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Äîñë³äæåíî ïðîöåñè êèñëîòíîãî âèëóãîâóâàííÿ òà òåðìîã³äðîë³òè÷íîãî îñàäæåííÿ
âàíàä³þ ïðè ïåðåðîáëåíí³ â³äïðàöüîâàíèõ êàòàë³çàòîð³â ñ³ð÷àíîêèñëîòíîãî âèðîá-
íèöòâà ìàðêè ÑÂÄ. Âñòàíîâëåíî, ùî ïðè 200Ñ ðîç÷èíí³ñòü âàíàä³þ â ñîëüîâèõ
ðîç÷èíàõ, ÿê³ óòâîðþþòüñÿ ïðè âèëóãîâóâàíí³, ñèëüíî çðîñòàº ç ï³äâèùåííÿì êîí-
öåíòðàö³¿ ñ³ð÷àíî¿ êèñëîòè. Â óìîâàõ òåðìîã³äðîë³òè÷íîãî îñàäæåííÿ ïðè 90–950Ñ,
ðîç÷èíí³ñòü ñïîëóê âàíàä³þ çìåíøóºòüñÿ, òàêîæ çìåíøóºòüñÿ ¿¿ çàëåæí³ñòü â³ä êîí-
öåíòðàö³¿ ñ³ð÷àíî¿ êèñëîòè. Äëÿ êàòàë³çàòîð³â ìàðêè ÑÂÄ çàëåæí³ñòü â³äì³ííîñò³ ó
ðîç÷èííîñò³ âàíàä³þ ïðè íèçüêèõ ³ âèñîêèõ òåìïåðàòóðàõ äîçâîëÿº ïîâåðòàòè íà
ñòàä³þ âèëóãîâóâàííÿ ðîç÷èíè ï³ñëÿ îïåðàö³¿ îñàäæåííÿ. Ïîêàçàíî ìîæëèâ³ñòü
âèêîíàííÿ ñòàä³¿ îñàäæåííÿ áåç êîðåãóâàííÿ êèñëîòíîñò³. Ïðè íàäëèøêîâ³é êîí-
öåíòðàö³¿ H2SO4 50 ã/ë äîñÿãàºòüñÿ ìàêñèìàëüíà â³äì³íí³ñòü ó ðîç÷èííîñò³ âàíàä³þ
íà ñòàä³ÿõ âèëóãîâóâàííÿ òà òåðìîã³äðîë³çó. Ô³ëüòðàòè öèõ îïåðàö³é öèêë³÷íî âè-
êîðèñòîâóâàëè ïðè âèëóãîâóâàíí³ òà îñàäæåíí³ ç îäåðæàííÿì âàíàä³ºâèõ êîíöåíò-
ðàò³â, ùî ì³ñòÿòü ì³í³ìàëüíó ê³ëüê³ñòü äîì³øîê ïðè çáåðåæåíí³ âèñîêî¿ òåõíîëîã³-
÷íîñò³ ïîêàçíèê³â ñòàä³¿ ô³ëüòðóâàííÿ. Äîñÿãíóò³ âèëó÷åííÿ âàíàä³þ ïðè öèêë³÷-
íîìó âèêîðèñòàíí³ ðîç÷èí³â – 85–90%. Âì³ñò ïåíòàîêñèäó âàíàä³þ ó êîíöåíòðàòàõ
– 90%.

Âñòóï
Ïðîìèñëîâ³ñòü Óêðà¿íè º àêòèâíèì ñïîæè-

âà÷åì âàíàä³þ òà éîãî ñïîëóê. Îñíîâíèìè ãàëó-
çÿìè âèêîðèñòàííÿ âàíàä³þ º êàòàë³çàòîðè òà
³íã³á³òîðè ó õ³ì³÷íèõ ïðîöåñàõ, òà ëåãóþ÷³ äî-
áàâêè äî ñïåö³àëüíèõ âèä³â ñòàëåé ó ìåòàëóðã³¿.
Äëÿ öèõ ïîòðåá ïðàêòè÷íî âåñü âàíàä³é â Óêðà-
¿íó ³ìïîðòóºòüñÿ. Âëàñí³ ðîçâ³äàí³ âàíàä³ºâ³ ðóäè
Óêðà¿íè á³äí³ ³, ç åêîëîã³÷íèõ òà åêîíîì³÷íèõ
ïðè÷èí, ¿õ ïåðåðîáëåííÿ íå âèêîíóºòüñÿ [1]. Â
òàêèõ óìîâàõ âàæëèâå çíà÷åííÿ îòðèìóþòü ïðî-
öåñè âèëó÷åííÿ âàíàä³þ ³ç âòîðèííî¿ ñèðîâèíè,
ïðîìèñëîâèõ â³äõîä³â ³ íàï³âïðîäóêò³â ïåðåðîá-
ëåííÿ ðóä ³íøèõ ìåòàë³â.

Ñòðóêòóðà ñïîæèâàííÿ âàíàä³þ ïðîìèñëî-
â³ñòþ Óêðà¿íè º ñïðèÿòëèâîþ äëÿ ïîâåðíåííÿ
÷àñòèíè éîãî ó âèêîðèñòàííÿ øëÿõîì ïåðåðîá-
ëåííÿ â³äïðàöüîâàíèõ âàíàä³ºâèõ êàòàë³çàòîð³â
(ÂÂÊ) ³, â ïåðøó ÷åðãó, â³äïðàöüîâàíèõ êàòàë³-
çàòîð³â ñ³ð÷àíîêèñëîòíîãî âèðîáíèöòâà. Âì³ñò
âàíàä³þ â íèõ íà ïîðÿäîê á³ëüøå í³æ â ðóäí³é
ñèðîâèí³ ³ ñÿãàº 3,0–3,6% [2]. Ùîð³÷íî òàêèõ
â³äõîä³â íà õ³ì³÷íèõ ï³äïðèºìñòâàõ óòâîðþºòüñÿ
â³ä 600 äî 1000 ò. Âíàñë³äîê âèñîêî¿ òîêñè÷íîñò³
ñïîëóê âàíàä³þ, æîðñòêèõ åêîëîã³÷íèõ âèìîã äî
çàõîðîíåííÿ çàáðóäíåíèõ íèì â³äõîä³â òà ó çâ’ÿç-
êó ç â³äñóòí³ñòþ ðàö³îíàëüíî¿ òåõíîëîã³¿ óòèë³-
çàö³¿, ï³äïðèºìñòâà âèìóøåí³ çáåð³ãàòè ¿õ íà ñâî¿õ
ñêëàäàõ [3]. Îáñÿãè, òàêèì ÷èíîì, íàêîïè÷åíèõ

â³äõîä³â ñêëàäàþòü çà ð³çíèìè îö³íþâàííÿ â³ä 5
äî 10 òèñ. ò. Âèõîäÿ÷è ç öüîãî, ðîçðîáêà ðàö³-
îíàëüíî¿ òåõíîëîã³¿ óòèë³çàö³¿ ÂÂÊ º àêòóàëüíîþ.

Ñåðåä ÷èñëåííèõ ñïîñîá³â âèëó÷åííÿ âà-
íàä³þ ³ç âòîðèííî¿ ñèðîâèíè îñíîâíà óâàãà ïðè-
ä³ëÿºòüñÿ êèñëîòíîìó âèëóãîâóâàííþ ó âîäíî-
ìó ñåðåäîâèù³ [4]. Ó âèïàäêó óòèë³çàö³¿ ÂÂÊ
òàêèì ñïîñîáîì â ðîç÷èíè âèëóãîâóâàííÿ ïåðå-
õîäèòü 80–90% âàíàä³þ ó âèãëÿä³ ñïîëóê âàíà-
ä³þ(V) ³íøå – âàíàä³þ(IV). Îêèñíåííÿ V(IV) äî

Ðèñ. 1. Çàëåæí³ñòü ñòóïåíÿ âèëóãîâóâàííÿ âàíàä³þ ç

êàòàë³çàòîðà ÑÂÄ â ÷àñ³ ïðè òåìïåðàòóð³ 200Ñ òà

êîíöåíòðàö³¿ ñ³ð÷àíî¿ êèñëîòè â ðîç÷èí³:

 ■  – 5 ã/ë; ●  – 12,5 ã/ë; ▲ – 25 ã/ë; ◆  – 50 ã/ë;

 – 75 ã/ë,  –100 ã/ë



85

Âèëó÷åííÿ âàíàä³þ ç â³äïðàöüîâàíèõ êàòàë³çàòîð³â ñèíòåçó ñ³ð÷àíî¿ êèñëîòè

ISSN 0321-4095. Âîïðîñû õèìèè è õèìè÷åñêîé òåõíîëîãèè, 2014, Ò. 3

V(V) âèìàãàº çíà÷íî ìåíøèõ âèòðàò ðåàãåíò³â,
í³æ ïðîöåñ â³äíîâëåííÿ V(V) äî V(IV) Ïîäàëü-
øå ïåðåðîáëåííÿ ðîç÷èí³â âèëóãîâóâàííÿ, íå-
çàëåæíî â³ä ñòóïåíÿ îêèñíåííÿ âàíàä³þ, çàçâè-
÷àé, ïåðåäáà÷àº îñàäæåííÿ éîãî ìàëîðîç÷èííèõ
ñïîëóê. Ñïîëóêè âàíàä³þ(V) îñàäæóþòü òåðìî-
ã³äðîë³çîì ó âèãëÿä³ ñîëåé äåêàâàíàä³ºâî¿ êèñ-
ëîòè, ðîç÷èíí³ñòü ÿêî¿ ì³í³ìàëüíà ïðè ðÍ=1,8–
2,0. Äîñÿãíåííÿ íåîáõ³äíî¿ êèñëîòíîñò³ ñóïðî-
âîäæóºòüñÿ âèòðàòîþ ëóæíèõ ðåàãåíò³â ³ çàáðóä-
íåííÿì ðîç÷èí³â ñòîðîíí³ìè êàò³îíàìè. Ï³ñëÿ
îñàäæåííÿ, ðîç÷èíè ì³ñòÿòü ñîë³ êàë³þ òà çà-
ëèøêîâ³ êîíöåíòðàö³¿ âàíàä³þ, ÿê³ ïåðåâèùóþòü
ð³âí³ ÃÄÊ. Òàê³ ðîç÷èíè ïîòðåáóþòü äîäàòêîâèõ
îïåðàö³é çíåøêîäæåííÿ çàëèøê³â âàíàä³þ òà
óòèë³çàö³¿ ñïîëóê êàë³þ.

Çìåíøåííÿ îá’ºì³â âèêèä³â, ùî ïîòðåáó-
þòü óòèë³çàö³¿, ìîæëèâå øëÿõîì ïîâåðíåííÿ òåð-
ìîã³äðîë³òè÷íèõ ðîç÷èí³â íà ñòàä³þ âèëóãîâó-
âàííÿ. Ïðè öüîìó çìåíøóþòüñÿ âèìîãè äî ïî-
âíîòè îñàäæåííÿ âàíàä³þ, à òåðìîã³äðîë³ç ìîæ-
íà çàâåðøóâàòè ïðè íèæ÷èõ çíà÷åííÿõ ðÍ. Òåì-
ïåðàòóðíà çàëåæí³ñòü ðîç÷èííîñò³ ñïîëóê âàíà-
ä³þ â êèñëèõ ðîç÷èíàõ º çâîðîòíîþ, à çàëåæí³ñòü
ðîç÷èííîñò³ â³ä êîíöåíòðàö³¿ êèñëîòè ïðè âè-
ñîêèõ òåìïåðàòóðàõ ñëàáêà. Âèíèêàº ìîæëèâ³ñòü
âçàãàë³ â³äìîâèòèñÿ â³ä ââåäåííÿ ëóã³â ïðè òåð-
ìîã³äðîë³ç³ ðîç÷èí³â âèëóãîâóâàííÿ òà çàïîá³ãòè
çàáðóäíåííþ ¿õ ñòîðîíí³ìè êàò³îíàìè. Òîáòî,
âèêîíóâàòè âèëóãîâóâàííÿ ñèðîâèíè ïðè íèçü-
êèõ òà îñàäæóâàòè âàíàä³é ïðè âèñîêèõ òåìïå-
ðàòóðàõ áåç âíåñåííÿ äîäàòêîâèõ ðåàãåíò³â.

Ìåòîþ äîñë³äæåííÿ áóëî âñòàíîâëåííÿ òåõ-
íîëîã³÷íèõ ïàðàìåòð³â òà ìåæ çàñòîñóâàííÿ çàç-
íà÷åíèõ îïåðàö³é âèëóãîâóâàííÿ òà îñàäæåííÿ
âàíàä³þ äëÿ ïåðåðîáêè ÂÂÊ.

Ìåòîäèêà åêñïåðèìåíòó
Â åêñïåðèìåíòàõ âèêîðèñòîâóâàëè ðåàêòè-

âè êâàë³ô³êàö³¿ íå íèæ÷å „õ.÷.” òà äèñòèëüîâàíó
âîäó. Äîñë³äæåííÿ çä³éñíþâàëè ç âèêîðèñòàí-
íÿì â ÿêîñò³ ñèðîâèíè â³äïðàöüîâàíèõ âàíàä³-
ºâèõ êàòàë³çàòîð³â ìàðêè ÑÂÄ ñ³ð÷àíîêèñëîòíîãî
öåõó ÄÏ «Ñõ³ä ÃÇÊ» íàñòóïíîãî ñêëàäó (%): V2O5

– 6–7 ; K2O – 9–10; SiO2 – 56–62; CaO – 2–3;
(À12O3+Få2Î3) – íå á³ëüøå 5 ; SO3 – 18–19.

Çðàçêè ÂÂÊ çâ³ëüíÿëè â³ä ñòîðîíí³õ âêëþ-
÷åíü, ïîäð³áíþâàëè òà â³äáèðàëè ôðàêö³þ –
0,5 ìì, ìàòåð³àë óñåðåäíþâàòè ³ âèñóøóâàëè ïðè
1200Ñ äî ïîñò³éíî¿ ìàñè.

Îïåðàö³¿ âèëóãîâóâàííÿ òà òåðìîã³äðîë³çó
çä³éñíþâàëè ó òðèãîðë³é êîëá³ îá’ºìîì 1 ë, ç
ìåõàí³÷íîþ ì³øàëêîþ. Âàë ì³øàëêè ïðîïóùå-
íî ÷åðåç çâîðîòíèé õîëîäèëüíèê. ×åðåç îäíå ³ç
ãîðë áóâ âñòàâëåíèé òåðìîìåòð êîíòðîëþ òåì-
ïåðàòóðè, ³íøå âèêîðèñòîâóâàëîñü äëÿ çàâàíòà-
æåííÿ ìàòåð³àë³â ³ â³äáîðó ïðîá. Êîëáó ðîçì³-
ùóâàëè ó ð³äèííîìó òåðìîñòàò³, ùî ï³äòðèìó-
âàâ òåìïåðàòóðó ±0,50Ñ â ä³àïàçîí³ â³ä 20 äî 950Ñ.
×àñòîòà îáåðòàííÿ âàëó ì³øàëêè áóëà ïîñò³éíîþ
– 400 îá./õâ.

Äëÿ âèëóãîâóâàííÿ â ðåàêòîð âíîñèëè 100 ã
êàòàë³çàòîðà, ðîçðàõîâàíó ê³ëüê³ñòü ñ³ð÷àíî¿ êèñ-
ëîòè òà âîäè. Ç ìåòîþ îêèñíåííÿ ñïîëóê
âàíàä³þ(IV) â ðîç÷èí âíîñèëè ä³îêñèä ìàðãàí-
öþ â ñï³ââ³äíîøåíí³ Mn(IV)/V(IV)=2. Ïî çàâåð-
øåííþ âèëóãîâóâàííÿ îäåðæàí³ ñóñïåíç³¿ ô³ëüò-
ðóâàëè, îñàä îñíîâè êàòàë³çàòîðà ïðîìèâàëè,
ïðîñóøóâàëè ïðîòÿãîì äâîõ ãîäèí ïðè 1200Ñ òà
âèçíà÷àëè âì³ñò âàíàä³þ â íüîìó. Îäåðæàí³
ô³ëüòðàòè âèêîðèñòîâóâàëè äëÿ âèâ÷åííÿ îïå-
ðàö³¿ îñàäæåííÿ.

Òåðìîã³äðîë³òè÷íå îñàäæåííÿ ñïîëóê ï’ÿ-
òèâàëåíòíîãî âàíàä³þ ç ðîç÷èí³â âèëóãîâóâàííÿ
âèêîíóâàëè ïðè òåìïåðàòóð³ 900Ñ ç äîäàâàííÿì
çàòðàâêè äåêàâàíàä³ºâî¿ êèñëîòè. Â ïðîöåñ³ âè-
ëóãîâóâàííÿ òà îñàäæåííÿ â³äáèðàëè ïðîáó ñóñ-
ïåíç³¿, â³äô³ëüòðîâóâàëè ¿¿ òà àíàë³çóâàëè ô³ëüòðàò
íà âì³ñò âàíàä³þ.

Àíàë³ç ðîç÷èí³â âèêîíóâàëè ìåòîäîì îê-
ñèäèìåòðè÷íîãî òèòðóâàííÿ [5].

Ðåçóëüòàòè ðîáîòè
Ðîç÷èíí³ñòü ñïîëóê âàíàä³þ(V) â êèñëèõ

ðîç÷èíàõ çàëåæèòü â³ä êîíöåíòðàö³¿ ñ³ð÷àíî¿
êèñëîòè, òåìïåðàòóðè òà ñîëüîâîãî ñêëàäó ðîç-
÷èíó. Äëÿ âñòàíîâëåííÿ âïëèâó çàçíà÷åíèõ ïà-
ðàìåòð³â íà ñòàä³¿ âèëóãîâóâàííÿ òà îñàäæåííÿ

Ðèñ. 2. Çàëåæí³ñòü êîíöåíòðàö³¿ âàíàä³þ(V) â³ä

òåìïåðàòóðè âèëóãîâóâàííÿ, ïðè êîíöåíòðàö³¿ ñ³ð÷àíî¿

êèñëîòè â ðîç÷èí³:  ■  – 5 ã/ë; ●  – 12,5 ã/ë; ▲ – 25 ã/ë;

◆  – 50 ã/ë;  – 75 ã/ë,  – 100 ã/ë

Ðèñ. 3. Çàëåæí³ñòü çàëèøêîâî¿ êîíöåíòðàö³¿ âàíàä³þ ïðè

òåðìîã³äðîë³ç³ â ÷àñ³ ïðè òåìïåðàòóð³ 900Ñ òà êîíöåíòðàö³¿

ñ³ð÷àíî¿ êèñëîòè â ðîç÷èí³:  ■  – 5 ã/ë; ●  – 12,5 ã/ë;

▲ – 25 ã/ë; ◆  – 50 ã/ë;  – 75 ã/ë,  –100 ã/ë
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âàíàä³þ âèçíà÷àëè ÷àñ äîñÿãíåííÿ ð³âíîâàãè â
öèõ ïðîöåñàõ.

Íà ðèñ. 1 íàäàíà çàëåæí³ñòü ñòóïåíÿ âèëó-
ãîâóâàííÿ âàíàä³þ ³ç êàòàë³çàòîðà ÑÂÄ â ÷àñ³ ïðè
ð³çíèõ êîíöåíòðàö³ÿõ ñ³ð÷àíî¿ êèñëîòè.

Ç ï³äâèùåííÿì êîíöåíòðàö³¿ ñ³ð÷àíî¿ êèñ-
ëîòè ñòóï³íü âèëóãîâóâàííÿ çá³ëüøóºòüñÿ, à ÷àñ
äîñÿãíåííÿ ð³âíîâàãè çìåíøóºòüñÿ. Ìàêñèìàëü-
íå âèëó÷åííÿ âàíàä³þ, ó âñ³õ âèïàäêàõ, äîñÿãàºòü-
ñÿ ïðîòÿãîì áëèçüêî äâîõ ãîäèí. Ïðè ïîäàëü-
øèõ äîñë³äæåííÿõ òåðìîäèíàì³÷íèõ ïàðàìåòð³â
îïåðàö³þ âèëóãîâóâàííÿ ïðîâîäèëè ïðîòÿãîì
òðüîõ ãîäèí.

Ðîç÷èíí³ñòü ñïîëóê ï’ÿòèâàëåíòíîãî âàíà-
ä³þ çàëåæèòü â³ä òåìïåðàòóðè, êèñëîòíîñò³ òà
ñîëüîâîãî ñêëàäó ðîç÷èíó. Çàëåæíî â³ä òèïó, ÂÂÊ
ì³ñòÿòü ó ñâîºìó ñêëàä³ ïðîìîòîðè, îñíîâíèì ç
ÿêèõ º ñóëüôàò êàë³þ äî ÿêîãî äîäàþòü ñóëüôà-
òè íàòð³þ, ðóá³ä³þ àáî öåç³þ. Ïðè âèëóãîâóâàíí³
ñîë³-ïðîìîòîðè ïåðåõîäÿòü ó ðîç÷èí. Â³äïîâ³ä-
íî ðîç÷èíí³ñòü âàíàä³þ ïðè âèëóãîâóâàíí³ º
ôóíêö³ºþ ñêëàäó êàòàë³çàòîðà, âïëèâ íà íå¿ òåì-
ïåðàòóðè ç³ çì³íîþ ñîëüîâîãî ñêëàäó ðîç÷èíó
òàêîæ ìîæå íîñèòè ³íäèâ³äóàëüíèé õàðàêòåð. Íà
ðèñ. 2 íàäàíà çàëåæí³ñòü êîíöåíòðàö³¿ âàíàä³þ
â³ä òåìïåðàòóðè âèëóãîâóâàííÿ òà êèñëîòíîñò³
ïðè ïîñò³éíîìó ñï³ââ³äíîøåíí³ Ò:Ð.

Îáåðíåíà çàëåæí³ñòü ðîç÷èííîñò³ ñïîëóê
âàíàä³þ(V) â³ä òåìïåðàòóðè â òåõíîëîã³÷íèõ ðîç-
÷èíàõ çáåð³ãàºòüñÿ, ïðè öüîìó ç³ çá³ëüøåííÿì
êèñëîòíîñò³ âîíà ïîñëàáëþºòüñÿ. Ìàêñèìàëüíà
ðîç÷èíí³ñòü ñïîñòåð³ãàºòüñÿ ïðè ì³í³ìàëüíèõ
òåìïåðàòóðàõ âèëóãîâóâàííÿ.

Äëÿ îñàäæåííÿ âàíàä³þ ³ç ðîç÷èí³â âèëóãî-
âóâàííÿ âèêîðèñòîâóâàëè òåðìîã³äðîë³ç. Íà ðèñ.
3 ïîêàçàíà çàëåæí³ñòü çàëèøêîâî¿ êîíöåíòðàö³¿
âàíàä³þ ó ðîç÷èíàõ ð³çíî¿ êèñëîòíîñò³ ó ÷àñ³.

Ç ï³äâèùåííÿì êîíöåíòðàö³¿ ñ³ð÷àíî¿ êèñ-
ëîòè çàëèøêîâà êîíöåíòðàö³ÿ âàíàä³þ çá³ëü-
øóºòüñÿ. Ìàêñèìàëüíå âèëó÷åííÿ âàíàä³þ, ó âñ³õ
âèïàäêàõ, äîñÿãàºòüñÿ ïðîòÿãîì áëèçüêî äâîõ
ãîäèí. Ïðè ïîäàëüøèõ äîñë³äæåííÿõ òåðìîäè-
íàì³÷íèõ ïàðàìåòð³â îïåðàö³þ òåðìîã³äðîë³çó
ïðîâîäèëè ïðîòÿãîì òðüîõ ãîäèí.

Îñíîâíèì ïàðàìåòðîì, ÿêèé âïëèâàº íà
ðîç÷èíí³ñòü âàíàä³þ ïðè âèëóãîâóâàíí³ òà òåð-
ìîã³äðîë³ç³ º êèñëîòí³ñòü. Ïðè öèêë³÷íîìó âè-
êîðèñòàíí³ ðîç÷èí³â â íèõ â³äáóâàºòüñÿ íàêîïè-
÷åííÿ ñîëåé ëóæíèõ ìåòàë³â, ùî òàêîæ âïëèâàº
íà âì³ñò âàíàä³þ â ðîç÷èí³. Íà ðèñ. 4 ïðåäñòàâ-
ëåíà çàëåæí³ñòü êîíöåíòðàö³¿ âàíàä³þ â³ä êîí-
öåíòðàö³¿ ñ³ð÷àíî¿ êèñëîòè ïðè âèêîðèñòàíí³
ïîñë³äîâíèõ öèêë³â âèëóãîâóâàííÿ-òåðìîã³äðî-
ë³çó. Ç³ çá³ëüøåííÿì êîíöåíòðàö³¿ ñîëåé ðîç-
÷èíí³ñòü âàíàä³þ ïîñë³äîâíî çìåíøóºòüñÿ òà
äîñÿãàº ïîñò³éíèõ çíà÷åíü ï³ñëÿ òðåòüîãî öèê-
ëó, ùî ìîæå áóòè ïîâ’ÿçàíî, ÿê ç íàñè÷åííÿì
ðîç÷èíó ïî ñîëÿì, òàê ³ çìåíøåííÿì âïëèâó
çá³ëüøåííÿ ¿õ êîíöåíòðàö³¿.

Ðèñ. 4. Çàëåæí³ñòü ðîç÷èííîñò³ âàíàä³þ â³ä êîíöåíòðàö³¿

H2SO4: ▲ – ïåðøèé öèêë âèëóãîâóâàííÿ; ●  – äðóãèé

öèêë;  ■  – òðåò³é öèêë

Ï³ñëÿ êîæíî¿ îïåðàö³¿ âèëóãîâóâàííÿ îäåð-
æàí³ ô³ëüòðàòè ï³ääàâàëè òåðìîã³äðîë³çó áåç ââå-
äåííÿ ëóãó äëÿ êîðåãóâàííÿ êèñëîòíîñò³ ðîç-
÷èí³â. Ô³ëüòðàòè òåðìîã³äðîë³çó ïîâåðòàëè íà
íàñòóïíèé öèêë âèëóãîâóâàííÿ. Íà ðèñ. 5 íàäà-
íà çàëåæí³ñòü çàëèøêîâî¿ êîíöåíòðàö³¿ âàíàä³þ
â³ä êèñëîòíîñò³ ðîç÷èí³â.

Ðèñ. 5. Çàëåæí³ñòü êîíöåíòðàö³¿ âàíàä³þ â

òåðìîã³äðîë³çíîìó ðîç÷èí³ â³ä éîãî êèñëîòíîñò³:

▲ – ïåðøèé öèêë âèëóãîâóâàííÿ; ●  – äðóãèé öèêë;

■  – òðåò³é öèêë

Ç³ çá³ëüøåííÿì âì³ñòó ñîëåé ïðè öèêëþ-
âàíí³ ðîç÷èí³â ñïîñòåð³ãàºòüñÿ çìåíøåííÿ çà-
ëèøêîâî¿ êîíöåíòðàö³¿ âàíàä³þ ó ô³ëüòðàòàõ òåð-
ìîã³äðîë³çó.

Ïðè çàïðîïîíîâàíîìó ñïîñîá³ âåäåííÿ îïå-
ðàö³é ðîç÷èíåííÿ òà îñàäæåííÿ, çàëèøêîâà êîí-
öåíòðàö³ÿ âàíàä³þ ï³ñëÿ òåðìîã³äðîë³çó âèçíà-
÷àº ºìí³ñòü ðîç÷èíó íà ñòàä³¿ âèëóãîâóâàííÿ.
Ð³çíèöÿ ì³æ êîíöåíòðàö³ºþ âàíàä³þ â ðîç÷èí³
âèëóãîâóâàííÿ òà ô³ëüòðàòàõ òåðìîã³äðîë³çó â³ä-
ïîâ³äàº çà ïðîäóêòèâí³ñòü öèêëó ïðîöåñó. Íà
ðèñ. 6 ïîêàçàíà çàëåæí³ñòü ð³çíèö³ ó êîíöåíòðà-
ö³ÿõ âàíàä³þ â ðîç÷èíàõ âèëóãîâóâàííÿ òà òåð-
ìîã³äðîë³çó â³ä ¿õ êèñëîòíîñò³ ïî öèêëàõ ïðîöå-
ñó.

Çàëåæí³ñòü ìàº åêñòðåìàëüíèé õàðàêòåð.
Ìàêñèìàëüíà ºìí³ñòü ðîç÷èíó ç âàíàä³þ äîñÿ-
ãàºòüñÿ ïðè êèñëîòíîñò³ ðîç÷èíó â ä³àïàçîí³ 50–
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Âèëó÷åííÿ âàíàä³þ ç â³äïðàöüîâàíèõ êàòàë³çàòîð³â ñèíòåçó ñ³ð÷àíî¿ êèñëîòè

55 ã/ë. Íàÿâí³ñòü åêñòðåìóìó ïîâ’ÿçàíà ç³ çìåí-
øåííÿì âïëèâó òåìïåðàòóðè íà ðîç÷èíí³ñòü ñïî-
ëóê âàíàä³þ â ñèëüíî êèñëèõ ðîç÷èíàõ.

Ðèñ. 6. Çàëåæí³ñòü ºìíîñò³ ðîç÷èíó â³ä êîíöåíòðàö³¿

ñ³ð÷àíî¿ êèñëîòè: ▲ – ïåðøèé öèêë âèëóãîâóâàííÿ;

●  – äðóãèé öèêë;  ■  – òðåò³é öèêë

Çä³éñíåííÿ öèêë³â âèëóãîâóâàííÿ òåðìî-
ã³äðîë³çíèì ðîç÷èíîì â çá³ëüøåíîìó ëàáîðàòîð-
íîìó ìàñøòàá³ ïîêàçàëî âèñîêó òåõíîëîã³÷í³ñòü
ïðîöåñó. Âèêîðèñòàííÿ îáîðîòíèõ ðîç÷èí³â äîç-
âîëÿº âèëó÷èòè 85–90% âàíàä³þ. Îñàä ïðîäóêòó
òåðìîã³äðîë³çó ëåãêî ô³ëüòðóºòüñÿ, ïðîìèâàºòü-
ñÿ òà ìàº âèñîêó íàñèïíó ìàñó. Ïðîæàðþâàííÿ
éîãî ïðè òåìïåðàòóð³ 5000Ñ äîçâîëÿº îäåðæàòè
95% êîíöåíòðàò V2O5.

Âèñíîâîê
Äîñë³äæåíî ðîç÷èíí³ñòü âàíàä³þ â ðîç÷è-

íàõ ñ³ð÷àíî¿ êèñëîòè ïðè ð³çíèõ òåìïåðàòóðàõ â
ïðîöåñ³ éîãî âèëóãîâóâàííÿ ç êàòàë³çàòîð³â òèïó
ÑÂÄ òà ó ïðîöåñàõ òåðìîã³äðîë³òè÷íîãî îñàä-
æåííÿ. Ïîêàçàíî, ùî çðîñòàííÿ ðîç÷èííîñò³
âàíàä³þ ïðè çá³ëüøåíí³ êèñëîòíîñò³ ðîç÷èí³â
á³ëüøå ïðè íèçüê³é òåìïåðàòóðàõ òà ìåíø³ – ïðè
âèñîêèõ. Íàêîïè÷åííÿ ñóëüôàò³â ëóæíèõ ìåòàë³â
ïðè öèêë³÷íîìó âèêîðèñòàíí³ ðîç÷èí³â âèëóãî-
âóâàííÿ–òåðìîã³äðîë³çó âåäå äî çìåíøåííÿ ðîç-
÷èííîñò³ âàíàä³þ ó âñüîìó ä³àïàçîí³ êèñëîòíî-
ñòåé.

Ïîêàçàíà âèñîêà åôåêòèâí³ñòü ïðîöåñó ïå-
ðåðîáëåííÿ êàòàë³çàòîðà, ÿêà ñêëàäàºòüñÿ ³ç îïå-
ðàö³é âèëóãîâóâàííÿ òà òåðìîã³äðîë³çó ïðè öèê-
ë³÷íîìó âèêîðèñòàíí³ îáîðîòíèõ ðîç÷èí³â áåç
êîðåãóâàííÿ ¿õ êèñëîòíîñò³.

Ïðè êîíöåíòðàö³ÿõ ñ³ð÷àíî¿ êèñëîòè 50–
55 ã/ë, ñï³ââ³äíîøåíí³ Ò:Ð=1:5, òåìïåðàòóð³ âè-
ëóãîâóâàííÿ 20–250Ñ òà òåðìîã³äðîë³çó – 90–950Ñ
çà óìîâ öèêë³÷íîãî âåäåííÿ ïðîöåñó, äîñÿãíóò³
âèëó÷åííÿ âàíàä³þ ñêëàäàþòü 85–90% ó êîíöåí-
òðàò, ùî ì³ñòèòü 95% V2O5.
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VANADIUM EXTRACTION FROM SPENT CATALYSTS
FOR THE SYNTHESIS OF SULFURIC ACID

K.I. Kukuruzenko, A.Y. Nikiforova, O.O. Pasenko, O.V.
Kozhura

Ukrainian State University of Chemical Technology, Dnepro-
petrovsk, Ukraine

The processes of vanadium acid leaching as well as vanadi-
um thermo-hydrolytic precipitation were considered for the case of
the treatment of spent SVD catalysts for the manufacture of sulfuric
acid. It was established that the solubility of vanadium at 200C in a
salt solutions which are formed by leaching increases substantially
with an increase in the concentrations of sulfuric acid. Under the
conditions of the thermo-hydrolytic precipitation at 90–950Ñ, the
solubility of vanadium decreases; the dependence of the vanadium
solubility on the sulfuric acid concentration becomes less pronounced.
The difference in vanadium solubility at low and high temperatures
for the SVD catalysts allows recovering solutions to the leaching
stage after the precipitation. It is possible to carry out the precipita-
tion stage without adjusting the acidity level. The maximum diffe-
rence in vanadium solubility between the leaching and thermo-
hydrolytic stages is achieved at the excess H2SO4 concentration of
50 g/L. The filtrates of these operations were cyclically used during
leaching and precipitation, vanadium concentrates being obtained
which contain a minimal amount of contaminants. In addition, high
technological parameters remain at the filtration step. The achieved
level of vanadium extraction is 85–90% when solutions are used
cyclically. The content of vanadium pentoxide in concentrate is equal
to 90%.

Keywords: catalyst; vanadium; leaching; thermo-hydroly-
sis; utilization.
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