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ÎÑÍÎÂÈ ÁÅÇÂ²ÄÕÎÄÍÎÃÎ ÏÅÐÅÐÎÁËÅÍÍß ØËÀÌÎÂÈÕ Â²ÄÕÎÄ²Â ÂÀÒ
«×ÅÐÊÀÑÜÊÅ Õ²ÌÂÎËÎÊÍÎ»

×åðêàñüêèé íàö³îíàëüíèé óí³âåðñèòåò ³ìåí³ Áîãäàíà Õìåëüíèöüêîãî, ì. ×åðêàñè, Óêðà¿íà

Ó ðîáîò³ çä³éñíåíî äîñë³äæåííÿ âëàñòèâîñòåé öèíêîâì³ñíîãî øëàìó, îäåðæàíîãî

ïðè íåéòðàë³çàö³¿ êàëüö³é ã³äðîêñèäíèì ìåòîäîì ñò³÷íèõ âîä âèðîáíèöòâà â³ñêîç-

íîãî âîëîêíà. Ðîçðîáëåíî áåçâ³äõîäíèé ïðîöåñ êîìïëåêñíîãî ïåðåðîáëåííÿ øëà-

ìó ç ïåðñïåêòèâîþ ñòâîðåííÿ íàï³âïðîìèñëîâî¿ óñòàíîâêè. Çàïðîïîíîâàíî ñõåìó

êîìïëåêñíîãî ïåðåðîáëåííÿ öèíêâì³ñíîãî øëàìó âèðîáíèöòâà ÂÀÒ «×åðêàñüêå

õ³ìâîëîêíî». Äëÿ ïîâíîãî âèäàëåííÿ îðãàí³÷íèõ ñïîëóê çàïðîïîíîâàíî âèñîêî-

òåìïåðàòóðíå îáðîáëåííÿ âèõ³äíîãî øëàìó çà òåìïåðàòóðè 9000Ñ ïðîòÿãîì 1 ãîä.

Äëÿ ïåðåâåäåííÿ ó ðîç÷èí êàëüö³þ, çàë³çà ³ öèíêó âèêîðèñòàíî êîíöåíòðîâàíó

í³òðàòíó(V) êèñëîòó. Íåðîç÷èííèé ó í³òðàòí³é êèñëîò³ îñàä, ÿêèé, ãîëîâíèì ÷è-

íîì, ñêëàäàºòüñÿ ç êàëüö³é ñóëüôàòó, â³äô³ëüòðîâóâàâñÿ. Äëÿ â³äîêðåìëåííÿ çàë³çà

ó ôîðì³ Fe(OH)3 â³ä öèíêó óòâîðåíèé ô³ëüòðàò ï³äëóæíþâàâñÿ äî ðÍ 4,2. Êîíòðîëü

ïðîäóêò³â êîæíî¿ ñòàä³¿ ïðîöåñó çä³éñíþâàëè ìåòîäàìè ðåíòãåíîôëþîðåñöåíòíî¿

ñïåêòðîñêîï³¿, ðåíòãåíîôàçîâèì òà õ³ì³÷íèìè ìåòîäàìè àíàë³çó. Ï³ä³áðàíî óìîâè

ïðîâåäåííÿ êîæíî¿ ñòàä³¿ â ëàáîðàòîðíîìó ïðîöåñ³. Äîâåäåíî íåìîæëèâ³ñòü áåç-

â³äõîäíîãî ïåðåðîáëåííÿ øëàìó áåç âèïàëþâàííÿ éîãî îðãàí³÷íèõ ñêëàäîâèõ. Ïî-

êàçàíî, ùî ê³íöåâèìè ïðîäóêòàìè òàêîãî ïåðåðîáëåííÿ ìîæóòü áóòè: ïîðîøîê äëÿ

ã³ïñóâàííÿ ñîëîí÷àê³â, ã³ïñ, çàë³çî(²²²) îêñèä, öèíê îêñèä, ìåòàë³÷íèé öèíê, õ³ì³÷íî

îñàäæåíà êðåéäà, íàòð³é í³òðàò.
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Âñòóï
Ùîð³÷íî â Óêðà¿í³ óòâîðþºòüñÿ áëèçüêî 1

ìëðä òîí â³äõîä³â âèðîáíèöòâà òà ñïîæèâàííÿ,
ç ÿêèõ ïðèáëèçíî 10–15 â³äñîòê³â âèêîðèñòîâó-
þòüñÿ ÿê âòîðèííà ñèðîâèíà, ðåøòà ïîòðàïëÿº
ó ñõîâèùà, øëàìîíàêîïè÷óâà÷³, òåðèêîíè. Â³äõî-
äè çàéìàþòü ïëîùó áëèçüêî 160 òèñ. ãåêòàð³â, à
çàãàëüíèé ¿õ îáñÿã äîñÿã 25 ìëðä òîí. Âîíè º
äæåðåëîì çàáðóäíåííÿ äîâê³ëëÿ. ²íô³ëüòðàö³ÿ
ñõîâèù, ãîð³ííÿ òåðèêîí³â, ïèëîóòâîðåííÿ, ³íø³
ôàêòîðè, ùî çóìîâëþþòü ì³ãðàö³þ òîêñè÷íèõ
ðå÷îâèí, ïðèçâîäÿòü äî çàáðóäíåííÿ ï³äçåìíèõ
³ ïîâåðõíåâèõ âîä, ïîã³ðøåííÿ ñòàíó àòìîñôåð-
íîãî ïîâ³òðÿ, çåìåëüíèõ ðåñóðñ³â òîùî.

Âèòðàòè íà ðåàë³çàö³þ ïðèðîäîîõîðîííèõ
ïðîãðàì ³ çàõîä³â ïîòðåáóþòü çíà÷íèõ êîøò³â.
Îäíèì ³ç øëÿõ³â ðîçâ’ÿçàííÿ åêîëîã³÷íèõ ïðî-

áëåì º óäîñêîíàëåííÿ âèðîáíè÷èõ òåõíîëîã³é.
ßêùî æ íà äàíîìó åòàï³ ðîçâèòêó â³äñóòíÿ òàêà
ìîæëèâ³ñòü, òî äîö³ëüíî çîñåðåäèòèñü íà ïðî-
áëåì³ óòèë³çàö³¿ â³äõîä³â, ÿêèõ óíèêíóòè íå
âäàºòüñÿ [1,2].

Çðîçóì³ëî, ùî ðîçâ’ÿçàòè ãëîáàëüíó ïðîáëå-
ìó ïðîìèñëîâèõ â³äõîä³â â îêðåìî âçÿòîìó ì³ñö³
íåìîæëèâî áåç â³äïîâ³äíî¿ äåðæàâíî¿ ïîë³òèêè
òà ðîçðîáêè äîâãîñòðîêîâî¿ ðåã³îíàëüíî¿ ïðîãðà-
ìè. Ó ïåðøó ÷åðãó íåîáõ³äíî âäîñêîíàëèòè åêî-
íîì³÷íèé ìåõàí³çì, ïðè ÿêîìó âëàñíèêó â³äõîä³â
âèã³äí³øå çàòðàòèòè êîøòè íà óòèë³çàö³þ
â³äõîä³â, í³æ íà ¿õ çáåð³ãàííÿ.

Âèðîáíèöòâî â³ñêîçíèõ âîëîêîí íà
ï³äïðèºìñòâ³ ÂÀÒ «×åðêàñüêå õ³ìâîëîêíî» çà-
ëèøèëî ó ñïàäîê â³äõîäè ó âèãëÿä³ òàê çâàíîãî
öèíêîâì³ñíîãî øëàìó. Çàãàëüíà ïëîùà øëàìî-
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íàêîïè÷óâà÷³â ÂÀÒ «×åðêàñüêå Õ³ìâîëîêíî» ñòà-
íîâèòü 14 ãåêòàð³â ïðè ãëèáèí³ êîòëîâàíó 6
ìåòð³â. Øëàì îäåðæàíî ïðè íåéòðàë³çàö³¿ â³äïðà-
öüîâàíîãî ðîç÷èíó ç âàííè îñàäæåííÿ êàëüö³é
ã³äðîêñèäîì. Äî ñêëàäó îñàäæóâàëüíîãî ðîç÷è-
íó ÿê îñíîâíèé êîìïîíåíò âõîäèëà ñóëüôàòíà
êèñëîòà, à òàêîæ íàòð³é ³ öèíê ñóëüôàòè. Ó òåõ-
íîëîã³÷íîìó ïðîöåñ³ âèðîáíèöòâà â³ñêîçíî¿ íèò-
êè íà ÂÀÒ «×åðêàñüêå õ³ìâîëîêíî» ÿê ñòàá³ë³çà-
òîð îñòàííüî¿ âèêîðèñòîâóâàâñÿ ðîç÷èí öèíê
ñóëüôàòó, ùî áóâ îñíîâíèì çàáðóäíþâà÷åì
ñò³÷íèõ âîä äàíîãî ï³äïðèºìñòâà. Äëÿ î÷èùåí-
íÿ ñò³÷íèõ âîä íà îá’ºäíàíí³ âèêîðèñòîâóâàëè-
ñÿ ìåõàí³÷í³, õ³ì³÷í³ òà á³îëîã³÷í³ ìåòîäè î÷èñ-
òêè. Ó ðåçóëüòàò³ îáðîáëåííÿ ñò³÷íèõ âîä êàëüö³é
ã³äðîêñèäîì ³ áóëî îòðèìàíî øëàì, ùî ì³ñòèòü
â ñîá³ çíà÷íó ê³ëüê³ñòü öèíêó. Öèíê, ÿê ïðåä-
ñòàâíèê âàæêèõ ìåòàë³â, º çàáðóäíþâà÷åì äîâ-
ê³ëëÿ, îêð³ì òîãî øëàìîâ³ íàêîïè÷óâà÷³ çàéìà-
þòü çíà÷í³ çåìåëüí³ ä³ëÿíêè.

Ó òîé æå ÷àñ ö³ øëàìè º äæåðåëîì âòîðèí-
íî¿ ñèðîâèíè äëÿ âèðîáíèöòâà ðÿäó õ³ì³÷íèõ
ïðîäóêò³â, îñê³ëüêè ìàþòü âèñîêèé âì³ñò ö³ííèõ
êîìïîíåíò³â ³ ïðè íàëåæí³é òåõíîëîã³¿ ïåðåðîá-
êè ìîæóòü áóòè äæåðåëîì íèçêè êîðèñíèõ ïðî-
äóêò³â [3–6].

Òàêèì ÷èíîì, êîìïëåêñíà ïåðåðîáëåííÿ
øëàì³â ç ì³í³ìàëüíîþ ê³ëüê³ñòþ â³äõîä³â àáî
âçàãàë³ áåç íèõ º àêòóàëüíîþ çàäà÷åþ, ðîçâ’ÿ-
çàííÿ ÿêî¿ äàº ìîæëèâ³ñòü íå ëèøå óñóíóòè åêî-
ëîã³÷íó ïðîáëåìó, à é îäåðæàòè ö³íí³ õ³ì³÷í³
ðå÷îâèíè.

Ó êðà¿íàõ, ÿê³ âèêîðèñòîâóâàëè ñõåìó âè-
ðîáíèöòâà â³ñêîçè, ùî ïåðåäáà÷àº çàñòîñóâàííÿ
êàëüö³é ã³äðîêñèäó ïðè íåéòðàë³çàö³¿ òåõíîëîã³-
÷íèõ ðîç÷èí³â âèðîáíèöòâà, íàêîïè÷åíî êîëî-
ñàëüí³ çàïàñè òàêèõ â³äõîä³â. Ñïîñîáàì ¿õ ïåðå-
ðîáêè, ïðèñâÿ÷åíî ðÿä îãëÿäîâèõ ïóáë³êàö³é [7–
9]. Îäíàê, àâòîðè á³ëüøîñò³ ðîá³ò ç óòèë³çàö³¿
òàêèõ øëàì³â ôîêóñóâàëè ñâîþ óâàãó ëèøå íà
îäåðæàíí³ îäíîãî àáî äâîõ ïðîäóêò³â, íàïðèêëàä

ìåòàë³÷íîãî öèíêó àáî öèíêîâîãî êóïîðîñó.
Îñíîâíîþ ìåòîþ äàíî¿ ðîáîòè º ðîçðîáêà

ïðîöåñó áåçâ³äõîäíîãî ïåðåðîáëåííÿ âèõ³äíîãî
øëàìó â ëàáîðàòîðíèõ óìîâàõ. Äëÿ äîñÿãíåííÿ
ìåòè ðîáîòè íàìè áóëè ïîñòàâëåí³ òàê³ çàâäàííÿ:

– äåòàëüíî âèâ÷èòè õ³ì³÷íèé ñêëàä ³ ô³çè-
êî-õ³ì³÷í³ âëàñòèâîñò³ øëàìó ÂÀÒ «×åðêàñüêå
õ³ìâîëîêíî»;

– ìîäèô³êóâàòè ïðîöåñ ïåðåðîáëåííÿ øëà-
ìó äëÿ ì³í³ì³çàö³¿ ïîâòîðíèõ â³äõîä³â;

– îö³íèòè ìîæëèâ³ñòü ïåðåíåñåííÿ ðåçóëü-
òàò³â ëàáîðàòîðíèõ äîñë³äæåíü íà ïðîìèñëîâ³
ìàñøòàáè.

Ìåòîäèêà åêñïåðèìåíòó, ðåçóëüòàòè äîñë³-
äæåíü ³ ¿õ îáãîâîðåííÿ

Íà øëÿõó ïîøóê³â åôåêòèâíîãî òà åêîíî-
ì³÷íî äîö³ëüíîãî ñïîñîáó ïåðåðîáëåííÿ øëàìó
âèâ÷àëè éîãî âëàñòèâîñò³ òà ñêëàä. Ïðîáè øëà-
ìó â³äáèðàëèñü ó 4 òî÷êàõ øëàìîíàêîïè÷óâà÷à
íà ãëèáèí³ 15 ñì â³ä ïîâåðõíåâîãî øàðó, ñôîð-
ìîâàíîãî êîðåíåâîþ ñèñòåìîþ âîäíî¿ ðîñëèí-
íîñò³ çà ÷àñ çáåð³ãàííÿ øëàìó. Ïî 1 êã ç êîæíî¿
òî÷êè â³äáîðó çì³øóâàëè â ïëàñòèêîâ³é ºìíîñò³
é îñåðåäíþâàëè øëÿõîì ïåðåì³øóâàííÿ. Äîñë³-
äæåííÿ çä³éñíþâàëè ìåòîäîì ðåíòãåíîôëþîðåñ-
öåíòíî¿ ñïåêòðîñêîï³¿, ðåíòãåíîôàçîâèì ³
õ³ì³÷íèìè ìåòîäàìè àíàë³çó. Äëÿ òîãî ùîá ç’ÿ-
ñóâàòè ôàçîâèé ñêëàä øëàìó, áóëî îäåðæàíî éîãî
ðåíòãåí³âñüêó äèôðàêòîãðàìó çà ìåòîäîì ïîðîø-
êó ó âèïðîì³íþâàíí³ FeKa (l=0,1934 íì). Äèô-
ðàêòîãðàìó (ðèñ. 1) áóëî çíÿòî íà ðåíòãåí³âñü-
êîìó äèôðàêòîìåòð³ òèïó ÄÐÎÍ.

Çà äàíèìè ðåíòãåíîôàçîâîãî àíàë³çó âäà-
ëîñÿ ³äåíòèô³êóâàòè êàëüö³é êàðáîíàò ³ êàëüö³é
ñóëüôàò. Ç äåÿêîþ ³ìîâ³ðí³ñòþ ìîæíà ãîâîðèòè
ïðî ïðèñóòí³ñòü öèíêâì³ñíî¿ ôàçè
Zn5(CO3)2(OH)4, àëå â³äîìî, ùî ³íäèâ³äóàëüíèõ
ôàç, ÿê³ çà ñêëàäîì â³äïîâ³äàþòü öèíê ã³äðîêñè-
êàðáîíàòó, ³ñíóº äóæå áàãàòî.

Îñíîâí³ õàðàêòåðèñòèêè øëàìó – âîëîã³ñòü
òà âì³ñò ìåòàë³÷íèõ åëåìåíò³â öèíêó, êàëüö³þ ³

Ðèñ. 1. Ðåíòãåí³âñüêà äèôðàêòîãðàìà ïðîæàðåíîãî øëàìó
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çàë³çà. Òîìó ïåðøèì çàâäàííÿì áóëî âèñóøèòè
ìàòåð³àë ïåðåä ïîäàëüøîþ éîãî ïåðåðîáêîþ, àëå
äàí³ îäåðæàí³ íàìè (ðèñ. 1) ³ â³äîì³ ç ë³òåðàòóð-
íèõ äæåðåë ñâ³ä÷àòü, ùî âèëó÷åííþ îêðåìèõ
êîìïîíåíò³â ó ÷èñòîìó âèãëÿä³ çàâàæàº ïðè-
ñóòí³ñòü îðãàí³÷íèõ ðå÷îâèí (öåëþëîçè òà ¿¿ êñàí-
òîãåíàòó).

Òîìó ìè ââàæàëè çà äîö³ëüíå ïîºäíàòè ïðî-
öåñ ñóø³ííÿ øëàìó ç âèïàëþâàííÿì îðãàí³êè,
ÿêå ïîâèííî ïðîõîäèòè ïðè â³ëüíîìó äîñòóï³
ïîâ³òðÿ ³ âèñîê³é òåìïåðàòóð³. Âèõ³äíèé øëàì
âèòðèìóâàëè â ìóôåëüí³é ïå÷³ çà òåìïåðàòóðè
9000Ñ ïðîòÿãîì 1 ãîäèíè. Øëàì ï³ñëÿ òåðìîîá-
ðîáëåííÿ áóëî äîñë³äæåíî íà ðåíãåíîôëþîðåñ-
öåíòíîìó ñïåêòðîìåòð³ – â³äïîâ³äíèé ñïåêòð íà-
âåäåíî íà ðèñ. 2.

Ðèñ. 2. Ñïåêòð ðåíòãåí³âñüêî¿ ôëþîðåñöåíö³¿ øëàìó ï³ñëÿ

ïðîæàðþâàííÿ

Îñíîâíèì ìåòàë³÷íèì åëåìåíòîì øëàìó º
êàëüö³é. Ìàñîâà ÷àñòêà çàë³çà, ÿêå ïîòðàïëÿº ó
øëàì âíàñë³äîê êîðîç³¿ òåõíîëîã³÷íîãî îáëàä-
íàííÿ, çà äàíèìè õ³ì³÷íîãî àíàë³çó ñòàíîâèòü
â³ä 2 äî 4 %. Ïîâåä³íêà Fe2+-³îí³â äóæå ïîä³áíà
äî ïîâåä³íêè éîí³â Zn2+, îñê³ëüêè çíà÷åííÿ ðÍ
îñàäæåííÿ ¿õ ã³äðîêñèä³â º áëèçüêèìè, òîìó çà-
ë³çî º äóæå íåáàæàíèì êîìïîíåíòîì.

Äëÿ ïåðåâåäåííÿ Fe2+ ó Fe3+ øëàì îáðîá-
ëÿëè êîíöåíòðîâàíîþ í³òðàòíîþ êèñëîòîþ ïðè
íàãð³âàíí³ äëÿ îêèñíåííÿ çàëèøêîâ³ ê³ëüêîñò³
Fe2+ òà ïåðåâåäåííÿ â ðîç÷èí êàëüö³þ, ÿêèé çíà-
õîäèòüñÿ ó âèãëÿä³ îêñèäó, ã³äðîêñèäó òà êàðáî-
íàòó. Ïðè òàêîìó îáðîáëåíí³ â ðîç÷èí òàêîæ
ïåðåõîäèòü á³ëüøà ÷àñòèíà öèíêó, àëå íåçíà÷íà
ê³ëüê³ñòü éîãî ñï³âîñàäæóºòüñÿ ç çàë³çî(²²²)
ã³äðîêñèäîì ³ ñêëàäàº çà äàíèìè ðåíòãåíîôëþî-
ðåñöåíòíîãî àíàë³çó 1,5%.

Íåðîç÷èííèé ó í³òðàòí³é êèñëîò³ îñàä

â³äô³ëüòðîâóâàëè ï³ñëÿ ðîçâåäåííÿ âîäîþ ó
ñï³ââ³äíîøåíí³ 3:7. Ï³ñëÿ ô³ëüòðóâàííÿ ö³º¿ ñóñ-
ïåíç³¿ îäåðæóâàëè îñàä, ÿêèé ñêëàäàºòüñÿ â îñ-
íîâíîìó ç êàëüö³é ñóëüôàòó.

Óòâîðåíèé ô³ëüòðàò 1 ì³ñòèòü óâåñü ðîç÷èí-
íèé êàëüö³é, à òàêîæ çàë³çî ³ öèíê. Äëÿ â³ää³ëåí-
íÿ çàë³çà â³ä öèíêó, ÿê ³ â ðîáîò³ [3], áóëî âèêî-
ðèñòàíî ð³çíèöþ ó çíà÷åííÿõ pH óòâîðåííÿ
îñàä³â Fe(OH)3 ³ Zn(OH)2. Ä³àïàçîí îñàäæåííÿ
Fe3+-³îí³â çíàõîäèòüñÿ â ìåæàõ ðÍ â³ä 1,5 (ïî÷à-
òîê îñàäæåííÿ) äî 4,1 (çàëèøêîâà êîíöåíòðàö³ÿ
10–5 ìîëü/äì3). Â òîé ÷àñ ÿê îñàäæåííÿ Zn2+-
³îí³â ïî÷èíàºòüñÿ â³ä ðÍ 5,4 ³ ïðàêòè÷íî çàâåð-
øóºòüñÿ ïðè çíà÷åíí³ ðÍ 8,0.

Çíà÷åííÿ pH ô³ëüòðàòó 1 äîâîäèëè äî 4,2,
äîäàþ÷è 1 Ì NaOH çà áåçïåðåðâíîãî ïåðåì³øó-
âàííÿ. Óòâîðåíèé îñàä ì³ñòèòü íåçíà÷íó
ê³ëüê³ñòü öèíêó, ÿêà ïîòðàïèëà â íüîãî âíàñë³-
äîê ñï³âîñàäæåííÿ (ðèñ. 3).

Ðèñ. 3. Ñïåêòð ðåíòãåí³âñüêî¿ ôëþîðåñöåíö³¿ îñàäó

Fe(OH)3

Çàë³çî(²²²) ã³äðîêñèä â³äô³ëüòðîâóâàëè, à
ô³ëüòðàò 2 ï³äëóæíþâàëè äî pH 8,2. Îñàä 2 öèíê
ã³äðîêñèäó (ðèñ. 4) òàêîæ â³ää³ëÿëè ô³ëüòðóâàí-
íÿì ³ ðîç÷èíÿëè â 1 Ì H2SO4.

Óòâîðåíèé ðîç÷èí àíàë³çóâàëè íà âì³ñò
öèíêó øëÿõîì àìïåðîìåòðè÷íîãî òèòðóâàííÿ
àë³êâîòè îá’ºìîì 10,00 ñì3 ç äâîìà ³íäèêàòîð-
íèìè åëåêòðîäàìè ç âèêîðèñòàííÿì ðîç÷èíó
êàë³é ãåêñàö³àíîôåðàòó(²²) ç êîíöåíòðàö³ºþ 0,1
ìîëü/äì3. Äëÿ ñòâîðåííÿ íîâî¿ ðåäîêñ-ïàðè äî
äîñë³äæóâàíîãî ðîç÷èíó âíîñèëè 0,1 ñì3 ðîç÷è-
íó êàë³é ãåêñàö³àíîôåðàòó(III) ç êîíöåíòðàö³ºþ
0,1 ìîëü/äì3. Êðèâà òèòðóâàííÿ íàâåäåíà íà ðèñ. 5.

Çà äàíèìè òèòðóâàííÿ âèçíà÷èëè êîíöåí-
òðàö³þ éîí³â öèíêó, ÿêà âèÿâèëàñü ð³âíîþ
0,065 ìîëü/äì3.

Ðîç÷èí, ùî ì³ñòèòü Zn, âèïàðþâàëè äî
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ìàëîãî îá’ºìó, ïðè öüîìó âèïàäàëè êðèñòàëè
öèíê ñóëüôàòó. Îñê³ëüêè öèíê ñóëüôàò óòâîðþº
òðè êðèñòàëîã³äðàòè, äëÿ âñòàíîâëåííÿ ñêëàäó
áóëî ïðîâåäåííÿ âèçíà÷åííÿ âì³ñòó öèíêó â ñîë³.
Äëÿ öüîãî íàâàæêó ñîë³ ìàñîþ 100 ìã ðîç÷èíè-
ëè â 50 ñì3 âîäè ³ â³äòèòðîâóâàëè ðîç÷èíîì êàë³é
ãåêñàö³àíîôåðàòó(²²). Çíàéäåíà ìàñîâà ÷àñòêà
öèíêó 22,32%, â³äïîâ³äàº ôîðìóë³ ãåêñàã³äðàòó
ZnSO47H2O (öèíêîâèé êóïîðîñ).

Ï³ñëÿ â³ää³ëåííÿ öèíêó ó ô³ëüòðàò³ 2 çàëè-
øàþòüñÿ ðîç÷èíí³ ñîë³ êàëüö³é í³òðàò òà íàòð³é
í³òðàò. Êàëüö³é í³òðàò ïðè âçàºìîä³¿ ç êàëüöè-
íîâàíîþ ñîäîþ äàº êàëüö³é êàðáîíàò (îñàä 3)
(ðèñ. 6), ÿêèé âèïàäàº â îñàä ³ ìîæå áóòè â³ää³ëå-
íèé ô³ëüòðóâàííÿì. Îäåðæàíèé ô³ëüòðàò 3
ì³ñòèòü ëèøå íàòð³é í³òðàò, ÿêèé ï³ñëÿ âèïàðþ-
âàííÿ âîäè ìîæíà ïåðåêðèñòàë³çóâàòè.

Â³äîìî, ùî êàëüö³é êàðáîíàò º âàæëèâîþ
õàð÷îâîþ äîáàâêîþ, ÿêà çàâîçèòüñÿ â Óêðà¿íó ç
çàêîðäîíó. Íàâåäåíèé íà ðèñ. 6 ðåíòãåíîôëþî-

ðåñöåíòíèé ñïåêòð çàñâ³ä÷óº âèñîêèé ñòóï³íü
÷èñòîòè îäåðæàíîãî êàëüö³é êàðáîíàòó.

Ïðîäóêòè ïåðåðîáëåííÿ øëàìó çà áåçâ³äõîä-
íîþ òåõíîëîã³ºþ

Âèä³ëåí³ â ðåçóëüòàò³ ïåðåðîáëåííÿ ïðîæà-
ðåíîãî øëàìó íåîðãàí³÷í³ ðå÷îâèíè ìîæóòü
çíàéòè ð³çíîìàí³òíå çàñòîñóâàííÿ â íàðîäíîìó
ãîñïîäàðñòâ³. Òàê íåðîç÷èííèé ó í³òðàòí³é êèñ-
ëîò³ çàëèøîê, ùî ñêëàäàºòüñÿ, â îñíîâíîìó, ç
êàëüö³é ñóëüôàòó ç äîì³øêàìè îêñèä³â öèíêó òà
çàë³çà, ÿê³ óòâîðèëèñü â ðåçóëüòàò³ òåðì³÷íîãî
ðîçêëàäó âèõ³äíèõ ñïîëóê, ìîæå áóòè âèêîðèñ-
òàíèé äëÿ ã³ïñóâàííÿ çàñîëåíèõ ´ðóíò³â ñòåïî-
âî¿ çîíè Óêðà¿íè òà Ïðè÷îðíîìîð’ÿ.

Êàëüö³é ñóëüôàò äèã³äðàò, ÿêèé âèä³ëÿºòü-
ñÿ ïðè âèïàðþâàíí³ òåõíîëîã³÷íèõ ðîç÷èí³â,
ìîæå áóòè âèêîðèñòàíèé äëÿ îäåðæàííÿ íà-
ï³âã³äðàòó êàëüö³é ñóëüôàòó (ã³ïñ), ùî çíàõîäèòü
çàñòîñóâàííÿ ó ìåäèöèí³ (ô³êñóþ÷³ ïîâ’ÿçêè).

Çàë³çî(²²²) îêñèä ç íåçíà÷íîþ äîì³øêîþ
öèíê îêñèäó, ùî íå â³äîêðåìèâñÿ ïðè íåéòðàë-
³çàö³¿, ìîæíà âèêîðèñòàòè ÿê ì³íåðàëüíèé
ï³ãìåíò ó ïðîìèñëîâîñò³ áóä³âåëüíèõ ìàòåð³àë³â
(íàïðèêëàä, âèãîòîâëåííÿ îáëèöþâàëüíî¿ ïëèò-
êè). Öèíê îêñèä ï³ñëÿ î÷èùåííÿ â³ä íåçíà÷íèõ
äîì³øîê çàë³çî(²²²) îêñèäó ìîæå çíàéòè âèêî-
ðèñòàííÿ ó ëàêîôàðáîâ³é ïðîìèñëîâîñò³.

Öèíêîâèé êóïîðîñ çàñòîñîâóºòüñÿ â áàãà-
òüîõ ãàëóçÿõ íàðîäíîãî ãîñïîäàðñòâà, íàïðèê-
ëàä, ÿê êîíñåðâàíò äåðåâèíè. Ï³ñëÿ äîî÷èùåí-
íÿ ìîæå ðåàë³çîâóâàòèñÿ ÿê õ³ì³÷íèé ðåàêòèâ.

Êàëüö³é êàðáîíàò (êðåéäà), ÿê ïðîäóêò ïå-
ðåðîáëåííÿè øëàìó ìîæå çíàéòè âèêîðèñòàííÿ
ó õàð÷îâ³é òà ôàðìàöåâòè÷í³é ïðîìèñëîâîñò³, à
òàêîæ ðåàë³çîâóâàòèñÿ ÿê õ³ì³÷íèé ðåàêòèâ ï³ñëÿ
äîäàòêîâîãî î÷èùåííÿ.

Ðèñ. 4. Ñïåêòð ðåíòãåí³âñüêî¿ ôëþîðåñöåíö³¿ îñàäó

Zn(OH)2 ³ éîãî ôîòîãðàô³ÿ

Ðèñ. 5. Êðèâà òèòðóâàííÿ àë³êâîòè ðîç÷èíó ZnSO4

Ðèñ. 6. Ñïåêòð ðåíòãåí³âñüêî¿ ôëþîðåñöåíö³¿ îñàäó ¹ 3

(CaCO3)
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Ðèñ. 7. Ôóíêö³îíàëüíà ñõåìà ïðîöåñó
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Íàòð³é í³òðàò (íàòð³ºâà ñåë³òðà), ìîæå âè-
êîðèñòîâóâàòèñü ÿê äîáðèâî, à ï³ñëÿ äîî÷èùåí-
íÿ ìîæå ðåàë³çîâóâàòèñÿ ÿê õ³ì³÷íèé ðåàêòèâ.

Çàãàëüíà ôóíêö³îíàëüíà ñõåìà çàïðîïîíî-
âàíîãî ïðîöåñó ïîêàçàíà íà ðèñ. 7.

Âèñíîâêè
Ðîçðîáëåíî ñõåìó êîìïëåêñíî¿ áåçâ³äõîä-

íîãî ïåðåðîáëåííÿ öèíêîâì³ñíèõ øëàì³â â³ñêîç-
íîãî âèðîáíèöòâà, íà îñíîâ³ ÿêîãî ìîæå áóòè
çä³éñíåíî ïðîåêòóâàííÿ ³ áóä³âíèöòâî íàï³âïðî-
ìèñëîâî¿ óñòàíîâêè ç ïåðåðîáëåííÿ øëàìó.
Âïðîâàäæåííÿ òàêîãî ïðîöåñó äîçâîëèëî á ó ïåð-
ñïåêòèâ³ çä³éñíèòè ïîâíó ðåêóëüòèâàö³þ ä³ëÿ-
íîê, çàéíÿòèõ ñüîãîäí³ ï³ä øëàìîíàêîïè÷óâà-
÷àìè.

Ïîêàçàíî, ùî ê³íöåâèìè ïðîäóêòàìè òà-
êîãî ïåðåðîáëåííÿ ìîæóòü áóòè: ïîðîøîê äëÿ
ã³ïñóâàííÿ ñîëîí÷àê³â, ã³ïñ, çàë³çî(²²²) îêñèä,
öèíê îêñèä, öèíê ñóëüôàò, õ³ì³÷íî îñàäæåíà
êðåéäà, íàòð³é í³òðàò.
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BASICS OF WASTE-FREE PROCESSING OF SLUDGE
WASTE FROM «CHERKASY KHIMVOLOKNO»
CHEMICAL PLANT

Yu.A. Shaforost, R.L. Galagan, Ya.D. Korol, O.A. Lut

Bohdan Khmelnytsky National University of Cherkasy,
Cherkasy, Ukraine

We have carried out the laboratory study of the properties
of zinc-containing sludge obtained after the recycling of waste
from viscose fiber production via the calcium hydroxide method.
A waste-free process of complex recycling of such sludge was
developed. Based on this method, we developed the design and
construction of a semi-industrial sludge processing located in the
sludge storage facilities of «Cherkasy Khimvolokno» chemical
plant. A scheme of complex processing of zinc sludge produced
by «Cherkasy Khimvolokno» was offered. To completely remove
organic compounds, the initial sludge was calcined in a muffle
furnace at the temperature of 9000Ñ for 1 hour. The recycling
scheme was based on the treatment of roasted sludge with
concentrated nitric acid. With this treatment, all soluble calcium,
as well as iron and zinc, were transferred to the solution. The
residual precipitate, which was insoluble in nitric acid and
consisted mainly of calcium sulfate, was filtered off. The formed
filtrate was alkalized to pH 4.2 to separate iron from zinc in the
form of Fe(OH)3. Control of products at each stage of the process
was carried out by X-ray fluorescence spectroscopy, X-ray
diffraction, and chemical methods. Conditions of each stage in
the laboratory process were specified. We proved the impossibility
of waste-free sludge processing without roasting of its organic
constituents. It was shown that the final products of such processing
were the following: the powder for salt-affected soils reclamation,
gypsum, ferric oxide, zinc oxide, metallic zinc, chemically
precipitated chalk, and sodium nitrate.

Keywords: viscose fiber; sludge waste; waste-free recycling;
X-ray phase analysis; X-ray fluorescence spectrum; co-
precipitation.
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