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Àííîòàöèÿ. Ïðèâåäåíû ðåçóëüòàòû ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé çàâèñè-
ìîñòè êîëëîèäàëüíîñòè ãëèí, îäíîãî èç âàæíûõ òåõíîëîãè÷åñêèõ ïàðàìåòðîâ ãëèí,
îò ââåäåíèÿ ðàçëè÷íûõ ôîðì àìîðôíîãî êðåìíåçåìà. Èññëåäîâàíà çàâèñèìîñòü êîë-
ëîèäàëüíîñòè îò ìèíåðàëüíîãî ñîñòàâà ãëèíû è ôîðìû àìîðôíîãî êðåìíåçåìà íà
ïðèìåðå ãëèí ñ áëèçêèì ñîäåðæàíèåì îñíîâíûõ ãëèíîîáðàçóþùèõ ìèíåðàëîâ
(ìàñ. %): áåíòîíèòîâîé (60 ìîíòìîðèëëîíèòà, 5 ñëþäû), îãíåóïîðíîé (60 êàîëèíèòà,
5 ñëþäû) è àìîðôíîãî êðåìíåçåìà (äèàòîìèòà ìåñòîðîæäåíèÿ Èíçà, ìèêðîêðåìíåçå-
ìà ÌÊ-85, ñèëèêàãåëÿ ÊÑÌÃ, àýðîñèëà À 300). Îáíàðóæåíî óâåëè÷åíèå êîëëîèäàëü-
íîñòè ãëèíû ïðè ââåäåíèè âñåõ ôîðì àìîðôíîãî êðåìíåçåìà. Òåðìîãðàâèìåòðè÷å-
ñêèì ìåòîäîì èññëåäîâàíû ñîñòàâû ãëèíÿíûõ êîìïîçèöèé. Äîáàâêà àìîðôíîãî
êðåìíåçåìà â ãëèíó ìåíÿåò ïîâåäåíèå ãëèíèñòîé êîìïîçèöèè â ïðîöåññå íàãðåâà.
Ïðè âûáîðå ìîäèôèöèðóþùåé äîáàâêè àìîðôíîãî êðåìíåçåìà íåîáõîäèìî ó÷èòû-
âàòü ìèíåðàëüíûé ñîñòàâ ãëèíû. Íà êîëëîèäàëüíîñòü ãëèíû îêàçûâàåò âëèÿíèå âèä
àìîðôíîãî êðåìíåçåìà. Ââåäåíèå àìîðôíîãî êðåìíåçåìà â ãëèíó ïîâûøàåò ïðî÷-
íîñòü ìàòåðèàëà ïîñëå îáæèãà. Ðåçóëüòàòû èññëåäîâàíèÿ ïîçâîëÿþò âûáðàòü äîñòóï-
íûé ìîäèôèêàòîð ãëèí ñ ó÷åòîì èõ ìèíåðàëüíîãî ñîñòàâà äëÿ ðàçëè÷íûõ îáëàñòåé
êåðàìè÷åñêîé ïðîìûøëåííîñòè.
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Original article

INFLUENCE OF AMORPHOUS FORMS OF SILICA
ON THE COLLOIDALITY OF CLAY RAW MATERIAL

AND STRENGTH CERAMIC MATERIAL

Irina A. Zhenzhurist1, Nina N. Morozova2

1Kazan State Power Engineering University, Kazan, Russia
2Kazan State University of Architecture and Engineering, Kazan, Russia

Abstract. The paper presents the results of experimental studies of the dependence of
clay colloidality, one of the important technological parameters of clays, on the introduction
of various forms of amorphous silica. The dependence of colloidality on the mineral
composition of clay and the form of amorphous silica was studied. On the example of
clays with a close content of the main clay-forming minerals (mas.%): bentonite
(60 montmorillonite, 5 mica) and refractory (60 kaolinite, 5 mica) and amorphous silica
(diatomite of Inza deposit, microsilica MK-85, silica gel KSMG, aerosil A 300). An
increase in clay colloidality was found with the introduction of all forms of amorphous
silica. The compositions of clay compositions were investigated by thermogravimetric
method. The addition of amorphous silica to clay changes the behavior of the clay
composition during heating. When choosing a modifying additive of amorphous silica, it is
necessity to take into account the mineral composition of clay. The colloidality of clay is
influenced by the type of amorphous silica. Introduction of amorphous silica into clay
increases the strength of the material after firing. The results of the research allow to choose
an available modifier of clays taking into account their mineral composition for different
areas of ceramic industry.

Keywords: colloidality, strength, thermal analysis, bentonite, refractory clay,
microsilica, silica gel, diatomite, aerosil
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silica on the colloidality of clay raw material and strength ceramic material. News of
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1. Ââåäåíèå. Ãëèíèñòî-êðåìíåçåìèñòûå êîìïîçèöèè øèðîêî ðàñïðî-
ñòðàíåíû â Ðîññèéñêîé Ôåäåðàöèè è ÿâëÿþòñÿ ñûðüåì äëÿ áîëüøîãî àññîðòè-
ìåíòà èçäåëèé îãíåóïîðíîé, ñòðîèòåëüíîé, ýëåêòðîòåõíè÷åñêîé êåðàìèêè,
ãðóíòîì äëÿ àâòîìîáèëüíûõ äîðîã è óñòàíîâîê íåôòÿíûõ ìåñòîðîæäåíèé.
Äåôèöèò êà÷åñòâåííîãî ãëèíèñòîãî ñûðüÿ â ðàçëè÷íûõ îòðàñëÿõ êåðàìè÷å-
ñêîé ïðîìûøëåííîñòè, âîçíèêàþùèå ïðîáëåìû ïðè ñòðîèòåëüñòâå àâòî-
ìîáèëüíûõ äîðîã íà íåñòàáèëüíûõ ãëèíèñòûõ ãðóíòàõ [1–4] è ðàçðàáîòêè íà
íèõ íåôòÿíûõ ìåñòîðîæäåíèé [5, 6] âûçûâàþò áîëüøîé èíòåðåñ èññëåäîâà-
òåëåé ê ïîèñêó íàïðàâëåíèé èõ ðåøåíèÿ.

Òåõíîëîãè÷åñêèå ïðîáëåìû â ïðîèçâîäñòâå êåðàìè÷åñêèõ ìàòåðèàëîâ,
ýêñïëóàòàöèÿ ãëèíèñòûõ êîìïîçèöèé â äðóãèõ îòðàñëÿõ ïðîìûøëåííîñòè
ñâÿçàíû ñ ðàçíîîáðàçèåì ïî êà÷åñòâó ìåñòîðîæäåíèé ãëèí è ïî÷â íà èõ îñíî-
âå. Ïðè íàñûùåíèè ãëèíû âîäîé ïîÿâëÿåòñÿ ýôôåêò íàáóõàíèÿ, ñ êîòîðûì
ñâÿçàíû òàêèå ñâîéñòâà êåðàìè÷åñêèõ ìàññ, êàê ïëàñòè÷íîñòü è ÷óâñòâèòåëü-
íîñòü ê ñóøêå.

Êðåìíåçåì âõîäèò â ñîñòàâ âñåõ ìåñòîðîæäåíèé ãëèí, îïðåäåëÿåò îñ-
íîâíûå ñâîéñòâà êåðàìè÷åñêèõ ìàññ è ïðî÷íîñòü ìàòåðèàëà ïîñëå îáæèãà.

Ñòðîèòåëüíûå ìàòåðèàëû è èçäåëèÿ
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Â ñîñòàâå ãëèíèñòîé êîìïîçèöèè â êðèñòàëëè÷åñêîé è àìîðôíîé ôîðìå
îí âëèÿåò íà îáðàçîâàíèå ñòåêëîôàçû ïðè ñïåêàíèè ñûðüåâîé êîìïîçèöèè
è ôîðìèðîâàíèå êîíå÷íîãî ôàçîâîãî ñîñòàâà ìàòåðèàëà. Ïðèñóòñòâèå êðåì-
íåçåìà è ìèíåðàëüíûé ñîñòàâ ãëèíû ÿâëÿþòñÿ ãëàâíûìè ïîêàçàòåëÿìè
êà÷åñòâà ãëèíèñòîãî ñûðüÿ è âîçäåéñòâóþò íà âñå ýòàïû ïîëó÷åíèÿ êåðàìè-
÷åñêîãî ìàòåðèàëà.

Ðîëü êðèñòàëëè÷åñêîãî è àìîðôíîãî òèïà êðåìíåçåìà ïðè ôîðìèðîâà-
íèè ñòðóêòóðû è ñâîéñòâ ñèëèêàòíûõ ìàòåðèàëîâ ðàññìàòðèâàëàñü ìíîãèìè
àâòîðàìè [7, 8]. Îòìå÷åíà ýôôåêòèâíîñòü ïðèìåíåíèÿ êîëëîèäíîãî êðåìíå-
çåìà äëÿ óêðåïëåíèÿ ãðóíòîâ [7]. Äëÿ êåðàìè÷åñêîé òåõíîëîãèè âàæíî îïðå-
äåëèòü äåéñòâèå ìèíåðàëüíîãî ñîñòàâà ãëèíû è ôîðìû êðåìíåçåìà íà òåõíî-
ëîãè÷åñêèå ñâîéñòâà êîìïîçèöèè, ñòðóêòóðó è õàðàêòåðèñòèêè îáîææåííîãî
èçäåëèÿ. Ïîëó÷åííûå äàííûå ïîçâîëÿò êîððåêòèðîâàòü õàðàêòåðèñòèêè
ïðèðîäíûõ ãëèí â íàïðàâëåíèè, íåîáõîäèìîì äëÿ êîíêðåòíîãî èñïîëüçî-
âàíèÿ, ïîäáèðàòü ìîäèôèêàòîð ñ ó÷åòîì àìîðôíîãî êðåìíåçåìà è ìèíåðàëü-
íîãî ñîñòàâà ìåñòîðîæäåíèÿ ãëèíû.

Ïðè èçó÷åíèè âëèÿíèÿ âèäà è äèñïåðñíîñòè êîìïîíåíòîâ ñûðüåâîé
ñìåñè íà ôîðìèðîâàíèå êîíå÷íûõ ñâîéñòâ ìàòåðèàëà óñòàíîâëåíà çíà÷è-
ìîñòü ñâÿçè ñîñòàâ–òåõíîëîãèÿ–ñòðóêòóðà–ñâîéñòâà [9]. Èçìåíåíèÿ â íà÷àëå
äàííîé öåïè ïðèâîäÿò ê êàðäèíàëüíîìó ïðåîáðàçîâàíèþ êîíå÷íûõ ñâîéñòâ
ìàòåðèàëà. Ñ ýòèõ ïîçèöèé äëÿ êåðàìè÷åñêîé òåõíîëîãèè îñîáîå âíèìàíèå
óäåëÿåòñÿ ñïîñîáíîñòè ãëèí ê íàáóõàíèþ (êîëëîèäàëüíîñòè) – ñâîéñòâó
ãëèí, ñâÿçàííîìó ñ ìèíåðàëüíûì ñîñòàâîì è îòíîøåíèåì åå ê âîäå, îò
êîòîðîé ìîæåò çàâèñåòü âûáîð òåõíîëîãèè ïðîèçâîäñòâà êåðàìè÷åñêîãî
ìàòåðèàëà.

Èçâåñòíà ïîâûøåííàÿ õèìè÷åñêàÿ àêòèâíîñòü àìîðôíûõ ôîðì êðåìíå-
çåìà [10, 11]. Îòäåëüíûå åãî ôîðìû, îñîáåííî òàêèå, êàê ïðèðîäíûé äèàòîìèò
è ìèêðîêðåìíåçåì (ÌÊÇ) – îòõîä ïðîèçâîäñòâà ôåððîñèëèöèÿ, èññëåäîâàíû
äîñòàòî÷íî øèðîêî â êà÷åñòâå äîáàâêè â êåðàìè÷åñêèå è ñèëèêàòíûå ìàññû
[10–12]. Èçó÷àëîñü èñïîëüçîâàíèå àìîðôíîãî êðåìíåçåìà â ñòðóêòóðîîáðà-
çîâàíèè ãëèíèñòûõ ïî÷â [8].

Êàæäàÿ ôîðìà àìîðôíîãî êðåìíåçåìà èç-çà îñîáåííîñòåé ñâîåãî ñòðîå-
íèÿ è õèìè÷åñêîé àêòèâíîñòè ìîæåò ïî-ðàçíîìó âçàèìîäåéñòâîâàòü ñ ãëèíîé
íà ñòàäèè ïðèãîòîâëåíèÿ ñûðüåâîé êîìïîçèöèè, îêàçûâàòü âëèÿíèå íà âñå
ýòàïû òåõíîëîãè÷åñêîãî ïðîöåññà ïðîèçâîäñòâà ìàòåðèàëà è îáðàçîâàíèå
ôàçîâîé ñòðóêòóðû ìàòåðèàëà â ïðîöåññå îáæèãà.

Öåëü ðàáîòû – èçó÷åíèå âëèÿíèÿ ðàçëè÷íûõ ôîðì àìîðôíîãî êðåìíå-
çåìà íà êîëëîèäàëüíîñòü ãëèí ñ ó÷åòîì èõ ìèíåðàëüíîãî ñîñòàâà è ïðî÷íîñòü
ìàòåðèàëà ïîñëå îáæèãà.

2. Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ. Äëÿ ýêñïåðèìåíòàëüíîé ðàáîòû
áûëè âûáðàíû ãëèíû áëèçêîãî õèìè÷åñêîãî ñîñòàâà, íî îòëè÷àþùèåñÿ
ñîäåðæàíèåì îñíîâíîãî ãëèíîîáðàçóþùåãî ìèíåðàëà (ìàñ. %): íóðëàò-
îêòÿáðüñêèé áåíòîíèò (60 ìîíòìîðèëëîíèòà, 5 ñëþäû), íèæíå-óâåëüñêàÿ
îãíåóïîðíàÿ ãëèíà (60 êàîëèíèòà, 5 ñëþäû). Õèìè÷åñêèé ñîñòàâ ãëèí íàõî-
äèòñÿ â ïðåäåëàõ (ìàñ. %): 55–57 SiO2, 22–28 Al2O3, 5–7 Fe2O3, 2–4 CaO +
+ MgO, 1–2 K2O + Na2O [13].

Â êà÷åñòâå ìîäèôèêàòîðà ãëèí áðàëè îáðàçöû àìîðôíîãî êðåìíåçåìà ñ
åãî ñîäåðæàíèåì (ìàñ. %): äèàòîìèò ìåñòîðîæäåíèÿ Èíçà (80), ìèêðîêðåìíå-
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çåì ìàðêè ÌÊ-85 (85), ñèëèêàãåëü ÊÑÌÃ – ãåëü êðåìíèåâîé êèñëîòû (95),
àýðîñèë À 300 (99).

Äëÿ èññëåäîâàíèÿ êîìïîçèöèé èñïîëüçîâàëè îáîðóäîâàíèå ìàòåðèàëî-
âåä÷åñêîãî öåíòðà ÒÃÓ, ÑÔÒÈ ã. Òîìñê: äèôðàêòîìåòð Shimadzu XRD 6000,
ÒÃ-ÄÒÀ/ÄÊ-àíàëèçàòîð (QMS 403 Ñ), äëÿ ìèêðîñúåìêè èçëîìîâ îáðàçöîâ
Quanta 200 3D.

Ãëèíèñòûå ìèíåðàëû, îáðàçóþùèå îñíîâó ãëèí, îòíîñÿò ê ïîëèýëåêòðî-
ëèòàì èç-çà õèìè÷åñêè ñâÿçàííîé âîäû [14]. Ãëèíû èç-çà ãèäðîôèëüíîé
ïîâåðõíîñòè, ñïîñîáíîñòè ê èîííîìó, ñîðáöèîííîìó îáìåíó ïðè÷èñëÿþò
ê êîëëîèäíûì ñèñòåìàì. Ñïîñîáíîñòü ãëèí ê íàáóõàíèþ è ñâÿçàííàÿ ñ íåé
ïëàñòè÷íîñòü çàâèñÿò íå òîëüêî îò äèñïåðñíîñòè ãëèíèñòîé êîìïîçèöèè
(ñîäåðæàíèÿ ïåñ÷àíîé, ïûëåâàòîé è ãëèíèñòîé ôðàêöèé), íî è îò ìèíåðàëü-
íîãî ñîñòàâà (ñîäåðæàíèÿ êàîëèíèòà, ìîíòìîðèëëîíèòà, ãèäðîñëþäû è äð.).
Èçó÷åíèþ ïðîöåññà íàáóõàíèÿ ãëèí, åãî ñâÿçè ñ êàòèîííûì îáìåíîì,
ïëàñòè÷íîñòüþ ïîñâÿùåíû ðàáîòû [15–17]. Ó÷èòûâàÿ ìåæñëîåâóþ ïîëÿð-
íîñòü ãëèíèñòûõ ìèíåðàëîâ, âàæíî ïðîâåðèòü ðåàêöèþ ãëèíû íà ïðèñóò-
ñòâèå àìîðôíîãî êðåìíåçåìà, êàæäàÿ ôîðìà êîòîðîãî èìååò îïðåäåëåííóþ
ìèêðîñòðóêòóðó è çàðÿä íà ñâîåé ïîâåðõíîñòè.

Ïîëÿðíûå ÷àñòèöû àìîðôíîãî êðåìíåçåìà ìîãóò âçàèìîäåéñòâîâàòü ñî
âñåìè ÷àñòèöàìè, óêàçûâàþùèìè íà ãðàíóëÿöèîííûé ñîñòàâ ãëèíû, è âëèÿòü
íà ïðîöåññ íàáóõàíèÿ è ôîðìèðîâàíèå êîëëîèäíîé ñîñòàâëÿþùåé ãëèíèñòîé
ñóñïåíçèè â âîäíîé ñðåäå.

Äëÿ èçó÷åíèÿ ïðîöåññà íàáóõàíèÿ ãëèíû â ïðèñóòñòâèè àìîðôíîãî êðåì-
íåçåìà áûëè ó÷òåíû ãëàâíûå ïîëîæåíèÿ ìåòîäèêè îáíàðóæåíèÿ êîëëîèäàëü-
íîñòè ãëèíû è ñâîáîäíîãî íàáóõàíèÿ ãðóíòîâ. Ïîñêîëüêó ìèíåðàëüíûé ñîñòàâ
ãëèíû îêàçûâàåò çíà÷èòåëüíîå âëèÿíèå íà êîëëîèäàëüíîñòü ãëèí, òî â îñíîâó
èññëåäîâàíèÿ áûëà ïîëîæåíà ìåòîäèêà îïðåäåëåíèÿ êîëëîèäàëüíîñòè ãëèí.

Êîëëîèäàëüíîñòü ãëèí ñâÿçàíà ñ êàòèîííûì îáìåíîì â ìåæñëîåâîì
ïðîñòðàíñòâå ìèíåðàëîâ. Ïî äàííîé ìåòîäèêå â ãëèíèñòóþ ñóñïåíçèþ äîáàâ-
ëÿþò îêñèä ìàãíèÿ, êîòîðûé ïðèâîäèò ê çàìåùåíèþ îäíîâàëåíòíûõ êàòèî-
íîâ ãëèíèñòûõ ìèíåðàëîâ è ïðîöåññàì êîàãóëÿöèè ãëèíèñòûõ ÷àñòèö.

Êîëëîèäíûé êðåìíåçåì â âîäíîé ñðåäå ïðåäñòàâëÿåò ñîáîé ñóñïåíçèþ
êðåìíåçåìèñòûõ îáðàçîâàíèé ïî ðàçìåðàì, ñðàâíèìûì ñ êîëëîèäíûìè ÷àñ-
òèöàìè [7, 17], è ìîæåò îêàçûâàòü âëèÿíèå íà ïðîöåññ íàáóõàíèÿ ãëèíû
â âîäíîé ñðåäå.

Ó÷èòûâàÿ ýòè ïîëîæåíèÿ, ïðîâîäèëè èçó÷åíèå ïðîöåññà íàáóõàíèÿ ãëè-
íèñòîé êîìïîçèöèè. Ïðîáó ãëèíû 0,5 ã, ðàçìîëîòóþ è ïðîñåÿííóþ (ñèòî 0,5),
çàñûïàëè â öèëèíäð, çàëèâàëè 15 ñì3 äèñòèëëèðîâàííîé âîäîé, âçáàëòûâàëè,
÷òîáû ïîëó÷èëàñü îäíîðîäíàÿ ñóñïåíçèÿ. Ïîñëå äèñïåðãèðîâàíèÿ ãëèíû
â âîäå äîáàâëÿëè 0,1 ã îêèñè ìàãíèÿ. Ñ öåëüþ èñêëþ÷åíèÿ âëèÿíèÿ ïîñòîðîí-
íåãî îêñèäà ãëèíèñòîé êîìïîçèöèè â ñóñïåíçèþ ââîäèëè 0,1 ã àìîðôíîãî
êðåìíåçåìà, ïîâòîðíî âçáàëòûâàëè, îñòàâëÿëè íà ñóòêè. Âåëè÷èíó êîëëîè-
äàëüíîñòè ãëèíû (%) âû÷èñëÿëè êàê ÷àñòíîå îò äåëåíèÿ îáúåìà îñàäêà ãëèíû
â öèëèíäðå (ñì3) íà îáúåì ãëèíû è âîäû â öèëèíäðå (ñì3), óìíîæåííîå
íà 100. Îäíîâðåìåííî óñòàíàâëèâàëè äåéñòâèå îêñèäà ìàãíèÿ íà êîëëîè-
äàëüíîñòü êàæäîé ãëèíû.

Äëÿ íàõîæäåíèÿ ïðî÷íîñòè îáîææåííûõ îáðàçöîâ ãëèíó ñìåøèâàëè
(ðàñòèðàëè) ñ äîáàâêîé êðåìíåçåìà äëÿ ñîñòàâîâ, ïîêàçàâøèõ íàèáîëüøóþ
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êîëëîèäàëüíîñòü ãëèíèñòîé êîìïîçèöèè. Ãëèíèñòóþ ìàññó óâëàæíÿëè äî
ïëàñòè÷åñêîé âëàæíîñòè (22–23 %), ñóòêè âûëåæèâàëè. Ïîñëå âûëåæèâàíèÿ
ãëèíÿíàÿ ìàññà óïëîòíÿëàñü. Ãîòîâèëè îáðàçöû äëÿ èñïûòàíèÿ íà ñæàòèå
è óñàäêó (êóáèêè ðàçìåðîì ðåáðà 25 ìì, ïëàñòèíû 50´50´5 ìì), ñóøèëè
äî âëàæíîñòè 7–9 %. Îáðàçöû îáæèãàëè â ìóôåëüíîé ïå÷è äî òåìïåðàòóðû
1050 °Ñ, âûäåðæèâàëè 40 ìèí è îõëàæäàëè âìåñòå ñ ïå÷üþ.

3. Ðåçóëüòàòû è îáñóæäåíèå. Ñòåïåíü êîëëîèäàëüíîñòè ãëèíèñòîé
êîìïîçèöèè ïðè äîáàâêå àìîðôíîãî êðåìíåçåìà 0,1 ã ïîêàçàíà íà ðèñ. 1.
Ñîãëàñíî ðåçóëüòàòàì èñïûòàíèÿ, êàæäàÿ ôîðìà àìîðôíîãî êðåìíåçåìà
ïðîÿâëÿåò ðàçíóþ àêòèâíîñòü ïðè âçàèìîäåéñòâèè ñ ãëèíîé.

Äëÿ áåíòîíèòîâîé ãëèíû, ñîäåðæàùåé äâóõñëîéíûé îäíîïîëÿðíûé
ìèíåðàë ìîíòìîðèëëîíèò, íàèáîëüøàÿ êîëëîèäàëüíîñòü ïîëó÷åíà ïðè äî-
áàâëåíèè ÌÊÇ è ñèëèêàãåëÿ, óðîâåíü êîëëîèäàëüíîñòè âûøå äëÿ âñåõ ôîðì
àìîðôíîãî êðåìíåçåìà, ÷åì äîáàâêà îêñèäà ìàãíèÿ. Äëÿ îãíåóïîðíîé ãëèíû
óðîâåíü êîëëîèäàëüíîñòè íèæå, ÷åì ó áåíòîíèòîâîé ãëèíû. Íàèáîëüøóþ
àêòèâíîñòü ïðè âçàèìîäåéñòâèè ñ îãíåóïîðíîé ãëèíîé ïðîÿâèë ñèëèêàãåëü.

Äëÿ äâóõ ôîðì àìîðôíîãî êðåìíåçåìà, ïðîÿâèâøèõ âûñîêóþ êîëëîè-
äàëüíîñòü, îïðåäåëÿëè íàèáîëåå ýôôåêòèâíîå êîëè÷åñòâî äîáàâêè â ãëèíó
â ïåðåñ÷åòå íà ñóõîå âåùåñòâî (ðèñ. 2, à).
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Ðèñ. 1. Çàâèñèìîñòü êîëëîèäàëüíîñòè ãëèíèñòîé êîì-
ïîçèöèè îò âèäà äîáàâêè àìîðôíîãî êðåìíåçåìà

Fig. 1. Dependence of colloidality of clay composition on
the type of amorphous silica additive

Ðèñ. 2. Çàâèñèìîñòü êîëëîèäàëüíîñòè ãëèíèñòîé êîìïîçèöèè (à) è óñàäêè ãëèíû (á)
îò êîëè÷åñòâà äîáàâêè êðåìíåçåìà

1 – îãíåóïîðíàÿ ãëèíà ñ ñèëèêàãåëåì; 2 – áåíòîíèòîâàÿ ãëèíà ñ ÌÊÇ

Fig. 2. Dependence of colloidality of clay composition (a) and of clay shrinkage (b) on
the amount of silica gel addition

1 – refractory clay with silica gel; 2 – bentonite clay with MCZ



Íàèáîëüøàÿ êîëëîèäàëüíîñòü ïîëó÷åíà äëÿ áåíòîíèòîâîé ãëèíû ñ äî-
áàâêîé 20 % ÌÊÇ, äëÿ îãíåóïîðíîé ãëèíû ñ 30 % ñèëèêàãåëÿ. Óðîâåíü íàáó-
õàíèÿ îãíåóïîðíîé ãëèíû íèæå, ÷åì ó áåíòîíèòîâîé.

Îáðàçöû, èçãîòîâëåííûå èç êîìïîçèöèè áåíòîíèòîâîé ãëèíû ñ ðàçíûìè
ôîðìàìè àìîðôíîãî êðåìíåçåìà, ïîêàçàëè õîðîøóþ ôîðìóåìîñòü, áîëüøóþ
óïëîòíÿåìîñòü ìàññû, îòñóòñòâèå òðåùèí íà îáðàçöàõ. Ìàññà ñ äîáàâêîé
ÌÊÇ õîðîøî ôîðìîâàëàñü è áûñòðåå âñåõ âûñûõàëà. Îáðàçöû èç áåíòîíèòî-
âîé ãëèíû áåç ÌÊÇ èìåëè ïðîáëåìíîå ôîðìîâàíèå (ïðèëèïàåìîñòü ìàññû)
è íàëè÷èå òðåùèí â ïðîöåññå ñóøêè. Äëÿ êîìïîçèöèé èç îãíåóïîðíîé ãëèíû
è ãëèíû ñ ñèëèêàãåëåì è äðóãèìè ôîðìàìè àìîðôíîãî êðåìíåçåìà íå çàìå-
÷åíî îñîáåííûõ îòëè÷èé ïðè ôîðìîâàíèè è ñóøêå îáðàçöîâ.

Óñàäêó ïðè ñóøêå îïðåäåëÿëè äëÿ îáðàçöîâ äâóõ ãëèí ñ ÌÊÇ è ñèëèêà-
ãåëåì (ðèñ. 2, á). Èç ãðàôèêà âèäíî, ÷òî äîáàâêà àìîðôíîãî êðåìíåçåìà
â áåíòîíèòîâóþ ãëèíó çàìåòíî óâåëè÷èâàåò óñàäêó, íî íå âûçûâàåò ïîÿâ-
ëåíèÿ äåôåêòîâ íà îáðàçöàõ. Ó îãíåóïîðíîé ãëèíû óñàäêà ïî÷òè íå èçìå-
íèëàñü.

Äëÿ ñîñòàâîâ, ïîêàçàâøèõ íàèáîëüøóþ êîëëîèäàëüíîñòü, îïðåäåëÿëè
ïðî÷íîñòü îáðàçöîâ ïðè ñæàòèè è ñðàâíèâàëè ñ ïðî÷íîñòüþ îáðàçöîâ èç
ãëèíû áåç äîáàâêè àìîðôíîãî êðåìíåçåìà (ðèñ. 3).

Ââåäåíèå àìîðôíîãî êðåìíåçåìà â ãëèíó ïîâûøàåò ïðî÷íîñòü êåðà-
ìè÷åñêîãî ìàòåðèàëà. Çíà÷èòåëüíî óâåëè÷èâàåòñÿ ïðî÷íîñòü îáðàçöîâ íà
îñíîâå áåíòîíèòîâîé ãëèíû è ÌÊÇ. Äëÿ êîìïîçèöèè èç îãíåóïîðíîé ãëèíû
ñ ñèëèêàãåëåì óðîâåíü ïðî÷íîñòè íàìíîãî íèæå, íî âûøå, ÷åì äëÿ ÷èñòîé
ãëèíû.

Äëÿ ñîñòàâîâ íà îñíîâå áåíòîíèòîâîé ãëèíû ÷èñòîé, ñ 20 % è 35 % ÌÊÇ
áûë ïðîâåäåí òåðìè÷åñêèé àíàëèç ñûðüåâîé êîìïîçèöèè (ðèñ. 4).

Ïî êðèâûì ÄÑÊ êîìïîçèöèé íà îñíîâå áåíòîíèòîâîé ãëèíû ìîæíî
ñäåëàòü âûâîä î ñóùåñòâåííûõ îòëè÷èÿõ ïîâåäåíèÿ ïðè íàãðåâå áåíòî-
íèòîâîé ãëèíû è ãëèíû ñ ÌÊÇ. Ïðè äîáàâëåíèè â ãëèíó ÌÊÇ ñíèæàåò-
ñÿ è ïðè 30 % íå íàáëþäàåòñÿ ýíäîòåðìè÷åñêèé ïðîöåññ óäàëåíèÿ
êðèñòàëëèçàöèîííîé âîäû è íà÷àëà ðàçëîæåíèÿ ìèíåðàëüíîé ñîñòàâëÿþ-
ùåé ãëèíû.

Â ãëèíèñòî-êðåìíåçåìèñòîé êîìïîçèöèè ìèíåðàëüíàÿ ñîñòàâëÿþùàÿ
ãëèíû íàèáîëåå àêòèâíî ó÷àñòâóåò â ïðîöåññå ñïåêàíèÿ, à ñðåäè êðåìíå-
çåìîâ òàêîâûìè ÿâëÿþòñÿ àìîðôíûå
ôîðìû. Ñóäÿ ïî êðèâûì ÄÑÊ (ðèñ. 4), ó
êîìïîçèöèè áåíòîíèòîâîé ãëèíû ñ ÌÊÇ
ïðè óâåëè÷åíèè ñîäåðæàíèÿ ÌÊÇ (20 %)
â äèàïàçîíå 800–1000 °Ñ ôàçîâûå ïðå-
îáðàçîâàíèÿ ïðîõîäÿò áåç áîëüøîé
ïîòåðè ìàññû è ê 35 % ÌÊÇ íå íà-
áëþäàþòñÿ. Â äèàïàçîíå òåìïåðàòóð
1000–1050 °Ñ íà ÄÑÊ êðèâîé ñîñòàâà
ñ  35 % ÌÊÇ îòìå÷åíû ïîñëåäîâàòåëü-
íûå ýíäîòåðìè÷åñêèå ïðîöåññû ôàçîâûõ
ïðåîáðàçîâàíèé â ñòðóêòóðå ìàòåðèàëà.

Îáðàçåö èç áåíòîíèòîâîé ãëèíû ñ
20 % ÌÊÇ, îáîææåííûé ïðè òåìïåðàòó-
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Ðèñ. 3. Ïðî÷íîñòü îáðàçöîâ ñ äîáàâ-
êîé àìîðôíîãî êðåìíåçåìà

Fig. 3. Strength of specimens with
amorphous silica addition



ðå 1050 °Ñ, èññëåäîâàëè ìåòîäîì ðåíòãåíîôàçîâîãî àíàëèçà, ïîêàçàâøåãî
íàëè÷èå íà ôîíå 94,7 % SiO2 êðèñòîáàëèòà – 5,3 % Al2 Si2 O5 (OH)4 êàîëèíè-
òà  è 20 % àìîðôíîé ôàçû. Ñïåêòðû áåíòîíèòîâîé ãëèíû ñ ÌÊÇ ïðåäñòàâ-
ëåíû íà ðèñ. 5.

Äèôôåðåíöèàëüíî-òåðìè÷åñêèé àíàëèç êîìïîçèöèè îãíåóïîðíîé ãëèíû
ñ 30 % ñèëèêàãåëÿ íå âûÿâèë çíà÷èòåëüíûõ îòëè÷èé (ðèñ. 6).

Ðåçóëüòàòû òåðìè÷åñêîãî àíàëèçà ïîêàçûâàþò äëÿ ñîñòàâà îãíåóïîð-
íîé ãëèíû ñ 30 % ñèëèêàãåëÿ ñìåùåíèå ýíäîòåðìè÷åñêîãî ïðîöåññà óäà-
ëåíèÿ êðèñòàëëèçàöèîííîé âîäû è ðàçëîæåíèÿ ãëèíèñòûõ ìèíåðàëîâ ñ
ïèêîì â 503 °Ñ è ýêçîòåðìè÷åñêîãî ïðîöåññà îáðàçîâàíèÿ ñèëëèìàíèòà
ñ ïèêîì â 942,5 °Ñ â çîíó áîëåå íèçêèõ òåìïåðàòóð ïî ñðàâíåíèþ ñ ÷èñòîé
ãëèíîé.
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Ðèñ. 4. Òåðìîãðàììû 1–3 – ÄÑÊ, 4–6 – ÒÃ: áåíòîíèòà (1, 4), áåíòîíèòà ñ 20 %
ÌÊÇ (2, 5) è áåíòîíèòà ñ 35 % ÌÊÇ (3, 6)

Fig. 4. Thermograms 1–3 – DSC, 4–6 – TG: bentonite (1, 4), bentonite with 20 %
MCZ (2, 5), and bentonite with 35 % MCZ (3, 6)

Ðèñ. 5. Ñïåêòð áåíòîíèòîâîé ãëèíû ñ ÌÊÇ è âûäåëåííîé àìîðôíîé ôàçîé

Fig. 5. Spectrum of bentonite clay with MCZ and separated amorphous phase



Ðåíòãåíîôàçîâûé àíàëèç îáîææåííîãî ïðè 1050 °Ñ îáðàçöà èç îãíåóïîð-
íîé ãëèíû ñ 30 % ñèëèêàãåëÿ ïîêàçàë íàëè÷èå 6,1 % Al2SiO5, 93,9 % SiO2,
ñëåäû Al2O3 è 26 % àìîðôíîé ôàçû (ðèñ. 7).

Èçëîìû îáðàçöîâ, îáîææåííûõ ïðè 1050 °Ñ, èç áåíòîíèòîâîé ãëèíû
ñ 20 % ÌÊÇ è îãíåóïîðíîé ãëèíû ñ 30 % ñèëèêàãåëÿ ñ ìàêñèìàëüíîé ïðî÷íî-
ñòüþ, áûëè îòïðàâëåíû íà ìèêðîñêîïè÷åñêèé àíàëèç (ðèñ. 8).

Âèäíà ïîâûøåííàÿ ïëîòíîñòü ìàññû îáðàçöà èç áåíòîíèòà ñ 20 % ÌÊÇ.
Ó íåãî íàèáîëüøàÿ ïðî÷íîñòü ïðè ñæàòèè è íàèáîëüøàÿ óñàäêà ïðè ñóøêå.
Îáðàçåö èç îãíåóïîðíîé ãëèíû ñ ñèëèêàãåëåì èìåë ìåíåå ïëîòíóþ è áîëåå
êðóïíîçåðíèñòóþ ñòðóêòóðó.
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Ðèñ. 6. Òåðìîãðàììû 1, 2 – ÄÑÊ, 3, 4 – ÒÃ:
îãíåóïîðíàÿ ãëèíà (1, 3), îãíåóïîðíàÿ ãëèíà è 30 % ñèëèêàãåëÿ (2, 4)

Fig. 6. Thermograms 1, 2 – DSC, 3, 4 – TG:
refractory clay (1, 3), refractory clay and 30 % silica gel (2, 4)

Ðèñ. 7. Ñïåêòð îãíåóïîðíîé ãëèíû ñ ñèëèêàãåëåì è àìîðôíîé ôàçîé

Fig. 7. Spectrum of refractory clay with silica gel and amorphous phase



4. Âûâîäû. 1. Ââåäåíèå àìîðôíîãî êðåìíåçåìà â ãëèíó ïðèâîäèò ê óâå-
ëè÷åíèþ åå êîëëîèäàëüíîñòè.

2. Îò âèäà àìîðôíîãî êðåìíåçåìà çàâèñÿò òåõíîëîãè÷åñêèå õàðàêòåðè-
ñòèêè ãëèíèñòîãî ñûðüÿ è ïðî÷íîñòü îáîææåííîãî èçäåëèÿ.

3. Âûñîêóþ àêòèâíîñòü ê áåíòîíèòîâîé ãëèíå ïîêàçàë ÌÊÇ, êîòîðûé
âëèÿåò íà ôàçîâûå ïðåîáðàçîâàíèÿ ãëèíû ïðè íàãðåâå (ñíèæàåò âåëè÷èíó
ýíäîòåðìè÷åñêîãî ïðîöåññà â äèàïàçîíå òåìïåðàòóð 450–550 °Ñ óäàëåíèÿ
êðèñòàëëèçàöèîííîé âîäû è ðàçëîæåíèÿ ãëèíèñòûõ ìèíåðàëîâ). Ïðè ââåäå-
íèè 35 % ÌÊÇ â äèàïàçîíå òåìïåðàòóð 1000–1050 °Ñ îòìå÷åíû ýíäîòåðìè-
÷åñêèå ïèêè ôàçîâûõ ïðåîáðàçîâàíèé. Ïî äàííûì ðåíòãåíîôàçîâîãî àíàëèçà
â îáðàçöå, îáîææåííîì ïðè òåìïåðàòóðå 1050 °Ñ, ôîðìèðóåòñÿ ìèêðîñòðóê-
òóðà ñ ïîâûøåííûì ïîêàçàòåëåì ïðî÷íîñòè.

4. Ââåäåíèå ñèëèêàãåëÿ â îãíåóïîðíóþ ãëèíó ñíèæàåò òåìïåðàòóðíûé
äèàïàçîí ïðîõîæäåíèÿ ýíäî- è ýêçîòåðìè÷åñêèõ ïðîöåññîâ ïðåîáðàçîâàíèÿ
ôàç, èíòåíñèôèöèðóåò íà÷àëî îáðàçîâàíèÿ îáæèãîâûõ ôàç â äèàïàçîíå òåì-
ïåðàòóð 900–1000 °Ñ. Ââåäåíèå ñèëèêàãåëÿ â îãíåóïîðíóþ ãëèíó ïðèâîäèò
ê ïîâûøåíèþ ïðî÷íîñòè ìàòåðèàëà.
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