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Äîñë³äæåíî ê³íåòèêó ïðîöåñó àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí áåíòîí³òîâîþ ãëèíîþ,

àêòèâîâàíîþ HCl (ÊÁ) àáî NaOH (ÎÁ), ïðèðîäíîþ áåíòîí³òîâîþ ãëèíîþ îêðåìî

(ÏÁ) òà ç äîäàâàííÿì êàò³îííîãî ôëîêóëÿíòà Extrafloc P 70 (ÏÁ+Ô). Âñòàíîâëåíî,

ùî øâèäê³ñòü àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí áåíòîí³òîâîþ ãëèíîþ ç³ ñò³÷íèõ âîä

êîêñîõ³ì³÷íîãî âèðîáíèöòâà ó ïî÷àòêîâèé ïåð³îä ÷àñó (1…10 õâ) ë³ì³òóºòüñÿ

çîâí³øíüîäèôóç³éíèì ìàñîïåðåíåñåííÿì, ï³ñëÿ ÷îãî ê³íåòèêà ïðîöåñó ïåðåõîäèòü

ó âíóòð³øíüîäèôóç³éíèé ðåæèì. Âèçíà÷åíî êîåô³ö³ºíòè çîâí³øíüîãî ìàñîïåðåíå-

ñåííÿ ñìîëèñòèõ ðå÷îâèí äî ïîâåðõí³ áåíòîí³òîâî¿ ãëèíè: 2,79102 ì/c äëÿ ÊÁ,

2,81102 ì/c äëÿ ÎÁ òà 3,17102 ì/c äëÿ ÏÁ. Ïîêàçàíî, ùî òðèâàë³ñòü àäñîðáö³¿

ñìîëèñòèõ ðå÷îâèí ñóòòºâî çàëåæèòü â³ä ã³äðîäèíàì³÷íîãî ðåæèìó ìåõàí³÷íîãî

ïåðåì³øóâàííÿ ñòîê³â ç ãëèíîþ. Äîö³ëüíî çä³éñíþâàòè ïðîöåñ àäñîðáö³¿ ïðè

Re10000, òîìó ùî çà ìåíøèõ çíà÷åíü êðèòåð³þ Ðåéíîëüäñà ïîòð³áíèé ñòóï³íü

ïåðåì³øóâàííÿ ñòîê³â ç ãëèíîþ íå äîñÿãàºòüñÿ, à ïðè á³ëüøèõ çíà÷åííÿõ Re íå

â³äáóâàºòüñÿ ïîäàëüøå ñêîðî÷åííÿ òðèâàëîñò³ î÷èùåííÿ. Ó ñòàòè÷íèõ óìîâàõ ïðè

îïòèìàëüí³é äîç³ áåíòîí³òîâî¿ ãëèíè 100 ìã/äì3 ³ äîç³ Extrafloc P 70, ð³âí³é

4 ìã/äì3, ïðîòÿãîì 3…4 õâ äîñÿãàºòüñÿ âèëó÷åííÿ 96% ñìîëèñòèõ ðå÷îâèí.

Êëþ÷îâ³ ñëîâà: àäñîðáö³ÿ, ñìîëèñò³ ðå÷îâèíè, áåíòîí³òîâà ãëèíà, ê³íåòèêà, êîêñî-

õ³ì³÷íå âèðîáíèöòâî, î÷èùåííÿ ñò³÷íèõ âîä.
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Âñòóï

Ñò³÷í³ âîäè êîêñîõ³ì³÷íîãî âèðîáíèöòâà
çàáðóäíåí³ ñìîëèñòèìè ðå÷îâèíàìè, çàâèñëèìè
ðå÷îâèíàìè ³ ðîç÷èíåíèìè îðãàí³÷íèìè ðå÷î-
âèíàìè, õàðàêòåðèçóþòüñÿ ëóæí³ñòþ (ðÍ>8) òà
çíà÷íèì ñîëåâì³ñòîì (35–45 ã/äì3). Ñìîëèñò³
ðå÷îâèíè – öå ìàñëà ³ ñìîëè êàì’ÿíîâóã³ëüíîãî
ïîõîäæåííÿ (ïîë³öèêë³÷í³ àðîìàòè÷í³ âóãëå-
âîäí³: íàôòàë³í, ìåòèëíàôòàë³í, á³ôåí³ë òîùî),
ÿê³ ïîòðàïëÿþòü ó âîäó ï³ä ÷àñ òåõíîëîã³÷íèõ
ïðîöåñ³â óëîâëþâàííÿ õ³ì³÷íèõ ïðîäóêò³â êîê-
ñóâàííÿ. Ãðàíè÷íîäîïóñòèìà êîíöåíòðàö³ÿ
(ÃÄÊ) ñìîëèñòèõ ðå÷îâèí ó âîäàõ, ùî íàäõî-
äÿòü íà ñòàä³þ á³îëîã³÷íîãî î÷èùåííÿ ñêëàäàº
<25 ìã/äì3. Çàâèñë³ ðå÷îâèíè – öå ÷àñòèíêè
êîêñó, ãðàô³òó, íàï³âêîêñó, ï³ùàí³ òà ãëèíèñò³
÷àñòî÷êè, ì³íåðàëüí³ âêëþ÷åííÿ âóã³ëëÿ, ïèëó.
Âì³ñò çàâèñëèõ ðå÷îâèí ó âèïàäêó âèêîðèñòàí-
íÿ ñò³÷íèõ âîä äëÿ ãàñ³ííÿ êîêñó íå íîðìóºòüñÿ.
Ôåíîëè, ö³àí³äè, ðîäàí³äè ñêëàäàþòü îðãàí³÷íó

÷àñòêó ðîç÷èííèõ çàáðóäíåíü ñò³÷íèõ âîä êîê-
ñîõ³ì³÷íîãî âèðîáíèöòâà. ÃÄÊ öèõ ïîëþòàíò³â
ó âîäàõ, ùî ñêèäàþòüñÿ â ïðèðîäí³ âîäîéìè º
íàéá³ëüø æîðñòêèìè: ôåíîëè – 0,001 ìã/äì3,
ö³àí³äè – 0,1 ìã/äì3, ðîäàí³äè – 0,1 ìã/äì3, àìî-
í³àê çàãàëüíèé – 0,2 ìã/äì3. Ïðîáëåìà î÷èùåí-
íÿ äàíîãî òèïó ñòîê³â âèð³øóºòüñÿ êîìïëåêñîì
ô³çèêî-õ³ì³÷íèõ, ìåõàí³÷íèõ ³ á³îëîã³÷íèõ ñïî-
ñîá³â íà óñòàíîâêàõ á³îõ³ì³÷íîãî î÷èùåííÿ êîê-
ñîõ³ì³÷íèõ ï³äïðèºìñòâ [1].

Ó ðîáîòàõ [2,3] íàâåäåíî îãëÿä ð³çíèõ ìå-
òîä³â î÷èùåííÿ â³ä îðãàí³÷íèõ ïîëþòàíò³â ð³çíèõ
òèï³â ñò³÷íèõ âîä íà îñíîâ³ â³ò÷èçíÿíîãî ³ çà-
êîðäîííîãî äîñâ³äó, îá´ðóíòîâàíî äîö³ëüí³ñòü
âèêîðèñòàííÿ áåíòîí³òîâî¿ ãëèíè äëÿ åôåêòèâ-
íîãî âèëó÷åííÿ ñìîëèñòèõ ðå÷îâèí ç³ ñò³÷íèõ
âîä êîêñîõ³ì³÷íîãî âèðîáíèöòâà. Îñíîâíèìè
ïåðåâàãàìè âèêîðèñòàííÿ áåíòîí³òîâî¿ ãëèíè º
íèçüêà ñîá³âàðò³ñòü ïðîöåñó î÷èùåííÿ ³ ìîæ-
ëèâ³ñòü óòèë³çàö³¿ áåíòîí³òîâèõ øëàì³â ó âèðîá-
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íèöòâ³ äîðîæí³õ ïîêðèòò³â.
Äëÿ ðîçðîáêè åôåêòèâíî¿ àäñîðáö³éíî¿ òåõ-

íîëîã³¿ î÷èùåííÿ òà ðîçðàõóíê³â îñíîâíîãî îá-
ëàäíàííÿ íåîáõ³äíî âñòàíîâèòè ñòàä³þ ìàñîïå-
ðåíåñåííÿ, ÿêà êîíòðîëþº øâèäê³ñòü ïðîöåñó àä-
ñîðáö³¿ ñìîëèñòèõ ðå÷îâèí ç³ ñò³÷íèõ âîä êîê-
ñîõ³ì³÷íîãî âèðîáíèöòâà.

Ìåòîþ ðîáîòè º âèçíà÷åííÿ îñíîâíèõ ê³íå-
òè÷íèõ õàðàêòåðèñòèê ïðîöåñó àäñîðáö³¿ ñìîëè-
ñòèõ ðå÷îâèí áåíòîí³òîâîþ ãëèíîþ ³ äîñë³äæåí-
íÿ âïëèâó ã³äðîäèíàì³÷íîãî ðåæèìó íà
øâèäê³ñòü ïðîöåñó àäñîðáö³¿.

Ìåòîäèêà åêñïåðèìåíòó

Ó äîñë³äæåíí³ âèêîðèñòîâóâàëè ñò³÷í³ âîäè,
ùî íàäõîäÿòü íà óñòàíîâêó á³îõ³ì³÷íîãî î÷èùåí-
íÿ ÏðÀÒ «Äí³ïðîâñüêèé ÊÕÇ» ç âì³ñòîì çàá-
ðóäíþþ÷èõ ðå÷îâèí, ìã/äì3: ñìîëèñò³ ðå÷îâè-
íè – 265; çàâèñë³ ðå÷îâèíè – 520; ÕÑÊ – 4800;
ôåíîëè – 395; àìîí³àê çàãàëüíèé – 234; ö³àí³äè –
27; ðîäàí³äè – 381. ßê ðåàãåíòè âèêîðèñòîâóâà-
ëè ïðèðîäíó ëóæíó áåíòîí³òîâó ãëèíó
(ÒÓ Ó 320.00136751.032-1999) ³ êàò³îííèé ôëî-
êóëÿíò íà îñíîâ³ ïîë³àêðèàì³äó Extrafloc P 70
(ÒÓ Ó 24.1-19155069-014-2011). Ñêîðî÷åííÿ (ÏÁ)
³ (ÏÁ+Ô) îçíà÷àþòü âèêîðèñòàííÿ ïðèðîäíî¿
ëóæíî¿ áåíòîí³òîâî¿ ãëèíè îêðåìî ³ ç äîäàâàí-
íÿì Extrafloc P 70, â³äïîâ³äíî.

Êèñëîòíà àêòèâàö³ÿ çðàçê³â áåíòîí³òîâî¿
ãëèíè ïðîâîäèëàñü ó òàê³é ïîñë³äîâíîñò³. 200 ñì3

0,4 Ì ðîç÷èíó HCl äîäàâàëè äî 50 ã ïðèðîäíî¿
ëóæíî¿ áåíòîí³òîâî¿ ãëèíè. Ñóì³ø ïåðåì³øóâà-
ëè ç ³íòåíñèâí³ñòþ 200 îá./õâ ïðîòÿãîì 3 ãîä.
Ï³ñëÿ öüîãî ñóì³ø öåíòðèôóãóâàëè ïðîòÿãîì
15 õâ ïðè ÷àñòîò³ îáåðò³â 1500 îá./õâ. Ïîò³ì àê-
òèâîâàíèé çðàçîê ïðîìèâàëè äåê³ëüêà ðàç³â äè-
ñòèëüîâàíîþ âîäîþ äî äîñÿãíåííÿ ðÍ7 òà çíèê-
íåííÿ çàëèøêîâî¿ êîíöåíòðàö³¿ ³îí³â Cl-

(â³äñóòí³ñòü îñàäó ïðè äîäàâàíí³ 1,7% ðîç÷èíó
AgNO3). Îäåðæàíèé çðàçîê êèñëîòíî-ìîäèô³êî-
âàíîãî áåíòîí³òó (ÊÁ) âèñóøóâàëè ó ñóøèëüí³é
øàô³ ïðè òåìïåðàòóð³ 373 K ïðîòÿãîì 2 ãîä [4].

Îñíîâíà àêòèâàö³ÿ âèêîíóâàëàñü íàñòóïíèì
÷èíîì. Çðàçîê ïðèðîäíî¿ ëóæíî¿ áåíòîí³òîâî¿
ãëèíè ìàñîþ 40 ã ïåðåì³øóâàëè ³ç 200 ñì3 0,4 Ì
ðîç÷èíîì NaOH ïðîòÿãîì 3 ãîä. Ìàñîâå
ñï³ââ³äíîøåííÿ ãëèíà:ðîç÷èí ëóãó äîð³âíþâàëî
1:5. ×àñòîòà îáåðò³â ì³øàëêè – 200 îá./õâ. Ïîò³ì
ñóì³ø ïîì³ùàëè ó öåíòðèôóãó íà 15 õâ, çàäàâà-
ëè ³íòåíñèâí³ñòü 1500 îá./õâ, ï³ñëÿ ÷îãî àêòèâî-
âàíèé áåíòîí³ò ïðîìèâàëè äèñòèëüîâàíîþ âî-
äîþ äî äîñÿãíåííÿ íåéòðàëüíî¿ ðåàêö³¿ ðîç÷èíó
(ðÍ7). Îäåðæàíèé çðàçîê îñíîâíî-ìîäèô³êî-
âàíîãî áåíòîí³òó (ÎÁ) âèñóøóâàëè ó ñóøèëüí³é
øàô³ ïðè òåìïåðàòóð³ 373 K ïðîòÿãîì 2 ãîä [4].

Ïðîöåñ àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí ó ñòà-
òè÷íèõ óìîâàõ âèêîíóâàëè ó ðåàêòîð³ îá’ºìîì
0,5 äì3 çà ³íòåíñèâíîñò³ ïåðåì³øóâàííÿ 50…
400 îá./õâ; äîçà áåíòîí³òîâî¿ ãëèíè – 100 ìã/äì3.
Àäñîðáåíò çàñòîñóâàëè ÿê ç äîäàâàííÿì ôëîêó-
ëÿíòà (ÏÁ+Ô), òàê ³ îêðåìî (ÏÁ), äîçà Extrafloc
P 70 ñòàíîâèëà 4 ìã/äì3. Ïðîöåñ àäñîðáö³¿ íà
áåíòîí³òîâ³é ãëèí³ çä³éñíþâàëè ïðîòÿãîì 20 õâ
(ïðè äîäàâàíí³ ôëîêóëÿíòà – äî ìîìåíòó óòâî-
ðåííÿ îñàäó). Ï³ñëÿ öüîãî îáðîáëåíó âîäó àíàë³-
çóâàëè íà âì³ñò ñìîëèñòèõ ðå÷îâèí. Êîíöåíò-
ðàö³þ ñìîëèñòèõ ðå÷îâèí ó ñò³÷íèõ âîäàõ âèç-
íà÷àëè ñòàíäàðòíèì ôîòîìåòðè÷íèì ìåòîäîì
ï³ñëÿ åêñòðàãóâàííÿ òîëóîëîì (ìåòîäèêà âèêî-
íàííÿ âèì³ðþâàííÿ ìàñîâî¿ êîíöåíòðàö³¿ ðå÷î-
âèí (ìàñåë ³ ñìîë), ùî åêñòðàãóþòüñÿ â ñò³÷íèõ
³ òåõíîëîã³÷íèõ âîäàõ êîêñîõ³ì³÷íîãî âèðîáíè-
öòâà ôîòîìåòðè÷íèì ìåòîäîì: ÌÂÂ ¹ 63.08. –
Õ.: ÓÕ²Í, 2008). Äëÿ âèì³ðþâàííÿ îïòè÷íî¿ ãó-
ñòèíè åêñòðàêòó âèêîðèñòîâóâàëè ôîòîåëåêòðè-
÷íèé êîíöåíòðàö³éíèé êîëîðèìåòð ÊÔÊ-02.

Äëÿ äîñë³äæåííÿ âïëèâó ã³äðîäèíàì³êè íà
åôåêòèâí³ñòü î÷èùåííÿ ñò³÷íèõ âîä ïðè ñóì³ñ-
íîìó çàñòîñóâàíí³ áåíòîí³òîâî¿ ãëèíè òà ôëî-
êóëÿíòà çàñòîñîâóâàëè îïòèìàëüí³ äîçè öèõ ðå-
÷îâèí, âñòàíîâëåí³ ó ïîïåðåäíüîìó äîñë³äæåíí³
[3].

Âèçíà÷åííÿ ìåæ çîâí³øíüî¿ òà âíóòð³øíüî¿
äèôóç³¿ ïðè àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí áåí-
òîí³òîâîþ ãëèíîþ (ÏÁ, ÊÁ, ÎÁ) âèêîíàíî çà
ìåòîäèêîþ [5]. Ó âèïàäêó çàñòîñóâàííÿ ÏÁ+Ô
ìåõàí³çì î÷èùåííÿ óñêëàäíþâàâñÿ ôëîêóëÿö³ºþ
÷àñòèíîê ãëèíè. Ìåòîäèêà çàñíîâàíà íà òîìó,
ùî ð³øåííÿ ñèñòåìè ð³âíÿíü, ÿê³ îïèñóþòü çîâ-
í³øíüîäèôóç³éíó ê³íåòèêó àäñîðáö³¿ ðå÷îâèíè
ç ïîñò³éíîãî çàìêíóòîãî îá’ºìó (â óìîâàõ, êîëè
çà ì³ðîþ íàáëèæåííÿ äî àäñîðáö³éíî¿ ð³âíîâà-
ãè êîíöåíòðàö³ÿ ðîç÷èíó ïîñòóïîâî çìåíøóºòü-
ñÿ), äîçâîëÿº îòðèìàòè ð³âíÿííÿ, ÿêå ïîâ’ÿçóº
â³äíîñíå íàáëèæåííÿ àäñîðáö³¿ äî ð³âíîâàãè ç
áåçðîçì³ðíîþ âåëè÷èíîþ Ò, ïðîïîðö³éíîþ ÷àñó
ïðîò³êàííÿ ïðîöåñó :

T β τ    ,  (1)

äå  – êîåô³ö³ºíò çîâí³øíüîãî ìàñîîáì³íó, ÿêèé
õàðàêòåðèçóº øâèäê³ñòü ïîãëèíàííÿ ðå÷îâèíè
îäèíèöåþ îá’ºìó àäñîðáåíòà, ñ–1; =(VÇ/VÐ+1/KÃ);
VÇ – çàãàëüíèé îá’ºì, ÿêèé çàéìàº àäñîðáåíò,
ì3; VÐ – îá’ºì ðîç÷èíó, ì3; KÃ – êîíñòàíòà Ãåíð³,
ã/ã.

Äëÿ âèçíà÷åííÿ áåçðîçì³ðíîãî ïàðàìåòðà
Ò âèêîðèñòàíî ð³âíÿííÿ:

Т ln(1 γ)   ,  (2)
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äå  – ñòóï³íü â³äíîñíî¿ àäñîðáö³¿, =Ã/Ã; Ã –
çíà÷åííÿ àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí, ìîëü/ã;
Ã – ãðàíè÷íå çíà÷åííÿ àäñîðáö³¿ ñìîëèñòèõ
ðå÷îâèí, ìîëü/ã.

Ïîêè ãðàô³ê çàëåæíîñò³ Ò â³ä  ä³éñíî º
ïðÿìîþ, øâèäê³ñòü àäñîðáö³¿ ë³ì³òóºòüñÿ
çîâí³øí³ì ìàñîïåðåíåñåííÿì.

Çâ’ÿçîê êîåô³ö³ºíòà çîâí³øíüîãî ìàñîîá-
ì³íó ³ç ã³äðîäèíàì³÷íèìè òà äèôóç³éíèìè êðè-
òåð³ÿìè Ðåéíîëüäñà, Íóññåëüòà ³ Ïðàíäòëÿ âè-
ðàæàºòüñÿ åìï³ðè÷íîþ çàëåæí³ñòþ [5]:

4
0,333з
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εd
Nu 0,504 Pr

ν

 
  

 
,  (3)

äå  – ïèòîìà åíåðã³ÿ äèñèïàö³¿ (ðîçñ³þâàííÿ),
ÿêà âèòðà÷àºòüñÿ íà ïåðåì³øóâàííÿ îäèíèö³ ìàñè
ð³äèíè ç àäñîðáåíòîì, Âò/êã;  – ê³íåìàòè÷íèé
êîåô³ö³ºíò â’ÿçêîñò³ ð³äèíè, ì2/ñ; dÇ – ä³àìåòð
çåðíà àäñîðáåíòó, ì; Pr=n/DÑ – êðèòåð³é Ïðàí-
äòëÿ; DÑ – êîåô³ö³ºíò ìîëåêóëÿðíî¿ äèôóç³¿ ñìî-
ëèñòèõ ðå÷îâèí â ðîç÷èí³, ñì2/ñ.

Êîåô³ö³ºíò ìîëåêóëÿðíî¿ äèôóç³¿ ñìîëèñ-
òèõ ðå÷îâèí ðîçðàõîâàíî çà ð³âíÿííÿì Ó³ëê³ òà
×àíãà [6]:

8 0,5

C 0,6

M

7,4 10 T(XM)
D

μV


 ,  (4)

äå T – òåìïåðàòóðà, K; X – áåçðîçì³ðíèé ïàðà-
ìåòð àñîö³àö³¿ ìîëåêóë ó ðîç÷èííèêó (ÿêùî ðîç-
÷èííèêîì º âîäà, Õ=2,6); M – ìîëÿðíà ìàñà
ïîëþòàíòà, ìîëü/ã;  – ê³íåìàòè÷íèé êîåô³ö³ºíò
â’ÿçêîñò³ ðîç÷èííèêà, ìÏàñ; VM – ìîëÿðíèé
îá’ºì ïîëþòàíòà ïðè éîãî íîðìàëüí³é òåìïåðà-
òóð³ êèï³ííÿ, ñì3/ìîëü.

Çíà÷åííÿ ïèòîìî¿ åíåðã³¿ äèñèïàö³¿ â îäè-
íèö³ ìàñè ð³äèíè, ùî ïåðåì³øóâàëàñü, ðîçðàõî-
âàíî çà ôîðìóëîþ [6]:

N
ε

Vρ
 ,  (5)

äå N – ïîòóæí³ñòü, ùî âèòðà÷àºòüñÿ íà ïåðå-
ì³øóâàííÿ, Âò;  – ñåðåäíÿ ãóñòèíà ñóñïåíç³¿,
êã/ì3; V – îá’ºì ð³äèíè, ùî ïåðåì³øóºòüñÿ, ì3.

Ïîòóæí³ñòü, ùî âèòðà÷àºòüñÿ íà ïåðåì³øó-
âàííÿ, ðîçðàõîâàíî çà ôîðìóëîþ [6]

3 5

N MN K ρn d ,  (6)

äå KN – êðèòåð³é ïîòóæíîñò³, ÿêèé çàëåæèòü â³ä

êðèòåð³ÿ Ðåéíîëüäñà; KN=0,94; dM – ä³àìåòð
ì³øàëêè, ì; n – ÷àñòîòà îáåðò³â ì³øàëêè, ñ–1.

Îñê³ëüêè Nu=*dÇ/DÑ, òî îòðèìàíî íàñòóï-
íèé âèðàç [5]:
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,  (7)

äå * – êîåô³ö³ºíò çîâí³øíüîãî ìàñîïåðåíåñåí-
íÿ, êîòðèé õàðàêòåðèçóº øâèäê³ñòü ïîãëèíàííÿ
ðå÷îâèíè îäèíèöåþ ïîâåðõí³ àäñîðáåíòà, ì/ñ.

Êðèòåð³é Ðåéíîëüäñà ðîçðàõîâàíî çà ôîð-
ìóëîþ [6]

2

Mnd ρ
Re=

μ
.  (8)

Çíà÷åííÿ àäñîðáö³¿ Ã (ìîëü/ã) âèçíà÷àëè
çà ð³âíÿííÿì:

 0c c V

m


  ,  (9)

äå V – îá’ºì ñò³÷íî¿ âîäè, äì3; m – ìàñà áåíòî-
í³òîâî¿ ãëèíè, ã; ñ0 – âèõ³äíà êîíöåíòðàö³ÿ ñìî-
ëèñòèõ ðå÷îâèí, ìîëü/äì3; ñ – çàëèøêîâà êîí-
öåíòðàö³ÿ ñìîëèñòèõ ðå÷îâèí (ð³âíîâàæíà êîí-
öåíòðàö³ÿ), ìîëü/äì3.

Àäñîðáö³þ cìîëècòèõ ðå÷îâèí íà ïîâåðõí³
ïðèðîäíî¿ áåíòîí³òîâî¿ ãëèíè îïèñóâàëè ³çîòåð-
ìîþ Ëåíãìþðà:

bc

1 bc
  


,  (10)

äå Ã – ãðàíè÷íå çíà÷åííÿ àäñîðáö³¿, ìîëü/ã;
b – êîíñòàíòà ð³âíîâàãè àäñîðáö³¿; ñ – çàëèø-
êîâà êîíöåíòðàö³ÿ ñìîëèòèõ ðå÷îâèí (ð³âíîâàæ-
íà êîíöåíòðàö³ÿ), ìîëü/äì3.

Äëÿ ðîçðàõóíê³â ïðèéíÿòî, ùî ìîëÿðíà
ìàñà ñìîëèñòèõ ðå÷îâèí ñòàíîâèòü 130 ã/ìîëü
(ÿê ñåðåäíº çíà÷åííÿ ìîëÿðíèõ ìàñ îñíîâíèõ
êîìïîíåíò³â – ïîë³öèêë³÷íèõ àðîìàòè÷íèõ âóã-
ëåâîäí³â, ç óðàõóâàííÿì ïðàâèëà àäèòèâíîñò³)
[7,8]. Äëÿ ðîçðàõóíêó êîåô³ö³ºíòà * çà ôîðìó-
ëîþ (7) âèêîðèñòàí³ çíà÷åííÿ íàñòóïíèõ âåëè-
÷èí: ñåðåäíÿ ãóñòèíà ñìîëèñòèõ ðå÷îâèí (ïðè
Òêèï=491 K) ñð=0,685 ã/ñì3 [7]; ñåðåäí³é ìîëÿð-
íèé îá’ºì ñìîëèñòèõ ðå÷îâèí VÌ=190 ñì3/ìîëü;
êîåô³ö³ºíòè â’ÿçêîñò³ ñò³÷íèõ âîä (ïðè Ò=323 K):
äèíàì³÷íèé – =0,774 ìÏàñ; ê³íåìàòè÷íèé –
=0,77910–6 ì2/ñ [3]; êîåô³ö³ºíò ìîëåêóëÿðíî¿
äèôóç³¿ ñìîëèñòèõ ðå÷îâèí ç³ ñò³÷íèõ âîä äî áåíòî-
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í³òîâî¿ ãëèíè (ïðè Ò=323 K) DCÐ=9,0710–6 ñì2/ñ;
ïîòóæí³ñòü íà ïåðåì³øóâàííÿ ð³äèíè N=0,0125 Âò;
ïèòîìà åíåðã³ÿ äèñèïàö³¿ ð³äèíè, ùî ïåðåì³øó-
âàëàñü, =0,025 Âò/êã; êðèòåð³é Ïðàíäòëÿ
Pr=0,086. Ä³àìåòð ÷àñòèíîê (ïîëþòàíò-âì³ñíèõ
àãðåãàò³â) dç áóâ âèçíà÷åíèé ìåòîäîì ñåäèìåí-
òàö³éíîãî àíàë³çó [3].

Ðåçóëüòàòè òà îáãîâîðåííÿ

Ó êîêñîõ³ì³÷íîìó âèðîáíèöòâ³, ð³äê³ â³äõî-
äè çàáðóäíåí³ ñìîëèñòèìè ðå÷îâèíàìè, ïåðåä
á³îëîã³÷íèì î÷èùåííÿì ï³ääàþòü áåçðåàãåíòí³é
ôëîòàö³¿, âíàñë³äîê íåäîñêîíàëîñò³ ÿêî¿ âì³ñò
ñìîëèñòèõ ðå÷îâèí çàëèøàºòüñÿ íà âèñîêîìó
ð³âí³. Â ðåçóëüòàò³ öüîãî âîäè, ÿê³ ïîäàþòüñÿ íà
ìîêðå ãàñ³ííÿ êîêñó, ì³ñòÿòü íàäì³ðíó ê³ëüê³ñòü
òîêñè÷íèõ ñïîëóê, ùî çóìîâëþº çíà÷íå çàáðóä-
íåííÿ ïîâ³òðÿíîãî áàñåéíó. Âì³ñò ñìîëèñòèõ
ðå÷îâèí â óìîâíî î÷èùåíèõ ñòîêàõ ïåðåä ñòà-
ä³ºþ á³îëîã³÷íîãî î÷èùåííÿ íå ïîâèíåí ïåðå-
âèùóâàòè 25 ìã/äì3, à íà ðàç³ â³í êîëèâàºòüñÿ
íà ð³âí³ 138 ìã/äì3, òîìó ³ñíóº íåîáõ³äí³ñòü â
ðîçðîáö³ íîâî¿ òåõíîëîã³¿ âèëó÷åííÿ âêàçàíèõ
çàáðóäíþþ÷èõ àãåíò³â.

Çàëåæí³ñòü êîíöåíòðàö³¿ ñìîëèñòèõ ðå÷î-
âèí â³ä äîçè ïðèðîäíî¿ áåíòîí³òîâî¿ ãëèíè ïðè
òðèâàëîñò³ êîíòàêòóâàííÿ 20 õâ íàâåäåíî íà ðèñ. 1.

Ðèñ. 1. Çàëåæí³ñòü êîíöåíòðàö³¿ ñìîëèñòèõ ðå÷îâèí â³ä

äîçè ïðèðîäíî¿ áåíòîí³òîâî¿ ãëèíè ïðè òðèâàëîñò³

êîíòàêòóâàííÿ 20 õâ

Ç ðèñ. 1 âèäíî, ùî ïðè âèêîðèñòàíí³ ïðè-
ðîäíî¿ áåíòîí³òîâî¿ ãëèíè ó ê³ëüêîñò³ 130 ìã/äì3

â³äáóâàºòüñÿ äîâåäåííÿ êîíöåíòðàö³¿ ñìîëèñòèõ
ðå÷îâèí äî íîðìàòèâíîãî ïîêàçíèêà <25 ìã/äì3.

²çîòåðìà àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí íà
ïîâåðõí³ áåíòîí³òîâî¿ ãëèíè íàäàíà íà  ðèñ. 2.

Íà îñíîâ³ åêñïåðèìåíòàëüíèõ äàíèõ çà
ð³âíÿííÿì (1) âèçíà÷åíî çàëåæíîñò³ áåçðîçì³ð-

íîãî ïàðàìåòðà Ò â³ä  äëÿ âèïàäêó àäñîðáö³¿
ñìîëèñòèõ ðå÷îâèí áåíòîí³òîâîþ ãëèíîþ ç³
ñò³÷íèõ âîä êîêñîõ³ì³÷íîãî âèðîáíèöòâà (ðèñ. 3).

Ðèñ. 2. ²çîòåðìà àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí íà ïîâåðõí³

ïðèðîäíî¿ áåíòîí³òîâî¿ ãëèíè

Íà ðèñ. 3 øòðèõîì âèä³ëåíî ä³ëÿíêó, â ÿê³é
øâèäê³ñòü ìàñîïåðåíåñåííÿ ïåðåñòàº âèçíà÷à-
òèñü çîâí³øíüîþ äèôóç³ºþ ³ ïåðåõîäèòü ó âíóò-
ð³øíþ. Òàêèì ÷èíîì, ÷àñ, ïðîòÿãîì ÿêîãî ïðî-
öåñ àäñîðáö³¿ ë³ì³òóºòüñÿ çîâí³øíüîþ äèôóç³ºþ
ñòàíîâèòü 300 ñ (ÊÁ) ³ 600 ñ (ÎÁ). Ïðîòÿãîì öüîãî
÷àñó çàãàëüíà øâèäê³ñòü ïîãëèíàííÿ ñìîëèñòèõ
ðå÷îâèí ÷àñòèíêîþ áåíòîí³òîâî¿ ãëèíè âèçíà-
÷àºòüñÿ øâèäê³ñòþ äèôóç³¿ êð³çü ïðèãðàíè÷íèé
øàð ð³äèíè (øàð Íåðíñòà), òîáòî çîâí³øíüîþ
çà â³äíîøåííÿì äî àäñîðáåíòó äèôóç³ºþ ðå÷î-
âèíè (àáî çîâí³øí³ì ìàñîïåðåíåñåííÿì). Äî òèõ
ï³ð, ïîêè çàãàëüíó øâèäê³ñòü ïðîöåñó âèçíà÷àº
îï³ð çîâí³øíüîìó ìàñîïåðåíåñåííþ, ïðîöåñ
ìîæíà ³íòåíñèô³êóâàòè çá³ëüøóþ÷è ³íòåí-
ñèâí³ñòü ïåðåì³øóâàííÿ ñò³÷íî¿ âîäè òà òóðáó-
ëåíòí³ñòü ¿¿ òå÷³¿. Ïî çàâåðøåíí³ öüîãî ïåð³îäó
ê³íåòèêà àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí ïî÷èíàº
âèçíà÷àòèñü âíóòð³øíüîäèôóç³éíèì ìàñîïåðå-
íåñåííÿì. Ìàñîïåðåíåñåííÿ ïðè àäñîðáö³¿ ñìî-
ëèñòèõ ðå÷îâèí ïåðåõîäèòü ó ðåæèì âíóòð³øíüî-
äèôóç³éíî¿ ê³íåòèêè çà íàéá³ëüø êîðîòêèé ïðî-
ì³æîê ÷àñó (5 õâ) ïðè âèêîðèñòàíí³ ÊÁ.

Ïðè àäñîðáö³¿ îäí³º¿ ìîëåêóëè ñìîëèñòèõ
ðå÷îâèí íà ïîâåðõí³ ãëèíè â³äáóâàºòüñÿ âèò³ñ-
íåííÿ â³ä 2 äî 4 ìîëåêóë âîäè, óòðèìóâàíèõ çà
ðàõóíîê âîäíåâèõ çâ’ÿçê³â. Çà íàøèìè ðîçðàõóí-
êàìè, ÷èñòà òåïëîòà àäñîðáö³¿ ïåðøîãî øàðó

Íîðìàòèâíèé
âì³ñò ó ñòîêàõ

ïåðåä
á³îõ³ì³÷íèì
î÷èùåííÿì
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ìîëåêóë ñìîëèñòèõ ðå÷îâèí íà ïîâåðõí³ ÏÁ ñòà-
íîâèòü 8,1 êÄæ/ìîëü, â òîé ÷àñ, ÿê òåïëîòà àäñîðáö³¿
ïåðøîãî øàðó ìîëåêóë âîäè – 6,3 êÄæ/ìîëü [9].
Òàêèì ÷èíîì, ïðîöåñ àäñîðáö³¿ ñìîëèñòèõ ðå-
÷îâèí íà ïðèðîäí³é áåíòîí³òîâ³é ãëèí³ º åíåð-
ãåòè÷íî âèã³äíèì.

Ó âèïàäêó çàñòîñóâàííÿ ÏÁ ÷àñ ïåðåõîäó
ìàñîïåðåíåñåííÿ ó ðåæèì âí³òð³øíüîäèôóç³é-
íî¿ ê³íåòèêè (ïðîòÿãîì âñüîãî åêñïåðèìåíòó)
âèçíà÷èòè íå âäàëîñÿ, ùî ìîæå ñâ³ä÷èòè ïðî
òå, ùî àäñîðáö³ÿ ñìîëèñòèõ ðå÷îâèí íà ïðè-
ðîäí³é áåíòîí³òîâ³é ãëèí³ â³äáóâàºòüñÿ ò³ëüêè íà
ïîâåðõí³ ÷àñòèíîê, àëå íå ó ì³æøàðîâîìó ïðî-
ñòîð³. Ó âèïàäêó àäñîðáö³¿ íà àêòèâîâàíèõ àä-
ñîðáåíòàõ (ÊÁ, ÎÁ) âíóòð³øíüîäèôóç³éíå ìà-
ñîïåðåíåñåííÿ íàïåâíå â³äáóâàºòüñÿ ó ì³æøà-
ðîâîìó (ì³æïàêåòíîìó) ïðîñòîð³ ì³íåðàëó, ÿêèé
ðîçøèðèâñÿ â ðåçóëüòàò³ îáðîáëåííÿ ãëèíè ðîç-
÷èíàìè êèñëîòè àáî ëóãó. Ïðè öüîìó, ÷àñ àä-
ñîðáö³¿ ïðè çàñòîñóâàíí³ ÊÁ çìåíøóºòüñÿ äî 5 õâ,
ïðè çàñòîñóâàíí³ ÊÁ – äî 10 õâ. Àëå òàêå ñêîðî-
÷åííÿ ÷àñó ñîðáö³¿ íå âèïðàâäàíå ç òî÷êè çîðó
âèòðàò íà àêòèâàö³þ ãëèíè.

Çàëåæí³ñòü * â³ä ä³àìåòðà ïîëþòàíò-
âì³ñíèõ àãðåãàò³â áåíòîí³òîâî¿ ãëèíè íàâåäåíî
ó òàáëèö³.

Äàí³ òàáëèö³ äîâîäÿòü, ùî ïîâåðõíåâèé êî-
åô³ö³ºíò çîâí³øíüîãî ìàñîïåðåíåñåííÿ íåñóò-
òºâî çàëåæèòü â³ä ðîçì³ð³â ÷àñòèíîê áåíòîí³òî-
âî¿ ãëèíè. Ïðè çá³ëüøåíí³ ðàä³óñó ÷àñòèíîê ãëè-
íè êîåô³ö³ºíò * çìåíøóºòüñÿ òîìó, ùî ïðè öüî-
ìó çìåíøóºòüñÿ ñóìàðíà çîâí³øíÿ ïîâåðõíÿ ÷à-
ñòèíîê. Ç ôîðìóëè (9) ëîã³÷íî ïðèïóñòèòè, ùî
* íàéá³ëüø ñóòòºâî çàëåæèòü â³ä ã³äðîäèíàì³-
÷íèõ óìîâ ïåðåá³ãó àäñîðáö³¿ òà â³ä ô³çèêî-
õ³ì³÷íèõ âëàñòèâîñòåé âîäíîãî ñåðåäîâèùà, ÿê³
ïðè âèêîíàíí³ äàíîãî äîñë³äæåííÿ ï³äòðèìóâà-
ëèñü ñòàëèìè.

Íà ðèñ. 4 íàâåäåíî ðåçóëüòàòè àäñîðáö³é-
íîãî î÷èùåííÿ ñò³÷íèõ âîä êîêñîõ³ì³÷íîãî âè-
ðîáíèöòâà â³ä ñìîëèñòèõ ðå÷îâèí ïðè âèêîðèñ-
òàíí³ áåíòîí³òîâî¿ ãëèíè ð³çíèõ òèï³â.

Типи 

глини 
dз, мкм *10-2, м/c 

26 3,61 

28 3,56 

30 3,51 

32 3,48 

40 3,34 

46 3,26 

48 3,24 

ПБ 

54* 3,17 

34 3,44 

38 3,37 

42 3,31 

46 3,26 

58 3,13 

74 2,99 

82 2,95 

94 2,88 

КБ 

112* 2,79 

32 3,48 

36 3,40 

40 3,34 

44 3,29 

54 3,17 

70 3,03 

78 2,97 

92 2,89 

ОБ 

108* 2,81 

 

Ðèñ. 3. Çàëåæí³ñòü Ò â³ä  äëÿ ê³íåòèêè àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí íà áåíòîí³òîâ³é ãëèí³: ² – ÏÁ; ²² – ÊÁ;  ²²² – ÎÁ

Çàëåæí³ñòü ïîâåðõíåâîãî êîåô³ö³ºíòà çîâí³øíüîãî
ìàñîîáì³íó â³ä ä³àìåòðà ïîëþòàíò-âì³ñíèõ àãðåãàò³â

áåíòîí³òîâî¿ ãëèíè

Ïðèì³òêà: ç³ðî÷êàìè á³ëÿ ÷èñåë âèä³ëåíî ïåðåâàæíèé ä³à-

ìåòð ÷àñòèíîê.
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Ðèñ. 4. Çàëåæí³ñòü Ñ â³ä  ïðè âèäàëåíí³ ñìîëèñòèõ

ðå÷îâèí ç âèêîðèñòàííÿì áåíòîí³òîâèõ ãëèí:

1 – ÏÁ; 2 – ÊÁ; 3 – ÎÁ; 4 – Á+Ô

Äàí³ ðèñ. 4 ñâ³ä÷àòü, ùî ïðè âèêîðèñòàíí³
Á+Ô ïðîöåñ âèëó÷åííÿ ñìîëèñòèõ ðå÷îâèí, ïðè
ÿêîìó ÷àñòèíêè áåíòîí³òîâî¿ ãëèíè ç àäñîðáî-
âàíèìè ïîëþòàíòàìè çà ðàõóíîê ôëîêóëÿö³¿ óò-
âîðþþòü ïîëþòàíò-âì³ñí³ àãðåãàòè, òðèâàº äî 4
ðàç³â ìåíøå, í³æ ó âèïàäêó çàñòîñóâàííÿ ÏÁ, ³ ó
3,0...3,5 ðàçè êîðîòøå, í³æ ïðè âèêîðèñòàíí³
çðàçê³â àêòèâîâàíî¿ ãëèíè (ÊÁ ³ ÎÁ). Òàêîæ âñòà-
íîâëåíî, ùî íîðìàòèâíèé âì³ñò ñìîëèñòèõ ðå-
÷îâèí ïðè çàñòîñóâàíí³ Á+Ô äîñÿãàºòüñÿ çà ÷àñ
<4 õâ. Ïðè âèêîðèñòàíí³ ³íøèõ àäñîðáåíò³â òðè-
âàë³ñòü äîñÿãíåííÿ íîðìàòèâíîãî âì³ñòó ñìîëè-
ñòèõ ðå÷îâèí ñòàíîâèòü >25 õâ.

Âïëèâ ã³äðîäèíàì³÷íîãî ðåæèìó ïåðåì³øó-
âàííÿ ñò³÷íî¿ âîäè íà î÷èùåííÿ â³ä ñìîëèñòèõ
ðå÷îâèí ïðè çàñòîñóâàíí³ Á+Ô íàâåäåíî íà
ðèñ. 5.

Çã³äíî ç ðèñ. 5, åôåêòèâí³ñòü âèëó÷åííÿ
ñìîëèñòèõ ðå÷îâèí ïðè çàñòîñóâàíí³ ÏÁ+Ô ñóò-
òºâî çàëåæèòü â³ä ³íòåíñèâíîñò³ ïåðåì³øóâàí-
íÿ. Ïðè öüîìó, çá³ëüøåííÿ òóðáóë³çàö³¿ ã³äðî-
äèíàì³êè ïåðåì³øóâàííÿ ñêîðî÷óº ÷àñ, íåîáõ³ä-
íèé äëÿ äîñÿãíåííÿ íîðìàòèâíîãî âì³ñòó ïî-
ëþòàíòó ç 15 õâ ïðè ëàì³íàðíîìó ðåæèì³ äî 2 õâ
ïðè òóðáóëåíòíîìó. Öå, â ñâîþ ÷åðãó ñâ³ä÷èòü,
ùî ïðîöåñ î÷èùåííÿ ïðè âèêîðèñòàíí³ êîìá³-
íàö³¿ ÏÁ+Ô â³äáóâàºòüñÿ ó ðåæèì³ çîâí³øíüî-
äèôóç³éíî¿ ê³íåòèêè.

Ó âèïàäêó ëàì³íàðíîãî ðåæèìó ïåðåì³øó-
âàííÿ (Re<2300) çìåíøåííÿ êîíöåíòðàö³¿ ïî-
ëþòàíòó âíàñë³äîê àäñîðáö³¿ âèð³âíþºòüñÿ ó íà-
ïðÿìêó ãðàä³ºíòà ïîòîêó ç íåâåëèêîþ øâèäê³-
ñòþ. ×àñ äîñÿãíåííÿ íîðìàòèâíîãî âì³ñòó ñìî-
ëèñòèõ ðå÷îâèí ñòàíîâèòü 15 õâ. Çá³ëüøåííÿ
øâèäêîñò³ ïîòîêó ïðè ïåðåõ³äíîìó ðåæèì³
(2300<Re<8660) âèêëèêàº ³íòåíñèâíå ïåðåì³øó-
âàííÿ óñ³º¿ ìàñè ð³äèíè. Ïðè öüîìó, â óñüîìó
îá’ºì³ ð³äèíè êîíöåíòðàö³ÿ ïîëþòàíòó çàëè-
øàºòüñÿ ïðàêòè÷íî îäíàêîâîþ. Òðèâàë³ñòü äî-
ñÿãíåííÿ íîðìàòèâíîãî âì³ñòó ïîëþòàíòó ñòà-
íîâèòü 5...14 õâ. Òåõíîëîã³÷íî äîö³ëüíèé ã³äðî-
äèíàì³÷íèé ðåæèì äëÿ î÷èùåííÿ áåíòîí³òîâîþ
ãëèíîþ ³ ôëîêóëÿíòîì â³äïîâ³äàº ïåðåõ³äíèì òà
ïîì³ðíî-òóðáóëåíòíèì çíà÷åííÿì (Re=8660...
12990 àáî 200...300 îá./õâ). Çà òàêèõ óìîâ äîñÿ-
ãàºòüñÿ âèñîêèé ñòóï³íü âèëó÷åííÿ ñìîëèñòèõ
ðå÷îâèí çà êîðîòêèé ïðîì³æîê ÷àñó (180...250 ñ),
ùî äîçâîëÿº çàîùàäæóâàòè åíåðãîðåñóðñè íà
î÷èùåííÿ. Çá³ëüøåííÿ ³íòåíñèâíîñò³ ïåðåì³øó-
âàííÿ äî çíà÷åíü Re>13000 ïðèçâîäèòü äî ïåðå-
âèòðàò åíåðãîðåñóðñ³â ïðè íåçíà÷íîìó ñêîðî-
÷åíí³ òðèâàëîñò³ î÷èùåííÿ (äî 120 ñ). Íàéá³ëüø
äîö³ëüíà ³íòåíñèâí³ñòü ïåðåì³øóâàííÿ, ÿêà
â³äïîâ³äàº Re10000, ðåêîìåíäîâàíà äî ïðîìèñ-
ëîâîãî âïðîâàäæåííÿ äëÿ î÷èùåííÿ ñò³÷íèõ âîä
êîêñîõ³ì³÷íîãî âèðîáíèöòâà â³ä ñìîëèñòèõ ðå-
÷îâèí â àïàðàòàõ ç ìåõàí³÷íèìè ïåðåì³øóþ÷è-
ìè ïðèñòðîÿìè.

Âèñíîâêè

1. ²íòåðâàë ÷àñó, ïðîòÿãîì ÿêîãî øâèäê³ñòü
ïðîöåñó àäñîðáö³¿ ñìîëèñòèõ ðå÷îâèí ìîäèô³-
êîâàíèìè áåíòîí³òîâèìè ãëèíàìè âèçíà÷àºòü-
ñÿ çîâí³øíüî äèôóç³éíèì ìàñîïåðåíåñåííÿì,
ñòàíîâèòü, ñ–1: ÊÁ – 300; ÎÁ – 600. Ïî çàâåð-
øåíí³ äàíîãî ïðîì³æêó ÷àñó øâèäê³ñòü àäñîðáö³¿
ïîëþòàíòó ë³ì³òóºòüñÿ âíóòð³øíüîäèôóç³éíèì
ìàñîïåðåíåñåííÿì. Àäñîðáö³ÿ ñìîëèñòèõ ðå÷î-
âèí ïðîòÿãîì ïåðøèõ 600 ñ ï³ñëÿ ïî÷àòêó ïðî-
öåñó â³äáóâàºòüñÿ íà ïîâåðõí³ ÷àñòèíîê ÏÁ.

2. Àäñîðáö³éíå-ôëîêóëÿö³éíå î÷èùåííÿ
ñò³÷íèõ âîä êîêñîõ³ì³÷íîãî âèðîáíèöòâà â³ä

Ðèñ. 5. Çàëåæí³ñòü âì³ñòó ñìîëèñòèõ ðå÷îâèí Ñ â³ä

òðèâàëîñò³ î÷èùåííÿ  ïðè ð³çí³é ³íòåíñèâíîñò³

ïåðåì³øóâàííÿ çà òåìïåðàòóðè 323 K: 1 – 400 îá./õâ

(Re=17320); 2 – 300 îá./õâ (Re=12990); 3 – 200 îá./õâ

(Re=8660); 4 – 100 îá./õâ (Re=4330); 5 – 50 îá./õâ

(Re=2165)
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ñìîëèñòèõ ðå÷îâèí ïðèðîäíîþ áåíòîí³òîâîþ
ãëèíîþ â ïðèñóòíîñò³ Extrafloc P 70 ïðîòÿãîì
ïåðøèõ 240 ñ ïðîöåñó ïðîò³êàº ó çîâí³øíüîäè-
ôóç³éíîìó ðåæèì³. Çà òàêèõ óìîâ ï³äâèùåííÿ
òóðáóë³çàö³¿ ã³äðîäèíàì³÷íèõ ïîòîê³â ð³äèíè ïðè
Re10000 çàáåçïå÷óº äîñÿãíåííÿ íîðìàòèâíîãî
âì³ñòó ñìîëèñòèõ ðå÷îâèí çà 180...250 ñ. Ñòóï³íü
î÷èùåííÿ âîäè â³ä ñìîëèñòèõ ðå÷îâèí ñòàíî-
âèòü 96%.

ÑÏÈÑÎÊ Ë²ÒÅÐÀÒÓÐÈ

1. Amjad Z. The science and technology of industrial water

treatment. – Taylor & Francis Group, 2010. – 532 p.

2. Characteristics and adsorption capacities of low-cost

sorbents for wastewater treatment: a review / De Gisi S., Lofrano

G., Grassi M., Notarnicola M. // Sustainable Materials and

Technologies. – 2016. – Vol.9. – P.10-40.

3. Yelatontsev D., Suprunchuk V., Voloshyn M.

Sedimentation of pollutant-containing aggregates during

purification of wastewater from coking plants // Eastern-European

Journal of Enterprise Technologies. – 2017. – Vol.6. – No. 10

(90). – P.38-44.

4. Owabor C.N., Ono U.M., Isuekevbo A. Enhanced sorption

of naphthalene onto a modified clay adsorbent: effect of acid,

base and salt modifications of clay on sorption kinetics // Advances

in Chemical Engineering and Science. – 2012. – Vol.2. – P.330-

335.

5. Àäñîðáöèÿ îðãàíè÷åñêèõ âåùåñòâ èç âîäû / À.Ì. Êî-

ãàíîâñêèé, Í.À. Êëèìåíêî, Ò.Ì. Ëåâ÷åíêî, È.Ã. Ðîäà. – Ë.:

Õèìèÿ, 1990. – 256 ñ.

6. Cheremisinoff N.P. Handbook of water and wastewater

treatment technologies. – Butterworth-Heinemann, 2002. – 654 p.

7. Identification and removal of polycyclic aromatic

hydrocarbons in wastewater treatment processes from coke

production plants / Zhang W., Wei C., Yan B., et al. //

Environmental Science and Pollution Research. – 2013. – Vol.20

(9). – P.6418-6432.

8. The behaviors and fate of polycyclic aromatic

hydrocarbons (PAHs) in a coking wastewater treatment plant /

Zhang W., Wei C., Chai X., et al. // Chemosphere. – 2012. –

Vol.88. – P.174-182.

9. Auerbach S.M., Carrado K.A., Dutta P.K. Handbook of

layered materials. – Marcel Dekker, 2004. – 659 p.

Íàä³éøëà äî ðåäàêö³¿ 19.04.2018

THE KINETICS OF ADSORPTION OF RESINOUS
SUBSTANCES ON BENTONITE CLAY IN THE
TREATMENT OF WASTEWATERS OF COKE
PRODUCTION

D.O. Yelatontsev a, V.I. Suprunchuk b, A.V. Ivanchenko a

a Dnipro State Technical University, Kamianske, Ukraine
b National Technical University of Ukraine «Igor Sikorsky Kyiv
Polytechnic Institute», Kyiv, Ukraine

The kinetics of adsorption of resinous substances on bentonite
clay has been investigated. Natural bentonite clay (NB) was used
both without any activation and with the addition of the cationic
flocculant Extrafloc P 70 (NB+F). Also, bentonite clay was activated
by HCl (AcB) or by NaOH (AlB). It was established that the rate of
the adsorption of resinous substances on bentonite clay from the
coke wastewaters is determined by external diffusion mass transfer
in the initial period of time (1...10 min); then, the kinetics of the
process corresponds to the internal diffusion region. The coefficients
of external mass transfer of resinous substances to the surface of
bentonite clay are stated to be 2.79102 m/s, 2.81102 m/s and 3.17102

m/s for AcB, AlB and NB, respectively. It was shown that the duration
of the adsorption of resinous substances significantly depends on the
hydrodynamic regime of mechanical mixing of wastewater by clay.
It is advisable to carry out the adsorption process at Re10,000,
since the desired degree of mixing of wastewater by clay is not achieved
at lower values of the Reynolds criterion and there is no further
reduction of the purification time at higher values of Re. It is possible
to extract 96% of resinous substances from wastewater in static
conditions during 3...4 min at optimal doses of bentonite clay
(100 mg/dm3) and Extrafloc P 70 (4 mg/dm3).

Keywords: adsorption; resinous substances; bentonite clay;
kinetics; coke production; wastewater treatment.
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