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Àííîòàöèÿ. Èññëåäîâàíû ðåîëîãè÷åñêèå õàðàêòåðèñòèêè ïîëèìåðíûõ ëàêî-
êðàñî÷íûõ ìàòåðèàëîâ ñ íàíîðàçìåðíûìè äîáàâêàìè, ÷òî ÿâëÿåòñÿ âàæíûì â òåõ-
íîëîãè÷åñêîì îòíîøåíèè ñâîéñòâîì. Ïîêàçàíî, ÷òî ââåäåíèå ðàçëè÷íûõ íàíî-
ðàçìåðíûõ äîáàâîê â îïðåäåëåííîì ñî÷åòàíèè ñïîñîáñòâóåò èçìåíåíèþ ðåîëîãè-
÷åñêèõ ñâîéñòâ ëàêîêðàñî÷íûõ ñîñòàâîâ, à òàêæå ìíîãèõ ýêñïëóàòàöèîííûõ
ïàðàìåòðîâ. Ïðè èçó÷åíèè ïðîöåññà ïîëèìåðèçàöèè ëàêîêðàñî÷íîé êîìïîçèöèè
â ïðèñóòñòâèè íàíîðàçìåðíûõ äîáàâîê óñòàíîâëåíî íåïðîïîðöèîíàëüíîå âëèÿíèå
íà âÿçêîñòü êîìïîçèöèé, ÷òî ïðèâîäèò ê óâåëè÷åíèþ òîëùèíû ïîêðûòèÿ è ïåðåðàñ-
õîäó çàùèòíîãî ìàòåðèàëà íà ìåòàëëè÷åñêèõ ïîâåðõíîñòÿõ. Ââåäåíèå óãëåðîäíûõ
íàíîäîáàâîê â ñî÷åòàíèè ñ äðóãèìè êîìïîíåíòàìè ïîçâîëÿåò ïîëó÷èòü ýôôåêòèâ-
íûé ñîñòàâ ëàêîêðàñî÷íîé êîìïîçèöèè, îáëàäàþùèé âûñîêîé ñîïðîòèâëÿåìîñòüþ
ê ýêñïëóàòàöèîííûì âîçäåéñòâèÿì.
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Original article

RHEOLOGICAL PROPERTIES OF POLYMER-CONTAINING
COMPOSITIONS WITH NANOSCALE ADDITIVES

Anatoliy P. Pichugin1, Vladimir F. Khritankov2, Alexander V. Pchelnikov1,
Olga E. Smirnova2

1Novosibirsk State Agrarian University, Novosibirsk, Russia
2Novosibirsk State University of Architecture and Civil Engineering, Novosibirsk,

Russia

Abstract. Rheological characteristics of polymer paint and varnish materials with
nanoscale additives, which is an important property in terms of technology, have been
studied. It is shown that the introduction of various nanoscale additives in a certain
combination contributes to a change in the rheological properties of paint compositions,
as well as many operational parameters. When studying the polymerization process of
the paint composition in the presence of nanoscale additives, a disproportionate effect on the
viscosity of the compositions was found, which leads to an increase in the thickness of the
coating and overspending of the protective material on metal surfaces. The introduction of
carbon nanoadditives in combination with other components makes it possible to obtain an
effective composition of the paint composition with high resistance to operational impacts.
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Ââåäåíèå. Ïîëèìåðíûå ìàòåðèàëû îáëàäàþò íàáîðîì ïîëîæèòåëüíûõ
êà÷åñòâ: âûñîêîé êîððîçèîííîé óñòîé÷èâîñòüþ, òåõíîëîãè÷íîñòüþ ïåðåðà-
áîòêè, õîðîøèìè çàùèòíûìè ïîêàçàòåëÿìè, ýêñïëóàòàöèîííîé íàäåæíî-
ñòüþ, ñàíèòàðíî-ãèãèåíè÷åñêèìè õàðàêòåðèñòèêàìè, ýñòåòè÷íîñòüþ è ïð.
Îñîáîå âíèìàíèå çàíèìàþò ïðîöåññû ôîðìèðîâàíèÿ çàùèòíûõ ïîëèìåðñî-
äåðæàùèõ ïîêðûòèé, ñïîñîáíûõ ñîïðîòèâëÿòüñÿ õèìè÷åñêè àãðåññèâíûì
æèäêîñòÿì è äðóãèì ýêñïëóàòàöèîííûì âîçäåéñòâèÿì. Ïîâûñèòü êà÷åñòâî
ïîëèìåðíûõ ëàêîêðàñî÷íûõ ìàòåðèàëîâ ìîæíî ïóòåì èñïîëüçîâàíèÿ íàíî-
ðàçìåðíûõ äîáàâîê. Ïðîèñõîäÿùèå ïðè ýòîì ðåàêöèè âçàèìîäåéñòâèÿ ìîãóò
áûòü îöåíåíû íà ýòàïàõ ïîäãîòîâêè êîìïîçèöèé èç ïîëèìåðíûõ ìàòåðèàëîâ,
÷òî â ïåðâóþ î÷åðåäü îòðàæàåòñÿ íà ðåîëîãè÷åñêèõ ïàðàìåòðàõ ñèñòåì [1–3].

Öåëü ðàáîòû çàêëþ÷àåòñÿ â âûÿâëåíèè âëèÿíèÿ íàíîðàçìåðíûõ äîáà-
âîê íà ðåîëîãè÷åñêèå õàðàêòåðèñòèêè ïîëèìåðñîäåðæàùèõ çàùèòíûõ êîì-
ïîçèöèé.

Òåîðåòè÷åñêèé àíàëèç. Îäíîé èç âàæíåéøèõ ðåîëîãè÷åñêèõ õàðàêòåðè-
ñòèê æèäêîñòåé ÿâëÿåòñÿ âÿçêîñòü, ïðåäñòàâëÿþùàÿ ñîáîé ñòåïåíü ðàçðû-
âà (èñòå÷åíèÿ) âåùåñòâà èëè ñäâèãà ýëåìåíòàðíûõ ñëîåâ îòíîñèòåëüíî äðóã
äðóãà ó ãóñòîé æèäêîñòè. Äëÿ áîëüøèíñòâà «íüþòîíîâñêèõ» æèäêîñòåé
íàáëþäàåòñÿ ëèíåéíàÿ çàâèñèìîñòü ìåæäó íàïðÿæåíèåì è ñêîðîñòüþ ñäâèãà.
«Íåíüþòîíîâñêèå» æèäêîñòè êðîìå ïðîÿâëåíèÿ ëèíåéíîé çàâèñèìîñòè
ìåæäó íàïðÿæåíèåì è ñêîðîñòüþ ñäâèãà ìîãóò ïðè âîçáóæäåíèè ïîòîêà
îñëàáëÿòü íàïðÿæåíèå ñäâèãà. Êðîìå ýòèõ äâóõ âèäîâ èìåþòñÿ æèäêîñòè,
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ïîä÷èíÿþùèåñÿ ñòåïåííîìó çàêîíó, ó êîòîðûõ ïðîÿâëÿåòñÿ «êàæóùàÿñÿ»
âÿçêîñòü, ìåíÿþùàÿñÿ ñ èçìåíåíèåì ñêîðîñòè ñäâèãà. Ê òàêèì æèäêîñòÿì
îòíîñÿòñÿ ïîëèìåðñøèòûå è ìíîãèå çàãóùåííûå êîìïîçèöèè [4, 5].

Òåîðåòè÷åñêîå îïèñàíèå ðåîëîãè÷åñêèõ ñâîéñòâ ïîëèìåðñîäåðæàùèõ
êîìïîçèöèîííûõ ìàòåðèàëîâ c îïðåäåëåíèåì âÿçêîñòè ñèñòåìû (hr) ìîæåò
áûòü ïðåäñòàâëåíî óðàâíåíèåì Ýéíøòåéíà [4]

hr = 1 + 2,5V. (1)

Ïî ýòîìó çàêîíó ïðåäñòàâëÿåòñÿ, ÷òî â êîìïîçèöèÿõ, íàïðèìåð, â ñóñïåí-
çèÿõ, îòíîñèòåëüíàÿ âÿçêîñòü ÿâëÿåòñÿ ôóíêöèåé òîëüêî îò îáúåìíîé êîíöåí-
òðàöèè (V) áåç ó÷åòà ðàçìåðà ÷àñòèö. Ó÷èòûâàÿ, ÷òî hsp = hr – 1, ìîæíî ïðåä-
ñòàâèòü çàêîí Ýéíøòåéíà â ñëåäóþùåì âèäå

hsp = 2,5V. (2)

Îäíàêî óðàâíåíèå (2) íå îïðàâäûâàåòñÿ äëÿ ïîëèìåðñîäåðæàùèõ ðàñòâî-
ðîâ, òàê êàê ìàêðîìîëåêóëû íå ïðåäñòàâëÿþò ñîáîé îòäåëüíûå îäèíàêîâûå
íåñâÿçàííûå ÷àñòèöû. Çàìåíèâ ïðèíÿòóþ êîíñòàíòó 2,5 íà íåêîòîðóþ ýìïè-
ðè÷åñêóþ ïîñòîÿííóþ Ê, à V – ïðîèçâåäåíèåì Ìñ, ãäå Ì – ìîëåêóëÿðíûé
âåñ, à ñ – êîíöåíòðàöèÿ, ã/ë, ïîëó÷èì

hsp = ÊÌñ. (3)

Ôîðìóëà (3) åñòü èçâåñòíîå âûðàæåíèå Øòàóäèíãåðà, îöåíèâàþùåå ìî-
ëåêóëÿðíûé âåñ ïîëèìåðîâ. Ðàçäåëèâ åå íà ñ, ïîëó÷èì ñëåäóþùóþ çàâèñè-
ìîñòü, ïðåäñòàâëÿþùóþ ñîáîé ïðèâåäåííóþ âÿçêîñòü [6]

hsp/ñ = ÊÌ. (4)

Ïðè ýêñòðàïîëÿöèè çíà÷åíèÿ hsp/ñ äî íóëåâîé êîíöåíòðàöèè ïîëó÷èòñÿ
âåëè÷èíà, íàçûâàåìàÿ õàðàêòåðèñòè÷åñêîé âÿçêîñòüþ [h], è çàâèñèìîñòü (4)
ïðèìåò ñëåäóþùèé âèä

[h] = ÊÌà. (5)

Õàããèíñîì óñòàíîâëåíû çíà÷åíèÿ à äëÿ ðàçëè÷íûõ âèäîâ ÷àñòèö, âõîäÿ-
ùèõ â êîìïîçèöèþ, è âûâåäåíû ñîîòâåòñòâóþùèå çíà÷åíèÿ îò 0 äî 2. Ïðè ýòîì
âûñîêèå çíà÷åíèÿ ïðèñóùè ñèñòåìàì ñ ðàñïðÿìëåííûìè ìàêðîìîëåêóëàìè, à
íèçêèå âåëè÷èíû õàðàêòåðíû äëÿ ñâåðíóòûõ â êëóáîê ïîëèìåðíûõ öåïåé [4–6].

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèé. Îáúåêòîì èññëåäîâàíèé ÿâèëñÿ
àêðèëîâûé ëàêîêðàñî÷íûé ìàòåðèàë ÀÊ-1301, øèðîêî ïðèìåíÿåìûé äëÿ òåõíè-
êè è îáîðóäîâàíèÿ àãðàðíî-ïðîìûøëåííîãî êîìïëåêñà. Â êà÷åñòâå íàíîìîäè-
ôèêàòîðîâ èñïîëüçîâàëè ïàñòó ñ óãëåðîäíûìè íàíîòðóáêàìè (ÓÍÒ) Matrix 203
ôèðìû OcSiAl, îêñèä âèñìóòà Bi2O3 îòå÷åñòâåííîãî ïðîèçâîäñòâà, ãèäðîêñèä
ìàãíèÿ, ãèäðîêñèä àëþìèíèÿ, äèîêñèä òèòàíà, äèîêñèä êðåìíèÿ, îêñèä öå-
ðèÿ, îêñèä öèíêà, à òàêæå ìèíåðàëüíûå òîíêîìîëîòûå ïîðîøêè àñáåñòà
è àëþìîñèëèêàòíûõ ìèêðîñôåð [6–8]. Îñíîâíûå ñâîéñòâà íàíîðàçìåðíûõ
äîáàâîê ïðåäñòàâëåíû â òàáë. 1.

Îöåíêó ñâîéñòâ è õàðàêòåðèñòèê ïîëó÷àåìûõ êîìïîçèöèé ïðîâîäèëè íà ïî-
âåðåííîì îáîðóäîâàíèè â ñîîòâåòñòâèè ñ äåéñòâóþùèìè ñòàíäàðòàìè. Îïðåäå-
ëåíèå òîëùèíû ïîêðûòèé îñóùåñòâëÿëè ìàãíèòíûì òîëùèíîìåðîì ÌÒ-201.
Òâåðäîñòü ïîêðûòèé îïðåäåëÿëè ïðèáîðîì «Êîíñòàíòà ÒÊ», àäãåçèîííóþ ïðî÷-
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íîñòü – ãèäðàâëè÷åñêèì àäãåçèìåòðîì Defelsko AT-A. Êðîìå òîãî, èñïîëüçîâà-
íû íåêîòîðûå çàïàòåíòîâàííûå àâòîðñêèå ðàçðàáîòêè [3–5].

Íà ïåðâîì ïîäãîòîâèòåëüíîì ýòàïå â ëàáîðàòîðíûõ èñïûòàíèÿõ èñïîëü-
çîâàëñÿ âèñêîçèìåòð ÂÇ-4, à äàëüíåéøèå èññëåäîâàíèÿ îñóùåñòâëÿëè íà êîí-
ñèñòîìåòðå Õ¸ïïåðà ïðè êîìíàòíîé òåìïåðàòóðå 20 °Ñ ñ ðàçëè÷íûìè äèàïà-
çîíàìè íàãðóçîê. Èçìåðåíèÿ ïðîèçâîäèëèñü ïî âòîðîìó ìåòîäó ñ èñïîëüçîâà-
íèåì êîíè÷åñêîãî øòàìïà (ëèíçû) ïðè äëèíå èçìåðÿåìîãî ðàññòîÿíèÿ 5 ìì
è  îáúåìå ñèñòåìû 1 ñì3. Äëÿ îïðåäåëåíèÿ ðåçóëüòàòîâ èçìåðåíèé ïîëüçî-
âàëèñü óðàâíåíèåì, äàííûì â îïèñàíèè ê ïðèáîðó

h = = ×
G

V
K

Gt

S
100, (6)

ãäå h – äèíàìè÷åñêàÿ âÿçêîñòü, ñàíòèïóàç;
G – íàãðóçêà, ã;
V – ñêîðîñòü òåêó÷åñòè, ñì/ñ;
S – ïóòåâîé ïðîõîä, ñì;
I – âðåìÿ òå÷åíèÿ, ñ;
K – ïîñòîÿííàÿ ïðèáîðà; äëÿ èçìåðèòåëüíîãî óñòðîéñòâà ïî âòîðîìó ìåòîäó
K = 100.

Ðåçóëüòàòû èññëåäîâàíèé. Ïðè ïðîâåäåíèè ðåîëîãè÷åñêèõ èññëåäîâà-
íèé áûëî óñòàíîâëåíî, ÷òî ðàçëè÷íûå âèäû íàíîðàçìåðíûõ äîáàâîê ïî-ðàç-
íîìó âëèÿþò íà âÿçêîñòü ìàòåðèàëà. Áûëè ïîñòðîåíû êðèâûå ðàñïðåäåëåíèÿ
âÿçêîñòè ïîëèìåðíîé ëàêîêðàñî÷íîé êîìïîçèöèè îò êîëè÷åñòâà ââåäåííîé
íàíîäîáàâêè (ðèñ. 1).

Ïðè ââåäåíèè áîëüøèíñòâà äîáàâîê â êîëè÷åñòâå äî 1 % âÿçêîñòü ñèñòåìû
ïðàêòè÷åñêè èçìåíÿåòñÿ íåçíà÷èòåëüíî çà èñêëþ÷åíèåì óãëåðîäíûõ íàíîòðó-
áîê, ÷òî îáúÿñíÿåòñÿ èõ ïîâûøåííîé àêòèâíîñòüþ, à òàêæå âûñîêîé óäåëüíîé
ïîâåðõíîñòüþ ÷àñòèö – 90–120 ì2/ã. Òàêèì îáðàçîì, áûëè ïîäòâåðæäåíû îïòè-
ìàëüíûå ðàñõîäû íàíîäîáàâîê â ïîëèìåðñîäåðæàùóþ êîìïîçèöèþ: äëÿ óãëå-
ðîäíûõ íàíîòðóáîê – íå áîëåå 0,10 %, à äëÿ âñåõ îñòàëüíûõ êîìïîíåíòîâ – îò
0,01 äî 1,5–2,0 %, à äëÿ îêñèäà âèñìóòà è îêñèäà öèíêà – äî 5 %.

Âàæíûìè òåõíîëîãè÷åñêèìè è ýêñïëóàòàöèîííûìè ïîêàçàòåëÿìè çà-
ùèòíûõ ïîêðûòèé ÿâëÿþòñÿ óêðûâèñòîñòü è òîëùèíà çàùèòíîé ïëåíêè, ÷òî
íàïðÿìóþ ñâÿçàíî ñ ðàñõîäîì ïîëèìåðñîäåðæàùåé êîìïîçèöèè. Ñòàíäàðò-
íàÿ òîëùèíà ëàêîêðàñî÷íîãî ïîêðûòèÿ, îáåñïå÷èâàþùàÿ ðàâíóþ ïëîòíóþ
çàùèòíóþ ïëåíêó, íàõîäèòñÿ â ïðåäåëàõ îò 50 äî 60 ìêì. Èñïûòàíèÿ çàùèò-
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Ò à á ë è ö à 1. Îñíîâíûå õàðàêòåðèñòèêè íàíîðàçìåðíûõ äîáàâîê

T a b l e 1. Main characteristics of nanoscale additives

Ïîêàçàòåëü Ñîñòàâû
ñ ÓÍÒ

Äèîêñèä
òèòàíà

Îêñèä
âèñìóòà

Îêñèä
öåðèÿ

Îêñèä
öèíêà

Ãèäðî-
êñèä

ìàãíèÿ

Äèîêñèä
êðåìíèÿ

Ðàçìåðíîñòü, íì 1,2–50 Äî 100 30–50 40–80 10–80 20–100 Äî 60

Ïëîòíîñòü, ã/ñì3 2,4–2,9 3,9–4,3 8,5–9,8 7,2–7,7 5,3–5,65 2,1–2,45 1,96–2,6

Íàñûïíàÿ
ïëîòíîñòü, êã/ì3 140–550 700–1000 4200–5000 1200–1300 400–450 300–600 80–320

Óäåëüíàÿ
ïîâåðõíîñòü, ì2/ã

90–120 25–70 18–35 20–30 8–17 5–15 314–438



íûõ ïîêðûòèé ñ íàíîäîáàâêàìè ïîêàçàëè, ÷òî ïðè ñîäåðæàíèè ýòèõ êîìïî-
íåíòîâ áîëåå 1 % ïîëó÷àþòñÿ ïîêðûòèÿ ñ òðåáóåìûìè ïàðàìåòðàìè òîëùèíû
çàùèòíîé ïëåíêè (ðèñ. 2).

Îäíàêî ïîâûøåííîå ñîäåðæàíèå íàíîäîáàâîê (áîëåå 1 %) ïðèâîäèò ê çà-
âûøåííîé òîëùèíå ïîêðûòèÿ, è, êàê ñëåäñòâèå, ê ïåðåðàñõîäó âñåé êîìïîçè-
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Ðèñ. 1. Çàâèñèìîñòü âÿçêîñòè (h) ëàêîêðàñî÷íîé àêðèëîâîé
êîìïîçèöèè îò ðàñõîäà íàíîäîáàâîê

1 – óãëåðîäíûå íàíîòðóáêè; 2 – îêñèä âèñìóòà, ãèäðîêñèä ìàã-
íèÿ, äèîêñèä òèòàíà, ãèäðîêñèä àëþìèíèÿ è äð.

Fig. 1. Dependence of the viscosity (h) of the acrylic paint
composition on the consumption of nano-additives

1 – carbon nanotubes; 2 – bismuth oxide, magnesium hydroxide,
titanium dioxide, aluminum hydroxide, etc

Ðèñ. 2. Çàâèñèìîñòü òîëùèíû ëàêîêðàñî÷íîãî ïîêðûòèÿ îò
ñîäåðæàíèÿ íàíîðàçìåðíûõ äîáàâîê

1 – îêñèä âèñìóòà; 2 – ãèäðîêñèä ìàãíèÿ, ãèäðîêñèä àëþìèíèÿ;
3 – äèîêñèä òèòàíà, äèîêñèä êðåìíèÿ

Fig. 2. Dependence of the thickness of the paint coating on the
content of nanoscale additives

1 – bismuth oxide; 2 – magnesium hydroxide, aluminum hydroxide;
3 – titanium dioxide, sihcon dioxide



öèè. Äëÿ óãëåðîäíûõ íàíîòðóáîê ñîäåðæàíèå â êîìïîçèöèè äîëæíî áûòü
îãðàíè÷åíî ìàêñèìóì 0,10–0,12 %, òàê êàê ïðè áîëüøåì ðàñõîäå ïðîèñõîäèò
ðåçêîå óòîëùåíèå çàùèòíîé ïëåíêè (ðèñ. 3).

Àíàëèç ðåçóëüòàòîâ ðåîëîãè÷åñêèõ èññëåäîâàíèé ïîëèìåðñîäåðæàùåé
êîìïîçèöèè óñòàíîâèë çíà÷èòåëüíîå óâåëè÷åíèå êàñàòåëüíîãî íàïðÿæåíèÿ
äëÿ âñåõ ñîñòàâîâ ñ íàíîäîáàâêàìè, îäíàêî ñàìûå áîëüøèå ïîêàçàòåëè îò-
ìå÷åíû ïðè ââåäåíèè óãëåðîäíûõ íàíîòðóáîê è îêñèäà âèñìóòà. Èçìåðåíèå
èññëåäóåìûõ êîìïîçèöèé ïðè ðàçëè÷íûõ òåìïåðàòóðàõ íå äàëî áîëüøèõ
èçìåíåíèé â õàðàêòåðå ïîâåäåíèÿ êîìïîçèöèé, õîòÿ â öåëîì îòìå÷åíî íåêî-
òîðîå ñíèæåíèå ïîêàçàòåëåé äèíàìè÷åñêîé âÿçêîñòè ñèñòåì äëÿ âñåõ ñîñòà-
âîâ (òàáë. 2).
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Ðèñ. 3. Çàâèñèìîñòü òîëùèíû ëàêîêðàñî÷íîãî ïîêðûòèÿ îò
ñîäåðæàíèÿ óãëåðîäíûõ íàíîòðóáîê

Fig. 3. Dependence of the thickness of the paint coating on the
content of carbon nanotubes

Ò à á ë è ö à 2. Ðåîëîãè÷åñêèå ñâîéñòâà àêðèëîâîé ëàêîêðàñî÷íîé êîìïîçèöèè
ñ íàíîðàçìåðíûìè äîáàâêàìè

T a b l e 2. Rheological properties of acrylic paint composition with nanoscale
additives

Äîáàâêà
Ñîäåðæàíèå,

%
Âðåìÿ,

ñ

Êàñàòåëüíîå
íàïðÿæåíèå,

äèí./ñì²

Ñêîðîñòü
äåôîðìàöèè,

1/ñ

Âÿçêîñòü,
ñàíòèïóàç

Ñîñòàâû ñ ÓÍÒ 0,1 14,40 3164 1,80 243800

Äèîêñèä òèòàíà 1,0 10,70 2366 1,80 186500

Îêñèä âèñìóòà 1,0 12,30 2823 1,80 213400

Îêñèä öåðèÿ 1,0 10,10 2209 1,80 175800

Îêñèä öèíêà 1,0 11,20 2301 1,80 173900

Ãèäðîêñèä ìàãíèÿ 1,0 10,10 2455 1,80 166600

Äèîêñèä êðåìíèÿ 1,0 10,20 2113 1,80 147700

Áåç äîáàâîê — 8,30 1986 1,80 135200



Ïîëó÷åííûå ðåçóëüòàòû ðåîëîãè÷åñêèõ èññëåäîâàíèé âûÿâèëè ìàêñè-
ìàëüíûå ïîêàçàòåëè äèíàìè÷åñêîé âÿçêîñòè äëÿ ñîñòàâîâ ñ óãëåðîäíûìè íà-
íîòðóáêàìè è âèñìóòîì, ÷òî ìîæåò áûòü îòíåñåíî çà ñ÷åò àêòèâíîñòè ïîëè-
ìåðíîé àêðèëîâîé îñíîâû è âîçìîæíûìè ôèçèêî-õèìè÷åñêèìè âçàèìîäåé-
ñòâèÿìè ýòèõ íàíîäîáàâîê. Ðàíåå íàìè áûëè ðàçðàáîòàíû ñîñòàâû ñ
áèíàðíûìè äîáàâêàìè, îáåñïå÷èâàþùèìè ïîâûøåííûå ïîêàçàòåëè, ïîýòîìó
áûëî èíòåðåñíî ïðîâåðèòü, êàê âåäåò ñåáÿ ëàêîêðàñî÷íàÿ êîìïîçèöèÿ â èõ
ïðèñóòñòâèè. Ñ ýòîé öåëüþ áûëè ïîäãîòîâëåíû êîìïîçèöèè äëÿ ðåîëîãè÷å-
ñêèõ èñïûòàíèé, â êîòîðûõ âàðüèðîâàëî ñîäåðæàíèå êîìïîíåíòîâ áèíàðíûõ
äîáàâîê (òàáë. 3) [8–11].

Îêàçàëîñü, ÷òî ïðè ñîâìåùåíèè óãëåðîäíûõ íàíîòðóáîê ñ îêñèäîì âèñ-
ìóòà íàáëþäàåòñÿ íåêîòîðîå ñíèæåíèå êàñàòåëüíîãî íàïðÿæåíèÿ è äèíàìè-
÷åñêîé âÿçêîñòè äëÿ âñåõ êîìïîçèöèé, ÷òî ìîæåò áûòü âûçâàíî ïëàñòèôèöè-
ðóþùèì ýôôåêòîì. Òàê, êàñàòåëüíîå íàïðÿæåíèå êîìïîçèöèè ñ áèíàðíîé
äîáàâêîé ñîñòàâèëî ìåíåå 2500 äèí./ñì², ÷òî çíà÷èòåëüíî íèæå çíà÷åíèé ñ
ìîíîäîáàâêàìè. Àíàëîãè÷íûì îáðàçîì îòìå÷åíî è ñíèæåíèå ïîêàçàòåëÿ äè-
íàìè÷åñêîé âÿçêîñòè äî çíà÷åíèé, íå ïðåâûøàþùèõ 200 000 ñàíòèïóàç. Äî-
ïîëíèòåëüíûì ïîëîæèòåëüíûì ìîìåíòîì äëÿ âñåõ ñîñòàâîâ ñ áèíàðíûìè íà-
íîäîáàâêàìè ÿâèëèñü óëó÷øåííûå òåõíîëîãè÷åñêèå ñâîéñòâà ïî óêðûâèñòî-
ñòè è ðàñõîäó êîìïîçèöèè íà åäèíèöó ïëîùàäè, ÷òî ïðèâåëî ê ïîëó÷åíèþ
óñòîé÷èâûõ ïîêàçàòåëåé òîëùèíû çàùèòíîé ïëåíêè îò 50 äî 60 ìêì. Ñëåäóåò
òàêæå îòìåòèòü, ÷òî ëó÷øèé ñîñòàâ (Bi2O3 = 1,0 % + ÓÍÒ = 0,1 %) ñ ìàêñè-
ìàëüíîé àäãåçèåé 4,4 ÌÏà è òâåðäîñòüþ ïî Øîðó 90, èìååò òàêæå îïòèìàëü-
íóþ òîëùèíó ïëåíêè â ïðåäåëàõ 60 ìêì.
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Ò à á ë è ö à 3. Ðåçóëüòàòû èñïûòàíèé ïðè ñîâìåñòíîì ââåäåíèè îêñèäà âèñìóòà
è ñîñòàâà ñ óãëåðîäíûìè íàíîòðóáêàìè

T a b l e 3. Test results for the combined introduction of bismuth oxide and
composition with carbon nanotubes

Ñîäåðæàíèå,
%

Ñðåäíÿÿ
òîëùèíà,

ìêì

Òâåðäîñòü
ïî Øîðó

Èñòèðàåìîñòü,
ã

Àäãåçèîííàÿ
ïðî÷íîñòü,

ÌÏà

Õàðàêòåð
îòðûâà

(àäãåçèîííûé –
êîãåçèîííûé), %

Áåç äîáàâîê 50–52 63–65 0,036–0,039 2,2–2,4 100–0

Ñ äîáàâêàìè

Bi2O3 0,5
ÓÍÒ 0,05

53–55 65–68 0,030–0,033 3,6–3,8 30–70

Bi2O3 0,5
ÓÍÒ 0,1

52–55 60–63 0,038–0,042 1,0–1,2 100–0

Bi2O3 0,5
ÓÍÒ 0,25

51–54 70–74 0,027–0,030 3,3–3,6 80–20

Bi2O3 1
ÓÍÒ 0,05

57–61 80–85 0,028–0,032 3,4–3,7 40–60

Bi2O3 1
ÓÍÒ 0,1

55–59 87–90 0,021–0,025 4,1–4,4 30–70

Bi2O3 1
ÓÍÒ 0,25

55–60 64–67 0,033–0,038 1,8–2,1 20–80



Òàêèì îáðàçîì, èññëåäîâàíèÿ ïîäòâåðäèëè ïðàâîìåðíîñòü âûáîðà ëó÷-
øåãî ñî÷åòàíèÿ ïðè áèíàðíîì ââåäåíèè äîáàâîê, êîòîðîå íàáëþäàåòñÿ ïðè
êîíöåíòðàöèÿõ Bi2O3 1 % è ÓÍÒ 0,1 %, ÷òî ïîçâîëÿåò ïîëó÷àòü ïîêðûòèå,
ïðåâûøàþùåå ïî àäãåçèè è äðóãèì ýêñïëóàòàöèîííûì ïîêàçàòåëÿì êîìïî-
çèöèè ñ ìîíîêîìïîíåíòàìè. Íà íàø âçãëÿä, ýòî îáúÿñíÿåòñÿ ñèíåðãåòè÷å-
ñêèì ýôôåêòîì îò ñîâìåñòíîãî ââåäåíèÿ Bi2O3 1 % è ÓÍÒ 0,1 %, ïðîÿâëÿå-
ìîì íå òîëüêî â ýêñïëóàòàöèîííûõ ïàðàìåòðàõ, íî è ïî ðåîëîãè÷åñêèì
õàðàêòåðèñòèêàì, îáåñïå÷èâàþùèì ëó÷øèå ïîêàçàòåëè çàùèòíîãî ëàêîêðà-
ñî÷íîãî ïîêðûòèÿ.

Ñïèñîê èñòî÷íèêîâ

1. Êàðãèí Â.À. Ðîëü ñòðóêòóðíûõ ÿâëåíèé â ôîðìèðîâàíèè ñâîéñòâ ïîëèìåðîâ //
Ïðîãðåññ ïîëèìåðíîé õèìèè. Ì.: Íàóêà, 1969. 731 ñ.

2. Ëèïàòîâ Þ.Ñ. Ìåæôàçíûå ÿâëåíèÿ â ïîëèìåðàõ. Êèåâ: Íàóê. äóìêà, 1980. 260 ñ.
3. Ìàëêèí À.ß., Àñêàäñêèé À.À., Êîâðèãà Â.Â. Ìåòîäû èçìåðåíèÿ ìåõàíè÷åñêèõ

ñâîéñòâ ïîëèìåðîâ. Ì.: Õèìèÿ, 1978. 330 ñ.
4. Ñåâåðñ Ý.Ò. Ðåîëîãèÿ ïîëèìåðîâ. Ì.: Õèìèÿ, 1966. 200 ñ.
5. Ñîêîëîâà Þ.À., Ãîòëèá Å.Ì. Ìîäèôèöèðîâàííûå ýïîêñèäíûå êëåè è ïîêðûòèÿ

â ñòðîèòåëüñòâå. Ì.: Ñòðîéèçäàò, 1990. 174 ñ.
6. Staudinger H. Die hochmolecularen organischen Verbindungen. Berlin: J.Springer,

1932.
7. ×åðíûøîâ Å.Ì., Àðòàìîíîâà Î.Â., Ñëàâ÷åâà Ã.Ñ. Íàíîìîäèôèöèðîâàíèå ñèñòåì

òâåðäåíèÿ â ñòðóêòóðå ñòðîèòåëüíûõ êîìïîçèòîâ. Âîðîíåæ: Íàó÷. êí., 2016.
132 ñ.

8. Ïè÷óãèí À.Ï., Õðèòàíêîâ Â.Ô., Áàíóë Â.Â., Êóäðÿøîâ À.Þ. Âëèÿíèå íàíîðàçìåð-
íûõ äîáàâîê íà àäãåçèîííóþ ïðî÷íîñòü çàùèòíûõ ïîëèìåðíûõ ïîêðûòèé //
Ñòðîèòåëüíûå ìàòåðèàëû. 2018. ¹ 1-2. Ñ. 39–44.

9. Ï÷åëüíèêîâ À.Â., Ïè÷óãèí À.Ï., Õðèòàíêîâ Â.Ô., Ñìèðíîâà Î.Å. Ðîëü íàíîäîáà-
âîê â ôîðìèðîâàíèè ïðî÷íîãî êîíòàêòíîãî ñëîÿ çàùèòíûõ ïîêðûòèé // Ñòðîè-
òåëüíûå ìàòåðèàëû. 2022. ¹ 7. Ñ. 24–30.

10. Äåðÿãèí Á.Â., Êðîòîâà Í.À., Ñìèëãà Â.Ï. Àäãåçèÿ òâåðäûõ òåë. Ì.: Íàóêà, 1973.
280 ñ.

11. Ïè÷óãèí À.Ï., Áàíóë Â.Â., Ï÷åëüíèêîâ À.Â. Ýôôåêòèâíàÿ ïîëèìåðíàÿ çàùèòà ìåòàë-
ëè÷åñêèõ îáúåêòîâ àãðîïðîìûøëåííîãî êîìïëåêñà. Íîâîñèáèðñê, ÍÃÀÓ-ÐÀÅÍ,
2022. 125 ñ.

References

1. Kargin V.A. The role of structural phenomena in the formation of polymer properties.
Progress of polymer chemistry. Moscow, 1969. 731 ð. (In Russ.).

2. Lipatov Yu.S. Interphase phenomena in polymers. Kiev: Naukova dumka, 1980. 260 p.
(In Russ.).

3. Malkin A.Ya., Askadskiy A.A., Kovriga V.V. Methods of measuring mechanical properties
of polymers. Moscow, 1978. 330 p. (In Russ.).

4. Severs E.T. Rheology of polymers. Moscow, 1966. 200 p. (In Russ.).
5. Sokolova Yu.A., Gottlieb E.M. Modified epoxy adhesives and coatings in construction.

Moscow: Stroyizdat, 1990. 174 p. (In Russ.).
6. Staudinger H. Die hochmolecularen organischen Verbindungen. Berlin: J.Springer,

1932.
7. Chernyshov E.M., Artamonova O.V., Slavcheva G.S. Nanomodification of hardening

systems in the structure of building composites. Voronezh, 2016. 132 p. (In Russ.).

Building materials and products

12



8. Pichugin A.P., Khritankov V.F., Banul V.V., Kudryashov A.Yu. The effect of nanoscale
additives on the adhesive strength of protective polymer coatings. Stroitel’nyye mate-

rialy = Building Materials. 2018; (1-2): 39–44. (In Russ.).
9. Pchelnikov A.V., Pichugin A.P., Khritankov V.F., Smirnova O.E. The role of nano-

additives in the formation of a strong contact layer of protective coatings. Stroitel’nyye

materialy = Building materials. 2022; (7): 24–30. (In Russ.).
10. Deryagin B.V., Krotova N.A., Smilga V.P. Adhesion of solids. Moscow, 1973. 280 p.

(In Russ.).
11. Pichugin A.P., Banul V.V., Pchelnikov A.V. Effective polymer protection of metal

objects of the agro-industrial complex. Novosibirsk, 2022. 125 p. (In Russ.).

Èíôîðìàöèÿ îá àâòîðàõ

À.Ï. Ïè÷óãèí – äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð, gmunsau@mail.ru
Â.Ô. Õðèòàíêîâ – äîêòîð òåõíè÷åñêèõ íàóê, ïðîôåññîð
À.Â. Ï÷åëüíèêîâ – êàíäèäàò òåõíè÷åñêèõ íàóê, äîöåíò
Î.Å. Ñìèðíîâà – êàíäèäàò òåõíè÷åñêèõ íàóê, äîöåíò

Information about the authors

A.P. Pichugin – DSc, Professor, gmunsau@mail.ru
V.F. Khritankov – DSc, Professor
A.V. Pchelnikov – PhD, Ass. Professor
O.E. Smirnova – PhD, Ass. Professor

Âêëàä àâòîðîâ: âñå àâòîðû ñäåëàëè ýêâèâàëåíòíûé âêëàä â ïîäãîòîâêó ïóáëèêàöèè.
Àâòîðû çàÿâëÿþò îá îòñóòñòâèè êîíôëèêòà èíòåðåñîâ.

Contribution of the authors: the authors contributed equally to this article. The authors
declare no conflicts of interests.

Ñòàòüÿ ïîñòóïèëà â ðåäàêöèþ 28.02.2022 The article was submitted 28.02.2022
Îäîáðåíà ïîñëå ðåöåíçèðîâàíèÿ 28.03.2022 Approved after reviewing 28.03.2022
Ïðèíÿòà ê ïóáëèêàöèè 04.04.2022 Accepted for publication 04.04.2022

Ñòðîèòåëüíûå ìàòåðèàëû è èçäåëèÿ

13


