHIEHTPHUPO-
BaHHIO MUKpokosnndecTB kaamus (II) mommmepHbIM
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XeJ1aTo00pasyoIM COPOCHTOM Ha OCHOBE COIIO-
JMMepa MaJeMHOBOTO aHTHIPUAA CO CTHPOJIOM, CO-
JepKaliuM — (parMeHTsl  |-aMHHO-2-THIAPOKCH-4-
Cynb(OKHUCIOTH HadTaTUHA.

METOAUKA DJKCIIEPUMEHTA

Pearentsl u pactBopbl. Mcxomnsrit (1:10-2 M)
pactBop kaamus (II) roroBwin pacTBOpeHHEM TOY-
noit masecku CdA(NO,),"4H,0 (x.4) B aucTHIIHPO-
BaHHOH Boze [19]. Paboune pactBopsl kagmust (I1)
TOTOBHJIM pa30aBIEHUEM HCXOJHOTO PacTBOpa AMC-
TUJIJIMPOBAHHOM BOJIOM.

B pabore mnpuMeHeH TOIMMEpPHBIH XenaToo-
Opasyromuii copoeHT ¢ (parmMeHTamu 1-aMUHO-2-
rUIpoKcu-4-cynbMokucinoTel HadTainHa. CopOeHT
cuHTe3upoBaH mo meroauke [20, 21]. IlomyueHHbIi
copOeHT BhIcytieH npu 50-60 °C.

Jnst co3nanus HEOOXOAUMOW KHCIOTHOCTH HC-
noib3oBany  (ukcaHanbHelii  pactBop HCl (pH
0-2) u ammua4dHo-aneraTHele Oy(epHbIe pacTBOPSI
(pH 3-11). dna co3nanus MOCTOSTHHON MOHHOM CHIIBI
ucnonb3oBanu KCI (4.m1.a).

Amnmnapatypa. pH pacTBOpoB u3Mepsiu ¢ MOMO-
upio monomepa PHS-25 co CTEKISHHBIM 37EKTPO-
oM. KoHIeHTpanuio MOITIONIEHHOTO KaJAMMs OIlpe-
nensuin Ha nipudope ICP-OES Thermo ICAP 7400
Duo. Konnentpauus xagmus(ll) paccunrtana c uc-
MOJIb30BAaHMEM TPaAyHpPOBOYHOTO Tpaduka, MOoIy-
YEHHBIC PE3YJIbTaThl 00pabdOTaHbl MaTeMaTUYECKH-
cTatTucTHueckumMu meronamu [22]. Hccnenosanue
cOpOILMH MPOBOIUIIOCH B CTATUYECKUX U AMHAMHYE-
CKHUX YCIIOBUSIX.

B nuHaMuueckux yCIOBHSIX BCE PacTBOPHI MPO-
MyCKaJu 4Yepe3 CTEeKISTHHYI0 MHWHHUKOJIOHKY (BHY-
TpeHHui quamerp 0.5 cm, nnuHA 5 €M), HAMOJTHEH-
HYI0 TIOJMMEPHBIM XeNaToo0pa3yrolnuM copOeHTOM
(100 mr).

OBCYXJIEHUE PE3VJIbBTATOB

Bnustnue pH na copbuuro. M3ydeno pnusiaue pH
Ha koHIleHTpupoBaHue kaamus (I1) ¢ xemarooOpa3sy-
oM copoenToM B auarnaszone pH 1-10. Pesynsrars
HCCIIEZIOBAHUS TI0Ka3ajH, YTO KOJIWYECTBEHHOE W3-
BieueHue pocruraercs npu pH 5. IIpu pH xunkoi
(a3el MeHbILe 4 HU3Kasl CTETIEHb U3BICUCHHSI MOKET
OBITH CBSi3aHA C MPOTOHHW3ANMEN (YHKIHMOHAIBHBIX
rpymn copOeHTa U MaJioll CTEeNeHbI0 Ha0yXaeMOCTH
nonumepa. [lpu yBenmuennn pH xunkoit ¢aser Ha-

OyXaeMOCTh TaKHX TIOJIMMEPHBIX COPOCHTOB YBEIH-
YHMBAETCS, U B PE3YyNBTATe CO3AAI0TCS OJIaronpusiTHbIC
YCIJIOBUS JUIsl B3aMMOJIEHCTBHUS HOHOB MeTaJlla ¢ KO-
OpPAMHALMOHHO-aKTUBHBIMU I'PYIIIIaMHU B COCTABE Ma-
KpoMoJiekyibl. B BogHbIX pactBopax ¢ pH > 8 noHsl
kaamust (II) Hapsimy ¢ katmoHHOW (HhOpMOH MOTYT
MIPUCYTCTBOBATh B BHUJE T'MJIPOKCOKOMILIEKCOB [23].
[Tpu Gonee BbIcOKUX 3Ha4YeHUsIX pH yckopsiercs: ru-
JPOJIN3, U BCIEICTBHE 3TOTO CTENICHb COPOIMU KaJl-
musi (II) mocrenenHo ymenbaercs. [lomyueHHble
pe3ynbTaThl P pa3nuyHbIX 3HaueHusAX pH mpusene-
HBI B Ta0muie 1.

Bcee nanpHeiine ucciaenoBaHusi NPpOBOAWIN NPU
pH 5.

s onmpenenenust ONTUMANbHBIX YCIOBHH cOpO-
uu kaamust (1) ¢ momyueHHbIM COpOEHTOM OCTpoe-
Ha u3oTepMa copouuu (puc. 1)

CE, mr/r
500 1

400 A
300 A
200 A

100 4

. - - » C, MOIB/I, X-10*
0 20 40 60 80 100

Puc 1. Nzorepma copbumm xaamus (II) ¢ momy-
YEeHHBIM COPOCHTOM: mc0p6=30 mr, V=20 M1, pH= 5.

IIpu pH=5 copOinoHHas eMKOCTh MaKCHMallb-
Ha. C yBelIMYCHNEM KOHLIEHTPALMU MOHOB KaIMHS
(IT) B pacTBOpE yBenMUMBAETCSI KOIMYECTBO COPOH-
POBaHHOTO METalia, a MPU KOHIEHTPAIUN PaBHOM
6-107 Momb/n cTaHOBHUTCS MakCHMMaibHbIM (pH=5,
Ceg=6-10°momp/n, V=20 M1, m = 0.051, CE
=398+10,23 mr/r).

Buusinue nonHo cuibl. I3y4eHO BIMSHUE HOH-
HOM CHJIBI Ha COpPOIMIO. YBEIMUECHUE UOHHOW CHJIBI
1o 0.8 Mo/ mouTH He BiusieT Ha coponmio. [Toce-
Jylollee YBEIMYCHUE MPHUBOIUT K 3HAYUTEIHHOMY
YMEHBIIEHHIO COPOLUHU. DTO CBA3aHO C TEM, YTO C
YBEJMYEHHEM HOHHOTO OKpYKeHHs (YHKIHOHAIIb-
HBIX TPYIIT YMEHBIIAETCS BO3MOKHOCTh KOMILIEKCO-
oOpasoanus kaamust (II). Taxke ObuTa nccenOBaHa
3aBUCHUMOCTb COPOLIMU OT BpeMeHH. B crarmuecknx
ycnoBusiX nonHasi copoumst kaamus (1) mpoucxonut
nociie 3-X 4acos.

po

Tabmnma 1.
CE u cmenens copoyuu uornos kaomus (1) uz pacmeopos npu paznuunvix 3navenusx pH
pH 1 2 3 4 5 6 7 8
CE, mr/r 216 331 328 394 398 346 306 258
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Nzyuenue necopOumu. M3yueHo BIUsHIE pa3HbIX
munepanbaeix kuciot (HCIO,, H,SO,, HNO,, HCI) ¢
OJIMHAKOBBIMU KOHIICHTpALUsAMHU Ha jaecopOiuio (R,
%) xaamus (I1) u3 copOeHTa. YCTaHOBIEHO, YTO MaK-
cumaibHas aecoporms kaamus (I1I) mporcxonut B co-
JITHOU KHCoTe (Tabm.2).

Tabnuua 2.
Brusinue konyenmpayuu pasuvlx KUCIOmM HA CMENneHb U3-
eneuenus (R, %) kaomus (I1), (n=3)

Kuciora Konnenrparyus, CrerneHb necopomn
MOJIB/JT (R), %

0.5 85

Hel 1.5 88
2.0 96

0.5 78

HCIO, 1.5 83
2.0 90

0.5 75

HNO, 1.5 80
2.0 86

0.5 78

H,SO, 1.5 86
2.0 90

3AKJIIOYEHUE

YcTaHOBIIEHBI ONTUMAJIbHBIE YCJIOBUS KOHIIEH-
TpupoBaHug MOoHOB Kaamus (II) mommmepHsIM cop-
Oentom. MccnenoBanue mokasano, 4YTO B ONTUMAIIb-
HBIX YCJIOBUSIX KOHIICHTPUPOBAHMS HOHBI KaIMHS
(IT) KOTMYECTBEHHO COPOUPYIOTCS U JCCOPOUPYIOTCS
(R > 95%). IlonyuyeHHsle pe3ylibTaThl MOKa3bIBAIOT,
YTO MpeJylaraeMas HoBasi KOMIUIEKCHAs SKCIpecCHas
METOJIMKa, BKJIIOYaIoias B ceds MpeaBapUTeIbHOE
koHueHTpupoBanue kaamus (I1) ranHbIM cOpOEHTOM,
[103BOJISIET KOJIMYECTBEHHO BbLAEATH Kaamuil (I1) u3
00Jb1I0T0 00BEMa MPOOBI CO CIOKHBIM (POHOBBIM CO-
CTaBOM.
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ABSTRACT. By modifying the maleic anhydride copolymer with styrene chelating sorbents contain-
ing fragments of 1-amino-2-hydroxy-4-sulfonic acid naphthalene were synthesized. The identification of
sorbent was carried out by IR spectroscopy. The sorption conditions of cadmium with these sorbent were
investigated for the first time. Sorption was studied under static and dynamic conditions. The results of
the study showed that the maximum sorption of sorbent is observed at pH 5. During preliminary kinetic
experiments, it was found that the maximum degree of cadmium sorption is achieved in 3 hours and then
practically does not change. The influence of the ionic strength of the solution was studied by the photomet-
ric method. Cadmium (II) was sorbed from solutions, with an ionic strength of 0.1-1.4. The results of the
study showed that a significant decrease in cadmium sorption occurs in solutions with an ionic strength of
more than 0.8 M. The effect of the concentration of the metal on the sorption was also studied. The results
of the study showed that with an increase in the concentration of cadmium in the solution, the amount of
sorbed metal increases, and at a concentration of 6 - 10> mol/l it becomes maximum (pH = 5, C g2+ = 6
103 mol/l, V = 20ml,m_ . =0.05g, SC=398+10,23 mg/g). The effect of various acids (HCIO,, H,SO,,
HNO,, HCI) on the desorption of cadmium from the sorbent was investigated: cadmium (II) was quanti-
tatively desorbed with 2 M HCI. The degree of extraction of cadmium ions (II) under optimal conditions
exceeds 95%. The study was also conducted under dynamic conditions. The dependence of sorption on the
feed rate of sample and eluent solutions, the matrix effect was studied. It is established that the optimal
flow rate is 1.0 ml / min. At a flow rate higher than 1.5 ml / min, the degree of extraction decreases. Sorbed
ions are quantitatively extracted from the sorbent at a flow rate of eluent of 1 ml / min. The study showed
the possibility of using the matrix of a copolymer of maleic anhydride with styrene, modified with amine,
for the sorption-photometric determination of cadmium. It can be reused after regeneration. The developed
methodology has been applied to isolate cadmium (II) from the water of the natural and industrial objects.

Keywords: determination method, cadmium (II), chelate sorbent, sorption.
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