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Ñèíòåçèðîâàíû ñîðáåíòû ÏÏÀ-1 è ÏÏÔ-1 íà îñíîâå âîëîêîí ïîëèàêðèëîíèòðèëà (ÏÀÍ),

ìîäèôèöèðîâàííûõ ïîëèýòèëåíïîëèàìèíîì (ÏÝÏÀ), ñ äîáàâëåíèåì ôîðìàëüäåãèäà è

ôîñôîðèñòîé êèñëîòû â ñëó÷àå ÏÏÔ-1. Ýòè ñîðáåíòû ñ èììîáèëèçîâàííîé íà èõ ïîâåðõ-

íîñòè ñóëüôîñàëèöèëîâîé êèñëîòîé (ÑÑÊ) èñïîëüçîâàëè äëÿ ñîðáöèîííîãî êîíöåíòðè-

ðîâàíèÿ èîíîâ Fe (III) èç îáðàçöîâ âîäîïðîâîäíîé è ñòî÷íîé âîä. Ìåòîäàìè ÈÊ-ñïåêòðî-

ñêîïèè è ñïåêòðîñêîïèè äèôôóçíîãî îòðàæåíèÿ ïîäòâåðæäåíî îáðàçîâàíèå êîìïëåêñà

èîíîâ æåëåçà ñ èììîáèëèçîâàííîé íà ïîâåðõíîñòè ÏÏÀ-1 è ÏÏÔ-1 ÑÑÊ. Èññëåäîâàíà ñîð-

áöèÿ èîíîâ Fe (III) íà äàííûõ ñîðáåíòàõ: âûáðàíû çíà÷åíèÿ pH ðàñòâîðà, ìàññû ñîðáåíòà,

âðåìåíè êîíòàêòà ôàç, à òàêæå îáúåì è êîíöåíòðàöèÿ äåñîðáèðóþùåãî àãåíòà (HNO3),

îáåñïå÷èâàþùèå ìàêñèìàëüíóþ ñòåïåíü èçâëå÷åíèÿ æåëåçà. Çíà÷åíèÿ îáìåííîé åìêîñòè

ÏÏÀ-1 è ÏÏÔ-1 ñîñòàâèëè 8 è 15 ìã-ýêâ/ã ñîîòâåòñòâåííî. Â âûáðàííûõ óñëîâèÿõ (pH =

= 2 – 2,5, t = 25 °C, m(ñîðáåíòà) = 200 ìã, V(0,5 Ì HNO3) = 15 ìë) èçó÷åíî âëèÿíèå ìåøà-

þùèõ èîíîâ íà èçâëå÷åíèå æåëåçà. Ïî ìíîãèì ïàðàìåòðàì ÏÏÔ-1 îêàçàëñÿ áîëåå ïåð-

ñïåêòèâíûì ñîðáåíòîì äëÿ èçâëå÷åíèÿ èîíîâ Fe (III). Âûáðàíû óñëîâèÿ ïîñëåäóþùåãî

îïðåäåëåíèÿ æåëåçà ìåòîäîì àòîìíî-àáñîðáöèîííîé ñïåêòðîìåòðèè ñ àòîìèçàöèåé â ïëà-

ìåíè (ÏÀÀÑ): ïëàìÿ àöåòèëåí – âîçäóõ; àíàëèòè÷åñêàÿ ëèíèÿ Fe 243,8 íì; øèðèíà ùåëè

ìîíîõðîìàòîðà — 0,2 íì; òîê ëàìïû ñ ïîëûì êàòîäîì — 12 ìÀ. Ðàçðàáîòàíà ìåòîäèêà ñîð-

áöèîííî-àòîìíî-àáñîðáöèîííîãî îïðåäåëåíèÿ æåëåçà â îáðàçöàõ âîä ðàçëè÷íîãî ïðîèñ-

õîæäåíèÿ â äèàïàçîíå êîíöåíòðàöèé 0,005 – 4 ìê/ìë ñ ïðåäåëîì îáíàðóæåíèÿ 0,01 ìêã/ë

(Sr = 0,033).

Êëþ÷åâûå ñëîâà: ñîðáöèîííî-àòîìíî-àáñîðáöèîííàÿ ñïåêòðîìåòðèÿ; èììîáèëèçàöèÿ;

ñóëüôîñàëèöèëîâàÿ êèñëîòà; ñïåêòðû äèôôóçíîãî îòðàæåíèÿ; îïðåäåëåíèå æåëåçà (III).
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Determination and monitoring of pollutants in the natural environment is an urgent task because of their

impact on living organisms as a result of numerous anthropogenic impacts. For this reason, a large num-

ber of publications are devoted to the development, modification or optimization of analytical methods

that can solve these problems. When determining trace elements present in various samples, such as nat-

ural and waste water, biological samples and alloy samples, direct determination by various instrumental

methods is often impossible due to the matrix effect and rather low concentration of metal ions in the sam-

ple. The atomic absorption method is one of the methods widely used for the determination of iron ions,

which has such advantages as simplified sample preparation, low probability of contamination and loss of

elements, increased analytical productivity, the detection limit of components in the analyzed mixture re-

duced by several orders of magnitude, and the ability to determine trace amounts of elements in small

samples. The aim of the study was to develop a technique for the preliminary concentration of Fe (III) ions

in waters of various origins using a sorbent immobilized with sulfosalicylic acid and their further determi-

nation by flame atomic absorption spectrometry. Sorbents obtained on the basis of polyacrylonitrile modi-

fied with polyethylene polyamine (PPF-1 and PPA-1) with sulfosalicylic acid immobilized on their surface

were used for selective sorption of Fe (III) ions. Optimal conditions for the immobilization of sulfosalicylic

acid on sorbents and the formation of complexes with Fe (III) ions were studied. The developed sorp-
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tion-atomic absorption technique provided determination of low concentrations of Fe (III) ions in various

waters. The use of PPF-1 as a sorbent with immobilized sulfosalicylic acid for pre-concentration of iron

has a number of advantages compared to traditional atomic absorption procedure, i.e., the simplicity, high

degree of iron extraction, high sensitivity and selectivity of iron determination, as well as a low cost. The

detection limit of iron ions is 0.01 ìg/L, Sr does not exceed 0.033.

Keywords: sorption-atomic-absorption spectroscopy; immobilization; sulfosalicylic acid; diffuse reflect-

ance spectra; determination of iron (III).

Ââåäåíèå

Îïðåäåëåíèå è ìîíèòîðèíã çàãðÿçíÿþùèõ

âåùåñòâ â ïðèðîäíîé ñðåäå îòíîñÿòñÿ ê àêòó-

àëüíûì çàäà÷àì èç-çà àíòðîïîãåííûõ âîçäåéñò-

âèé íà æèâûå îðãàíèçìû. Ïî ýòîé ïðè÷èíå áîëü-

øîå êîëè÷åñòâî ïóáëèêàöèé ïîñâÿùåíî ðàçðà-

áîòêå, ìîäèôèêàöèè èëè îïòèìèçàöèè àíàëèòè-

÷åñêèõ ìåòîäîâ, ñïîñîáíûõ ðåøèòü ýòè çàäà÷è.

Âûáîð ïîäõîäÿùåãî ìåòîäà àíàëèçà çàâèñèò îò

ìíîãèõ ôàêòîðîâ, ñâÿçàííûõ ñ òðåáóåìûìè ïðå-

äåëàìè îáíàðóæåíèÿ, âîñïðîèçâîäèìîñòüþ ìåòî-

äà, èìåþùèìñÿ îáîðóäîâàíèåì, à òàêæå îò ïîòåí-

öèàëüíûõ ïîìåõ, îáóñëîâëåííûõ ñîñòàâîì ìàòðè-

öû îáðàçöà.

Ïðè îïðåäåëåíèè ìèêðîýëåìåíòîâ â ðàçëè÷-

íûõ îáúåêòàõ, òàêèõ êàê ïðèðîäíàÿ è ñòî÷íàÿ

âîäà, áèîëîãè÷åñêèå îáðàçöû è îáðàçöû ñïëàâîâ,

ïðÿìîå îïðåäåëåíèå ðàçëè÷íûìè èíñòðóìåí-

òàëüíûìè ìåòîäàìè ÷àñòî íåâîçìîæíî èç-çà ýô-

ôåêòà ìàòðèöû è íèçêîé êîíöåíòðàöèè èîíîâ

ìåòàëëîâ. Ïîýòîìó äëÿ ïîíèæåíèÿ ïðåäåëà îá-

íàðóæåíèÿ è óëó÷øåíèÿ ñåëåêòèâíîñòè îïðå-

äåëåíèÿ ìèêðîýëåìåíòîâ ÷àñòî òðåáóåòñÿ ïðåä-

âàðèòåëüíîå, â ÷àñòíîñòè, ñîðáöèîííîå êîíöåí-

òðèðîâàíèå èëè îòäåëåíèå ìèêðîýëåìåíòîâ îò

ìàòðèöû [1 – 4]. Â ýòèõ ñëó÷àÿõ öåëåñîîáðàçíî

ïðèìåíÿòü ñîðáåíòû ñ èììîáèëèçîâàííûìè îðãà-

íè÷åñêèìè ðåàãåíòàìè [5 – 9], ÷òî óëó÷øàåò àíà-

ëèòè÷åñêèå ïàðàìåòðû ñîðáåíòîâ è òåì ñàìûì

ïîâûøàåò ÷óâñòâèòåëüíîñòü (â 10 – 100 ðàç) è ñå-

ëåêòèâíîñòü îïðåäåëåíèÿ, à òàêæå ñîêðàùàåò

âðåìÿ ïðîâåäåíèÿ àíàëèçà è ïîçâîëÿåò îïðåäå-

ëÿòü èîíû ìåòàëëîâ â ñîñòàâå ñëîæíûõ ñìåñåé.

Æåëåçî ÿâëÿåòñÿ îäíèì èç íàèáîëåå ðàñïðî-

ñòðàíåííûõ ýëåìåíòîâ â ïðèðîäíûõ âîäàõ, ãäå

åãî ñðåäíåå ñîäåðæàíèå êîëåáëåòñÿ â èíòåðâàëå

0,01 – 26 ìã/ë. Òîêñè÷íîñòü ñîåäèíåíèé æåëåçà

äëÿ æèâûõ îðãàíèçìîâ â âîäå çàâèñèò îò pH: â

ùåëî÷íîé ñðåäå îíà âîçðàñòàåò. Áîëüøóþ îïàñ-

íîñòü ïðåäñòàâëÿþò ñòî÷íûå âîäû è øëàìû ïðî-

èçâîäñòâ, ñâÿçàííûõ ñ ïåðåðàáîòêîé æåëåçîñî-

äåðæàùèõ ïðîäóêòîâ [10 – 14].

Îäíèì èç øèðîêî èñïîëüçóåìûõ ìåòîäîâ

îïðåäåëåíèÿ æåëåçà ÿâëÿåòñÿ àòîìíî-àáñîðáöè-

îííûé ñ àòîìèçàöèåé â ïëàìåíè, õàðàêòåðèçóþ-

ùèéñÿ âûñîêîé ÷óâñòâèòåëüíîñòüþ, ýêñïðåññíî-

ñòüþ è ñåëåêòèâíîñòüþ îïðåäåëåíèÿ [15].

Öåëü ðàáîòû — ðàçðàáîòêà ìåòîäèêè îïðå-

äåëåíèÿ èîíîâ Fe (III) â âîäàõ ðàçëè÷íîãî ïðîèñ-

õîæäåíèÿ ìåòîäîì àòîìíî-àáñîðáöèîííîé ñïåê-

òðîìåòðèè ñ àòîìèçàöèåé â ïëàìåíè (ÏÀÀÑ) ñ

ïðåäâàðèòåëüíûì êîíöåíòðèðîâàíèåì ñ èñïîëü-

çîâàíèåì ñîðáåíòîâ ñ èììîáèëèçîâàííîé ñóëüôî-

ñàëèöèëîâîé êèñëîòîé.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Ðåàêòèâû. Äëÿ ïðèãîòîâëåíèÿ 0,0100 Ì

(560 ìêã/ë) ðàñòâîðà Fe (III) â 5 %-íîé HNO3 èñ-

ïîëüçîâàëè FeCl3 · 6H2O (÷äà).

Ðàáî÷èå ðàñòâîðû ïåðåä ïðèìåíåíèåì ãîòî-

âèëè ðàçáàâëåíèåì ñòàíäàðòíûõ áèäèñòèëëèðî-

âàííîé âîäîé. Äëÿ õëîðèðîâàíèÿ âîëîêíà è ñîç-

äàíèÿ êèñëîé ñðåäû èñïîëüçîâàëè 0,1000 Ì ñòàí-

äàðòíûé ðàñòâîð HCl. Ñòàíäàðòíûé 10 %-íûé

ðàñòâîð ñóëüôîñàëèöèëîâîé (2-ãèäðîêñè-5-ñóëü-

ôîáåíçîéíîé) êèñëîòû ãîòîâèëè òî÷íûì âçâåøè-

âàíèåì 10,00 ã ðåàãåíòà è ðàñòâîðåíèåì åãî â

ìåðíîé êîëáå îáúåìîì 100 ìë. Ïðè ïðèãîòîâëå-

íèè ðàñòâîðà àììèàêà (1:1 ïî îáúåìó) ñìåøèâà-

ëè ðàâíûå ÷àñòè êîíöåíòðèðîâàííîãî àììèàêà è

äèñòèëëèðîâàííîé âîäû. Ñîðáåíòû ìàññîé ~0,2 ã

âçâåøèâàëè íà àíàëèòè÷åñêèõ âåñàõ1.

Îáîðóäîâàíèå. Èñïîëüçîâàëè àòîìíî-àáñîðá-

öèîííûé ñïåêòðîìåòð Shimadzu AA-7700 (ßïî-

íèÿ), àíàëèòè÷åñêèå âåñû ABS 120-4N (Êèòàé),

pH-ìåòð PHS-3E (Êèòàé) ñ ìåøàëêîé MS7-

H550-S. Êà÷åñòâåííûé è êîëè÷åñòâåííûé ñîñòàâ

è òîïîãðàôèþ ïîâåðõíîñòè îáðàçöîâ èçó÷àëè ñ

ïîìîùüþ ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêî-

ïà JEOL JSM-IT200LA (ßïîíèÿ). ÈÊ-ñïåêòðû âî-

ëîêîí ðåãèñòðèðîâàëè ñ èñïîëüçîâàíèåì ñïåêòðî-

ìåòðà Bruker Invenio S-2021 ìåòîäîì ATR-FTIR

â èíòåðâàëå ÷àñòîò 4000 – 400 ñì–1. Êîëè÷åñòâî

çàêðåïëåííîãî ðåàãåíòà è êîìïëåêñîâ îïðåäåëÿ-

ëè ìåòîäîì ñïåêòðîñêîïèè äèôôóçíîãî îòðàæå-

íèÿ ñ èñïîëüçîâàíèåì ñïåêòðîôîòîìåòðîâ EMC-

30PC-UV (Ãåðìàíèÿ) è Eye-One Pro (Êèòàé).

Ïîëó÷åíèå ñîðáåíòîâ è èõ ïîäãîòîâêà. Èñ-

ïîëüçîâàëè ñîðáåíòû â âèäå âîëîêíèñòûõ íèòåé,

ïîëó÷åííûõ ïóòåì ìîäèôèêàöèè ïîëèýòèëåíïî-

ëèàìèíîì (ÏÝÏÀ) ïîëèìåðà ïîëèàêðèëîíèòðè-

ëà (ÏÀÍ) (ñîðáåíòû ÏÏÔ-1 è ÏÏÀ-1). Äëÿ ñèí-

òåçà ÏÏÀ-1 âîëîêíà ÏÀÍ ñíà÷àëà àêòèâèðîâàëè

ãèäðîêñèëàìèíîì, çàòåì äîáàâëÿëè 50 %-íûé
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ðàñòâîð ÏÝÏÀ ïðè 100 °C â òå÷åíèå 3 ÷. Âîëîêíî

ÏÏÔ-1 ïîëó÷àëè äîáàâëåíèåì, ïîìèìî ýòîãî,

ôîðìàëüäåãèäà è ôîñôîðèñòîé êèñëîòû [16 – 20].

Ìîäèôèêàöèÿ ñîðáåíòîâ. ÏÏÔ-1 è ÏÏÀ-1 (â

âèäå âîëîêíèñòîé íèòè òîëùèíîé îêîëî 100 íì,

ïëîùàäüþ ïîâåðõíîñòè 30 – 100 ã/ì2) ìàññîé 0,2 ã

ïîìåùàëè â ñòàêàí åìêîñòüþ 50,0 ìë, âûäåðæè-

âàëè â 0,1 Ì HCl â òå÷åíèå 4 – 5 ÷, ïðîìûâàëè

2 – 3 ðàçà áèäèñòèëëèðîâàííîé âîäîé äî íåé-

òðàëüíîé ðåàêöèè, ïðè ýòîì ñîðáåíòû ïåðåõîäÿò

â èîíèçèðîâàííóþ àíèîíîîáìåííóþ õëîð-ôîðìó.

Ïîëó÷åííûå ïðåïàðàòû õðàíèëè â ÷àøêàõ Ïåò-

ðè äëÿ ïîñëåäóþùèõ ýêñïåðèìåíòîâ.

Èììîáèëèçàöèÿ ðåàãåíòà. Äëÿ óëó÷øåíèÿ

àíàëèòè÷åñêèõ ïàðàìåòðîâ ïîëó÷åííûõ ñîðáåí-

òîâ íà íèõ èììîáèëèçîâàëè ñóëüôîñàëèöèëîâóþ

êèñëîòó (ÑÑÊ), îáðàçóþùóþ ïðî÷íûé êîìïëåêñ ñ

èîíàìè æåëåçà (III).

ÑÑÊ ïðèìåíÿþò â àíàëèòè÷åñêîé ïðàêòèêå

êàê ðåàãåíò äëÿ îáíàðóæåíèÿ è âûäåëåíèÿ èîíîâ

ìåòàëëîâ (Fe, Al, Be, Hg, Ti, Zr, Tl, U), à òàêæå

êàê ìàñêèðóþùèé àãåíò äëÿ ðÿäà èîíîâ ìåòàëëîâ

è äëÿ îïðåäåëåíèÿ èîíîâ Fe, U, Be ñïåêòðîôîòî-

ìåòðè÷åñêèì ìåòîäîì2.

Íàìè óñòàíîâëåíî, ÷òî CCÊ ñîðáèðóåòñÿ íà

ïîâåðõíîñòè ÏÏÀ-1 è ÏÏÔ-1 ïî ìåõàíèçìó àíè-

îííîãî îáìåíà ïðè çíà÷åíèÿõ pH, ñîîòâåòñòâóþ-

ùèõ äèññîöèàöèè ñóëüôîãðóïïû:

P NH OS R� �
�
�

2 3
,

ãäå P — ïîëèìåðíûå ñîðáåíòû ÏÏÀ-1 è ÏÏÔ-1;

R — ðàäèêàë CCÊ, ñîäåðæàùèé ñóëüôîãðóïïó.

Èîíîîáìåííûé õàðàêòåð ñîðáöèè ïîäòâåðæ-

äàåòñÿ ïîâûøåíèåì êèñëîòíîñòè æèäêîé ôàçû.

Äëÿ èììîáèëèçàöèè ðåàãåíòà â ñòàêàíû åì-

êîñòüþ 50 ìë âíîñèëè 2 ìë 10 %-íîãî ðàñòâîðà

ÑÑÊ, äîáàâëÿëè 0,2000 ã ñîðáåíòà, ìàãíèòíîé ìå-

øàëêîé ïåðåìåøèâàëè â òå÷åíèå 4 – 5 ìèí, çàòåì

ïðîìûâàëè ñîðáåíò áèäèñòèëëèðîâàííîé âîäîé.

Ïðîâåäåíèå ñîðáöèè. Â õèìè÷åñêèå ñòàêàíû

âíîñèëè ïî 10 ìë ðàñòâîðîâ îáðàçöîâ, äîáàâëÿëè

ïî 2 ìë óíèâåðñàëüíîãî áóôåðíîãî ðàñòâîðà,

ïîìåùàëè ñîðáåíòû ìàññîé 0,2000 ã ñ èììîáè-

ëèçîâàííîé ÑÑÊ è ïåðåìåøèâàëè ñ ïîìîùüþ

ìàãíèòíîé ìåøàëêè â òå÷åíèå 10 ìèí. Çàòåì

ñîðáåíò ïðîìûâàëè áèäèñòèëëèðîâàííîé âîäîé è

õðàíèëè â ÷àøêàõ Ïåòðè äëÿ ïîñëåäóþùåãî

èñïîëüçîâàíèÿ.

Ñòàòè÷åñêóþ îáìåííóþ åìêîñòü ñîðáåíòà

(ÑÎÅ) äëÿ èîíà Fe3+, ìã/ã, ðàññ÷èòûâàëè ìåòîäîì

íàñûùåíèÿ ïðè ýêñïåðèìåíòàëüíî âûáðàííûõ

óñëîâèÿõ ïî ôîðìóëå:

COE Fe( ) ,3 1 2�
�

�C C

m
V

ãäå C1 è C2 — êîíöåíòðàöèè èîíîâ æåëåçà (III) â

èñõîäíîì ðàñòâîðå è ôèëüòðàòå ñîîòâåòñòâåííî,

ìã/ìë; V — îáúåì ôèëüòðàòà, ìë; m — ìàññà ñîð-

áåíòà, ã.

Îòáîð ïðîá. Â êà÷åñòâå îáúåêòîâ èññëåäîâà-

íèÿ áûëè âçÿòû îáðàçöû òåõíîëîãè÷åñêèõ ñòî÷-

íûõ âîä â ïðîèçâîäñòâåííîé çîíå Íàâîèéñêîé îá-

ëàñòè ñîãëàñíî ÃÎÑÒ 31861–20123. Ïîñëå ôèëüò-

ðîâàíèÿ îáðàçöîâ âîäû è äîâåäåíèÿ çíà÷åíèÿ pH

äî 2 – 2,5 èõ ìîæíî õðàíèòü â õîëîäèëüíèêå ïðè

5 °C â òå÷åíèå ìåñÿöà.

Ìåòîäèêà ñîðáöèîííî-àòîìíî-àáñîðáöèîííî-

ãî îïðåäåëåíèÿ èîíîâ Fe (III). Ðàçðàáîòàííàÿ ìå-

òîäèêà îïðåäåëåíèÿ èîíîâ æåëåçà (III) âêëþ÷àåò

ñëåäóþùèå ñòàäèè: ïðîáîïîäãîòîâêà — ïåðåâîä

îïðåäåëÿåìîãî ýëåìåíòà â èîííóþ ôîðìó, óñòðà-

íåíèå ìåøàþùèõ èîíîâ; ïðîâåäåíèå èììîáèëè-

çàöèè — àêòèâàöèÿ ñîðáåíòà ÏÏÔ-1 è èììîáè-

ëèçàöèÿ íà íåì ñóëüôîñàëèöèëîâîé êèñëîòû;

ñîðáöèîííîå êîíöåíòðèðîâàíèå — ïðîâåäåíèå

ñîðáöèè èîíîâ Fe (III) ïðè îïòèìàëüíûõ óñëîâè-

ÿõ (pH, âðåìÿ, êîëè÷åñòâî ñîðáåíòà, êîíöåíòðà-

öèÿ ðåàãåíòà); äåñîðáöèÿ — èçâëå÷åíèå ìåòàëëà

èç ñîðáåíòà 5 %-íûì ðàñòâîðîì HNO3; îïðåäåëå-

íèå èîíîâ Fe (III) â ýëþàòå ìåòîäîì ÏÀÀÑ.

Îáñóæäåíèå ðåçóëüòàòîâ

Èçó÷àëè ÈÊ-ñïåêòðû èììîáèëèçîâàííîé

ÑÑÊ è êîìïëåêñà èîíà Fe (III) ñ èììîáèëèçîâàí-

íîé ÑÑÊ íà ñîðáåíòå ÏÏÔ-1. Èç ðåçóëüòàòîâ

ÈÊ-ñïåêòðîñêîïè÷åñêèõ èññëåäîâàíèé âèäíî, ÷òî

ïîñëå èììîáèëèçàöèè ÑÑÊ íà ÏÏÔ-1 â åãî ñïåê-

òðå íàáëþäàþòñÿ íîâûå ïîëîñû ïîãëîùåíèÿ â îá-

ëàñòÿõ 3053 ñì–1, ñîîòâåòñòâóþùåé ñâÿçè –C–H

(sp2), è 1609 ñì–1, ñîîòâåòñòâóþùåé ñâÿçè –C–C

àðîìàòè÷åñêîãî êîëüöà, êîëåáàíèÿ â îáëàñòè

1309 ñì–1, ñîîòâåòñòâóþùåé ñâÿçè –C–O êàðáîê-

ñèëüíîé ãðóïïû, è óøèðåíèå â îáëàñòè 3275 ñì–1,

ñîîòâåòñòâóþùåå OH– ãðóïïå, ÷òî ïîçâîëÿåò ñäå-

ëàòü âûâîä îá èììîáèëèçàöèè ÑÑÊ íà ñîðáåíòå

ÏÏÔ-1 (ðèñ. 1). Ïðè âçàèìîäåéñòâèè èììîáèëè-

çîâàííîé ÑÑÊ ñ èîíàìè æåëåçà ïðîèñõîäèò èõ

ñîðáöèÿ ñ îáðàçîâàíèåì êîìïëåêñà: â ÈÊ-ñïåêòðå

ïîÿâëÿåòñÿ íîâàÿ ïîëîñà ïîãëîùåíèÿ â îáëàñòè

670 – 534 ñì–1, õàðàêòåðíàÿ äëÿ ñâÿçè –O–Fe

(ðèñ. 2). Ðåçóëüòàòû ÈÊ-ñïåêòðîñêîïè÷åñêèõ èñ-

ñëåäîâàíèé îáðàçîâàíèÿ êîìïëåêñà èîíîâ Fe (III)

c èììîáèëèçîâàííîé ñóëüôîñàëèöèëîâîé êèñëî-

òîé ïðèâåäåíû â òàáë. 1.
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Äëÿ õàðàêòåðèñòèêè õèìè÷åñêîé ñòðóêòóðû

ïîëó÷åííûõ âîëîêîí ñ èììîáèëèçîâàííîé ÑÑÊ

èññëåäîâàëè èõ ýëåìåíòíûé ñîñòàâ äî è ïîñëå

ñîðáöèè èîíîâ æåëåçà ñ ïîìîùüþ ñêàíèðóþùåãî

ýëåêòðîííîãî ìèêðîñêîïà (òàáë. 2). Ïîëó÷åííûå

ðåçóëüòàòû ïîêàçàëè, ÷òî ñîðáåíòû ñîäåðæàò

àòîìû àçîòà, ïðèäàþùèå èì àíèîíîîáìåííûå

ñâîéñòâà. Èììîáèëèçàöèÿ ÑÑÊ ïðîòåêàåò â áîëü-

øåé ñòåïåíè íà âîëîêíå ÏÏÔ-1 (ðèñ. 3, à, á), ÷åì

íà ÏÏÀ-1, è ñîðáöèÿ æåëåçà íà ÏÏÔ-1 çíà÷è-

òåëüíî âûøå. Ïîñëå èììîáèëèçàöèè ÑÑÊ íà ýòèõ

âîëîêíàõ íàáëþäàåòñÿ ñóùåñòâåííîå èçìåíåíèå

ñîñòàâà: â âîëîêíå ÏÏÔ-1 ïîÿâëÿþòñÿ íîâûå ýëå-

ìåíòû (S — 3,29 %), êîòîðûå âõîäÿò â ñîñòàâ

ÑÑÊ. Æåëåçî ðàñïðåäåëåíî íà âîëîêíå ðàâíîìåð-

íî (ñì. ðèñ. 3, â), ÷òî ñâèäåòåëüñòâóåò î òîì, ÷òî

ïðîèçîøëà õåìîñîðáöèÿ, à ñîäåðæàíèå æåëåçà íà

ñîðáåíòå ñîñòàâëÿåò 10,28 % (ñì. òàáë. 2). Ïðè

ýòîì èçìåíÿåòñÿ öâåò âîëîêíà îò áåñöâåòíîãî äî

êðàñíî-áóðîãî.

Ìîæíî òàêæå óâèäåòü çíà÷èòåëüíûå èçìåíå-

íèÿ íà ïîâåðõíîñòè âîëîêíà (ðèñ. 3, á), óêàçû-
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Ðèñ. 1. ÈÊ-ñïåêòð âîëîêîí ÏÏÔ-1 ñ èììîáèëèçîâàííîé

ñóëüôîñàëèöèëîâîé êèñëîòîé

Fig. 1. IR spectrum of PPF-1 fibers with immobilized sulfo-

salicylic acid

Ðèñ. 2. ÈÊ-ñïåêòð êîìïëåêñà Fe (III) ñ èììîáèëèçîâàí-

íîé ñóëüôîñàëèöèëîâîé êèñëîòîé íà ñîðáåíòå ÏÏÔ-1

Fig. 2. IR spectrum of Fe (III) complex with immobilized

sulfosalicylic acid on PPF-1 sorbent

Òàáëèöà 1. Ðåçóëüòàòû ÈÊ-ñïåêòðîñêîïè÷åñêèõ èññëåäîâàíèé îáðàçîâàíèÿ êîìïëåêñà èîíîâ Fe (III) c èììîáèëèçîâàí-

íîé ñóëüôîñàëèöèëîâîé êèñëîòîé

Table 1. Results of IR spectroscopic studies of complexation of Fe (III) ions with immobilized sulfosalicylic acid

Ôóíêöèîíàëüíàÿ ãðóïïà í
ÏÏÔ-1

, ñì–1 í
ÏÏÔ+ÑÑÊ

, ñì–1 í
ÏÏÔ+ÑÑÊ+Fe

, ñì–1

–OH 3245,10 3184 3186

–CH
2
– 2928 – 2849 3030 – 2848 3044 – 2853

–P–H 2362 2362 2362

–P–O 1448 1448 1457

–N–H 1642 1627 – 1579 1647 – 1554

–C–H (Ar) — 3053 3044

–C–O — 1309 1310

–C=C– (Ar) — 1609 – 1554 1600 – 1554

–S=O — 1037 1079

–O–Me — — 670 – 534

Òàáëèöà 2. Ðåçóëüòàòû ýëåìåíòíîãî àíàëèçà (%) âîëîêíà ÏÏÔ-1 ñ ïîìîùüþ ñêàíèðóþùåãî ýëåêòðîííîãî ìèêðîñêîïà

JEOL JSM-IT200LA (n = 3; P = 0,95)

Table 2. Results of the elemental analysis of PPF-1 fiber (% wt.) using a JEOL JSM-IT200LA scanning electron microscope

(n = 3; P = 0.95)

Ñîðáåíò C N O Cl S Fe

ÏÏÔ-1 + Fe (III) 40,07 ± 0,05 33,13 ± 0,10 20,68 ± 0,08 5,10 ± 0,02 — 1,02 ± 0,02

ÏÏÔ-1+ ÑÑÊ 44,81 ± 0,04 23,79 ± 0,07 24,06 ± 0,06 4,03 ± 0,02 3,29 ± 0,01 —

ÏÏÔ-1+ ÑÑÊ + Fe (III) 32,92 ± 0,03 12,80 ± 0,07 31,11 ± 0,06 10,10 ± 0,01 2,79 ± 0,01 10,28 ± 0,02



âàþùèå íà âçàèìîäåéñòâèå èîíîâ ìåòàëëà ñ ðåà-

ãåíòîì. Èçó÷èëè çàâèñèìîñòü îò äëèíû âîëíû

ôóíêöèè Êóáåëêè – Ìóíêà F(R) ñîðáåíòîâ â îò-

ñóòñòâèå è â ïðèñóòñòâèè íà íèõ èììîáèëèçîâàí-

íîãî ðåàãåíòà è åãî êîìïëåêñà ñ èîíàìè æåëåçà.

Ïðåäâàðèòåëüíûå èññëåäîâàíèÿ ìåòîäîì

ñïåêòðîñêîïèè äèôôóçíîãî îòðàæåíèÿ ïî âûáîðó

íàèëó÷øåãî ñîðáåíòà ïîêàçàëè, ÷òî íàèáîëüøåå

äèôôóçíîå îòðàæåíèå ïðè èììîáèëèçàöèè ÑÑÊ

äîñòèãàåòñÿ ïðè èñïîëüçîâàíèè ïîëèýòèëåíïî-

ëèàìèíà, ìîäèôèöèðîâàííîãî ôîñôîðèñòîé êè-

ñëîòîé (ÏÏÔ-1) (ñì. ðèñ. 4).

Ñïåêòðû äèôôóçíîãî îòðàæåíèÿ ÑÑÊ ñ èîíà-

ìè Fe (III) â òâåðäîé ôàçå èìåþò ìàêñèìóìû â

îáëàñòè 500 íì. Ìîëåêóëà ðåàãåíòà ñîäåðæèò

ãðóïïû –OÍ è –COOH, êîòîðûå îáðàçóþò ñâÿçè ñ

Fe (III), ïðèïèñûâàåìûå àíèîííîìó áèñ-êîìïëåê-

ñó (II), èìåþùåìó êðàñíî-áóðóþ îêðàñêó. Ïîëó-

÷åííûå ðåçóëüòàòû ïðåäñòàâëåíû íà ðèñ. 5.

Âëèÿíèå çíà÷åíèÿ pH íà ñîðáöèþ. Êèñ-

ëîòíîñòü ñðåäû âëèÿåò íà ñîðáöèþ ìåòàëëîâ íà

ìîäåðíèçèðîâàííûõ âîëîêíàõ, òàê êàê îò íåå çà-

âèñèò ðåàêöèîííàÿ ñïîñîáíîñòü ôóíêöèîíàëü-

íûõ ãðóïï ñîðáåíòà è ðåàãåíòà, è, êàê ñëåäñòâèå,

îïðåäåëÿåò ñåëåêòèâíîñòü èììîáèëèçîâàííîãî

ðåàãåíòà ïî îòíîøåíèþ ê êîìïîíåíòàì ðàñòâîðà.

Â çàâèñèìîñòè îò pH îáðàçóþòñÿ ðàçëè÷íûå êîì-

ïëåêñû ìåòàëëîâ, íàïðèìåð, èîí Fe (III) îáðàçóåò

ñ ÑÑÊ íåñêîëüêî êîìïëåêñîâ: ìîíîñóëüôîñàëèöè-

ëàò ðîçîâàòî-áóðîãî öâåòà (pH 1,8 – 2,5), äèñóëü-
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Ðèñ. 3. Ýëåêòðîííûå ìèêðîôîòîãðàôèè âîëîêîí ÏÏÔ-1 ïîñëå èììîáèëèçàöèè ñóëüôîñàëèöèëîâîé êèñëîòû (à); àáñîðá-

öèè Fe (III) (á); âèä ðàñïðåäåëåíèÿ íà ïîâåðõíîñòè âîëîêîí ðàçëè÷íûõ ýëåìåíòîâ (â) è Fe (III) (ã)

Fig. 3. Electron micrographs of PPF-1 fibers after immobilization with sulfosalicylic acid (a); absorption of Fe (III) (b); type of

distribution on the fiber surface of various elements (c) and Fe (III) (d)

F
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Ðèñ. 4. Ñïåêòðû äèôôóçíîãî îòðàæåíèÿ: 1 — âîëîêíà

ÏÏÀ-1; 2 — âîëîêíà ÏÏÔ-1; 3 — ÏÏÀ-1 ñ èììîáèëèçî-

âàííîé ÑÑÊ; 4 — ÏÏÔ-1 ñ ÑÑÊ; 5 — ÏÏÔ-1 ñ èîíàìè Fe

(III) áåç èììîáèëèçàöèè ÑÑÊ

Fig. 4. Diffuse reflectance spectra: 1 — PPA-1; 2 — PPF-1

fibers; 3 — PPA-1 with SSal; 4 — PPF-1 with SSal; 5 —

PPF-1 with Fe (III) ions without immobilization



ôîñàëèöèëàò áóðîãî öâåòà (pH 4 – 8), òðèñóëüôî-

ñàëèöèëàò æåëòîãî öâåòà (pH 8 – 11). Áûëî èçó-

÷åíî âëèÿíèå pH íà îáðàçîâàíèå êîìïëåêñà â

äèàïàçîíå îò 2 äî 9. Íàèáîëüøàÿ ñòåïåíü èçâëå-

÷åíèÿ æåëåçà ñîîòâåòñòâóåò çíà÷åíèþ pH 3 – 5

(ðèñ. 6).

Âëèÿíèå ìàññû ñîðáåíòà. Ïðè îïòèìàëüíûõ

çíà÷åíèÿõ pH èçó÷èëè çàâèñèìîñòü ñòåïåíè èç-

âëå÷åíèÿ èîíîâ Fe (III) îò ìàññû âîëîêíà ñîðáåí-

òà â äèàïàçîíå 100 – 400 ìã (ðèñ. 7).

Èç ðèñ. 7 âèäíî, ÷òî êîëè÷åñòâåííîå âûäåëå-

íèå æåëåçà äîñòèãàåòñÿ ïðè ìàññå ñîðáåíòà 200 –

300 ìã, êîòîðàÿ è áûëà âûáðàíà äëÿ ïîñëåäó-

þùèõ èññëåäîâàíèé.

Âëèÿíèå âðåìåíè êîíòàêòà ôàç íà ñîðáöèþ.

Èçó÷èëè çàâèñèìîñòü ñòåïåíè ñîðáöèè Fe (III) íà

ñîðáåíòå ÏÏÔ-1, êîòîðûé îêàçàëñÿ áîëåå ïåð-

ñïåêòèâíûì äëÿ âûäåëåíèÿ æåëåçà, îò âðåìåíè

êîíòàêòà ôàç â äèàïàçîíå 1 – 30 ìèí. Ïîëó÷åí-

íûå ðåçóëüòàòû ïîêàçàëè, ÷òî ñîðáöèÿ Fe (III) â

òå÷åíèå 10 ìèí äîñòèãàåò 96 %, ýòî âðåìÿ áûëî

âûáðàíî äëÿ ïîñëåäóþùèõ èññëåäîâàíèé.

Âëèÿíèå óñëîâèé ýëþèðîâàíèÿ íà ðàçäåëå-

íèå. Ïîñêîëüêó ñîðáöèÿ Fe (III) ïðè pH < 2 íå-

çíà÷èòåëüíà, ýëþèðîâàíèå ïðîâîäèëè â ñëàáî-

êèñëîé ñðåäå. Äëÿ äåñîðáöèè Fe (III) èñïîëüçî-

âàëè ðàçëè÷íûå êîíöåíòðàöèè è îáúåìû HNO3

(òàáë. 3). Ðåçóëüòàòû ïîêàçàëè, ÷òî 15,0 ìë 0,5 Ì

HNO3 äîñòàòî÷íî äëÿ ïîëíîãî ýëþèðîâàíèÿ

èîíîâ Fe (III) ïðè ïåðåìåøèâàíèè â òå÷åíèå

30 ìèí. Ïîýòîìó â ïîñëåäóþùèõ ýêñïåðèìåíòàõ

â êà÷åñòâå ýëþåíòà ïðèìåíÿëè HNO3 óêàçàííûõ

êîíöåíòðàöèè è îáúåìà.

Âàæíûì ôàêòîðîì, îïðåäåëÿþùèì ñîðáöèîí-

íóþ ñïîñîáíîñòü, ÿâëÿåòñÿ îáìåííàÿ åìêîñòü ñîð-

áåíòà. Äëÿ åå îïðåäåëåíèÿ ÷åðåç 200 ìã ñîðáåíòà

ïðîïóñêàëè ïî 10 ìë ðàñòâîðîâ Fe (III) ñ êîíöåí-

òðàöèåé 50 – 500 ìêã/ë ïðè pH 6,0 â òå÷åíèå 2 ÷.

Ïðèâåäåííûå íà ðèñ. 8 çàâèñèìîñòè îáìåííîé

åìêîñòè ÏÏÔ-1 è ÏÏÀ-1 îò êîíöåíòðàöèè Fe

(III) ïîêàçàëè, ÷òî äëÿ óêàçàííûõ ñîðáåíòîâ åå

ìàêñèìàëüíûå çíà÷åíèÿ ñîñòàâëÿþò 15 è

8 ìã-ýêâ/ã ñîîòâåòñòâåííî. Òàêèì îáðàçîì, âíîâü

íàèáîëåå ïåðñïåêòèâíûì ñîðáåíòîì äëÿ âûäåëå-

íèÿ æåëåçà îêàçàëñÿ ÏÏÔ-1.

Ðåãåíåðàöèÿ ñîðáåíòîâ. Äëÿ óäàëåíèÿ èîíîâ

æåëåçà ñ âîëîêíèñòîãî ñîðáåíòà äåñîðáöèþ ïðî-
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Ðèñ. 5. Ñïåêòðû äèôôóçíîãî îòðàæåíèÿ ñîðáåíòîâ

ÏÏÔ-1 (1) è ÏÏÔ-1 (2) ñ èììîáèëèçîâàííîé ñóëüôîñàëè-

öèëîâîé êèñëîòîé, ÏÏÔ-1 ñ èîíàìè Fe (III) áåç èììîáèëè-

çàöèè (3) è èììîáèëèçîâàííûì êîìïëåêñîì ñóëüôîñàëè-

öèëîâîé êèñëîòû ñ Fe (III) (4)

Fig. 5. Diffuse reflectance spectra of sorbents PPF-1 (1)

and PPF-1 (2) with immobilized sulfosalicylic acid; PPF-1

with Fe (III) ions without immobilization (3), and immobi-

lized complex of sulfosalicylic acid with Fe (III) (4)

R
,
%

Ðèñ. 6. Çàâèñèìîñòü ñòåïåíè èçâëå÷åíèÿ Fe (III) îò pH

(êîíöåíòðàöèÿ Fe (III) — 560 ìêã/ë, m
ñîðá

— 200 ìã, t =

= 10 ìèí, T = 25 °C)

Fig. 6. Dependence of Fe (III) recovery on pH (concentra-

tion of Fe (III) — 560 ìg/L, msorb — 200 mg, t = 10 min, T =

= 25°C)

R
,
%

Ìàññà íîñèòåëÿ, ìã

Ðèñ. 7. Çàâèñèìîñòü ñòåïåíè èçâëå÷åíèÿ Fe (III) îò ìàñ-

ñû ñîðáåíòà (óñëîâèÿ ýêñïåðèìåíòà òå æå, ÷òî è íà ðèñ. 6)

Fig. 7. Dependence of Fe (III) recovery on the amount of fi-

ber (experimental conditions are the same as in Fig. 6)

Òàáëèöà 3. Çàâèñèìîñòü ñòåïåíè äåñîðáöèè èîíîâ Fe

(III) îò êîíöåíòðàöèè è îáúåìà HNO
3

Table 3. Dependence of Fe (III) desorption degree on the

concentration and volume of elution solution (HNO3)

Êîíöåíòðàöèÿ

HNO
3
, ìîëü/ë

Îáúåì

HNO
3
, ìë

Ñòåïåíü äåñîðáöèè

Fe (III), %

0,5 5,0 85

0,5 10,0 96

0,5 15,0 98

0,5 20,0 98

0,75 10,0 98

1,0 10,0 98



âîäèëè 0,2 Ì HNO3 â òå÷åíèå 1 ÷. Çàòåì ñîðáåíò

ïðîìûâàëè áèäèñòèëëèðîâàííîé âîäîé äî äîñòè-

æåíèÿ íåéòðàëüíîãî pH. Ïîãðåøíîñòü ðåçóëüòà-

òîâ òðèæäû ïîâòîðåííûõ ýêñïåðèìåíòîâ ñîñòà-

âèëà <5 %. Ñîðáåíò ÏÏÔ-1 ïîêàçàë ëó÷øóþ ñòà-

áèëüíîñòü è âîçìîæíîñòü ïîâòîðíîãî èñïîëüçîâà-

íèÿ äëÿ èçâëå÷åíèÿ Fe (III).

Âëèÿíèå ïîñòîðîííèõ èîíîâ. Èçó÷èëè âëèÿ-

íèå ðàçëè÷íûõ êàòèîíîâ è àíèîíîâ íà ñîðáöèþ

Fe (III) íà ñîðáåíòå ñ èììîáèëèçîâàííîé ÑÑÊ.

Ïðåäåë äîïóñòèìîé êîíöåíòðàöèè ìåøàþùèõ

èîíîâ óñòàíîâèëè êàê èõ êîëè÷åñòâî, ïðè êîòî-

ðîì âîçìîæíî èçâëå÷åíèå íå ìåíåå 90 % æåëåçà

(óñòàíîâëåííûå âîçìîæíûå èçáûòêè óêàçàíû äà-

ëåå â ñêîáêàõ). Ðåçóëüòàòû ïîêàçàëè, ÷òî èîíû

Na+ (200), K+ (300), NH
4

� (100), Ca2+ (50), Mg2+

(50) íå îêàçûâàþò çíà÷èòåëüíîãî âëèÿíèÿ íà

êîíöåíòðèðîâàíèå è îïðåäåëåíèå èîíîâ Fe (III).

Ýòî îáúÿñíÿåòñÿ íèçêîé àäñîðáöèîííîé ñïîñîá-

íîñòüþ èëè ìåíüøåé ñêîðîñòüþ âçàèìîäåéñòâèÿ

ìåøàþùèõ èîíîâ ñ ÑÑÊ. Âèäíî, ÷òî íàëè÷èå

ìíîãèõ ñîïóòñòâóþùèõ èîíîâ íå âëèÿåò íà èç-

âëå÷åíèå Fe (III) â âûáðàííûõ óñëîâèÿõ (pH =

= 2 – 2,5, t = 25 °C; mñîðá = 200 ìã; VR = 10 ìë).

Âûáîð óñëîâèé îïðåäåëåíèÿ æåëåçà ìåòî-

äîì ÏÀÀÑ. Äëÿ äîñòèæåíèÿ âûñîêîãî ðàçðåøå-

íèÿ àíàëèòè÷åñêîé ðåçîíàíñíîé ëèíèè æåëåçà

243,8 íì ïðè åãî îïðåäåëåíèè èçìåíÿëè øèðèíó

ùåëè ìîíîõðîìàòîðà. Ýêñïåðèìåíòû ïîêàçàëè,

÷òî ïðè îïðåäåëåíèè æåëåçà â ñëîæíûõ ñìåñÿõ

ïðè øèðèíå ùåëè ìîíîõðîìàòîðà 1 íì ïîâûøà-

ëàñü âîñïðîèçâîäèìîñòü àíàëèòè÷åñêîãî ñèãíàëà,

íî ïðîÿâëÿëîñü âëèÿíèå ìåøàþùèõ ýëåìåíòîâ,

à ïðè áîëåå øèðîêîé ùåëè ìîíîõðîìàòîðà ïîíè-

æàëñÿ êîýôôèöèåíò ÷óâñòâèòåëüíîñòè. Â ðåçóëü-

òàòå âûáðàëè áîëåå óçêóþ ùåëü 0,2 íì è ïðîâåëè

êîððåêöèþ ôîíà.

Äëÿ îïðåäåëåíèÿ æåëåçà áûëà âûáðàíà ãîðþ-

÷àÿ ñìåñü àöåòèëåí – âîçäóõ. Ïðè ïðèìåíåíèè

ýòîé ñìåñè ñóùåñòâåííîå âëèÿíèå íà àíàëèòè-

÷åñêèé ñèãíàë îêàçûâàëà ëèìîííàÿ êèñëîòà, èñ-

ïîëüçóþùàÿñÿ â ñîñòàâå áóôåðíîãî ðàñòâîðà äëÿ

ñîðáöèè. Äëÿ ïîíèæåíèÿ åå âëèÿíèÿ äîáàâëÿëè

H3PO4.

Èçó÷èëè òàêæå çàâèñèìîñòü àíàëèòè÷åñêîãî

ñèãíàëà æåëåçà îò åãî êîíöåíòðàöèè ïðè ðàçíûõ

çíà÷åíèÿõ òîêà ïèòàíèÿ ëàìïû ñ ïîëûì êàòîäîì

â äèàïàçîíå îò 5 äî 15 ìÀ (ðèñ. 9). Âèäíî, ÷òî ïðè

óâåëè÷åíèè òîêà ëàìïû óëó÷øàëàñü âîñïðîèçâî-

äèìîñòü ðåçóëüòàòîâ àíàëèçà, íî ïîíèæàëàñü

÷óâñòâèòåëüíîñòü. Â êà÷åñòâå îïòèìàëüíîãî äëÿ

îïðåäåëåíèÿ æåëåçà áûë âûáðàí òîê 12 ìÀ.

Õàðàêòåðíûå çàâèñèìîñòè àíàëèòè÷åñêîãî ñèã-

íàëà îò êîíöåíòðàöèè Fe (III) â îïòèìàëüíûõ

óñëîâèÿõ ïðîâåäåíèÿ àíàëèçà ïðè ðàçëè÷íîì âðå-

ìåíè êîíöåíòðèðîâàíèÿ ïðèâåäåíû íà ðèñ. 10.

Êàê âèäíî èç ðèñ. 10, ïîâûøåíèå âðåìåíè

êîíöåíòðèðîâàíèÿ ïðèâîäèò ê ïðîïîðöèîíàëü-

íîìó óâåëè÷åíèþ óãëà íàêëîíà ãðàäóèðîâî÷íîé

çàâèñèìîñòè è, ñîîòâåòñòâåííî, ïîâûøåíèþ ÷óâ-

ñòâèòåëüíîñòè îïðåäåëåíèÿ æåëåçà â ðàñòâîðå.

Ïðè áîëåå äëèòåëüíîì êîíöåíòðèðîâàíèè àíàëè-

òè÷åñêèé ñèãíàë ìàëî èçìåíÿëñÿ, ÷òî ñòàëî îñíî-
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Ðèñ. 8. Çàâèñèìîñòü ñòàòèñòè÷åñêîé îáìåííîé åìêîñòè

ñîðáåíòîâ îò êîíöåíòðàöèè Fe (III)

Fig. 8. Dependence of the statistical exchange capacity of

sorbents on the concentration of Fe (III)
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Ðèñ. 9. Çàâèñèìîñòü àíàëèòè÷åñêîãî ñèãíàëà îò êîíöåíò-

ðàöèè æåëåçà ïðè ðàçëè÷íîì òîêå ïèòàíèÿ ëàìïû ñ ïî-

ëûì êàòîäîì

Fig. 9. Dependence of the analyte signal on the iron con-

centration at different supply currents of a hollow cathode

lamp
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Ðèñ. 10. Çàâèñèìîñòü àíàëèòè÷åñêîãî ñèãíàëà îò êîí-

öåíòðàöèè ïðè ñîðáöèîííî-àòîìíî-àáñîðáöèîííîì îïðå-

äåëåíèè æåëåçà äëÿ ðàçëè÷íîãî âðåìåíè êîíöåíòðèðîâà-

íèÿ: 1 — 0 ìèí; 2 — 1 ìèí; 3 — 5 ìèí; 4 — 7 ìèí

Fig. 10. Calibration curves for iron determination by FAAS

at a different preconcentration time: 1 — 0 min; 2 — 1 min;

3 — 5 min; 4 — 7 min



âîé äëÿ âûáîðà îïòèìàëüíîãî âðåìåíè êîíöåí-

òðèðîâàíèÿ 7 ìèí.

Óðàâíåíèå ãðàäóèðîâî÷íîé çàâèñèìîñòè äëÿ

îïðåäåëåíèÿ æåëåçà ìåòîäîì ÀÀÑ ñ àòîìèçàöèåé

â ïëàìåíè è ñîðáöèîííûì êîíöåíòðèðîâàíèåì

èìååò âèä: y = 0,0607x + 0,001 (R2 = 0,989).

Äèàïàçîí îïðåäåëÿåìûõ ñîäåðæàíèé æåëåçà

ñîñòàâëÿåò 0,005 – 4 ìêã/ìë, çíà÷åíèå ïðåäåëà îá-

íàðóæåíèÿ æåëåçà, ðàññ÷èòàííîå ïî 3s-êðèòå-

ðèþ, ñîñòàâèëî 0,01 ìêã/ë, îòíîñèòåëüíîå ñòàí-

äàðòíîå îòêëîíåíèå íå ïðåâûøàëî 0,033. Ýòè

çíà÷åíèÿ ÿâëÿþòñÿ äîñòàòî÷íûìè äëÿ îïðåäåëå-

íèÿ ñëåäîâûõ êîëè÷åñòâ èîíîâ Fe (III) â îáúåêòàõ

îêðóæàþùåé ñðåäû.

Îïðåäåëåíèå æåëåçà â ðåàëüíûõ îáðàçöàõ

âîä. Ðàçðàáîòàííóþ ìåòîäèêó ñ èñïîëüçîâàíèåì

ñîðáåíòà ÏÏÔ-1 ïðèìåíèëè äëÿ îïðåäåëåíèÿ æå-

ëåçà â îáðàçöàõ âîäîïðîâîäíîé, ïðèðîäíîé è

ñòî÷íîé âîä (òàáë. 4).

Èç òàáë. 4 âèäíî, ÷òî äîñòèãíóòûå ñòåïåíè

èçâëå÷åíèÿ æåëåçà 97 – 99 % áûëè äîñòàòî÷íûìè

äëÿ îïðåäåëåíèÿ åãî ñëåäîâûõ êîëè÷åñòâ â ïðî-

àíàëèçèðîâàííûõ ïðîáàõ âîäû.

Çàêëþ÷åíèå

Ïîëèìåðíîå âîëîêíî ÏÏÔ-1 ñ èììîáèëè-

çîâàííîé íà åãî ïîâåðõíîñòè ñóëüôîñàëèöè-

ëîâîé êèñëîòîé õîðîøî çàðåêîìåíäîâàëî ñåáÿ â

êà÷åñòâå ñîðáåíòà äëÿ ïðåäâàðèòåëüíîãî êîíöåí-

òðèðîâàíèÿ æåëåçà (III) ñ åãî ïîñëåäóþùèì îïðå-

äåëåíèåì ìåòîäîì ÀÀÑ ñ àòîìèçàöèåé â ïëàìå-

íè. Ðàçðàáîòàííàÿ ìåòîäèêà äàåò âîçìîæíîñòü

îïðåäåëÿòü íèçêèå êîíöåíòðàöèè èîíîâ Fe (III)

â âîäàõ ðàçëè÷íîãî ïðîèñõîæäåíèÿ ñ ïðåäåëîì

îáíàðóæåíèÿ 0,01 ìêã/ë. Äèàïàçîí îïðåäåëÿåìûõ

ñîäåðæàíèé ñîñòàâëÿåò 0,005 – 4 ìêã/ìë, Sr íå

ïðåâûøàåò 0,033.
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Òàáëèöà 4. Ðåçóëüòàòû îïðåäåëåíèÿ æåëåçà â îáðàçöàõ âîä ñîðáöèîííî-àòîìíî-àáñîðáöèîííûì ìåòîäîì ñ èñïîëüçîâà-

íèåì ñîðáåíòà ÏÏÔ-1 (n = 3; P = 0,95)

Table 4. Results of iron determination in water samples by the sorption-atomic-absorption method using the PPF-1 sorbent

(n = 3; P = 0.95)

Ââåäåíî

Fe (III),

ìêã/ë

Âîäîïðîâîäíàÿ âîäà Âîäà èç ñêâàæèíû Ñòî÷íàÿ âîäà

Íàéäåíî

æåëåçà,
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