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ÂÏËÈÂ ÒÎÍÈÍÈ ÏÎÌÅËÓ ÑÊËÎÁÎÞ ÍÀ ÑÒÐÓÊÒÓÐÓ ² ÂËÀÑÒÈÂÎÑÒ²
ÏÎÐÈÑÒÈÕ ÑÊËÎÊÐÈÑÒÀË²×ÍÈÕ ÌÀÒÅÐ²ÀË²Â

ÄÂÍÇ «Óêðà¿íñüêèé äåðæàâíèé õ³ì³êî-òåõíîëîã³÷íèé óí³âåðñèòåò», ì. Äí³ïðî, Óêðà¿íà

Ïðîâåäåíî äîñë³äæåííÿ, ùî ñïðÿìîâàí³ íà âèçíà÷åííÿ âïëèâó òîíèíè ïîìåëó ñêëî-

áîþ íà âëàñòèâîñò³ ïîðèñòèõ ñêëîêðèñòàë³÷íèõ ìàòåð³àë³â, îäåðæàíèõ ç âèêîðè-

ñòàííÿì ìàðòåí³âñüêîãî øëàêó ÿê ãàçîóòâîðþâà÷à. Âèïàë çðàçê³â çä³éñíþâàëè çà

òåìïåðàòóðè 7500Ñ. Äëÿ äîñë³äíèõ çðàçê³â âèçíà÷àëè îá’ºìíó âàãó, ì³öí³ñòü íà ñòèñê,

ðîçðàõîâóâàëè êîåô³ö³ºíòè ñïó÷óâàííÿ, à òàêîæ àíàë³çóâàëè òèï ñòðóêòóðè, ÿêèé

çàëåæèòü â³ä ñåðåäíüîãî ä³àìåòða ïîð, ùî ïåðåâàæàþòü. Âñòàíîâëåíî, ùî ç ï³äâè-

ùåííÿì ïèòîìî¿ ïîâåðõí³ ñêëîáîþ çðîñòàº ñåðåäí³é ðîçì³ð ïîð ³ ñòðóêòóðà çðàçê³â

çì³íþºòüñÿ â³ä äð³áíî- (0,5 ìì) äî ñåðåäíüîïîðèñòî¿ (2–3 ìì). Ïðè öüîìó ñïîñòå-

ð³ãàºòüñÿ çíèæåííÿ îá’ºìíî¿ âàãè çðàçê³â â³ä 500 êã/ì3 äî 325 êã/ì3 òà çíèæåííÿ

ìåæ³ ì³öíîñò³ íà ñòèñê â³ä 6,76 äî 2,59 ÌÏà, â³äïîâ³äíî. Âèçíà÷åíî, ùî äëÿ îäåð-

æàííÿ ìàòåð³àë³â ç ð³âíîì³ðíîþ äð³áíî- òà ñåðåäíüîïîðèñòîþ ñòðóêòóðîþ (ñåðåäí³é

ðîçì³ð ïîð äî 1 ìì) ñë³ä çàñòîñîâóâàòè ñêëîá³é ç ïèòîìîþ ïîâåðõíåþ íå íèæ÷å í³æ

290 ì2/êã. Ó ðàç³ âèêîðèñòàííÿ ñêëîáîþ ç ïèòîìîþ ïîâåðõíåþ 320 ì2/êã ìîæíà

îäåðæóâàòè ìàòåð³àë ç êîåô³ö³ºíòîì ñïó÷óâàííÿ 3,98, îá’ºìíîþ âàãîþ 376 êã/ì3 òà

ì³öí³ñòþ íà ñòèñê 3,53 ÌÏà. Ïîäàëüøå ï³äâèùåííÿ òîíèíè ïîìåëó ñêëîáîþ

çá³ëüøóº âèòðàòè íà âèðîáíèöòâî ³ äîçâîëÿº îäåðæóâàòè ìàòåð³àëè ç ìåíøîþ

îá’ºìíîþ âàãîþ òà ì³öí³ñòþ, ðîçì³ðîì ïîð äî 2–3 ìì.
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Âñòóï

Â îñòàíí³ ðîêè ïðè âèðîáíèöòâ³ ð³çíèõ
áóä³âåëüíèõ ìàòåð³àë³â ³ âèðîá³â îñîáëèâà óâàãà
ïðèä³ëÿºòüñÿ åôåêòèâíîìó âèêîðèñòàííþ ì³íå-
ðàëüíèõ ðåñóðñ³â. Ñòâîðåííÿ òà âïðîâàäæåííÿ
ìàëîâ³äõîäíèõ ³ áåçâ³äõîäíèõ òåõíîëîã³é, ñïðÿ-
ìîâàíèõ íà á³ëüø ïîâíå âèêîðèñòàííÿ âòîðèí-
íèõ ðåñóðñ³â, º àêòóàëüíîþ çàäà÷åþ.

Çàñòîñóâàííÿ ïîðèñòèõ ñêëîêðèñòàë³÷íèõ
ìàòåð³àë³â ó áóä³âíèöòâ³ åêîíîì³÷íî äîö³ëüíî
ëèøå â òîìó âèïàäêó, ÿêùî ïðè ¿õ âèðîáíèöòâ³
âèêîðèñòîâóþòü ñèðîâèíí³ ìàòåð³àëè, ÿê³ ìàþòü
íåâèñîêó âàðò³ñòü ³ º äîñòóïíèìè ó âåëèêèõ
ê³ëüêîñòÿõ.

Ðåçóëüòàòè àíàë³çó ïàòåíòíî¿ òà íàóêîâî-
òåõí³÷íî¿ ë³òåðàòóðè âêàçóþòü íà ìîæëèâ³ñòü
îäåðæàííÿ ïîðèñòîãî ñêëîêðèñòàë³÷íîãî ìàòå-

ð³àëó ïðè êîìïëåêñíîìó âèêîðèñòàíí³ ñêëîáîþ
ç ïðèðîäíèìè òà âòîðèííèìè ñèðîâèííèìè
ìàòåð³àëàìè [1–12]. Òàêèé ï³äõ³ä äî ñèíòåçó
ïîðèñòèõ ìàòåð³àë³â ñïðèÿº çíèæåííþ ñïîæè-
âàííÿ ïåðâèííèõ ïðèðîäíèõ ðåñóðñ³â ³ ïî-
ë³ïøåííþ åêîëîã³÷íî¿ îáñòàíîâêè. Òîìó ïåð-
ñïåêòèâíèì íàïðÿìêîì º îòðèìàííÿ òàêèõ ìà-
òåð³àë³â íà îñíîâ³ ñêëîáîþ ç äîäàâàííÿì â³äõîä³â
âèðîáíèöòâ [13–15], ÿê³ ìîæóòü ðîçãëÿäàòèñü ÿê
êîìïëåêñí³ ãàçîóòâîðþþ÷³ äîáàâêè, á³ëüøà ÷àñ-
òèíà ÿêèõ áóäå ìàòè çíà÷åííÿ íàïîâíþâà÷à,
ðåøòà – ãàçîóòâîðþâà÷à. Ê³ëüê³ñòü òàêî¿ äîáàâ-
êè â ñêëàä³ ìàòåð³àë³â ñêëàäàº äî 25 ìàñ.%. Ïî-
ìåë ñèðîâèííî¿ ñóì³ø³, ÿêà ì³ñòèòü á³é ñêëà òà
ãàçîóòâîðþþ÷ó äîáàâêó, çä³éñíþþòü ñóõèì ñïî-
ñîáîì ó êóëüîâîìó ìëèí³ äî ïèòîìî¿ ïîâåðõí³
ïîðîøê³â 300 ì2/êã. Ïðîòå Íàóìîâ ç³ ñï³âàâòî-
ðàìè [16] çàïðîïîíóâàëè äëÿ îäåðæàííÿ ï³íî-
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ñêëà ç âèêîðèñòàííÿì êàðáîíàòíîãî ãàçîóòâî-
ðþâà÷à çàñòîñîâóâàòè ñêëîá³é, ðîçìåëåíèé äî
ïèòîìî¿ ïîâåðõí³ 300–500 ì2/êã. Àâòîðàìè [17]
³ç ãàçîóòâîðþþ÷î¿ ñóì³ø³, ÿêà ñêëàäàëàñÿ ç òîí-
êîìåëåíîãî ñêëîáîþ (Sïèò=465 ì2/êã) òà 3 ìàñ.%
ìåëåíîãî äîëîì³òó (Sïèò=250 ì2/êã), ïðè òåìïå-
ðàòóð³ 7500Ñ áóëî îòðèìàíå ï³íîñêëî ç îá’ºìíîþ
âàãîþ 205 êã/ì3 òà ì³öí³ñòþ íà ñòèñê 0,9 ÌÏà.
Â ðîáîò³ [18] ï³ñëÿ îö³íþâàííÿ ì³êðîñòðóêòóðè
ï³íîñêëà, îäåðæàíîãî ç áîþ òàðíèõ ñòåêîë, çà-
çíà÷àºòüñÿ, ùî ÷èì ìåíøèé ðîçì³ð çåðåí ñêëî-
áîþ, òèì á³ëüø ãîìîãåí³çîâàí³ ïîðè â ìàòåð³àë³.
Îäíàê âèñîêà òîíèíà ïîìåëó ñèðîâèííî¿ ñóì³ø³
ïðèçâîäèòü äî ï³äâèùåííÿ âèòðàò íà âèðîáíèö-
òâî ï³íîñêëà.

Òîìó ìåòîþ äàíî¿ ðîáîòè º äîñë³äæåííÿ
âïëèâó òîíèíè ïîìåëó ñêëîáîþ íà âëàñòèâîñò³
ïîðèñòèõ ñêëîêðèñòàë³÷íèõ ìàòåð³àë³â (ÏÑÊÌ),
îòðèìàíèõ ç âèêîðèñòàííÿì â³äõîä³â ìåòàëóð-
ã³éíèõ âèðîáíèöòâ Äí³ïðîïåòðîâñüêî¿ îáëàñò³.

Ìåòîäè äîñë³äæåííÿ òà îö³íþâàííÿ ðåçóëü-

òàò³â

Äëÿ âèãîòîâëåííÿ äîñë³äíèõ çðàçê³â âèêî-
ðèñòîâóâàëèñÿ á³é ëèñòîâîãî ñêëà, à ÿê ãàçîóò-
âîðþâà÷ – ìàðòåí³âñüêèé øëàê ÂÀÒ «²íòåðïàéï
ÍÒÇ».

Âñ³ ñèðîâèíí³ ìàòåð³àëè ïîäð³áíþâàëè ó
êóëüîâîìó áàðàáàííîìó ìëèí³ ç êåðàì³÷íèìè
ìîëîëüíèìè ò³ëàìè ñóõèì ñïîñîáîì, ï³ñëÿ ÷îãî
âèçíà÷àëè ¿õ ïèòîìó ïîâåðõíþ. Êîìïîíåíòè
øèõòè ïåðåì³øóâàëè â ñóõîìó ñòàí³. Ç îö³íþ-
âàííÿ ïîðîøê³â ìåòîäîì íàï³âñóõîãî ïðåñóâàí-
íÿ ôîðìóâàëè çðàçêè öèë³íäðè÷íî¿ ôîðìè. Ï³ñëÿ
ñóø³ííÿ ¿õ âèïàëþâàëè çà òåìïåðàòóðè 7500Ñ.
Âèïàë çä³éñíþâàëè çà òåìïåðàòóðíî-÷àñîâèìè
ðåæèìàìè, ùî âêëþ÷àëè çàâàíòàæåííÿ ó ï³÷ ïðè
òåìïåðàòóð³ 6000Ñ ç íàñòóïíèì øâèäêèì
ï³äéîìîì äî ìàêñèìàëüíî¿, âèòðèìóâàííÿ ïðè
ö³é òåìïåðàòóð³ ïðîòÿãîì 1 ãîä òà îõîëîäæåííÿ
ðàçîì ç ï³÷÷þ.

Ïèòîìó ïîâåðõíþ ðîçìåëåíèõ ïîðîøê³â
âèçíà÷àëè íà ïðèëàä³ Òîâàðîâà, ñóòü ÿêîãî çàñ-
íîâàíà íà âèì³ðþâàíí³ îïîðó, ÿêèé ÷èíèòü øàð
óù³ëüíåíîãî ìàòåð³àëó ïîâ³òðþ, ùî ïðîñìîê-
òóºòüñÿ.

Äëÿ äîñë³äíèõ çðàçê³â âèçíà÷àëè îá’ºìíó
âàãó (êã/ì3); êîåô³ö³ºíò ñïó÷óâàííÿ (KV), ÿê
â³äíîøåííÿ îá’ºì³â ìàòåð³àë³â äî òà ï³ñëÿ íà-
ãð³âó òà ìåõàí³÷íó ì³öí³ñòü íà ñòèñê (ÌÏà).

Òèï ñòðóêòóðè îö³íþâàëè çà ñåðåäí³ì ðîç-
ì³ðîì ïîð, ùî ïåðåâàæàþòü. Äð³áíîïîðèñòà
ñòðóêòóðà ìàº ñåðåäí³é ðîçì³ð ïîð ìåíøå 0,5 ìì;
ñåðåäíüîïîðèñòà – 0,5–3,0 ìì òà êðóïíîïîðèñ-
òà >3,0 ìì.

Ðåçóëüòàòè äîñë³äæåííÿ òà îáãîâîðåííÿ

Äëÿ îäåðæàííÿ äîñë³äíèõ ìàñ á³é ñêëà ïî-
ïåðåäíüî ðîçìåëþâàâñÿ ïðîòÿãîì 4, 6, 8, 10 òà
12 ãîä â êóëüîâîìó ìëèí³. Çàëåæí³ñòü ïèòîìî¿
ïîâåðõí³ ïîðîøêó ñêëîáîþ â³ä ÷àñó ïîìåëó íà-
âåäåíà íà ðèñ. 1.

Ðèñ. 1. Çàëåæí³ñòü ïèòîìî¿ ïîâåðõí³ ñêëîáîþ â³ä ÷àñó

ïîìåëó

Ç ðèñ. 1 âèäíî, ùî ïðè çá³ëüøåíí³ ÷àñó
ïîìåëó íà 2 ãîä ïèòîìà ïîâåðõíÿ ñêëîáîþ ï³äâè-
ùóºòüñÿ â ñåðåäíüîìó íà 23 ì2/êã.

Ç îäåðæàíèõ ïîðîøê³â ñêëîáîþ, ùî ìàëè
ð³çíó ïèòîìó ïîâåðõíþ, ãîòóâàëè äîñë³äí³ ñóì³ø³
øëÿõîì ââåäåííÿ â íèõ ãàçîóòâîðþþ÷ó äîáàâêó
ó âèãëÿä³ ìàðòåí³âñüêîãî øëàêó â ê³ëüêîñò³
7,5 ìàñ.%. Çàëåæí³ñòü êîåô³ö³ºíòà ñïó÷óâàííÿ
çðàçê³â ç äîñë³äíèõ ñóì³øåé ï³ñëÿ âèïàëó â³ä
ïèòîìî¿ ïîâåðõí³ ñêëîáîþ íàâåäåíà íà ðèñ. 2, à
õàðàêòåð ðîçïîä³ëó ïîð â äîñë³äíèõ ìàòåð³àëàõ
– íà ðèñ. 3.

ßêùî ïîð³âíþâàòè çì³íó Kv äîñë³äíèõ
çðàçê³â (ðèñ. 2), òî ìîæíà â³äì³òèòè çàãàëüíó
òåíäåíö³þ éîãî çðîñòàííÿ ç³ çá³ëüøåííÿì ïèòî-
ìî¿ ïîâåðõí³ ñêëîáîþ. Ìàêñèìàëüíå ñïó÷óâàí-
íÿ (Êv=4,72) ñïîñòåð³ãàºòüñÿ äëÿ ìàñè ³ç âì³ñòîì
ñêëîáîþ ç ïèòîìîþ ïîâåðõíåþ 335 ñì2/ã.

Àíàë³ç ðîçïîä³ëó ïîð â äîñë³äíèõ ìàòåð³-
àëàõ (ðèñ. 3) ïîêàçàâ, ùî ç³ çá³ëüøåííÿì ïèòî-
ìî¿ ïîâåðõí³ ñêëîáîþ ñòðóêòóðà çðàçê³â

Ðèñ. 2. Çàëåæí³ñòü êîåô³ö³ºíòó ñïó÷óâàííÿ äîñë³äíèõ

çðàçê³â â³ä ïèòîìî¿ ïîâåðõí³ ñêëîáîþ
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çì³íþºòüñÿ â³ä äð³áíî- (0,5 ìì) äî ñåðåäíüîïî-
ðèñòî¿ (2–                 3 ìì). Ïðè öüîìó
ñïîñòåð³ãàºòüñÿ çíèæåííÿ  îá’ºìíî¿ âàãè çðàçê³â
â³ä 500 êã/ì3 äî 325 êã/ì3 (ðèñ. 4) òà â³äïîâ³äíå
çíèæåííÿ ìåæ³ ì³öíîñò³ íà ñòèñê â³ä 6,76 äî 2,59
ÌÏà (ðèñ. 5).

Ñë³ä çàçíà÷èòè, ùî äëÿ îòðèìàííÿ ÏÑÊÌ
ç âèêîðèñòàííÿì ÿê ãàçîóòâîðþâà÷à ìàðòåí³â-
ñüêîãî øëàêó â ê³ëüêîñò³ 7,5 ìàñ.% íàìè â ïî-
ïåðåäí³õ ðîáîòàõ çàñòîñîâóâàâñÿ ñêëîá³é ç ïè-
òîìîþ ïîâåðõíåþ 300 ì2/êã. Ïðè öüîìó äîñë³äí³
ìàòåð³àëè õàðàêòåðèçóâàëèñÿ îá’ºìíîþ âàãîþ
391 êã/ì3, ì³öí³ñòþ íà ñòèñê 5,34 ÌÏà òà ñåðåä-
íüîïîðèñòîþ ñòðóêòóðîþ ³ç ñåðåäí³ì ðîçì³ðîì
ïîð 1 ìì.

Âèñíîâêè

Òàêèì ÷èíîì, âñòàíîâëåíî, ùî ïðè âèêî-
ðèñòàíí³ ÿê ãàçîóòâîðþâà÷³â êîìïëåêñíèõ ãàçî-
óòâîðþþ÷èõ äîáàâîê òåõíîãåííîãî ïîõîäæåííÿ
äëÿ îäåðæàííÿ ÏÑÊÌ ç äð³áíî- òà ñåðåäíüîïî-
ðèñòîþ ñòðóêòóðîþ, ïîð³âíÿíî íèçüêîþ
îá’ºìíîþ âàãîþ (432–376 êã/ì3) òà ï³äâèùåíîþ
ì³öí³ñòþ íà ñòèñê (5,34–3,53 ÌÏà) ñë³ä çàñòî-
ñîâóâàòè ïîðîøîê ñêëîáîþ ç ïèòîìîþ ïîâåðõ-
íåþ íå íèæ÷å 290 ì2/êã. Âèêîðèñòàííÿ ñêëî-
áîþ ç ïèòîìîþ ïîâåðõíåþ á³ëüøå í³æ 320 ì2/êã
íå º äîö³ëüíèì ÷åðåç ï³äâèùåííÿ âèòðàò íà ïî-
ìåë, ïðè öüîìó çá³ëüøóºòüñÿ ñåðåäí³é ðîçì³ð ïîð
òà çíèæóºòüñÿ ì³öí³ñòü ìàòåð³àëó äî 2,29 ÌÏà,
õî÷à îá’ºìíà âàãà òàêèõ ÏÑÊÌ ñòàíîâèòü
325 êã/ì3.

Ðèñ. 4. Çàëåæí³ñòü îá’ºìíî¿ âàãè äîñë³äíèõ çðàçê³â â³ä

ïèòîìî¿ ïîâåðõí³ ñêëîáîþ Ðèñ. 5. Çàëåæí³ñòü ìåæ³ ì³öíîñò³ íà ñòèñê äîñë³äíèõ

çðàçê³â â³ä ïèòîìî¿ ïîâåðõí³ ñêëîáîþ

Ðèñ. 3. Õàðàêòåð ðîçïîä³ëó ïîð â äîñë³äíèõ çðàçêàõ ç âì³ñòîì ìàðòåí³âñüêîãî øëàêó òà ñêëîáîþ ç ð³çíîþ ïèòîìîþ

ïîâåðõíåþ
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INFLUENCE OF FINENESS OF GLASS CULLET
GRINDING ON THE STRUCTURE AND PROPERTIES OF
POROUS GLASS CERAMIC MATERIALS

Y. Lykholat

Ukrainian State University of Chemical Technology, Dnipro,
Ukraine

e-mail: kolyariv@ukr.net

This research was aimed at establishing the effect of fineness
of glass cullet grinding on the properties of porous glass ceramic
materials obtained using open-hearth furnace slag as a gas-forming
agent. Firing of the samples was carried out at the temperature of
7500Ñ. For the samples under study, the volumetric weight and
compressive strength were determined, the swelling coefficients
were calculated, and the types of structure were analyzed, which
depend on the average diameter of the predominant pores. It was
found that the average pore size increased and the structure of
the samples changed from fine (0.5 mm) to medium-porous (2–
3 mm) with an increase in the specific surface of cullet. At the
same time, there was a decrease in the volumetric weight of the
samples from 500 kg m–3 to 325 kg m–3 and, accordingly, a decrease
in the compressive strength limit from 6.76 MPa to 2.59 MPa. It
was determined that it is necessary to use cullet with a specific
surface area of at least 290 m2 kg–1 in order to obtain materials
with a uniform fine- and medium-porous structure (average pore
size of up to 1 mm). In the case of using cullet with a specific
surface of 320 m2 kg–1, it is possible to obtain material having
swelling coefficient of 3.98, volumetric weight of 376 kg m–3 and
compressive strength of 3.53 MPa. A further increase in fineness
of cullet grinding increases production costs and allows obtaining
materials with lower volumetric weight and strength and with a
pore size of up to 2–3 mm.

Keywords: porous glass ceramic materials; temperature-
time burning mode; volumetric weight; glass cullet; open-hearth
furnace slag; swelling coefficient.
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