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Àííîòàöèÿ. Èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî âî ìíîãèõ ðåãèîíàõ Ðîññèè çíà÷è-
òåëüíî óìåíüøèëîñü êîëè÷åñòâî êîíäèöèîííîãî ãëèíèñòîãî ñûðüÿ è ýôôåêòèâíûõ
îòîùèòåëåé (À12Î3 > 15 %), ïîýòîìó âîçíèêëà íåîáõîäèìîñòü íàéòè ïóòè è ñïîñîáû
çàìåíû èõ íà íåêîíäèöèîííîå ñûðüå, íî ñ ïðèâëå÷åíèåì îòõîäîâ ïðîèçâîäñòâ,
ñîäåðæàùèõ À12Î3 ³ 50 %. Ïîëó÷åí êèðïè÷ Ì150–Ì175 íà îñíîâå íåêîíäèöèîííîé
(ëåãêîïëàâêîé áåéäåëëèòîâîé ãëèíû) ñ ïðèìåíåíèåì îòõîäà õèìè÷åñêîãî ïðîèçâîäñò-
âà – àëþìîùåëî÷íîãî øëàìà, îáðàçóþùåãîñÿ ïðè î÷èñòêå ñòîêîâ ïðîèçâîäñòâ ýòèë-
è èçîïðîïèëáåíçîëà â êà÷åñòâå îòîùèòåëÿ. Ïðè òåìïåðàòóðå îáæèãà êåðàìè÷åñêîãî
ìàòåðèàëà 1000 °Ñ ïîÿâèëèñü ãåìàòèò, àíîðòèò, ñòåêëîôàçà, äèîïñèä è êðèñòîáàëèò.
Óâåëè÷åíèå òåìïåðàòóðû îáæèãà äî 1050 °Ñ ê îñîáûì èçìåíåíèÿì íå ïðèâîäèò, çà èñ-
êëþ÷åíèåì ïîâûøåíèÿ ñîäåðæàíèÿ êðèñòîáàëèòà, àíîðòèòà, ñòåêëîôàçû è äèîïñèäà.
Äàëüíåéøåå óâåëè÷åíèå òåìïåðàòóðû îáæèãà ñåéñìîñòîéêîãî êèðïè÷à äî 1100 °Ñ ñïî-
ñîáñòâóåò ïîÿâëåíèþ ìóëëèòà, êîòîðûé óïðî÷íÿåò êåðàìè÷åñêèé ÷åðåïîê.

Êëþ÷åâûå ñëîâà: ñåéñìîñòîéêèé êèðïè÷, íåêîíäèöèîííàÿ ãëèíà, àëþìîùå-
ëî÷íîé øëàì, àíîðòèò, ñòåêëîôàçà, äèîïñèä, ìóëëèò
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Original article

PROCESSES IN BRICK BASED ON SUBSTANDARD CLAY
AND ALUMINUM-ALKALINE SLUDGE

IN THE TEMPERATURE RANGE 1000–1100 °C

Vladimir Z. Abdrakhimov
Samara State University of Economics, Samara, Russia

Abstract. The conducted studies show that in many regions of Russia the quantities
of conditioned clay raw materials and effective cleaners have significantly decreased (A12O3 >
15 %), therefore it became necessary to find ways to replace them with substandard raw
materials, but with the involvement of waste products containing A12O3 ³ 50 %. Brick
M150–M175 was obtained on the basis of substandard (low-melting beidellite clay) with the
use of chemical production waste – aluminum-alkali sludge formed during the purification of
effluents of ethyl and isopropylbenzene production as a thinner. At the ceramic material firing
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temperature of 1000 °C, hematite, anorthite, glass phase, diopside and cristobalite appeared.
An increase in the firing temperature to 1050 °C does not lead to any special changes, except
for an increase in the content of cristobalite, anorthite, glass phase and diopside. A further
increase in the firing temperature of earthquake-resistant bricks to 1100 °C contributes to the
appearance of mullite, which strengthens the ceramic shard.

Keywords: earthquake-resistant brick, substandard clay, alumina slurry, anorthite,
glass phase, diopside, mullite

For citation: Abdrakhimov V.Z. Processes in brick based on substandard clay
and aluminum-alkaline sludge in the temperature range 1000–1100 °oC. News of
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Ââåäåíèå. Â ðàáîòàõ [1, 2] áûëà ïîêàçàíà ïðèíöèïèàëüíàÿ âîçìîæíîñòü
ïîëó÷åíèÿ êèðïè÷à Ì150–Ì175 íà îñíîâå íåêîíäèöèîííîé ãëèíû è îòõî-
äîâ ïðîèçâîäñòâ. Ñëåäóåò îòìåòèòü, ÷òî íà òåððèòîðèè ñ ïîâûøåííîé
ñåéñìè÷íîñòüþ äëÿ êëàäêè ñàìîíåñóùèõ è íåñóùèõ ñòåí ñîãëàñíî ï. 6.
ÑÏ 14.13330.2014 «Ñòðîèòåëüñòâî â ñåéñìè÷åñêèõ ðàéîíàõ» íåîáõîäèìî
èñïîëüçîâàòü êåðàìè÷åñêèå êàìíè è êèðïè÷è ìàðêè Ì125 è âûøå. Òàêîé
êèðïè÷ ïðèìåíÿþò íà òåõ ñòðîèòåëüíûõ ïëîùàäêàõ, ãäå ñåéñìè÷íîñòü ïðå-
âûøàåò 5 áàëëîâ [1, 3].

Ê íåêîíäèöèîííûì ãëèíàì îòíîñÿòñÿ ãëèíû, èç êîòîðûõ íåâîçìîæíî ïî-
ëó÷èòü áåç ðàçëè÷íûõ äîáàâîê êåðàìè÷åñêèé êèðïè÷ ìàðêè Ì125 è âûøå.
Ýòè ãëèíû ñîäåðæàò îêñèä àëþìèíèÿ íå áîëåå 15 % (À12Î3 £ 15 %). Äîáàâêà
â  êåðàìè÷åñêèå ìàññû èç íåêîíäèöèîííûõ ãëèí îòõîäîâ õèìè÷åñêîé ïðî-
ìûøëåííîñòè, ñîäåðæàùèõ À12Î3 áîëåå 50 %, ïîçâîëÿåò ïîëó÷èòü ñåéñìî-
ñòîéêèé êèðïè÷ ìàðêè Ì150 è âûøå.

Öåëü ðàáîòû. Íà îñíîâå íåêîíäèöèîííîé áåéäåëëèòîâîé ãëèíû è âûñî-
êîãëèíîçåìèñòîãî îòõîäà õèìè÷åñêîé ïðîìûøëåííîñòè – àëþìîùåëî÷íîãî
øëàìà, îáðàçóþùåãîñÿ ïðè î÷èñòêå ñòîêîâ ïðîèçâîäñòâ ýòèë- è èçîïðîïèë-
áåíçîëà, ïîëó÷èòü ñåéñìîñòîéêèé êèðïè÷ ñ âûñîêèìè ôèçèêî-ìåõàíè÷åñêè-
ìè ïîêàçàòåëÿìè è èññëåäîâàòü ïðîöåññû, ïðîèñõîäÿùèå ïðè îáæèãå åãî â
èíòåðâàëå òåìïåðàòóð 1000–1100 °Ñ.

Ìåòîäèêà èññëåäîâàíèÿ. Ïîýëåìåíòíûé àíàëèç è ýëåêòðîííîå ôîòîãðà-
ôèðîâàíèå èññëåäóåìûõ îáðàçöîâ ïðîèçâîäèëè ñ ïîìîùüþ ðàñòðîâîãî ýëåê-
òðîííîãî ìèêðîñêîïà JSM 6390A ôèðìû Jeol, ßïîíèÿ [4]. Ñ èñïîëüçîâàíèåì
èììåðñèîííûõ æèäêîñòåé, ïðîçðà÷íûõ øëèôîâ è àíøëèôîâ ïîä ìèêðî-
ñêîïîì ÌÈÍ-8 è ÌÈÍ-7 ïðîâîäèëè ïåòðîãðàôè÷åñêèå èññëåäîâàíèÿ, à ñ ïî-
ìîùüþ ðåíòãåíîäèôðàêòîìåòðè÷åñêîãî àíàëèçà èññëåäîâàëè êà÷åñòâåííûé
ìèíåðàëîãè÷åñêèé (ôàçîâûé) ñîñòàâ îáðàçöîâ íà àâòîìàòèçèðîâàííîì äè-
ôðàêòîìåòðå ÄÐÎÍ-3 ñ CuÊa-èçëó÷åíèåì, b-ôèëüòð. Íà ñïåêòðîôîòîìåòðå
“Spekord-75JR” áûëè ïîëó÷åíû ÈÊ-ñïåêòðû ïîãëîùåíèÿ. Ïðèãîòîâëåíèå
îáðàçöîâ îñóùåñòâëÿëîñü â âèäå ñóñïåíçèè ïîðîøêà ñ âàçåëèíîâûì ìàñëîì.
Ñâåäåíèÿ î ìèíåðàëîîáðàçîâàíèè â îáðàçöàõ ïîëó÷åíû ñ ïîìîùüþ ýëåêòðîí-
íîãî ìèêðîñêîïà ÝÌÁ-100ÁÐ ìåòîäîì «ðåïëèê» íà ïðîñâåò.

Ïîñòàíîâêà çàäà÷è. Â XXI â. â Ðîññèè çíà÷èòåëüíî óìåíüøèëîñü êî-
ëè÷åñòâî êîíäèöèîííîãî ãëèíèñòîãî ñûðüÿ è ýôôåêòèâíûõ îòîùèòåëåé
(À12Î3 > 15 %), ïîýòîìó âîçíèêëà íåîáõîäèìîñòü íàéòè ïóòè è ñïîñîáû
çàìåíû èõ íà íåêîíäèöèîííîå ñûðüå ñ ïðèâëå÷åíèåì îòõîäîâ ïðîèçâîäñòâ,
ñîäåðæàùèõ À12Î3 ³ 50 %.
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Íåîáõîäèìî ïðîâåñòè êîìïëåêñíîå èññëåäîâàíèå ñûðüåâûõ êîìïîíåí-
òîâ: õèìè÷åñêèé ñîñòàâ, óñðåäíåííûé îêñèäíûé è ïîýëåìåíòíûé ñîñòàâ,
îïðåäåëèòü ìèíåðàëîãè÷åñêèé ñîñòàâ è ìèêðîñòðóêòóðó. Ïîäîáðàòü ñîñòàâû
äëÿ ïîëó÷åíèÿ êåðàìè÷åñêèõ ìàòåðèàëîâ è óñòàíîâèòü îïòèìàëüíûé ñîñòàâ
äëÿ ïîëó÷åíèÿ ñåéñìîñòîéêîãî êèðïè÷à. Âûÿñíèòü âëèÿíèå àëþìîùåëî÷íî-
ãî øëàìà íà ôèçèêî-ìåõàíè÷åñêèå ïîêàçàòåëè. Èññëåäîâàòü ïðîöåññû, ïðî-
èñõîäÿùèå ïðè îáæèãå èçäåëèé â èíòåðâàëå òåìïåðàòóð 1000–1100 °Ñ, äëÿ
îïðåäåëåíèÿ ôàçîâîãî ñîñòàâà.

Ðåçóëüòàòû èññëåäîâàíèÿ. Ñûðüåâûå ìàòåðèàëû. Äëÿ ïîëó÷åíèÿ
ñåéñìîñòîéêîãî êåðàìè÷åñêîãî êèðïè÷à è èññëåäîâàíèÿ åãî ôàçîâîãî ñîñòàâà
èñïîëüçîâàëèñü â êà÷åñòâå ñâÿçóþùåãî áåéäåëëèòîâàÿ ëåãêîïëàâêàÿ ãëèíà
Îáðàçöîâñêîãî ìåñòîðîæäåíèÿ Ñàìàðñêîé îáëàñòè, â êà÷åñòâå àëþìîñîäåð-
æàùåãî îòîùèòåëÿ – àëþìîùåëî÷íîé øëàì, îáðàçóþùèéñÿ ïðè î÷èñòêå
ñòîêîâ ïðîèçâîäñòâ ýòèë- è èçîïðîïèëáåíçîëà. Õèìè÷åñêèé ñîñòàâ ñûðüåâûõ
êîìïîíåíòîâ (îêñèäíûé è ïîýëåìåíòíûé) ïðèâåäåí â òàáë. 1, 2. Ìèêðîñòðóê-
òóðà ñûðüåâûõ êîìïîíåíòîâ ïðåäñòàâëåíà íà ðèñ. 1, à ìèíåðàëîãè÷åñêèé
ñîñòàâ íà ðèñ. 2.
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Ò à á ë è ö à 1. Õèìè÷åñêèé ñîñòàâ êîìïîíåíòîâ, ìàñ. %

T a b l e 1. Chemical composition of components, mas. %

Êîìïîíåíò SiO2 Al2O3 Fe2O3 CaO MgO R2O SO3 Ï.ï.ï.

Áåéäåëëèòîâàÿ ãëèíà 56,38 14,46 8,52 2,75 1,82 3,73 1,82 9,42

Àëþìîùåëî÷íîé øëàì 5,85 63,10 0,96 4,45 4,24 17,60 – 4,30

Ò à á ë è ö à 2. Ýëåìåíòíûé õèìè÷åñêèé ñîñòàâ ñûðüåâûõ êîìïîíåíòîâ, ìàñ. %

T a b l e 2. Elemental chemical composition of raw materials, mas. %

Êîìïîíåíò Ñ O Na Mg Al Si K Ca Fe

Áåéäåëëèòîâàÿ ãëèíà 7,73 50,06 0,46 1,04 7,20 17,70 1,45 2,05 3,35

Àëþìîùåëî÷íîé øëàì – 47,28 9,82 2,83 25,85 3,44 7,43 3,12 0,23

Ðèñ. 1. Ìèêðîñòðóêòóðà ñûðüåâûõ êîìïîíåíòîâ áåéäåëëèòîâîé ãëèíû (à) è àëþ-
ìîùåëî÷íîãî øëàìà (á)

Ìèêðîñòðóêòóðà ïîëó÷åíà ñ ïîìîùüþ ðàñòðîâîãî ýëåêòðîííîãî ìèêðîñêîïà JSM 6390A.
Óâåëè÷åíèå ´500

Fig. 1. Microstructure of raw components of beidellite clay (a) and aluminum-alkali
sludge (b)

The microstructure was perfomeos using a scanming electron microscope JSM 6390A. Increase
´500
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Ðèñ. 2. Ìèíåðàëîãè÷åñêèé ñîñòàâ áåéäåëëèòîâîé ãëèíû (à) è àëþìîùåëî÷íîãî
øëàìà (á)

Fig. 2. Mineralogical composition of beidellite clay (a) and aluminum-alkali sludge
waste (b)

Ðèñ. 3. Ìèêðîñòðóêòóðà îáðàçöîâñêîé áåéäåëëèòî-
âîé ãëèíû

1 – áåéäåëëèò; 2 – îðãàíè÷åñêèå âêëþ÷åíèÿ; 3 – ïîëå-
âîé øïàò; 4 – êâàðö; 5 – ãèäðîñëþäà

Óâåëè÷åíèå à, â ´10 000; á, ã ´8000

Fig. 3. Microstructure of Obraztsovskaya beidellite clay
1 – beidellite; 2 – organic inclusions; 3 – feldspar;

4 – quartz; 5 – hydrosluda

Increase à, c ´10 000; b, d ´8000



Áåéäåëëèòîâàÿ ãëèíà. Áåéäåëëèòî-
âàÿ ãëèíà Îáðàçöîâñêîãî ìåñòîðîæäå-
íèÿ îòíîñèòñÿ ê ãðóïïå ñðåäíåäèñïåðñ-
íîãî ñûðüÿ ïî ãðàíóëîìåòðè÷åñêîìó
ñîñòàâó. Îíà âûñîêî÷óâñòâèòåëüíà ê
ñóøêå, õàðàêòåðèçóåòñÿ âûñîêîé óñàä-
êîé îáðàçöîâ. Ïî ïëàñòè÷íîñòè (÷èñëî
ïëàñòè÷íîñòè 15–22) – ñðåäíåïëà-
ñòè÷íàÿ.

Îñíîâíûì ãëèíèñòûì ïîðîäîîá-
ðàçóþùèì ìèíåðàëîì èññëåäóåìîãî
ãëèíèñòîãî ñûðüÿ ÿâëÿåòñÿ áåéäåëëèò
(ðèñ. 3) – Al2[Si4O10][OH]2 · nH2O, íà-
çâàííûé ïî ìåñòíîñòè Áåéäåëë øòàòà
Êîëîðàäî (ÑØÀ) è îòíîñÿùèéñÿ ê
ìèíåðàëàì ãðóïïû ìîíòìîðèëëîíèòà. Ïî îãíåóïîðíîñòè áåéäåëëèòîâàÿ ãëè-
íà (1320–1350 °Ñ) ëåãêîïëàâêàÿ.

Áåéäåëëèòîâàÿ ãëèíà Îáðàçöîâñêîãî ìåñòîðîæäåíèÿ îòíîñèòñÿ ê íåêîí-
äèöèîííîìó ñûðüþ, òàê êàê íåïðèãîäíà äëÿ ïîëó÷åíèÿ êåðàìè÷åñêîãî êèð-
ïè÷à. Íà ðèñ. 4 ïðåäñòàâëåí êåðàìè÷åñêèé êèðïè÷ èç îáðàçöîâñêîé ãëèíû áåç
äîáàâîê, îáîææåííûé íà êèðïè÷íîì çàâîäå ã. Òîëüÿòòè â òóííåëüíîé ïå÷è
ïðè òåìïåðàòóðå îáæèãà 1000 °Ñ.

Àëþìîùåëî÷íîé øëàì – îòõîä õèìè÷åñêîé ïðîìûøëåííîñòè – îáðàçóåò-
ñÿ ïîñëå î÷èñòêè ñòîêîâ ïðîèçâîäñòâ ýòèë- è èçîïðîïèëáåíçîëà îò îñòàòî÷íî-
ãî õëîðèäà àëþìèíèÿ, êîòîðûé èñïîëüçîâàëñÿ êàê êàòàëèçàòîð. Êàê âèäíî èç
òàáë. 1 è 2, èññëåäóåìûé øëàì èìååò ïîâûøåííîå ñîäåðæàíèå îêñèäîâ àëþ-
ìèíèÿ è ùåëî÷åé, ÷òî áóäåò ñïîñîáñòâîâàòü ñïåêàíèþ ñåéñìîñòîéêîãî êèð-
ïè÷à â èíòåðâàëå òåìïåðàòóð 1050–1100 °Ñ, â ðåçóëüòàòå ÷åãî ïîâûñÿòñÿ òåõ-
íè÷åñêèå (ôèçèêî-ìåõàíè÷åñêèå) ïîêàçàòåëè. Êðîìå òîãî, àëþìîùåëî÷íîé
øëàì èìååò ïîâûøåííóþ äèñïåðñíîñòü (10 000–12 000), êîòîðàÿ ïðèäàåò
øëàìó ÷èñëî ïëàñòè÷íîñòè äî 8–10 [5–7].

Ïîëó÷åíèå ñåéñìîñòîéêîãî êèðïè÷à è åãî ñâîéñòâà. Ñûðüåâûå êîìïî-
íåíòû áåéäåëëèòîâàÿ ãëèíà è àëþìîùåëî÷íîé øëàì ïî ðåöåïòó, ïðåäñòàâ-
ëåííîìó â òàáë. 3, èçìåëü÷àëèñü äî ïðîõîæäåíèÿ ÷åðåç ñèòî 1 ìì, çàòåì
òùàòåëüíî ïåðåìåøèâàëèñü.

Èç ïîëó÷åííîé øèõòû âëàæíîñòüþ 20–22 % ïëàñòè÷åñêèì ôîðìîâàíèåì
èçãîòîâëÿëè êèðïè÷-ñûðåö. Ñôîðìîâàííûå îáðàçöû âûñóøèâàëè â ñóøèëüíîì
øêàôó äî îñòàòî÷íîé âëàæíîñòè íå áîëåå 5 %, çàòåì â ìóôåëüíîé ïå÷è îáæèãà-
ëè â èíòåðâàëå òåìïåðàòóð 1000–1100 °Ñ. Ïðè êîíå÷íîé òåìïåðàòóðå äåëàëè
èçîòåðìè÷åñêóþ âûäåðæêó â òå÷åíèå 1 ÷. Òåõíè÷åñêèå (ôèçèêî-ìåõàíè÷åñêèå)
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Ðèñ. 4. Ïîëíîòåëûé êèðïè÷ èç îáðàçöîâ-
ñêîé ãëèíû, îáîææåííûé ïðè òåìïåðà-

òóðå 1000 °Ñ

Fig. 4. Full-bodied brick made of Obraz-
tsovskaya clay, fired at a temperature of

1000 °Ñ

Ò à á ë è ö à 3. Ñîñòàâû êåðàìè÷åñêèõ ìàññ, ìàñ. %

T a b l e 3. Compositions of ceramic masses, mas. %

Êîìïîíåíò
Ñîñòàâ

1 2 3 4

Áåéäåëëèòîâàÿ ãëèíà 100 80 70 60

Àëþìîùåëî÷íîé øëàì – 20 30 40



ïîêàçàòåëè ñåéñìîñòîéêèõ îáîææåííûõ êåðàìè÷åñêèõ ìàòåðèàëîâ ïðåäñòàâ-
ëåíû â òàáë. 4.

Äàííûå òàáë. 4 ïîäòâåðæäàþò, ÷òî áåéäåëëèòîâàÿ ãëèíà ÿâëÿåòñÿ íåêîí-
äèöèîííûì ñûðüåì è íà åå îñíîâå ñåéñìîñòîéêèé êèðïè÷ áåç èñïîëüçîâàíèÿ
àëþìîñîäåðæàùèõ îòîùèòåëåé ïðàêòè÷åñêè íåâîçìîæíî ïîëó÷èòü äàæå ïðè
îáæèãå ñåéñìîñòîéêîãî êèðïè÷à â èíòåðâàëå òåìïåðàòóð 1050–1100 °Ñ.

Äëÿ ïîëó÷åíèÿ ñåéñìîñòîéêîãî êèðïè÷à îïòèìàëüíûì ÿâëÿåòñÿ ñîñòàâ 3,
ñîäåðæàùèé 30 % àëþìîùåëî÷íîãî øëàìà. Ïîýòîìó ôàçîâûå ïðåâðàùåíèÿ
ïðè îáæèãå â èíòåðâàëå 1000–1100 °Ñ èçó÷àëè íà îáðàçöàõ ñîñòàâà 3. Ðåíòãåíî-
ãðàììû îáðàçöîâ ñîñòàâà 3 ïðåäñòàâëåíû íà ðèñ. 5, à ÈÊ-ñïåêòðû – íà ðèñ. 6.

Îáñóæäåíèå ðåçóëüòàòîâ. Èñïîëüçîâàíèå àëþìîùåëî÷íîãî øëàìà
äàæå â êîëè÷åñòâå 20 % (ñîñòàâ 2, òàáë. 4) ïîâûøàåò òåõíè÷åñêèå ïîêàçàòåëè
êåðàìè÷åñêîãî êèðïè÷à äî ìàðî÷íîñòè Ì125. Îïòèìàëüíîå êîëè÷åñòâî èñ-
ïîëüçîâàíèÿ àëþìîñîäåðæàùåãî øëàìà íå áîëåå 30 %, òàê êàê áîëåå âûñîêîå
åãî ñîäåðæàíèå ñíèæàåò òåõíè÷åñêèå ïîêàçàòåëè ñåéñìîñòîéêîãî êèðïè÷à.
Îãíåóïîðíîñòü àëþìîùåëî÷íîãî øëàìà çà ñ÷åò ïîâûøåííîãî ñîäåðæàíèÿ
â íåì îêñèäà àëþìèíèÿ (Al2O3 = 63,10 %) áîëåå 1500 °Ñ, ïîýòîìó ïðè óâåëè-
÷åíèè ñîäåðæàíèÿ øëàìà â ñîñòàâàõ êåðàìè÷åñêèõ ìàññ íåîáõîäèìî ïîâû-
ñèòü è òåìïåðàòóðó îáæèãà ñåéñìîñòîéêîãî êèðïè÷à. Â òàáë. 4 ïîêàçàíî, ÷òî
èñïîëüçîâàíèå àëþìîñîäåðæàùåãî øëàìà â ñåéñìîñòîéêîì êèðïè÷å íà îñíî-
âå íåêîíäèöèîííîãî ãëèíèñòîãî ñûðüÿ ïîçâîëÿåò ïîëó÷èòü êèðïè÷ èç îïòè-
ìàëüíîãî ñîñòàâà 3 ìàðêè Ì150–Ì175, îáîææåííîãî â èíòåðâàëå òåìïåðàòóð
1050–1100 °Ñ.
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Ò à á ë è ö à 4. Òåõíè÷åñêèå ïîêàçàòåëè ñåéñìîñòîéêîãî êèðïè÷à

T a b l e 4. Technical indicators of earthquake-resistant bricks

Ïîêàçàòåëü
Ñîñòàâ

1 2 3 4

Òåìïåðàòóðà îáæèãà 1000 °Ñ

Ìåõàíè÷åñêàÿ ïðî÷íîñòü ïðè ñæàòèè, ÌÏà 8,8 12,8 13,8 13,8

Ìåõàíè÷åñêàÿ ïðî÷íîñòü ïðè èçãèáå, ÌÏà 1,5 2,8 3,2 2,5

Ìîðîçîñòîéêîñòü, öèêëû 11 18 24 21

Òåðìîñòîéêîñòü, 350 – âîäà 20 °Ñ 1 2 5 4

Òåìïåðàòóðà îáæèãà 1050 °Ñ

Ìåõàíè÷åñêàÿ ïðî÷íîñòü ïðè ñæàòèè, ÌÏà 9,3 15,9 16,7 16,5

Ìåõàíè÷åñêàÿ ïðî÷íîñòü ïðè èçãèáå, ÌÏà 1,8 3,0 3,4 2,9

Ìîðîçîñòîéêîñòü, öèêëû 14 38 45 43

Òåðìîñòîéêîñòü, 350 – âîäà 20 °Ñ 2 3 4 7

Òåìïåðàòóðà îáæèãà 1100 °Ñ

Ìåõàíè÷åñêàÿ ïðî÷íîñòü ïðè ñæàòèè, ÌÏà 11,1 16,8 18,4 17,7

Ìåõàíè÷åñêàÿ ïðî÷íîñòü ïðè èçãèáå, ÌÏà 2,2 3,5 3,9 3,7

Ìîðîçîñòîéêîñòü, öèêëû 16 44 64 61

Òåðìîñòîéêîñòü, 350 – âîäà 20 °Ñ 2 3 8 8
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Ðèñ. 5. Ðåíòãåíîãðàììû îáðàçöîâ èç îïòèìàëüíîãî ñîñòàâà, îáîæ-
æåííûõ â èíòåðâàëå 1000–1100 °Ñ
à – 1000 °C; á – 1050 °C; â – 1100 °C

Fig. 5. Radiographs of samples from the optimal composition, burned
in the range of 1000–1100 °Ñ

a – 1000 °C; b – 1050 °C; c – 1100 °C



Ïðè òåìïåðàòóðå îáæèãà 1000 °Ñ â îáðàçöàõ èç ñîñòàâà 3 íà ðåíòãåíî-
ãðàììå îòìå÷àåòñÿ ïîÿâëåíèå íîâûõ ìèíåðàëîâ: êðèñòîáàëèòà, àíîðòèòà,
ãåìàòèòà è äèîïñèäà (ñì. ðèñ. 5, à). Îáðàçîâàíèå íîâûõ ìèíåðàëîâ ïîäòâåð-
æäàþò è ÈÊ-ñïåêòðû (ñì. ðèñ. 6, à). Êðîìå òîãî, ÈÊ-ñïåêòðû ïîêàçûâàþò
è ïîÿâëåíèå ïðè 1000 °Ñ ñòåêëîôàçû, êîòîðàÿ, êàê ïðàâèëî, íà ðåíòãåíîãðàì-
ìàõ íå îáíàðóæèâàåòñÿ.

Êàëüöèåâûé ïîëåâîé øïàò àíîðòèò (ÑàO ×Al2O3 ×2SiO2) â êåðàìè÷åñêèõ
ìàòåðèàëàõ ìîæåò íàõîäèòüñÿ òîëüêî â óñòîé÷èâîé ìîäèôèêàöèè [7, 8]. Â ðà-
áîòàõ [9–11] áûëî ïîêàçàíî, ÷òî â êåðàìè÷åñêèõ ìàòåðèàëàõ íà ðîñò ïðî÷íî-
ñòè ïîëîæèòåëüíîå âëèÿíèå îêàçûâàåò àíîðòèò.
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Ðèñ. 6. ÈÊ-ñïåêòðû îáðàçöîâ èç îïòèìàëüíîãî ñîñòàâà, îáîææåííûõ â èí-
òåðâàëå 1000–1100 °Ñ

à – 1000 °C; á – 1050 °C; â – 1100 °C

Fig. 6. IR spectra of samples from the optimal composition, burned in the range
of 1000–1100 °Ñ

a – 1000 °C; b – 1050 °C; c – 1100 °C



Ãåìàòèò îäèí èç îñíîâíûõ æåëåçèñòûõ ìèíåðàëîâ, ñïîñîáñòâóþùèé
ïîÿâëåíèþ æåëåçèñòîãî â èíòåðâàëå òåìïåðàòóð 1050–1100 °Ñ ñòåêëà, êîòî-
ðîå áëàãîïðèÿòñòâóåò îáðàçîâàíèþ ìóëëèòà óæå íà ðàííèõ ñòàäèÿõ îáæèãà
(1100–1200 °Ñ). Êðèñòîáàëèò íå ïðåäïîëàãàåò ðîñò ïðî÷íîñòè êåðàìè÷åñêèõ
ìàòåðèàëîâ, íî óâåëè÷èâàåò êîëè÷åñòâî äåôåêòîâ â êðèñòàëëè÷åñêîé ðåøåò-
êå, ñïîñîáñòâóþùåå óñêîðåíèþ òâåðäîôàçîâûõ ðåàêöèé. Äèîïñèä ïðåäïî-
ëàãàåò, êàê ïîêàçàíî â ðàáîòå [12], ïîëó÷åíèå âûñîêîïðî÷íîé ñòðîèòåëüíîé
êåðàìèêè â êîìïîçèöèè ñ ëåãêîïëàâêèìè ãëèíàìè, ïðè÷åì ïðè ââåäåíèè
äèîïñèäà â ñûðüå ýôôåêò óïðî÷íåíèÿ íà÷èíàåòñÿ â èíòåðâàëå òåìïåðàòóð
900–1050 °Ñ [13].

Óâåëè÷åíèå òåìïåðàòóðû îáæèãà îáðàçöà èç îïòèìàëüíîãî ñîñòàâà äî
1050 °Ñ ê îñîáûì èçìåíåíèÿì ïðàêòè÷åñêè íå ïðèâîäèò, êðîìå ïîâûøåíèÿ
ñîäåðæàíèÿ êðèñòîáàëèòà, àíîðòèòà è äèîïñèäà (óâåëè÷åíèå ïèêîâ íà ðåíòãå-
íîãðàììå) è óìåíüøåíèÿ ïîëåâîãî øïàòà, î÷åâèäíî, áîëüøàÿ ÷àñòü êîòîðîãî
ïåðåøëà â ðàñïëàâ.

Íà ðåíòãåíîãðàììå ïðè òåìïåðàòóðå îáæèãà 1100 °Ñ â îáðàçöàõ èç îïòè-
ìàëüíîãî ñîñòàâà 3 îòìå÷àåòñÿ íà÷àëî êðèñòàëëèçàöèè ìóëëèòà (d/n = 0,152;
0,211; 0,220; è 0,339 íì), ïîÿâëåíèå ìóëëèòà ïðè òåìïåðàòóðå îáæèãà 1100 °Ñ
ïîäòâåðæäàåòñÿ è ÈÊ-ñïåêòðîì. Êðèñòàëëèçàöèè ìóëëèòà ïðè îáæèãå êåðà-
ìè÷åñêèõ ìàòåðèàëîâ ïðèäàåòñÿ îñîáîå çíà÷åíèå, òàê êàê èìåííî ìóëëèò
ñîîáùàåò íåîáõîäèìóþ ïðî÷íîñòü èçäåëèÿì [14].

Âûâîäû. 1. Ìíîãî÷èñëåííûå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî òðàäèöèîí-
íûå êîíäèöèîííûå êà÷åñòâåííûå ïðèðîäíûå ñûðüåâûå ìàòåðèàëû èñòîùà-
þòñÿ, ïîýòîìó â Ðîññèè íåîáõîäèìî èçûñêàòü ñïîñîáû çàìåùåíèÿ ýòîãî
ñûðüÿ íà îòõîäû ïðîèçâîäñòâà.

2. Â íàñòîÿùåé ðàáîòå ïîëó÷åí ñåéñìîñòîéêèé êèðïè÷ Ì150–Ì175 íà
îñíîâå íåêîíäèöèîííîé (ëåãêîïëàâêîé áåéäåëëèòîâîé ãëèíû) ñ ïðèìåíåíè-
åì îòõîäà õèìè÷åñêîãî ïðîèçâîäñòâà – àëþìîùåëî÷íîãî øëàìà, îáðàçóþùå-
ãîñÿ ïðè î÷èñòêå ñòîêîâ ïðîèçâîäñòâ ýòèë- è èçîïðîïèëáåíçîëà â êà÷åñòâå
îòîùèòåëÿ.

3. Ïðè òåìïåðàòóðå îáæèãà 1000 °Ñ ó èññëåäóåìîãî îáðàçöà èç îïòèìàëü-
íîãî ñîñòàâà ïîÿâèëèñü ãåìàòèò, àíîðòèò, ñòåêëîôàçà, äèîïñèä è êðèñòîáà-
ëèò. Óâåëè÷åíèå òåìïåðàòóðû îáæèãà äî 1050 °Ñ ê îñîáûì èçìåíåíèÿì íå
ïðèâåëî, çà èñêëþ÷åíèåì ïîâûøåíèÿ ñîäåðæàíèÿ êðèñòîáàëèòà, àíîðòèòà,
ñòåêëîôàçû è äèîïñèäà. Äàëüíåéøåå óâåëè÷åíèå òåìïåðàòóðû îáæèãà ñåéñ-
ìîñòîéêîãî êèðïè÷à äî 1100 °Ñ ñïîñîáñòâóåò ïîÿâëåíèþ ìóëëèòà, êîòîðûé
óïðî÷íÿåò êåðàìè÷åñêèé ÷åðåïîê.
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