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Àííîòàöèÿ. Â ðàáîòå ðàññìîòðåíà è óñòàíîâëåíà âîçìîæíîñòü èñïîëüçîâàíèÿ
ýíåðãèè íèçêîòåìïåðàòóðíîé ïëàçìû â îáëàñòè ñîçäàíèÿ è îáðàáîòêè ñòðîèòåëüíûõ
ìàòåðèàëîâ. Âûÿâëåíî, ÷òî âûñîêàÿ êîíöåíòðàöèÿ òåïëîâûõ ïîòîêîâ ïîâåðõíîñòè
ìàòåðèàëîâ îáðàçóåò ïîêðûòèå, îòëè÷àþùååñÿ ñòîéêîñòüþ ê âîçäåéñòâèþ íåáëàãî-
ïðèÿòíûõ ôàêòîðîâ. Çàùèòíî-äåêîðàòèâíûé ñëîé ïîëó÷åí íà ìàòåðèàëàõ èñêóññò-
âåííîãî è ðàñòèòåëüíîãî ïðîèñõîæäåíèÿ. Ïðèâåäåíû äàííûå, îòðàæàþùèå âëèÿíèå
ðàáî÷åãî ðåæèìà ïëàçìåííîé îáðàáîòêè íà õàðàêòåðèñòèêè îïëàâëåííîé ïîâåðõíî-
ñòè ñèëèêàòíûõ èçäåëèé. Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ ïëàçìåí-
íîé îáðàáîòêè äðåâåñèíû íà ïðî÷íîñòü êëååâîãî ñîåäèíåíèÿ. Îïðåäåëåíî, ÷òî ïðå-
èìóùåñòâî ïëàçìåííûõ òåõíîëîãèé îñíîâàíî íà âûñîêîé èíòåíñèâíîñòè ïðîöåññîâ
ñîçäàíèÿ/îáðàáîòêè ìàòåðèàëîâ. Ïîêàçàíû ïåðñïåêòèâû èñïîëüçîâàíèÿ ïëàçìåííûõ
òåõíîëîãèé â îáëàñòè ïåðåðàáîòêè òåõíîãåííûõ îòõîäîâ äëÿ ïðîèçâîäñòâà ìàòåðèà-
ëîâ ñ õîðîøèìè ôèçèêî-ìåõàíè÷åñêèìè ñâîéñòâàìè.
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Original article

PROSPECTS FOR THE USE OF PLASMA TECHNOLOGIES
IN THE CREATION AND PROCESSING

OF BUILDING MATERIALS
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Nelli K. Skripnikova

Tomsk State University of Architecture and Building, Tomsk, Russia

Abstract. The paper considers and establishes the possibility of using low-
temperature plasma energy in the field of creation and processing of building materials. It
was found that a high concentration of heat fluxes of the material surface forms a coating
that is characterized by resistance to the effects of adverse factors. The formation of a
protective and decorative layer is obtained on materials of artificial and plant origin. The
data reflecting the influence of the operating mode of plasma treatment on the
characteristics of the melted surface of silicate products are presented. The results of
the  study of the effect of plasma treatment of wood on the strength of the adhesive joint
are presented. It is determined that the advantage of plasma technologies is based on the
high intensity of the processes of creating /processing materials. The prospects of using
plasma technologies in the processing of industrial waste for the production of materials
with good physical and mechanical properties are shown.
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and decorative coating
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Ââåäåíèå. Ðàçâèòèå ñòðîèòåëüíîãî êîìïëåêñà ñîïðîâîæäàåòñÿ ïîèñêîì
íîâûõ, à òàêæå ðàçðàáîòêîé òåõíîëîãèé ñîçäàíèÿ è îáðàáîòêè ñòðîèòåëüíûõ
ìàòåðèàëîâ. Â íàñòîÿùåå âðåìÿ îäíèìè èç îñíîâíûõ òðåáîâàíèé, ïðåäúÿâ-
ëÿåìûõ ê òåõíîëîãèè ñîçäàíèÿ ñòðîèòåëüíûõ ìàòåðèàëîâ, ÿâëÿþòñÿ ýêîíîìè-
÷åñêàÿ è ýêîëîãè÷åñêàÿ ýôôåêòèâíîñòü. Èñïîëüçîâàíèå íèçêîòåìïåðàòóðíîé
ïëàçìû â êà÷åñòâå èñòî÷íèêà òåïëîâîãî âîçäåéñòâèÿ, çà ñ÷åò çíà÷èòåëüíîé
òåìïåðàòóðû è âûñîêîé êîíöåíòðàöèè óäåëüíûõ òåïëîâûõ ïîòîêîâ, îòêðûâà-
åò íîâûå âîçìîæíîñòè â îáëàñòè ñîçäàíèÿ è ìîäèôèêàöèè ñòðîèòåëüíûõ
ìàòåðèàëîâ ñ ó÷åòîì ïðåäúÿâëÿåìûõ òðåáîâàíèé.

Öåëüþ ðàáîòû ÿâëÿåòñÿ èçó÷åíèå âîçìîæíîñòè ïðèìåíåíèÿ ýíåðãèè
íèçêîòåìïåðàòóðíîé ïëàçìû äëÿ ñîçäàíèÿ è îáðàáîòêè ñòðîèòåëüíûõ ìàòå-
ðèàëîâ.

Ïåðâûå èññëåäîâàíèÿ âîçìîæíîñòè ïðèìåíåíèÿ ýíåðãèè ïëàçìû â îá-
ëàñòè ñòðîèòåëüíûõ ìàòåðèàëîâ ïðîâîäèëèñü íà áåòîííûõ, êåðàìè÷åñêèõ è
ñèëèêàòíûõ ìàòåðèàëàõ [1, 2]. Îòìå÷åíà áîëåå âûñîêàÿ ñêîðîñòü ïðîöåññà
ïëàçìåííîé îáðàáîòêè ìàòåðèàëîâ ïî ñðàâíåíèþ ñ ãàçîïëàìåííûì ìåòîäîì.
Â ðåçóëüòàòå ýêñïåðèìåíòàëüíûõ èññëåäîâàíèé ðàçðàáîòàíà òåõíîëîãèÿ
ïîëó÷åíèÿ çàùèòíî-äåêîðàòèâíîãî ïîêðûòèÿ íà ïîâåðõíîñòè ñèëèêàòíîãî
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êèðïè÷à ïîñðåäñòâîì îïëàâëåíèÿ âûñîêîêîíöåíòðèðîâàííûìè ïîòîêàìè
ïëàçìû. Íà îñíîâå àíàëèçà ðåçóëüòàòîâ èññëåäîâàíèé óñòàíîâëåíî, ÷òî ñîç-
äàííîå ïîêðûòèå îòëè÷àåòñÿ âûñîêîé õèìè÷åñêîé ñòîéêîñòüþ, ìîðîçîñòîé-
êîñòüþ è äîëãîâå÷íîñòüþ [3]. Â òàáëèöå ïðåäñòàâëåíû äàííûå ïî îïðåäåëå-
íèþ âëèÿíèÿ ïàðàìåòðîâ ðàáî÷èõ ðåæèìîâ ïëàçìåííîé îáðàáîòêè íà ñîñòîÿ-
íèå îïëàâëåííîé ïîâåðõíîñòè. Êðîìå òîãî, áûëî ïîëó÷åíî óíèêàëüíîå
ïîêðûòèå íà ïîâåðõíîñòè áåòîííûõ èçäåëèé, îáëàäàþùåå çàùèòíî-äåêîðà-
òèâíûìè ñâîéñòâàìè [4, 5].

Ñîçäàíèå çàùèòíî-äåêîðàòèâíûõ ïîêðûòèé ñ ïîìîùüþ ïëàçìåííûõ òåõ-
íîëîãèé âîçìîæíî íå òîëüêî çà ñ÷åò îïëàâëåíèÿ ïîâåðõíîñòè, íî è ïóòåì íà-
ïûëåíèÿ ïîêðûòèé èç òîíêèõ ïëåíîê ìåòàëëîâ [6].

Ýíåðãèÿ íèçêîòåìïåðàòóðíîé ïëàçìû ìîæåò ïðèìåíÿòüñÿ äëÿ ïîëó÷åíèÿ
öåìåíòíîãî êëèíêåðà ñ èñïîëüçîâàíèåì ïëàçìåííîé ïå÷è. Ýôôåêòèâíîñòü çà-
êëþ÷àåòñÿ â ñîêðàùåíèè ïðîöåññà êëèíêåðîîáðàçîâàíèÿ çà ñ÷åò òåìïåðàòóðû
ïëàçìåííîé ïå÷è (áîëåå 3500 °Ñ) [7].
Ýòî óñêîðÿåò âñå ðåàêöèè, òàê êàê îíè
ïðîõîäÿò â æèäêîé ôàçå.

Ðàññìàòðèâàÿ ïðîáëåìó óòèëèçà-
öèè îòõîäîâ ðàçëè÷íûõ ïðåäïðè-
ÿòèé, óñòàíàâëèâàëàñü âîçìîæíîñòü
èõ ïðèìåíåíèÿ â êà÷åñòâå ñûðüÿ äëÿ
ñîçäàíèÿ ñòðîèòåëüíûõ ìàòåðèàëîâ.
Â ðåçóëüòàòå èññëåäîâàíèé áûëà
ðàçðàáîòàíà îäíîñòàäèéíàÿ òåõíîëî-
ãèÿ ïîëó÷åíèÿ ìèíåðàëüíûõ âîëî-
êîí, èñïîëüçóþùèõñÿ â êà÷åñòâå
çâóêî- è òåïëîèçîëÿöèîííûõ ìàòå-
ðèàëîâ. Ìèêðîôîòîãðàôèÿ ïîëó÷åí-
íûõ ìèíåðàëüíûõ âîëîêîí ïðåäñòàâ-
ëåíà íà ðèñ. 1.

Ñòðîèòåëüíûå ìàòåðèàëû è èçäåëèÿ
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Âëèÿíèå ðàáî÷åãî ðåæèìà ïëàçìåííîé îáðàáîòêè íà ñîñòîÿíèå ïîâåðõíîñòè
ñèëèêàòíûõ èçäåëèé

The effect of the operating mode of plasma treatment on the surface condition
of silicate products
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Fig. 1. Micrograph of mineral fibers (´300)
obtained from ash and slag waste



Â êà÷åñòâå ñûðüÿ äëÿ ïîëó÷åíèÿ ìèíåðàëüíûõ âîëîêîí âîçìîæíî èñ-
ïîëüçîâàòü îòõîäû ÒÝÖ (çîëó, øëàêè), à òàêæå îòõîäû ãîðíîäîáûâàþùåé
ïðîìûøëåííîñòè è èõ ñî÷åòàíèÿ [8].

Ôèçèêî-õèìè÷åñêèå ñâîéñòâà ìèíåðàëüíîãî âîëîêíà, ïîëó÷åííîãî èç
çîë ÒÝÖ:

Íîâåéøèìè ðàçðàáîòêàìè â îáëàñòè ïðèìåíåíèÿ ïëàçìåííûõ òåõíîëî-
ãèé ÿâëÿþòñÿ òåõíîëîãèÿ ïîëó÷åíèÿ íàíîïîðîøêà äèîêñèäà êðåìíèÿ èç
ïðèðîäíîãî âûñîêîêðåìíåçåìèñòîãî ñûðüÿ, êîòîðûé, ê ïðèìåðó, èñïîëüçó-
åòñÿ â êà÷åñòâå äîáàâêè â öåìåíòíûé ðàñòâîð, óâåëè÷èâàþùåé ïðî÷íîñòü
ïðè ñæàòèè è íà èçãèá [9], òåõíîëîãèÿ ïîëó÷åíèÿ ìèêðîñôåð íà îñíîâå àãëî-
ìåðèðîâàííûõ òóãîïëàâêèõ îêñèäîâ è òåõíîëîãèÿ ïîëó÷åíèÿ óãëåðîäíûõ
íàíîìàòåðèàëîâ. Ïîëó÷åííûå ìèêðîñôåðû â ñòðîèòåëüíîé èíäóñòðèè íà-
øëè ïðèìåíåíèå â êà÷åñòâå ìîäèôèöèðóþùåé äîáàâêè â ñòðîèòåëüíûå
ñìåñè ðàçëè÷íîãî íàçíà÷åíèÿ, ìàñòèêè è êðàñêè [10]. Óãëåðîäíûå íàíî-
ìàòåðèàëû ïðèìåíÿþòñÿ â êà÷åñòâå äîáàâêè, óâåëè÷èâàþùåé ïðî÷íîñòü
öåìåíòà [11].

Åùå îäíèì íàïðàâëåíèåì èñïîëüçîâàíèÿ ýíåðãèè íèçêîòåìïåðàòóðíîé
ïëàçìû ÿâëÿåòñÿ ìîäèôèêàöèÿ ñâîéñòâ äðåâåñèíû. Àêòóàëüíîñòü ðàçâèòèÿ
íàïðàâëåíèÿ îïðåäåëÿåòñÿ îáúåìàìè çàãîòîâêè, ïðîèçâîäñòâà è ñïðîñîì íà
äðåâåñíûå ìàòåðèàëû, à òàêæå îñîáåííîñòÿìè äðåâåñèíû. Ïðè ïîâûøåííîé
âëàæíîñòè äðåâåñèíà èìååò ñêëîííîñòü ê çàãíèâàíèþ, îáðàçîâàíèþ ïëåñåíè.
Âëàæíîñòü îêàçûâàåò âëèÿíèå íà ìåõàíè÷åñêèå ñâîéñòâà äðåâåñèíû. Âñå ýòî
ãîâîðèò î íåîáõîäèìîñòè ïðåäóñìîòðåòü ìåðû ïî åå çàùèòå.

Äëÿ óëó÷øåíèÿ ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ äðåâåñèíû ïðîâåäåíà
ðàçðàáîòêà è ñîçäàíî îáîðóäîâàíèå äëÿ ïëàçìåííîé îáðàáîòêè äðåâåñèíû.
Ôîòîãðàôèÿ ïðîöåññà ïëàçìåííîé îáðàáîòêè äðåâåñèíû íà ðàçðàáîòàííîì
îáîðóäîâàíèè ïðåäñòàâëåíà íà ðèñ. 2.

Îáíàðóæåíî, ÷òî ïîñëå îáðàáîòêè âûñîêîêîíöåíòðèðîâàííûìè ïîòîêà-
ìè ïëàçìû íà ïîâåðõíîñòè äðåâåñèíû îáðàçóåòñÿ çàùèòíî-äåêîðàòèâíûé
ñëîé. Ñíèæàåòñÿ ïîðèñòîñòü ïîâåðõíîñòè, øåðîõîâàòîñòü, óìåíüøàåòñÿ âî-
äîïðîíèöàåìîñòü, ïîâûøàåòñÿ ñòîéêîñòü ê âîñïëàìåíåíèþ è ñòîéêîñòü ê èñ-
òèðàíèþ. Îïðåäåëåíî, ÷òî íà ãëóáèíå äî 5 ìì ïðîèñõîäèò óíè÷òîæåíèå ãðèá-
êîâûõ çàáîëåâàíèé [12].

Â íàñòîÿùåå âðåìÿ ïðîâîäÿòñÿ èññëåäîâàíèÿ, öåëüþ êîòîðûõ ÿâëÿåòñÿ
îïðåäåëåíèå âëèÿíèÿ ïëàçìåííîé îáðàáîòêè íà ôèçè÷åñêèå è ìåõàíè÷åñêèå
ñâîéñòâà äðåâåñèíû, íàïðèìåð, òàêèå êàê ïðåäåë ïðî÷íîñòè ïðè ñæàòèè, ïðå-
äåë ïðî÷íîñòè ïðè èçãèáå, òâåðäîñòü, àäãåçèÿ è ò.ï.

Îäíèì èç êëþ÷åâûõ ïîêàçàòåëåé ïîëó÷åííîãî ïîêðûòèÿ íà ïîâåðõíî-
ñòè äðåâåñèíû ÿâëÿåòñÿ ïðî÷íîñòü êëååâîãî ñîåäèíåíèÿ, ïîñêîëüêó ñïðîñ
íà êëååíûå èçäåëèÿ èç äðåâåñèíû èìååò âîñõîäÿùóþ òåíäåíöèþ. Áûëè ïðî-
âåäåíû èññëåäîâàíèÿ íà ïðî÷íîñòü êëååâîãî ñîåäèíåíèÿ îáðàçöîâ èç ñîñíû
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Âîäîñòîéêîñòü 2,1 %
Ñðåäíÿÿ òîëùèíà âîëîêîí 2,8 ìêì
Óäåëüíûé îáúåì 0,010 ì3/êã
Êèñëîòîñòîéêîñòü 98,5 %
Ñðåäíÿÿ äëèíà âîëîêíà 100,6 ìì
Òåìïåðàòóðîñòîéêîñòü 1800 Ê
Ïðî÷íîñòü íà ðàçðûâ 14–16 ÌÏà



ïî ÃÎÑÒ 33120–2014. Îáðàáîòêà äðåâåñèíû ïðîâîäèëàñü íà ñïåöèàëüíî
ñêîíñòðóèðîâàííîì ñòåíäå. Âûõîäíàÿ ìîùíîñòü èñòî÷íèêà, ïèòàþùåãî
ïëàçìåííûé ãåíåðàòîð, ñîñòàâëÿëà 20 êÂò. Ìåõàíè÷åñêèå èñïûòàíèÿ ïðî-
âîäèëèñü íà èñïûòàòåëüíîé ìàøèíå INSTRON 3382 äëÿ íåîáðàáîòàííûõ
(èñõîäíûõ) îáðàçöîâ è îáðàçöîâ, îáðàáîòàííûõ ñ ïîìîùüþ ýíåðãèè ïëàç-
ìû. Ãðàôèêè çàâèñèìîñòè äåôîðìàöèè îò íàïðÿæåíèÿ, ïîëó÷åííûå â ðå-
çóëüòàòå èñïûòàíèÿ îáðàçöîâ èç ñîñíû íà ïðî÷íîñòü êëååâîãî ñîåäèíåíèÿ,
ïðåäñòàâëåíû íà ðèñ. 3.

Íà îñíîâå àíàëèçà ðåçóëüòàòîâ èññëåäîâàíèÿ óñòàíîâëåíî, ÷òî îáðàáîòêà
äðåâåñèíû âûñîêîêîíöåíòðèðîâàííûìè ïîòîêàìè ïëàçìû ïîçâîëÿåò ïîëó-
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Ðèñ. 2. Ïðîöåññ ïëàçìåííîé îáðàáîòêè äðåâåñèíû
1 – ïëàçìåííûé ãåíåðàòîð; 2 – ðîëèêè ñèñòåìû ïîäà÷è îáðàáà-
òûâàåìûõ èçäåëèé; 3 – ïëàçìåííûé ïîòîê; 4 – îáðàáàòûâàåìûå

èçäåëèÿ

Fig. 2. The process of plasma treatment of wood
1 – plasma generator; 2 – rollers of the feed system of processed

products; 3 – plasma flow; 4 – processed products

Ðèñ. 3. Ãðàôèêè çàâèñèìîñòè äåôîðìàöèè îò íàïðÿæåíèÿ, ïîëó÷åí-
íûå â ðåçóëüòàòå èñïûòàíèÿ îáðàçöîâ èç ñîñíû íà ïðî÷íîñòü êëååâî-

ãî ñîåäèíåíèÿ
à – íåîáðàáîòàííûå (èñõîäíûå) îáðàçöû; á – îáðàáîòàííûå ýíåðãèåé

ïëàçìû

Fig. 3. Graphs of the dependence of strain on stress obtained as a result
of testing pine samples for the strength of the adhesive joint

a – untreated (initial) samples; b – treated with plasma energy



÷èòü çàùèòíî-äåêîðàòèâíîå ïîêðûòèå, íå ñíèæàÿ ïðî÷íîñòü êëååâîãî ñîåäè-
íåíèÿ. Òàêèì îáðàçîì, ìîäèôèêàöèÿ ïîâåðõíîñòè îáðàçöîâ èç äðåâåñèíû ñ
ïîìîùüþ ýíåðãèè íèçêîòåìïåðàòóðíîé ïëàçìû ïîçâîëèëà óëó÷øèòü â êîì-
ïëåêñå ìåõàíè÷åñêèå ñâîéñòâà êëååâîãî ñîåäèíåíèÿ äðåâåñèíû ñ ñîçäàíèåì
çàùèòíî-äåêîðàòèâíîãî ïîêðûòèÿ.

Çàêëþ÷åíèå. Íà îñíîâå èññëåäîâàíèé ïîêàçàíû çíà÷èòåëüíûå âîçìîæíî-
ñòè ïðèìåíåíèÿ ýíåðãèè íèçêîòåìïåðàòóðíîé ïëàçìû äëÿ ìîäèôèêàöèè ïî-
âåðõíîñòè è ïðîèçâîäñòâà ñòðîèòåëüíûõ ìàòåðèàëîâ. Óñòàíîâëåíî óëó÷øåíèå
ôèçèêî-ìåõàíè÷åñêèõ ñâîéñòâ ïîâåðõíîñòè ïîñëå ïëàçìåííîé îáðàáîòêè.

Èñïîëüçîâàíèå ýíåðãèè ïëàçìû íå îãðàíè÷èâàåòñÿ îäíèì ìàòåðèàëîì è
èìååò îãðîìíûé ïîòåíöèàë íå òîëüêî â îáëàñòè ñîçäàíèÿ è îáðàáîòêè ñòðîè-
òåëüíûõ ìàòåðèàëîâ, íî è â äðóãèõ îáëàñòÿõ.

Ïëàçìåííûå òåõíîëîãèè ïîçâîëÿþò ñîâìåñòèòü ïðîöåññ óòèëèçàöèè òåõ-
íîãåííûõ îòõîäîâ (çîëû, øëàêè) ñ ïðîöåññîì ñîçäàíèÿ ìàòåðèàëîâ, òàêèõ êàê
ìèíåðàëüíîå âîëîêíî.
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