
Êðàñèòåëè øèðîêî èñïîëüçóþòñÿ â òåêñòèëüíîé è

ïèùåâîé ïðîìûøëåííîñòè è ïðåäñòàâëÿþò ñåðüåç-

íóþ óãðîçó çàãðÿçíåíèÿ âîäû â îêðóæàþùåé ñðåäå

[1]. Íàëè÷èå êðàñèòåëåé â âîäå äàæå â î÷åíü íèçêîé

êîíöåíòðàöèè õîðîøî çàìåòíî, è îíî íåæåëàòåëüíî,

ïîñêîëüêó êðàñèòåëè ñóùåñòâåííî çàìåäëÿþò ôîòî-

ñèíòåç è, òàêèì îáðàçîì, îêàçûâàþò ãóáèòåëüíîå

äåéñòâèå íà æèâûå ñóùåñòâà â âîäå [2]. Âëèÿíèå

òåêñòèëüíîé ïðîìûøëåííîñòè íà îêðóæàþùóþ ñðå-

äó òåñíî ñâÿçàíî ñ ïîòðåáëåíèåì âîäû, à òàêæå ñ

íàëè÷èåì îêðàñêè ó øèðîêîãî ðÿäà çàãðÿçíèòåëåé [3].

Ìíîãèå êðàñèòåëè ïðåäñòàâëÿþò ñîáîé ñèíòåòè-

÷åñêèå âåùåñòâà ñî ñëîæíûì àðîìàòè÷åñêèì ñòðîå-

íèåì, âñëåäñòâèå ÷åãî îíè óñòîé÷èâû ê äåéñòâèþ

ñâåòà, òåïëà è îêèñëèòåëåé è îáû÷íî íå ïîäâåðãàþòñÿ

áèîðàçëîæåíèþ. Êðîìå òîãî, êðàñèòåëè èëè ïðî-

äóêòû èõ ìåòàáîëèçìà îáëàäàþò êàíöåðîãåííûì,

òåðàòîãåííûì è ìóòàãåííûì äåéñòâèåì íà ëþäåé è

äðóãèå æèâûå îðãàíèçìû. Òàêèì îáðàçîì, èõ íóæíî

óäàëÿòü äî òîãî, êàê îíè ïîïàäóò â âîäíóþ ñðåäó [2].

Ìåòîäû îáåçâðåæèâàíèÿ çàãðÿçíåííûõ êðàñèòåëÿìè

ñòî÷íûõ âîä àêòèâíî èññëåäóþòñÿ, ýòî íàïðàâëåíèå

èìååò âàæíîå çíà÷åíèå äëÿ çàùèòû îêðóæàþùåé

ñðåäû è ïðèâëåêàåò âíèìàíèå ìíîãèõ èññëåäîâàòåëåé

[1]. Ê îáû÷íûì ìåòîäàì óäàëåíèÿ êðàñèòåëåé ìîæíî

îòíåñòè õèìè÷åñêóþ êîàãóëÿöèþ, ýëåêòðîõèìè÷å-

ñêîå óäàëåíèå, óëüòðàôèëüòðîâàíèå, ýêñòðàêöèþ è

îêèñëåíèå ñèëüíûìè îêèñëèòåëÿìè (õëîðèðîâàíèå,

îçîíèðîâàíèå). Òàêèå ìåòîäû äîðîãè è íåêîòîðûå èç

íèõ íåýôôåêòèâíû ïðè íèçêîé êîíöåíòðàöèè êðà-

ñèòåëÿ èëè íå ïðèâîäÿò ê åãî ðàçëîæåíèþ. Òàêèì

îáðàçîì, ïîèñê äåøåâûõ àëüòåðíàòèâ îáðàáîòêè âîäû

ïðåäñòàâëÿåò àêòóàëüíóþ çàäà÷ó [4, 5]. Â ýòîì îòíî-

øåíèè êàê ýôôåêòèâíûé ìåòîä ðàññìàòðèâàåòñÿ

àäñîðáöèÿ, ÷òî ñâÿçàíî ñ ëåãêîñòüþ ïðîâåäåíèÿ

î÷èñòêè, âîçìîæíîñòüþ àäàïòàöèè è ïðîñòîòîé ðàç-

ðàáîòêè ïîäõîäÿùåãî ñîðáåíòà [6]. Àëüòåðíàòèâîé

îáû÷íûì ìåòîäàì îáðàáîòêè ÿâëÿþòñÿ óñîâåðøåí-

ñòâîâàííûå ìåòîäû îêèñëåíèÿ (advanced oxidation

process (AOPs)). AOP ïîäõîäÿò äëÿ ðàçëîæåíèÿ

îïàñíûõ çàãðÿçíèòåëåé ãèäðîêñèëüíûìè ðàäèêàëàìè

(OH
�

) è/èëè O
2

�

, êîòîðûå ìîãóò ðàçðóøàòü óñòîé÷è-

âûå îðãàíè÷åñêèå âåùåñòâà äî äèîêñèäà óãëåðîäà, âî-

äû è íåîðãàíè÷åñêèõ èîíîâ [7]. Ñðåäè AOP ïðè-

âëåêàþò âíèìàíèå ãåòåðîãåííûå ôîòîêàòàëèçàòîðû
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Óñòàíîâëåíî, ÷òî ñèíòåçèðîâàííûé ZnFe
2
O

4
ñ ðàçìåðîì êðèñòàëëèòîâ 49 � 6 íì àäñîðáèðóåò

êðàñèòåëü ñîëîôåíèë êðàñíûé 3BL (ÑÊ 3BL) è êàòàëèçèðóåò åãî ôîòîõèìè÷åñêîå ðàçëîæåíèå

ïîä äåéñòâèåì ñîëíå÷íîãî ñâåòà. Íà îñíîâàíèè àíàëèçà ñïåêòðà äèôôóçíîãî îòðàæåíèÿ

óñòàíîâëåíî, ÷òî âåëè÷èíà îïòè÷åñêîé çàïðåùåííîé çîíû íàíîðàçìåðíîãî ZnFe
2
O

4
ñîñòàâëÿåò

2,04 ýÂ. Íàéäåíî, ÷òî íàèáîëüøàÿ àêòèâíîñòü êàòàëèçàòîðà äîñòèãàåòñÿ ïðè pH � 3 è

êîíöåíòðàöèè êàòàëèçàòîðà 1 ã/ë.

Êëþ÷åâûå ñëîâà: ñîëîôåíèë êðàñíûé 3BL, àäñîðáöèÿ, ôîòîðàçëîæåíèå, øïèíåëü ZnFe
2
O

4
, ñîëíå÷íûé ñâåò.



[8], ÷òî îáóñëîâëåíî íèçêîé ñòîèìîñòüþ êàòàëè-

çàòîðîâ, èñïîëüçîâàíèåì ÷èñòîé íåèñ÷åðïàåìîé

ýíåðãèè (ñîëíå÷íîãî ñâåòà) è ïðîñòîòîé ïðîöåññà [9].

Â òåêñòèëüíîé ïðîìûøëåííîñòè øèðîêî èñïîëü-

çóþòñÿ àçîêðàñèòåëè ñëîæíîãî ñîñòàâà â âûñîêèõ

êîíöåíòðàöèÿõ, à èõ îòõîäû ñëèâàþò â âîäíóþ ñðåäó

[10]. Â íàñòîÿùåé ðàáîòå êàê îáúåêò èññëåäîâàíèÿ

âûáðàí ÑÊ 3BL, ïîñêîëüêó îí ïðåäñòàâëÿåò ñîáîé íå

ñïîñîáíûé ê áèîäåãðàäàöèè â àýðîáíûõ óñëîâèÿõ

àçîêðàñèòåëü, èç êîòîðîãî â àíàýðîáíûõ óñëîâèÿõ

ìîãóò îáðàçîâûâàòüñÿ áîëåå îïàñíûå ïðîìåæó-

òî÷íûå âåùåñòâà [11]. Îí î÷åíü õîðîøî ðàñòâîðèì â

âîäå: åãî ðàñòâîðèìîñòü äîñòèãàåò 60 ã/ë ïðè 20 �Ñ

[12]. Îñíîâíàÿ öåëü íàñòîÿùåé ðàáîòû çàêëþ÷àåòñÿ â

èññëåäîâàíèè àêòèâíîñòè ZnFe
2
O

4
â ïðîöåññàõ àä-

ñîðáöèè è ôîòîäåãðàäàöèè ÑÊ 3BL ïîä äåéñòâèåì

ñîëíå÷íîãî ñâåòà. Øïèíåëü ïîëó÷åíà õèìè÷åñêèì

ìåòîäîì, èçó÷åíî âëèÿíèå êîëè÷åñòâà êàòàëèçàòîðà,

ðÍ ðàñòâîðà è íà÷àëüíîé êîíöåíòðàöèè ÑÊ 3BL íà

àäñîðáöèþ è ôîòîõèìè÷åñêîå ðàçëîæåíèå.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

ZnFe
2
O

4
ïîëó÷åí ïóòåì ðàçëîæåíèÿ íèòðàòîâ

ìåòàëëîâ. Êàê èñõîäíûå ðåàãåíòû èñïîëüçîâàëè

Fe(NO
3
)
3
·9H

2
O è Zn(NO

3
)
2
·6H

2
O àíàëèòè÷åñêîé

÷èñòîòû. Ñòåõèîìåòðè÷åñêóþ ñìåñü ðàñòâîðÿëè â

äèñòèëëèðîâàííîé âîäå, è ðàñòâîð íàãðåâàëè äî

îáðàçîâàíèÿ ïîðîøêà. Òåðìîãðàâèìåòðè÷åñêèé àíà-

ëèç (ÒÃÀ) ïðîâîäèëè ñ èñïîëüçîâàíèåì òåðìîàíàëè-

çàòîðà «Setaram» (AG0084 LABSYSTEM). Ïîðîøêî-

îáðàçíûé îáðàçåö (~5 ìã) ïîìåùàëè â íåáîëüøîé

àëóíäîâûé òèãåëü è íàãðåâàëè äî 1000 °C â àò-

ìîñôåðå àðãîíà. Ðàçëîæåíèå íèòðàòîâ ïðîâîäèëè ïðè

~500 °C, ïîñëå ÷åãî ïîðîøîê èçìåëü÷àëè â àãàòîâîé

ñòóïêå äî ãîìîãåííîãî ñîñòàâà è ïðîêàëèâàëè ïðè

650 °C ñ ïðîìåæóòî÷íûì ïîâòîðíûì èçìåëü÷åíèåì.

Äëÿ ïîäòâåðæäåíèÿ ôàçîâîãî ñîñòàâà èçìåðÿëè

äèôðàêòîãðàììû (èñïîëüçîâàëè CuK
�

-èçëó÷åíèå).

Ñïåêòðû äèôôóçíîãî îòðàæåíèÿ èçìåðÿëè íà äâóõ-

ëó÷åâîì UV-VIS-ñïåêòðîôîòîìåòðå «Specord 200

Plus», îáîðóäîâàííîì èíòåãðèðóþùåé ñôåðîé ïðè

êîìíàòíîé òåìïåðàòóðå â äèàïàçîíå 300—1200 íì.

Òàáëåòêè ZnFe
2
O

4
, ïðîêàëåííîãî ïðè 900 °C, õà-

ðàêòåðèçóþòñÿ âûñîêîé ìåõàíè÷åñêîé ïðî÷íîñòüþ.

Äëÿ ôîòîêàòàëèçà íóæíà èíôîðìàöèÿ îá ýëåêòðîí-

íûõ ïåðåõîäàõ, ïîëîæåíèå êîòîðûõ îïðåäåëÿëè ïó-

òåì èññëåäîâàíèÿ ýëåêòðîõèìè÷åñêèõ ñâîéñòâ. Îìè-

÷åñêèé êîíòàêò ïðîêàëåííûõ òàáëåòîê ñîçäàâàëè ñ

èñïîëüçîâàíèåì ìåäíûõ ïðîâîäíèêîâ è ñåðåáðÿíîé

êðàñêè. Ðàáî÷èé ýëåêòðîä (1,32 ñì
2
) ïîìåùàëè â

ñòåêëÿííóþ òðóáêó è èçîëèðîâàëè ýïîêñèäíîé

ñìîëîé. Àíàëèç Ìîòòà — Øîòòêè ïðîâîäèëè ïðè

÷àñòîòå 10 êÃö â êèñëîì ðàñòâîðå (pH � 3).

Ñîëîôåíèë êðàñíûé 3BL — ïîëèàçîêðàñèòåëü,

øèðîêî èçâåñòíûé ïîä íàçâàíèåì ïðÿìîé êðàñíûé 80

(¹ CAS 2610-10-8). Îí ïðîèçâîäèòñÿ «Textile Alge-

rian Company» è õàðàêòåðèçóåòñÿ âûñîêîé òîê-

ñè÷íîñòüþ è íèçêîé ñïîñîáíîñòüþ ê áèîðàçëîæåíèþ

(åãî õèìè÷åñêàÿ ôîðìóëà ïðåäñòàâëåíà íà ðèñ. 1, à).

Òåñòèðîâàíèå àäñîðáöèè è ôîòîêàòàëèçà ïîä äåé-

ñòâèåì ñîëíå÷íîãî ñâåòà ïðîâîäèëè â ïåðèîäè÷åñêîì

ðåæèìå ñ èñïîëüçîâàíèåì 250 ìë ðàñòâîðà ÑÊ 3BL

ïðè êîìíàòíîé òåìïåðàòóðå. ðÍ ðàñòâîðà óñòàíàâ-

ëèâàëè ïóòåì äîáàâëåíèÿ ñîîòâåòñòâóþùèõ êîëè-

÷åñòâ ðàñòâîðîâ HCl èëè NaOH. Ñóñïåíäèðîâàíèå

ïîðîøêà äîñòèãàëè ïóòåì ïåðåìåøèâàíèÿ íà ìàã-

íèòíîé ìåøàëêå (400 îá/ìèí); äî äîñòèæåíèÿ

òåìíîâîãî ðàâíîâåñèÿ òðåáîâàëîñü ~160 ìèí. Ïîñëå

ýòîãî ñèñòåìó ïîäâåðãàëè äåéñòâèþ ñîëíå÷íîãî

ñâåòà. Àëèêâîòû îòáèðàëè ÷åðåç ðàâíûå ïðîìåæóòêè

âðåìåíè, òâåðäûå ÷àñòèöû îòäåëÿëè öåíòðèôóãè-

ðîâàíèåì (2000 îá/ìèí, 20 ìèí) è ôèëüòðîâàëè ÷åðåç

ôèëüòð ñ ïîðàìè 0,45 ìì. Óìåíüøåíèå ñîäåðæàíèÿ

ÑÊ 3BL äåòåêòèðîâàëè ìåòîäîì ñïåêòðîôîòîìåòðèè

â ÓÔ- è âèäèìîì äèàïàçîíå («Shimadzu UV1800»,

�

max
= 542 íì) ñ èñïîëüçîâàíèåì êâàðöåâîé êþâåòû

òîëùèíîé 1 ñì. Âûõîäû (%) â ôîòîêàòàëèòè÷åñêèõ

ïðîöåññàõ ðàññ÷èòûâàëè ïî óðàâíåíèþ

R =
C C

C

0

0

100
�

� ,

ãäå C
0

è C — íà÷àëüíàÿ è ðàâíîâåñíàÿ êîíöåíòðàöèÿ

ÑÊ 3BL ñîîòâåòñòâåííî, ìã/ë. Âñå ðàñòâîðû ãîòîâèëè

â äèñòèëëèðîâàííîé âîäå (~0,8 MÎì/ñì), èñïîëü-

çîâàëè ðåàãåíòû àíàëèòè÷åñêîé ÷èñòîòû.
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Ðèñ. 1. Õèìè÷åñêîå ñòðîåíèå ñîëîôåíèëà êðàñíîãî 3BL (à),

ñïåêòð ïîãëîùåíèÿ (C0 = 10 ìëí
–1

, îïòè÷åñêàÿ øèðèíà

êþâåòû 1 ñì) (á).

à

á

(1)



Ðåçóëüòàòû è îáñóæäåíèå

Äëÿ îïðåäåëåíèÿ òåìïåðàòóðû îáðàçîâàíèÿ øïè-

íåëè ïðîâåäåí ÒÃÀ äî 1000 °Ñ (ðèñ. 2). Ïðè ~100 °C

íà÷èíàåòñÿ ðåçêàÿ ïîòåðÿ ìàññû, êîòîðàÿ

çàêàí÷èâàåòñÿ ïðè ~320 °C, ïîñëå ÷åãî íà êðèâîé

íàáëþäàåòñÿ ïëàòî, ÷òî ìîæåò óêàçûâàòü íà

îáðàçîâàíèå ôàçû. Äèôðàêòîãðàììà îáðàçöà, ïðîêà-

ëåííîãî ïðè 650 °C (ðèñ. 3), õàðàêòåðíà äëÿ ìîíî-

ôàçíîãî îáðàçöà. Çíà÷åíèÿ 2	 ïèêîâ ïðè 18°, 30°, 35°,

37°, 43°, 53° è 56° ñîîòâåòñòâóþò ðåôëåêñàì

ïëîñêîñòåé (111), (220), (311), (222), (400), (422) è

(511) øïèíåëè ZnFe
2
O

4
â ñîîòâåòñòâèè ñ äàííûìè

JCPDS (êàðòî÷êà ¹ 22-1012). ZnFe
2
O

4
êðèñòàë-

ëèçóåòñÿ â êóáè÷åñêîé ñèììåòðèè (ïðîñòðàíñòâåííàÿ

ãðóïïà Fd3m, ¹ 227); çíà÷åíèå ïàðàìåòðà ðåøåòêè

(8,4424(3) Å) ñîãëàñóåòñÿ ñ äàííûìè [13]. Ðàçìåð

êðèñòàëëèòîâ (D = 49 
 6 íì) îöåíåí ìåòîäîì

Óèëüìñîíà — Õîëëà. Ýòîò ðàçìåð äîëæåí ñîîòâåò-

ñòâîâàòü óäåëüíîé ïîâåðõíîñòè ~24 ì
2
�ã

–1
(S =

6(�D)
–1

, ãäå � — ïëîòíîñòü ZnFe
2
O

4
(5,022 ã·ñì

–3
)).

Äëÿ ôîòîêàòàëèçà êðèòè÷åñêè âàæíà èíôîðìàöèÿ

î âåëè÷èíå îïòè÷åñêîé çàïðåùåííîé çîíû ZnFe
2
O

4
;

îíà îïðåäåëåíà ïî ñïåêòðó äèôôóçíîãî îòðàæåíèÿ.

Ïî çàâèñèìîñòè (�h�)
2

îò h� (ðèñ. 4) âåëè÷èíà E
g

ðàâíà 2,04 ýÂ, ÷òî ñîîòâåòñòâóåò êðàñíîìó öâåòó, � —

êîýôôèöèåíò ïîãëîùåíèÿ. Ïîòåíöèàë ïëîñêîé çîíû

(V
fb

= 0,36 Â) îïðåäåëåí ïî ïîëîæåíèþ ïåðåñå÷åíèÿ

ïðÿìîé Ìîòòà — Øîòòêè ñ îñüþ ïîòåíöèàëà (ïðè

C
–2

= 0 (ðèñ. 5)):

C
–2

=
2

0 A
e N

�

�

�

�

�

�

�

�

(V – V
fb

),

ãäå ñèìâîëû èìåþò îáùåïðèíÿòîå çíà÷åíèå. Îòðè-

öàòåëüíûé íàêëîí óêàçûâàåò íà ïðîâîäèìîñòü

sp-òèïà [14, 15]. Íà îñíîâå ïðèâåäåííûõ âûøå

õàðàêòåðèñòèê äëÿ ïîíèìàíèÿ ïóòè ðàçëîæåíèÿ

êðàñèòåëÿ ÑÊ 3BL â âîäíîì ðàñòâîðå ïîä äåéñòâèåì

ñâåòà íàìè ïîñòðîåíà äèàãðàììà ýíåðãåòè÷åñêèõ çîí

êîíòàêòà ZnFe
2
O

4
/ðàñòâîð (ðèñ. 6).
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Ðèñ. 2. Êðèâûå ÒÃÀ/ÄÒÀ ñìåñè íèòðàòîâ, èñïîëüçîâàííîé

äëÿ ïîëó÷åíèÿ ZnFe2O4, â àòìîñôåðå àðãîíà.

Ðèñ. 3. Äèôðàêòîãðàììà ZnFe2O4, ñèíòåçèðîâàííîãî ïóòåì

ðàçëîæåíèÿ íèòðàòîâ.

Ðèñ. 4. Îïðåäåëåíèå îïòè÷åñêîé çàïðåùåííîé çîíû

ZnFe2O4 ïîñëå ïðîêàëèâàíèÿ.

Ðèñ. 5. Àíàëèç Ìîòòà — Øîòòêè ZnFe2O4 â ðàáî÷åì

ðàñòâîðå (pH � 3) ïðè ÷àñòîòå 10 êÃö.

(2)



Ñïåêòð ÑÊ 3BL â ÓÔ- è âèäèìîì äèàïàçîíå

ïðèâåäåí íà ðèñ. 1, á. Ìàêñèìóì ïîãëîùåíèÿ (�
max

=

542 íì) íå ìåíÿåòñÿ ïðè èçìåíåíèè ðÍ â äèàïàçîíå

2,5—9,5. Âûøå pH � 11 öâåò ìåíÿåòñÿ îò êðàñíîãî ê

ñâåòëî-ðîçîâîìó. Îáùåïðèíÿòî, ÷òî àäñîðáöèÿ ÿâ-

ëÿåòñÿ êðèòè÷åñêè âàæíûì ýòàïîì ãåòåðîãåííîãî

ôîòîêàòàëèçà [16]. Â ðåçóëüòàòå èññëåäîâàíèÿ â

ðàçíûõ óñëîâèÿõ ïîêàçàíî, ÷òî ÑÊ 3BL ñóùåñòâåííî

àäñîðáèðóåòñÿ íà ZnFe
2
O

4
. Èç-çà âûñîêîãî ïîòåí-

öèàëà ïàðû H
2
O/OH

�

, âåëè÷èíà êîòîðîãî ñóùå-

ñòâåííî ïðåâûøàåò ïîòåíöèàë ZnFe
2
O

4
-VB, ïðî-

öåññû, ñâÿçàííûå ñ âàëåíòíîé çîíîé, íå ïðèâîäÿò ê

îêèñëåíèþ âîäû è/èëè ÎÍ
–
. Â îòëè÷èå îò ýòîãî

ôîòîýëåêòðîíû çîíû ïðîâîäèìîñòè ðåàãèðóþò ñ ðàñ-

òâîðåííûì êèñëîðîäîì, ÷òî ïðèâîäèò ê îáðàçîâàíèþ

àêòèâíîãî ñóïåðîêñèä-àíèîíà O
2

�

, êîòîðûé àòàêóåò

ÑÊ 3BL. Â ðåçóëüòàòå ïðîèñõîäèò ðàçëîæåíèå îðãà-

íè÷åñêîãî âåùåñòâà:

Îðãàíè÷åñêîå âåùåñòâî + O
2

�

� CO
2

+ âîäà.

Äëÿ îïðåäåëåíèÿ îïòèìàëüíîé êîíöåíòðàöèè êàòà-

ëèçàòîðà ïðîâåäåíû ýêñïåðèìåíòû ïðè íà÷àëüíîì

çíà÷åíèè ðÍ � 6,6, êîëè÷åñòâî êàòàëèçàòîðà âàðüè-

ðîâàëè îò 0,2 äî 1 ìã/ìë. Âëèÿíèå êîëè÷åñòâà

êàòàëèçàòîðà íà ðàçëîæåíèå êðàñèòåëÿ ïîêàçàíî íà

ðèñ. 7. Êàê è îæèäàëîñü, èíòåíñèâíîñòü ïðîöåññà

ðàñòåò ïðè óâåëè÷åíèè çàãðóçêè êàòàëèçàòîðà.

Íàèëó÷øàÿ ôîòîäåãðàäàöèÿ ÑÊ 3BL äîñòèãàåòñÿ ïðè

çàãðóçêå 1 ìã/ìë, ÷òî îáúÿñíÿåòñÿ óâåëè÷åíèåì

êîëè÷åñòâà êàòàëèòè÷åñêè àêòèâíûõ ñàéòîâ è ðîñòîì

ïîâåðõíîñòè, êîòîðàÿ ìîæåò ïðèíèìàòü ïàäàþùèå

ôîòîíû. Ïåðâîé ñòàäèåé ôîòîêàòàëèçà ÿâëÿåòñÿ

àäñîðáöèÿ, è ýòî ïðîèñõîäèò â ñòàäèè òåìíîâîé

àäñîðáöèè, ïðîòåêàþùåé íàðÿäó ñ ôîòîõèìè÷åñêèì

ïðîöåññîì.

Ñëèâû òåêñòèëüíîé ïðîìûøëåííîñòè ìîãóò õà-

ðàêòåðèçîâàòüñÿ øèðîêèì äèàïàçîíîì çíà÷åíèé ðÍ.
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Ðèñ. 6. Äèàãðàììà ýíåðãåòè÷åñêèõ çîí ãðàíèöû êîíòàêòà

ZnFe2O4/ýëåêòðîëèò.

Ðèñ. 7. Âëèÿíèå êîíöåíòðàöèè êàòàëèçàòîðà íà óäàëåíèå

ñîëîôåíèëà êðàñíîãî. Êîíöåíòðàöèÿ ZnFe2O4 0,2 (1), 0,4 (2),

0,6 (3), 0,8 (4) è 1 ìã/ìë (5).

Ðèñ. 8. Âëèÿíèå ðÍ íà óäàëåíèå ñîëîôåíèëà êðàñíîãî. pH

9,5 (1), 7 (2), 4 (3) è 2,5 (4).

Ðèñ. 9. Âëèÿíèå íà÷àëüíîé êîíöåíòðàöèè êðàñèòåëÿ ñîëî-

ôåíèëà êðàñíîãî íà åãî óäàëåíèå. Íà÷àëüíàÿ êîíöåíòðàöèÿ

êðàñèòåëÿ 5 (1), 10 (2), 20 (3), 30 (4) è 50 ìã/ë (5).



Òàêèì îáðàçîì, âëèÿíèå ðÍ íà ýôôåêòèâíîñòü ïðî-

öåññîâ ðàçëîæåíèÿ êðàñèòåëÿ ïðåäñòàâëÿåò âàæíûé

ôàêòîð, òðåáóþùèé èññëåäîâàíèÿ [17]. Êðîìå òîãî,

ãåíåðèðîâàíèå ãèäðîêñèëüíûõ ðàäèêàëîâ çàâèñèò îò

ðÍ [1]. Íà ðèñ. 8 ïîêàçàíà ýôôåêòèâíîñòü àäñîðáöèè

è ðàçëîæåíèÿ êðàñèòåëÿ ïîä äåéñòâèåì ñîëíå÷íîãî

ñâåòà â çàâèñèìîñòè îò ðÍ â äèàïàçîíå îò 2,5 äî 9,5.

Íàáëþäàåòñÿ ñèëüíàÿ çàâèñèìîñòü îò ðÍ. Ïðè èç-

ìåíåíèè ðÍ ïîâåðõíîñòü ôîòîêàòàëèçàòîðà ìîæåò

ïðîòîíèðîâàòüñÿ èëè äåïðîòîíèðîâàòüñÿ. ÑÊ 3BL

ïðåäñòàâëÿåò ñîáîé àíèîííûé êðàñèòåëü, êîòîðûé

ðàçëàãàåòñÿ ïðè íèçêèõ çíà÷åíèÿõ ðÍ. Áîëåå òîãî, ïðè

íèçêèõ ðÍ ïðîèñõîäèò âîññòàíîâèòåëüíîå ðàñùåï-

ëåíèå ýòîãî àçîêðàñèòåëÿ, ÷òî óñêîðÿåò ðàçëîæåíèå

[18].

Â âîäíóþ ñðåäó ïîïàäàþò ñëèâû ñ ðàçíîé êîí-

öåíòðàöèåé êðàñèòåëÿ. Òàêèì îáðàçîì, ïðåäñòàâëÿåò-

ñÿ èíòåðåñíûì èññëåäîâàòü ðàçëîæåíèå êðàñèòåëåé

ïðè ðàçíûõ íà÷àëüíûõ êîíöåíòðàöèÿõ Ñ
0

â äèàïàçîíå

5—50 ìã/ë. Íàéäåíî, ÷òî è â ñëó÷àå àäñîðáöèè, è â

ñëó÷àå ôîòîêàòàëèçà îïòèìàëüíîå çíà÷åíèå ñîñòàâ-

ëÿåò 5 ìã/ë (ðèñ. 9). Ýôôåêòèâíîñòü óäàëåíèÿ êðà-

ñèòåëÿ ñíèæàåòñÿ ñ ðîñòîì Ñ
0
. Â ñëó÷àå âûñîêèõ êîí-

öåíòðàöèé íà ïîâåðõíîñòè êàòàëèçàòîðà àäñîðáè-

ðóåòñÿ áîëüøå ìîëåêóë êðàñèòåëÿ è ãåíåðèðóåòñÿ

ìåíüøå ðàäèêàëîâ O
2

�

, ïîñêîëüêó àêòèâíûå ñàéòû

çàíÿòû ìîëåêóëàìè êðàñèòåëÿ. Ïî ìåðå óâåëè÷åíèÿ

êîíöåíòðàöèè êðàñèòåëÿ ïðîíèêíîâåíèå ñâåòà ðåçêî

óìåíüøàåòñÿ, êàê ñëåäñòâèå, ïîâåðõíîñòè êàòàëè-

çàòîðà äîñòèãàåò ìåíüøåå êîëè÷åñòâî ôîòîíîâ è

ôîòîðàçëîæåíèå ñóùåñòâåííî îñëàáåâàåò [16]. Â íà-

ñòîÿùåå âðåìÿ ïðîâîäèòñÿ áîëåå äåòàëüíîå èññëå-

äîâàíèå, è åãî ðåçóëüòàòû áóäóò ñîîáùåíû ïîçæå.

Îõàðàêòåðèçîâàíà øïèíåëü ZnFe
2
O

4
, ïîëó÷åííàÿ

ïóòåì ðàçëîæåíèÿ íèòðàòîâ ìåòàëëîâ, è îíà óñïåøíî

èñïûòàíà â ïðîöåññå î÷èñòêè ñòî÷íûõ âîä. Áëàãîäàðÿ

íèçêîé ñòîèìîñòè, ïîãëîùåíèþ ñîëíå÷íîãî ñâåòà âî

âñåì äèàïàçîíå è õèìè÷åñêîé ñòàáèëüíîñòè â øèðî-

êîì äèàïàçîíå ðÍ øïèíåëü ïðåäñòàâëÿåòñÿ ïåðñïåê-

òèâíûì êàòàëèçàòîðîì äëÿ àäñîðáöèè è ðàçëîæåíèÿ

ñîëîôåíèëà êðàñíîãî 3BL ïîä äåéñòâèåì ñîëíå÷íîãî

ñâåòà. Â ðàáîòå îïòèìèçèðîâàíû êîëè÷åñòâî êàòàëè-

çàòîðà, ðÍ ðàñòâîðà è íà÷àëüíàÿ êîíöåíòðàöèÿ êðàñè-

òåëÿ. Îáíàðóæåíî, ÷òî è â ñëó÷àå àäñîðáöèè, è â

ñëó÷àå ôîòîêàòàëèçà íàéäåííûå îïòèìàëüíûå âåëè-

÷èíû îäèíàêîâû.

Àâòîðû âûðàæàþò áëàãîäàðíîñòü S. Mahieddine è

S. Omeiri çà òåõíè÷åñêóþ ïîìîùü.
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Àäñîðáö³ÿ ³ ôîòîõ³ì³÷íå ðîçêëàäàííÿ áàðâíèêà ñîëîôåí³ëó ÷åðâîíîãî 3BL

íà íàíîðîçì³ðíîìó ZnFe2O4 ï³ä ä³ºþ ñîíÿ÷íîãî ñâ³òëà

Á. Áóòðà (B. Boutra)
1,2,3

, Ì. Òðàð³ (M. Trari)
2
, Í. Íàñðàëëà (N. Nassrallah)

3
, Á. Áºëëàëü (B. Bellal)

2

1
Development Unit of Solar Equipments, EPST/CDER

National road No 11, Po Box 386, Bou-Ismail, 42135 Tipasa, Algeria. E-mail: boutrabelkasem@gmail.com

2
Laboratory of Storage and Valorization of Renewable Energies, USTHB

BP 32, 16111 Algiers, Algeria

3
Laboratory of Reaction Engineering, Faculty of Mechanical Engineering and Process Engineering USTHB

BP 32, 16111 Algiers, Algeria

Âñòàíîâëåíî, ùî ñèíòåçîâàíèé ZnFe
2
O

4
ç ðîçì³ðîì êðèñòàë³ò³â 49 ± 6 íì àäñîðáóº áàðâíèê

ñîëîôåí³ë ÷åðâîíèé 3BL (ÑÊ 3BL) ³ êàòàë³çóº éîãî ôîòîõ³ì³÷íå ðîçêëàäàííÿ ï³ä ä³ºþ ñîíÿ÷íîãî

ñâ³òëà. Íà ï³äñòàâ³ àíàë³çó ñïåêòðà äèôóçíîãî â³äáèòòÿ âñòàíîâëåíî, ùî âåëè÷èíà îïòè÷íî¿

çàáîðîíåíî¿ çîíè íàíîðîçì³ðíîãî ZnFe
2
O

4
ñòàíîâèòü 2,04 åÂ. Çíàéäåíî, ùî íàéá³ëüøà

àêòèâí³ñòü êàòàë³çàòîðà äîñÿãàºòüñÿ ïðè pH � 3 òà êîíöåíòðàö³¿ êàòàë³çàòîðà 1 ã/ë.

Êëþ÷îâ³ ñëîâà: ñîëîôåí³ë ÷åðâîíèé 3BL, àäñîðáö³ÿ, ôîòîðîçêëàäàííÿ, øï³íåëü ZnFe
2
O

4
, ñîíÿ÷íå ñâ³òëî.

Adsorption and Photodegradation of Solophenyl Red 3BL on

Nanosized ZnFe2O4 under Solar Light

B. Boutra
1,2,3

, M. Trari
2
, N. Nassrallah

3
, B. Bellal

2

1
Development Unit of Solar Equipments, EPST/CDER

National road No 11, Po Box 386, Bou-Ismail, 42135 Tipasa, Algeria. E-mail: boutrabelkasem@gmail.com

2
Laboratory of Storage and Valorization of Renewable Energies, USTHB

BP 32, 16111 Algiers, Algeria

3
Laboratory of Reaction Engineering, Faculty of Mechanical Engineering and Process Engineering USTHB

BP 32, 16111 Algiers, Algeria

It was found that the synthesized ZnFe
2
O

4
with crystallite size of 49 � 6 nm adsorbed Solophenyl Red 3BL

(SR 3BL) dye and catalyzed it photochemical degradation under solar light. Analysis of the reflectance

diffuse spectrum revealed that the optical gap of nanosized ZnFe
2
O

4
was 2.04 eV. It was shown that the

highest activity of the catalyst was achieved at pH � 3 and catalyst concentration of 1 g/L.

Key words: Solophenyl Red 3B, adsorption, photodegradation, ZnFe
2
O

4
spinel, solar light.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


