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Ââåäåíèå

Äîñòàâêà íåôòåïðîäóêòîâ ïîòðåáèòåëþ îñóùåñòâ-

ëÿåòñÿ ïîñðåäñòâîì ìîðñêîãî, ðå÷íîãî, æåëåçíîäî-

ðîæíîãî, àâòîìîáèëüíîãî è òðóáîïðîâîäíîãî òðàíñ-

ïîðòà. Êàæäûé âèä òðàíñïîðòà èñïîëüçóåòñÿ èñõî-

äÿ èç ýêîíîìè÷åñêîé öåëåñîîáðàçíîñòè è ðàçâèòèÿ

ñîîòâåòñòâóþùèõ êîììóíèêàöèé. Íàèáîëåå ðàñïðî-

ñòðàíåííûì îáîðóäîâàíèåì äëÿ âñåõ âèäîâ òðàíñ-

ïîðòà íåôòåïðîäóêòîâ ÿâëÿþòñÿ ðåçåðâóàðû, ñëèâî-

íàëèâíûå ýñòàêàäû, íàíîñíûå ñòàíöèè è òðóáîïðî-

âîäû [1].

Îáúåêòû òðàíñïîðòà õàðàêòåðèçóþòñÿ ïîâûøåí-

íîé îïàñíîñòüþ âñëåäñòâèå íàëè÷èÿ áîëüøîãî êî-

ëè÷åñòâà ëåãêîâîñïëàìåíÿþùèõñÿ (ËÂÆ) è ãîðþ-

÷èõ (ÃÆ) æèäêîñòåé, çíà÷èòåëüíîé âåðîÿòíîñòüþ

âîçíèêíîâåíèÿ èñòî÷íèêîâ çàæèãàíèÿ ïðè ðàçëè÷íûõ

îïåðàöèÿõ, â òîì ÷èñëå ñëèâå-íàëèâå, ïåðåêà÷êå íåô-

òåïðîäóêòîâ. Ïî äàííûì [2] ïî÷òè 50 % âñåõ àâàðèé

íà îáúåêòàõ ñ îáðàùåíèåì íåôòåïðîäóêòîâ ïðèõî-

äèòñÿ íà òåõíîëîãè÷åñêèå òðóáîïðîâîäû è íàñîñíî-

êîìïðåññîðíîå îáîðóäîâàíèå, ïðè÷åì ñâûøå 30 %

àâàðèéíûõ ñèòóàöèé âîçíèêàåò èç-çà íåèñïðàâíîñòè

òàêèõ ýëåìåíòîâ îáîðóäîâàíèÿ, êàê ñàëüíèêè, ïðî-

êëàäêè, ôëàíöåâûå ñîåäèíåíèÿ è ò. ï. Ïðè íàëè÷èè

èñòî÷íèêîâ çàæèãàíèÿ âîçìîæíî âîçíèêíîâåíèå ôà-

êåëüíîãî ãîðåíèÿ ïàðîâ íåôòåïðîäóêòîâ â ýëåìåí-

òàõ òåõíîëîãè÷åñêèõ àïïàðàòîâ è òðóáîïðîâîäîâ,

÷òî ìîæåò ïðèâåñòè ê äåôîðìàöèè è îáðóøåíèþ ìå-

òàëëîêîíñòðóêöèé, ïîäâåðãøèõñÿ âûñîêîòåìïåðà-

òóðíîìó (äî 1200 °Ñ) è ýðîçèîííîìó âîçäåéñòâèþ.
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Îäíèì èç ñïîñîáîâ îáåñïå÷åíèÿ òðåáóåìîé îãíå-

ñòîéêîñòè ìåòàëëîêîíñòðóêöèé ÿâëÿåòñÿ ïðèìå-

íåíèå îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ êîìïîçèöèé

(ÎÂÊ). Ýôôåêòèâíîñòü ÎÂÊ çàâèñèò îò èõ ñïîñîá-

íîñòè ïåðåõîäèòü âî âñïó÷åííîå ñîñòîÿíèå, ÷òî ïî-

çâîëÿåò çíà÷èòåëüíî ñíèçèòü èõ òåïëîïðîâîäíîñòü.

Êðèòè÷åñêèìè ýêñïëóàòàöèîííûìè õàðàêòåðèñòèêà-

ìè îãíåçàùèòíûõ ñîñòàâîâ ÿâëÿþòñÿ êðàòíîñòü âñïó-

÷èâàíèÿ, óñòîé÷èâîñòü ê ýðîçèè, òåìïåðàòóðà àêòè-

âàöèè, èçìåíåíèå ìàññû ïðè ïîòåðå âëàãè è äð. [3].

Ìîäèôèêàöèÿ ïîëèìåðîâ ðàçëè÷íûìè íàíî-

ñòðóêòóðàìè, â òîì ÷èñëå ñîñòàâëÿþùèìè ëàêîêðà-

ñî÷íûõ ñîñòàâîâ, ïîçâîëÿåò óëó÷øèòü èõ ýêñïëóà-

òàöèîííûå õàðàêòåðèñòèêè äëÿ ðåøåíèÿ çàäà÷ ðàç-

ëè÷íîãî ñïåêòðà. Âìåñòå ñ òåì çàäà÷à âûáîðà ñïî-

ñîáà ìîäèôèêàöèè âåùåñòâ îñëîæíÿåòñÿ íàëè÷èåì

áîëüøîãî ñïåêòðà íàíî÷àñòèö è óñëîâèé èõ èñïîëü-

çîâàíèÿ, ÷òî íå âñåãäà äàåò âîçìîæíîñòü âûáðàòü

îïòèìàëüíóþ òåõíîëîãèþ ïîëó÷åíèÿ íàíîìàòåðèà-

ëà â óçêîì ñïåêòðå íåîáõîäèìûõ õàðàêòåðèñòèê. Ðå-

øåíèå äàííîé ïðîáëåìû âîçìîæíî ñ ïîìîùüþ ìå-

òîäîâ ìîäåëèðîâàíèÿ è ïðîãíîçèðîâàíèÿ ñâîéñòâ è

õàðàêòåðèñòèê íàíîìàòåðèàëîâ. Â íàñòîÿùåé ðàáî-

òå ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ýêñïëóà-

òàöèîííûõ õàðàêòåðèñòèê íàíîìîäèôèöèðîâàííûõ

ÎÂÊ â óñëîâèÿõ óãëåâîäîðîäíîãî ãîðåíèÿ äëÿ ñî-

çäàíèÿ òåõíîëîãèé ïðîèçâîäñòâà è ïðèìåíåíèÿ îãíå-

çàùèòíûõ ñîñòàâîâ íà îñíîâå óãëåðîäñîäåðæàùèõ

íàíîêîìïîçèòîâ ïðè îáåñïå÷åíèè òåïëîâîé çàùè-

òû ìåòàëëîêîíñòðóêöèé îáúåêòîâ òðàíñïîðòèðîâêè

íåôòåïðîäóêòîâ [4].

Ïîñòàíîâêà çàäà÷è èññëåäîâàíèÿ

Îñíîâíûì óñëîâèåì îáðàçîâàíèÿ âñïåíåííîé

êàðáîíèçîâàííîé ìàññû ïðè òåìïåðàòóðå ïîðÿäêà

360…430 °Ñ ÿâëÿåòñÿ íàëè÷èå êîìïîíåíòîâ, îòâåò-

ñòâåííûõ çà îáðàçîâàíèå âñïåíåííîãî óãëåðîäíîãî

êàðêàñà. Ê íèì îòíîñÿòñÿ ïåíîîáðàçîâàòåëè, ïëåí-

êîîáðàçîâàòåëè, ïèãìåíòíûå íàïîëíèòåëè è äðóãèå

âåùåñòâà [5, 6].

Ìîäåëèðîâàíèå ôèçèêî-õèìè÷åñêèõ ïðîöåññîâ

ðàçëîæåíèÿ ÎÂÊ ïðåäñòàâëÿåò ñîáîé ñëîæíóþ çà-

äà÷ó ñ ó÷åòîì äåòàëüíîãî ìåõàíèçìà ðåàêöèé, ïðî-

èñõîäÿùèõ â óñëîâèÿõ òåðìè÷åñêîãî âîçäåéñòâèÿ.

Ðàçðàáîòàííûå ìîäåëè ïîçâîëÿþò ó÷èòûâàòü ïîãëî-

ùåíèå òåïëîâîé ýíåðãèè è ôèëüòðàöèþ ïðè ïèðî-

ëèçå êîìïîíåíòîâ ïîêðûòèé, êîíäåíñàöèþ âëàãè,

âñïó÷èâàíèå è óñàäêó ïðîãðåòîãî ñëîÿ, õèìè÷åñêèé

è ìåõàíè÷åñêèé óíîñ ìàññû îáóãëåííîãî ñëîÿ [7].

Âñïó÷èâàþùèåñÿ îãíåçàùèòíûå ïîêðûòèÿ, ïðè-

ìåíÿåìûå äëÿ ñòàëüíûõ êîíñòðóêöèé, õàðàêòåðèçó-

þòñÿ ñâîåé òåïëîèçîëèðóþùåé ñïîñîáíîñòüþ, îñ-

íîâíîé õàðàêòåðèñòèêîé êîòîðûõ ÿâëÿåòñÿ êîýôôè-

öèåíò òåìïåðàòóðîïðîâîäíîñòè �, îïðåäåëÿåìûé

âûðàæåíèåì

� = �t �(ct �0), (1)

ãäå �t — òåïëîïðîâîäíîñòü;

ct — òåïëîåìêîñòü;

�0 — ïëîòíîñòü [8].

Âàæíîé õàðàêòåðèñòèêîé îãíåçàùèòíîãî ñîñòà-

âà ÿâëÿåòñÿ êîýôôèöèåíò âñïó÷èâàíèÿ kâñ. Áîëüøàÿ

òîëùèíà âñïó÷åííîãî ïîêðûòèÿ ïîçâîëÿåò óìåíü-

øèòü òåïëîïðîâîäíîñòü ìàòåðèàëà [3].

Êîýôôèöèåíò âñïó÷èâàíèÿ îïðåäåëÿåòñÿ ïî ôîð-

ìóëå

kâñ = hâñï �h0, (2)

ãäå hâñï — òîëùèíà âñïó÷åííîãî ïîêðûòèÿ;

h0 — íà÷àëüíàÿ òîëùèíà.

Àäãåçèÿ îãíåçàùèòíûõ ïîêðûòèé ÿâëÿåòñÿ îäíèì

èç âàæíåéøèõ ïîêàçàòåëåé, âëèÿþùèõ íà îãíåçàùèò-

íóþ ýôôåêòèâíîñòü âñïó÷èâàþùèõñÿ ïîêðûòèé â

óñëîâèÿõ òåðìè÷åñêîãî è ýðîçèîííîãî âîçäåéñòâèÿ

ïëàìåíè. Â êà÷åñòâå îñíîâíîãî àãåíòà àäãåçèîí-

íîãî âçàèìîäåéñòâèÿ èñïîëüçóåòñÿ ïîëèìåðíîå ñâÿ-

çóþùåå, êîòîðîå â óñëîâèÿõ âûñîêèõ òåìïåðàòóð

ðàçðóøàåòñÿ, â ðåçóëüòàòå ÷åãî ïðîèñõîäèò îòñëàè-

âàíèå ïåíîêîêñà è áûñòðûé ðàçîãðåâ ìåòàëëîêîíñò-

ðóêöèé [9].

Ïîòåðÿ ìàññû ÎÂÊ �Ì ïðè íàãðåâàíèè îêàçû-

âàåò íåïîñðåäñòâåííîå âëèÿíèå íà îãíåçàùèòíóþ

ñïîñîáíîñòü ïîêðûòèÿ. Ïëîòíîñòü ïîêðûòèÿ â óñëî-

âèÿõ òåïëîâîãî âîçäåéñòâèÿ ìîæåò áûòü îïðåäåëå-

íà ïî ôîðìóëå

�
� 0

0

0 0

1

1
�

�
� �

�M M

h h h( )
,

âñï

(3)

ãäå Ì0 — íà÷àëüíàÿ ìàññà îãíåçàùèòíîãî ïîêðû-

òèÿ [10].

Â ðàáîòå [11] ïðèâåäåíû ðåçóëüòàòû èñïûòàíèé

îãíåçàùèòíûõ ïîêðûòèé â óñëîâèÿõ óãëåâîäîðîä-

íîãî ãîðåíèÿ. Ïîêàçàíî, ÷òî ïðè ðåàêòèâíîì âîçäåé-

ñòâèè ïëàìåíè çàÿâëåííûå ïðåäåëû îãíåñòîéêîñòè

ìåòàëëîêîíñòðóêöèé, çàùèùåííûõ èññëåäóåìûìè

ÎÂÊ, ñóùåñòâåííî ñíèæàþòñÿ çà ñ÷åò óâåëè÷åíèÿ

ñêîðîñòè òåðìè÷åñêîé äåñòðóêöèè ïîëèìåðíûõ ïî-

êðûòèé.

Ìîäèôèêàöèÿ ïîëèìåðîâ è ëàêîêðàñî÷íûõ ïî-

êðûòèé íàíîñòðóêòóðàìè ïîçâîëÿåò ïîëó÷àòü ìàòå-

ðèàëû ñ óëó÷øåííûìè òåõíîëîãè÷åñêèìè, àäãåçèîí-

íûìè è ôèçèêî-ìåõàíè÷åñêèìè õàðàêòåðèñòèêàìè

[12]. Ñâåäåíèÿ î ðåçóëüòàòàõ ìîäèôèêàöèè íåêîòî-

ðûõ âèäîâ ïîëèìåðîâ è ëàêîêðàñî÷íûõ ìàòåðèàëîâ

ïðèâåäåíû â òàáë. 1.

Çàäà÷à íàñòîÿùåãî èññëåäîâàíèÿ çàêëþ÷àåòñÿ â

îïðåäåëåíèè îïòèìàëüíûõ êîíöåíòðàöèé è óñëî-

âèé ìîäèôèêàöèè ÎÂÊ ïóòåì äåïîíèðîâàíèÿ íàíî-

ìàòåðèàëîâ ñ MWCNT â áàçîâûé ñîñòàâ äëÿ îáåñïå-

÷åíèÿ îãíåçàùèòû ìåòàëëè÷åñêèõ êîíñòðóêöèé îáú-

åêòîâ òðàíñïîðòèðîâêè íåôòåïðîäóêòîâ â óñëîâèÿõ
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ôàêåëüíîãî ãîðåíèÿ ïðè íåïîñðåäñòâåííîì êîíòàê-

òå ïëàìåíè ñ ïîâåðõíîñòüþ ìåòàëëà.

Ìàòåðèàëû äëÿ èññëåäîâàíèé

Â êà÷åñòâå îáúåêòîâ èññëåäîâàíèÿ áûëè âûáðàíû

óãëåðîäíûå íàíîìàòåðèàëû, ñîäåðæàùèå MWCNT,

êîòîðûå áûëè ïîëó÷åíû ìåòîäîì êàòàëèòè÷åñêîãî

ïèðîëèçà íà óñòàíîâêå “CVDomna” [18]. Ôóíêöèî-

íàëèçàöèÿ MWCNT ïðîâîäèëàñü â ïðîöåññå îòæè-

ãà â ìóôåëüíîé ïå÷è ïðè òåìïåðàòóðå 250…300 °Ñ.

Ôóíêöèîíàëèçèðîâàííûå MWCNT ïðåäñòàâëÿþò ñî-

áîé öèëèíäðè÷åñêèå è øàðîâèäíûå ñòðóêòóðû (d =

= 30 íì, l = 2…5 ìêì) (ðèñ. 1) [19].

Îñíîâîé äëÿ ìîäèôèöèðîâàííûõ ÎÂÊ ÿâëÿëàñü

îãíåçàùèòíàÿ âñïó÷èâàþùàÿñÿ êðàñêà äëÿ ñòàëü-

íûõ êîíñòðóêöèé “Òåðìîáàðüåð” (ïî ÒÓ 2313-001-

30642285–2011). Ìîäèôèêàöèÿ îãíåçàùèòíîãî ñî-

ñòàâà ïðîâîäèëàñü ïóòåì äåïîíèðîâàíèÿ MWCNT

Èñòî÷íèê

Source

Âèä íàíî÷àñòèö +
áàçîâûé ìàòåðèàë

Type of nanoparticles +
base material

Êîíöåíòðàöèÿ íàíî-
÷àñòèö, % ìàññ.

Concentration of nano-
particles, % by mass

Íàáëþäàåìûé ýôôåêò

The observed effect

[13] MWCNT + ýïîêñèä-
íàÿ ñìîëà E51

MWCNT + epoxy
resin E51

0,01…0,5 Ïîâûøåíèå òåìïåðàòóðû ðàçëîæåíèÿ ñ 361 äî 387 °C; ïî-
âûøåíèå ïðåäåëà ïðî÷íîñòè ñ 58,5 äî 128,94 ÌÏà; ñíèæå-
íèå òåìïåðàòóðû ñòåêëîâàíèÿ ñ 76 äî 69 °C

Increasing the decomposition temperature from 361 to 387 °C;
increase in the tensile strength from 58.5 to 128.94 MPa; re-
duction of the glass transition temperature from 76 to 69 °C

[14] DWCNT + ýïîêñèä-
íàÿ ñìîëà SC-15

DWCNT + epoxy
resin SC-15

0,05…1 Óâåëè÷åíèå òðåùèíîñòîéêîñòè ñ 0,65 äî 0,8 ÌÏà; óìåíü-
øåíèå êîýôôèöèåíòà òåïëîâîãî ðàñøèðåíèÿ íà 40…70 %;
ïîâûøåíèå òåìïåðàòóðû ñòåêëîâàíèÿ ñ 85 äî 105 °C; óâå-
ëè÷åíèå çíà÷åíèÿ äåôîðìàöèè ðàçðóøåíèÿ íà 50 %

Increased crack resistance from 0.65 to 0.8 MPa; decrease in
the coefficient of thermal expansion by 40…70 %; increase
in the glass transition temperature from 85 to 105 °C; an im-
provement in the value of the fracture deformation by 50 %

[15] MWCNT + ïîëèìå-
òèëàêðèëàò (ÏÌÌÀ)

MWCNT + polyme-
thyl acrylate (PMMA)

4…26 Òåðìè÷åñêàÿ äåãðàäàöèÿ ÏÌÌÀ ïðè 350…450 °Ñ
(áåç MWCNT ïðè 320…450 °Ñ)

Thermal degradation of PMMA at 350…450 °C
(without MWCNT at 320…450 °C)

[12] ÓÍÒ* ìàðêè “Ñóñ-
ïåíçèÿ” + ãðóíò
àëêèäíûé “Agrohel”

MWCNT brand “Sus-
pension” + primer
alkyd “Agrohel”

0,025…0,3 Óâåëè÷åíèå àäãåçèè íà 53 %; óâåëè÷åíèå óäàðíîé ïðî÷íî-
ñòè â 2,5 ðàçà; ïîâûøåíèå ïðî÷íîñòè ïîêðûòèÿ â 2,5 ðàçà

Increased adhesion by 53 %; increase the impact resistance
in 2.5 times; increase of coating strength in 2.5 times

[12] ÓÍÒ ìàðêè “Ñóñ-
ïåíçèÿ” + ãðóíò
àëêèäíûé ÃÔ-0119

MWCNT grade “Sus-
pension” + primer
alkyd GF-0119

0,025…0,3 Óâåëè÷åíèå àäãåçèè â 2…5 ðàç; óñêîðåíèå ôîðìèðîâàíèÿ
ïîêðûòèÿ â 1,5 ðàçà

Increase adhesion in 2…5 times; acceleration of the formation
of the coating in 1.5 times

[16] MWCNT + ýïîêñèä-
íûå ñâÿçóþùèå

MWCNT + epoxy
binders

1 Óâåëè÷åíèå ïðî÷íîñòè ïðè èçãèáå íà 100 %; óâåëè÷åíèå
ìîäóëÿ óïðóãîñòè ïðè ðàñòÿæåíèè íà 24,6 %; óìåíüøåíèå
òåìïåðàòóðû ñòåêëîâàíèÿ ñî 170 äî 159 °Ñ

Increase in bending strength by 100 %; an increase in the ten-
sile modulus by 24.6 %; decrease in the glass transition tempe-
rature from 170 to 159 °C

[17] MWCNT + æèäêîå
íàòðèåâîå ñòåêëî

MWCNT + liquid
sodium glass

0,01 Óâåëè÷åíèå êîýôôèöèåíòà âñïó÷èâàíèÿ â 2,5…3,0 ðàçà
â ñðàâíåíèè ñ áàçîâûì ìàòåðèàëîì

The increase in the coefficient of swelling in 2.5…3.0 times
in comparison with the base material

* ÓÍÒ — óãëåðîäíûå íàíîòðóáêè.

Òàáëèöà 1. Ñâîéñòâà ïîëèìåðîâ, ìîäèôèöèðîâàííûõ óãëåðîäíûìè íàíî÷àñòèöàìè

Table 1. Properties of polymers modified with carbon nanoparticles
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â ðàñòâîðèòåëü (î-êñèëîë) ñ äàëüíåéøèì ïåðåìåøè-

âàíèåì â íàïîëíèòåëå â êîíöåíòðàöèè 0,1…1,25%îá.

Ðàìàíîâñêèé ñïåêòð MWCNT â ðàñòâîðèòåëå

ïðåäñòàâëåí íà ðèñ. 2. Õàðàêòåðíûìè äëÿ MWCNT

ÿâëÿþòñÿ ïèêè â èíòåðâàëå 1200…1400 ñì–1. Íà-

áëþäåíèå äàííûõ ïèêîâ â ðàìàíîâñêîì ñïåêòðå ðàñ-

òâîðèòåëÿ ñâèäåòåëüñòâóåò î íàëè÷èè íàíîìàòåðè-

àëîâ ñ MWCNT â ïðèïîâåðõíîñòíîì ñëîå æèäêîñòè.

Â õîäå ýêñïåðèìåíòîâ îòäåëüíûå êîìïîíåíòû

ÎÂÊ ïîäâåðãàëèñü ýëåêòðîôèçè÷åñêîìó âîçäåéñò-

âèþ [20] ñ ïàðàìåòðàìè ïåðåìåííîãî ÷àñòîòíî-ìî-

äóëèðîâàííîãî ïîòåíöèàëà (Ï×ÌÏ) 56 Â, 50 Ãö.

Â òàáë. 2 ïðåäñòàâëåíû îáðàçöû ÎÂÊ, ó÷àñòâóþùèå

â èññëåäîâàíèÿõ.

Èññëåäîâàíèå îãíåçàùèòíîé
ýôôåêòèâíîñòè íàíîìîäèôèöèðîâàííûõ
îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ ïîêðûòèé

Èññëåäîâàíèå îãíåçàùèòíîé ýôôåêòèâíîñòè íà-

íîìîäèôèöèðîâàííûõ ÎÂÊ ïðîâîäèëè íà ëàáîðà-

òîðíîé óñòàíîâêå, ìîäåëèðóþùåé óñëîâèÿ óãëåâî-

äîðîäíîãî ãîðåíèÿ (ðèñ. 3) [21]. Îáðàçåö ïëàñòèíû

èç óãëåðîäèñòîé ñòàëè ìàðêè Ñò. 5 òîëùèíîé 2 ìì

(ÃÎÑÒ 380–2005) ïîìåùàëè â èñïûòàòåëüíóþ êà-

ìåðó. Âûñîêîòåìïåðàòóðíûé ãàçîâûé ïîòîê (òåìïå-

ðàòóðà îêîëî 1200 °Ñ, äàâëåíèå 0,1 ÌÏà) ñîçäàâàëè

ñ ïîìîùüþ ïðîïàí-áóòàíîâîé ãîðåëêè ñ ìàññîâûì

ðàñõîäîì ãîðþ÷åãî ãàçà 50…60 ã/÷. Òåìïåðàòóðó ãà-

çîâîãî ïîòîêà è òûëüíîé ñòîðîíû ïëàñòèíû êîíòðî-

ëèðîâàëè äâóìÿ òåðìîïàðàìè. Âðåìÿ îáîãðåâà ïëàñ-

òèíû ñîñòàâëÿëî 25 ìèí. Çà ïðåäåëüíîå ñîñòîÿíèå

ïðèíèìàëè äîñòèæåíèå òåìïåðàòóðû ìåòàëëè÷åñêîé

ïëàñòèíû 500 °Ñ (ïî ÃÎÑÒ Ð 53295–2009). Äëÿ êàæ-

äîãî îáðàçöà ïðîâîäèëè íå ìåíåå òðåõ èñïûòàíèé.

Ïðàêòè÷åñêè äëÿ âñåõ îáðàçöîâ ìîäèôèöèðîâàí-

íûõ ÎÂÊ, ñîäåðæàùèõ MWCNT, íàáëþäàåòñÿ áîëåå

Ðèñ. 1. Ñêàíû ÀÑÌ MWCNT íà ñëþäÿíîé ïîäëîæêå: à — öèëèíäðè÷åñêèå ÓÍÒ; á — øàðîâèäíûå íàíîñòðóêòóðû

Fig. 1. The MWCNT ASM scans on a mica substrate: a — a cylindrical CNTS; b — globular nanostructures

Ðèñ. 2. Ðàìàíîâñêèé ñïåêòð MWCNT: à — èñõîäíûé ìàòå-

ðèàë; á — â ðàñòâîðèòåëå (î-êñèëîë), ëàçåð 532 íì, ýêñïî-

çèöèÿ 5 ñ

Fig. 2. Raman spectrum of MWCNT: a — original material; b —

in a solvent (o-xylene), laser 532 nm, exposure 5 s
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¹ ï/ï

No.

Îáðàçåö ÎÂÊ

Sample OVK

Êîíöåíòðàöèÿ MWCNT, % îá.

Concentration of MWCNT, % by vol.

Ï×ÌÏ

VFMPâ ãðóíòå ÃÔ-021

in the primer
GF-021

â îãíåçàùèòíîì
ñîñòàâå

in fire-resistant
composition

1 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0 % by vol.

0 0 –

2 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,1 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0.1 % by vol.

0 0,10 –

3 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,5 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0.5 % by vol.

0 0,50 –

4 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,75 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 0.75 % by vol.

0 0,75 –

5 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 1 % by vol.

0 1,00 –

6 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1,25 % îá.

Primer MWCNT 0 % by vol. Paint MWCNT 1.25 % by vol.

0 1,25 –

7 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0 % by vol.

1,00 0 –

8 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,1 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0.1 % by vol.

1,00 0,10 –

9 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,5 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0.5 % by vol.

1,00 0,50 –

10 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,75 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 0.75 % by vol.

1,00 0,75 –

11 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 1 % by vol.

1,00 1,00 –

12 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1,25 % îá.

Primer MWCNT 1 % by vol. Paint MWCNT 1.25 % by vol.

1,00 1,25 –

13 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0 % by vol. VFMP

0 0 +

14 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,1 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0.1 % by vol. VFMP

0 0,10 +

15 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,5 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0.5 % by vol. VFMP

0 0,50 +

16 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 0,75 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 0.75 % by vol. VFMP

0 0,75 +

17 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 1 % by vol. VFMP

0 1,00 +

18 Ãðóíò MWCNT 0 % îá. Êðàñêà MWCNT 1,25 % îá. Ï×ÌÏ

Primer MWCNT 0 % by vol. Paint MWCNT 1.25 % by vol. VFMP

0 1,25 +

19 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0 % by vol. VFMP

1,00 0 +

20 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,1 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0.1 % by vol. VFMP

1,00 0,10 +

21 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,5 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0.5 % by vol. VFMP

1,00 0,50 +

22 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 0,75 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 0.75 % by vol. VFMP

1,00 0,75 +

23 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 1 % by vol. VFMP

1,00 1,00 +

24 Ãðóíò MWCNT 1 % îá. Êðàñêà MWCNT 1,25 % îá. Ï×ÌÏ

Primer MWCNT 1 % by vol. Paint MWCNT 1.25 % by vol. VFMP

1,00 1,25 +

Òàáëèöà 2. Ïåðå÷åíü îáðàçöîâ, ó÷àñòâóþùèõ â èññëåäîâàíèè

Table 2. The list of samples involved in the study
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ìåäëåííûé (íà 10…55 %) ðîñò òåìïåðàòóðû îáúåêòà

çàùèòû â òå÷åíèå âðåìåíè íàáëþäåíèÿ â ñðàâíåíèè

ñ íåìîäèôèöèðîâàííûì ïîêðûòèåì ÎÂÊ (ðèñ. 4).

Íàèëó÷øèå ðåçóëüòàòû (äîñòèæåíèå ìàêñèìàëü-

íîé òåìïåðàòóðû îáðàçöà íå âûøå 300 °Ñ â òå÷åíèå

25 ìèí ïðÿìîãî âîçäåéñòâèÿ ãîðÿùåé ñòðóè óãëåâî-

äîðîäíîãî ãàçà) ïîëó÷åíû äëÿ îáðàçöîâ ÎÂÊ:

� ñ íåìîäèôèöèðîâàííûìè ãðóíòîì è îãíåçàùèò-

íîé êðàñêîé (ïðè âîçäåéñòâèè Ï×ÌÏ);

� ñ íåìîäèôèöèðîâàííûì ãðóíòîì, ñ ñîäåðæàíèåì

MWCNT â îãíåçàùèòíîé êðàñêå 0,5 è 1,0 % îá.

(ïðè âîçäåéñòâèè Ï×ÌÏ);

� ñ ìîäèôèöèðîâàííûì ãðóíòîì (ñîäåðæàíèå

MWCNT 1,0 % îá.), ñ ñîäåðæàíèåì MWCNT â

îãíåçàùèòíîé êðàñêå 1,25 % îá. (ïðè âîçäåéñò-

âèè Ï×ÌÏ).

Äëÿ îáðàçöîâ ÎÂÊ ñ ãðóíòîì ÃÔ-021 áåç MWCNT

ñêîðîñòü ðîñòà òåìïåðàòóðû ìåòàëëà â îñíîâíîì

îáðàòíî ïðîïîðöèîíàëüíà êîíöåíòðàöèè MWCNT

â îãíåçàùèòíîì ñîñòàâå êàê áåç ýëåêòðîôèçè÷åñêîãî

âîçäåéñòâèÿ, òàê è ïðè âîçäåéñòâèè Ï×ÌÏ (ðèñ. 5,a

è 6,a). Äëÿ îáðàçöîâ ÎÂÊ ñ ãðóíòîì ÃÔ-021 ñ MWCNT

â êîíöåíòðàöèè 1,0 % îá. ñêîðîñòü ðîñòà òåìïåðà-

òóðû ìåòàëëà íå èìååò ÷åòêîé çàâèñèìîñòè îò êîí-

öåíòðàöèè MWCNTâ îãíåçàùèòíîì ñîñòàâå (ðèñ. 5,á

è 6,á).

Âìåñòå ñ òåì ñëåäóåò îòìåòèòü, ÷òî äëÿ âñåõ îá-

ðàçöîâ ÎÂÊ ñêîðîñòü ðîñòà òåìïåðàòóðû óâåëè÷è-

âàåòñÿ ïðè äîñòèæåíèè ìåòàëëîì 350…450 °Ñ, ÷òî

ìîæåò áûòü îáúÿñíåíî ðàçðóøåíèåì ñëîÿ ïåíîêîêñà

â çîíå ïëàìåííîãî âîçäåéñòâèÿ è äàëüíåéøèì îêèñ-

ëåíèåì óãëåðîäà â èíòóìåñöåíòíîì ñëîå.

Íà ðèñ. 7 ïðåäñòàâëåíû ôîòîãðàôèè îáðàçöîâ

ÎÂÊ ïîñëå èñïûòàíèé íà ëàáîðàòîðíîé óñòàíîâêå

Ðèñ. 3. Ñõåìà ëàáîðàòîðíîé óñòàíîâêè äëÿ èñïûòàíèé îãíå-

çàùèòíûõ ïîêðûòèé â óñëîâèÿõ óãëåâîäîðîäíîãî ãîðåíèÿ:

1 — ñòàëüíàÿ ïëàñòèíà; 2 — òåïëîèçîëÿöèÿ; 3 — îãíåçàùèò-

íîå ïîêðûòèå; 4, 5 — òåðìîïàðû; 6 — ðåãèñòðàòîð òåìïå-

ðàòóðû; 7 — êîðïóñ èñïûòàòåëüíîé êàìåðû; 8 — âûòÿæíîé

çîíò

Fig. 3. The scheme of laboratory setup for testing of fire protec-

tive coatings in hydrocarbon combustion: 1 — steel plate; 2 —

thermal insulation; 3 — fire retardant coating; 4, 5 — thermo-

couples; 6 — temperature recorder; 7 — the body of the test

chamber; 8 — exhaust hood

Ðèñ. 4. Ìàêñèìàëüíàÿ òåìïåðàòóðà ìåòàëëà â çàâèñèìîñòè îò êîíöåíòðàöèè MWCNT â îãíåçàùèòíîì ïîêðûòèè: à — áåç ýëåê-

òðîôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 4. The maximum temperature of the metal depending on the concentration of MWCNT in flame-retardant coating: a — without

electrical effects; b — by influence of VFMP
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â òå÷åíèå 25 ìèí. Äëÿ íåìîäèôèöèðîâàííîãî ïîêðû-

òèÿ (ñì. ðèñ. 7,à) íàáëþäàåòñÿ çíà÷èòåëüíîå óìåíü-

øåíèå òîëùèíû ñëîÿ ïåíîêîêñà â çîíå íåïîñðåäñò-

âåííîãî êîíòàêòà ñ ïëàìåíåì ãîðåëêè, â òî âðåìÿ

êàê ìîäèôèöèðîâàííûå ïîêðûòèÿ (ñì. ðèñ. 7,á è 7,â)

ïðåèìóùåñòâåííî ñîõðàíèëè âñïó÷èâøèéñÿ çàùèò-

íûé ñëîé, ÷òî ìîæåò áûòü îáúÿñíåíî áîëåå íèçêîé

ñêîðîñòüþ òåðìè÷åñêîé äåñòðóêöèè ÎÂÊ âñëåäñòâèå

Ðèñ. 5. Ðåçóëüòàòû ëàáîðàòîðíûõ òåïëîôèçè÷åñêèõ èñïûòàíèé îãíåçàùèòíûõ ïîêðûòèé, ïîëó÷åííûõ áåç ýëåêòðîôèçè÷åñêî-

ãî âîçäåéñòâèÿ: à — ïðè îòñóòñòâèè MWCNT â ãðóíòå ÃÔ-021; á — ïðè êîíöåíòðàöèè MWCNT â ãðóíòå ÃÔ-021 1,0 % îá.

Fig. 5. The results of lab thermal testing of fire resistant coatings obtained without the electro-physical effects: a — in the absence

of MWCNT in the primer GF-021; b — when the concentration of MWCNT in the primer GF-021 1.0 % by vol.
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Ðèñ. 6. Ðåçóëüòàòû ëàáîðàòîðíûõ òåïëîôèçè÷åñêèõ èñïûòàíèé îãíåçàùèòíûõ ïîêðûòèé, ïîëó÷åííûõ â óñëîâèÿõ âîçäåéñòâèÿ

Ï×ÌÏ: à — ïðè îòñóòñòâèè MWCNT â ãðóíòå ÃÔ-021; á — ïðè êîíöåíòðàöèè MWCNT â ãðóíòå ÃÔ-021 1,0 % îá.

Fig. 6. The results of lab thermal testing of fire resistant coatings obtained in the conditions of influence VFMP: a — in the absence

of MWCNT in the primer GF-021; b — when the concentration of MWCNT in the primer GF-021 1.0 % by vol.
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áîëüøåé ñòîéêîñòè ïåíîêîêñà â óñëîâèÿõ âûñîêî-

òåìïåðàòóðíîãî âîçäåéñòâèÿ. Ñëåäóåò òàêæå îòìå-

òèòü, ÷òî äëÿ ìîäèôèöèðîâàííûõ ÎÂÊ îòñëàèâàíèå

ïåíîêîêñà íàáëþäàåòñÿ â çíà÷èòåëüíî ìåíüøåé ñòå-

ïåíè â ñðàâíåíèè ñ êîíòðîëüíûìè îáðàçöàìè, ÷òî,

î÷åâèäíî, îáóñëàâëèâàåòñÿ áîëåå ìåäëåííîé ïîòå-

ðåé àäãåçèîííîé ïðî÷íîñòè ïîêðûòèÿ ïðè âûñîêî-

òåìïåðàòóðíîì âîçäåéñòâèè.

Ñâåäåíèÿ î êîýôôèöèåíòå âñïó÷èâàíèÿ èññëåäó-

åìûõ ìîäèôèöèðîâàííûõ ÎÂÊ ïðèâåäåíû íà ðèñ. 8.

Âíåäðåíèå â áàçîâûé îãíåçàùèòíûé ñîñòàâ MWCNT

â öåëîì ïðèâîäèò ê ñíèæåíèþ êîýôôèöèåíòà âñïó-

÷èâàíèÿ, ÷òî, áåçóñëîâíî, íåãàòèâíî âëèÿåò íà îáùóþ

ýôôåêòèâíîñòü ìîäèôèöèðîâàííûõ ÎÂÊ. Âìåñòå

ñ òåì äëÿ ðÿäà îáðàçöîâ ÎÂÊ áåç MWCNT â ãðóíòå

íàáëþäàåòñÿ ðîñò êîýôôèöèåíòà âñïó÷èâàíèÿ äëÿ

êîíöåíòðàöèé MWCNT â îãíåçàùèòíîì ñîñòàâå

0,5…0,75 % îá.

Èññëåäîâàíèå àäãåçèîííîé ïðî÷íîñòè
íàíîìîäèôèöèðîâàííûõ îãíåçàùèòíûõ

âñïó÷èâàþùèõñÿ ïîêðûòèé

Èññëåäîâàíèå àäãåçèè ìîäèôèöèðîâàííûõ âñïó-

÷èâàþùèõñÿ îãíåçàùèòíûõ ñîñòàâîâ ïðîâîäèëîñü

ìåòîäîì îòðûâà ïî ÃÎÑÒ 32299–2013. Ìåòîä îòðû-

âà ïîçâîëÿåò îïðåäåëèòü êîëè÷åñòâåííûå ïîêàçàòå-

ëè àäãåçèîííîé ïðî÷íîñòè è îñíîâàí íà îïðåäåëå-

íèè óñèëèÿ îòðûâà ïðåäâàðèòåëüíî ïðèêëååííûõ ê

ïîâåðõíîñòè ïîêðûòèÿ îáðàçöîâ ñòàíäàðòíîãî ðàç-

ìåðà (“ãðèáêîâ”). Ïîñëå âûñûõàíèÿ êëåÿ îáðàçöû

îòðûâàëè îò ïëàñòèíû ñ ïîìîùüþ ñïåöèàëüíîãî ïðè-

ñïîñîáëåíèÿ, ïîçâîëÿþùåãî îïðåäåëèòü óñèëèå îò-

ðûâà. Èñõîäÿ èç âåëè÷èíû óñèëèÿ îòðûâà è ïëîùà-

äè îáðàçöà, îïðåäåëÿëè àäãåçèîííóþ ïðî÷íîñòü íà

îòðûâ. Ïðè îáðàáîòêå ðåçóëüòàòîâ ó÷èòûâàëè êàê

çíà÷åíèå àäãåçèîííîé ïðî÷íîñòè, òàê è õàðàêòåð

ðàçðóøåíèé, êîòîðûé ìîæåò áûòü àäãåçèîííûì (ïîë-

íûé îòðûâ îò ìåòàëëà èëè îò ñëîÿ ãðóíòà), êîãåçè-

îííûì (ðàçðûâ ïî ñëîþ îãíåçàùèòíîãî ïîêðûòèÿ),

îòðûâ ïî êëååâîìó ñëîþ, è êîãåçèîííî-àäãåçèîííûì

(ñìåøàííûì) (òàáë. 3, ðèñ. 9) [9].

Ðèñ. 7. Îáðàçöû ñ èíòóìåñöåíòíûì ïîêðûòèåì ïîñëå îãíå-

âûõ èñïûòàíèé: à — íåìîäèôèöèðîâàííîå ïîêðûòèå; á —

ìîäèôèöèðîâàííîå ïîêðûòèå (MWCNT); â — ìîäèôèöèðî-

âàííîå ïîêðûòèå (MWCNT), ïîëó÷åííîå ïðè ýëåêòðîôèçè-

÷åñêîì âîçäåéñòâèè

Fig. 7. The samples with intumescent coating after fire tests: a —

unmodified coating; b — modified coating (MWCNT); v — mo-

dified coating (MWCNT) obtained by electrophysical exposure

Ðèñ. 8. Çàâèñèìîñòü êîýôôèöèåíòà âñïó÷èâàíèÿ îãíåçàùèò-

íûõ ïîêðûòèé îò êîíöåíòðàöèè MWCNT: à — áåç ýëåêòðî-

ôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 8. The dependence of the coefficient of swelling fire pro-

tective coatings on the concentration of MWCNT: a — without

electrical effects; b — by influence of VFMP
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Â ðåçóëüòàòå èñïûòàíèé óñòàíîâëåíî, ÷òî äåïîíè-

ðîâàíèå MWCNT â ãðóíò ÃÔ-021, êàê ïðàâèëî, óìåíü-

øàåò àäãåçèîííóþ ïðî÷íîñòü ÎÂÊ íà 10…20 % ïðè

êîíöåíòðàöèè MWCNT â îãíåçàùèòíîì ñîñòàâå îò

0 äî 0,5 % îá. Ïðè äàëüíåéøåì óâåëè÷åíèè êîíöåíò-

ðàöèè MWCNT â îãíåçàùèòíîì ñîñòàâå äî 1,25 % îá.

àäãåçèîííàÿ ïðî÷íîñòü ÎÂÊ ñ MWCNT, äåïîíèðîâàí-

íûìè â ãðóíò ÃÔ-021, îêàçûâàåòñÿ íåñêîëüêî âûøå

â ñðàâíåíèè ñ ÎÂÊ ñ íåìîäèôèöèðîâàííûì ãðóíòîì

è èñõîäíûì îáðàçöîì.

Äëÿ îáðàçöîâ ÎÂÊ, ïîëó÷åííûõ ïðè âîçäåéñòâèè

Ï×ÌÏ, íàáëþäàåòñÿ ñóùåñòâåííîå (äî 40 %) óâå-

ëè÷åíèå àäãåçèîííîé ïðî÷íîñòè äëÿ ïîêðûòèé ñ íå-

ìîäèôèöèðîâàííûì ãðóíòîì ÃÔ-021.

¹
ï/ï

No.

Êîíöåíòðàöèÿ
MWCNT, % îá.

Concentration
of MWCNT, % by vol. Íàëè÷èå

Ï×ÌÏ

Availability

VFMP

Àäãåçèÿ,

êã/ñì2

Adhesion,

kg/cm2

Õàðàêòåð

îòðûâà

Breakaway

character
â ãðóíòå
ÃÔ-021

in the primer
GF-021

â îãíåçà-
ùèòíîì
ñîñòàâå

in fire
retardant

composition

1 0 0 – 48 Êîãåçè-
îííûé

Cohesive
2 0 0,10 – 72

3 0 0,50 – 54

4 0 0,75 – 46

5 0 1,00 – 44

6 0 1,25 – 38

7 1,00 0 – 34

8 1,00 0,10 – 36

9 1,00 0,50 – 45

10 1,00 0,75 – 48

11 1,00 1,00 – 60 Ñìåøàí-
íûé

Mixed

12 1,00 1,25 – 39 Êîãåçè-
îííûé

Cohesive
13 0 0 + 64

14 0 0,10 + 52

15 0 0,50 + 50 Ñìåøàí-
íûé

Mixed

16 0 0,75 + 60 Êîãåçè-
îííûé

Cohesive
17 0 1,00 + 62

18 0 1,25 + 50

19 1,00 0 + 42

20 1,00 0,10 + 34

21 1,00 0,50 + 46

22 1,00 0,75 + 60

23 1,00 1,00 + 54 Ñìåøàí-
íûé

Mixed

24 1,00 1,25 + 46 Êîãåçè-
îííûé

Cohesive

Òàáëèöà 3. Ðåçóëüòàòû èññëåäîâàíèÿ õàðàêòåðèñòèê èñõîä-
íûõ ïîêðûòèé ÎÂÊ (àäãåçèè ìåòîäîì íîðìàëüíîãî îòðûâà)

Table 3. The results of the study of the characteristics of
the original coating intumescent fire retardant paint (adhe-
sion by means of normal separation)

Ðèñ. 9. Ðåçóëüòàòû èññëåäîâàíèÿ õàðàêòåðèñòèê îãíåçàùèò-

íûõ ïîêðûòèé (àäãåçèè ìåòîäîì îòðûâà), ìîäèôèöèðîâàí-

íûõ MWCNT: à — áåç ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ;

á — ïîëó÷åííûõ ïðè âîçäåéñòâèè Ï×ÌÏ

Fig. 9. The results of research of characteristics of fire-retardant

coatings (adhesion method of separation), modified MWCNT:

a — without electrical effects; b — by influence of VFMP
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Âëèÿíèå óñëîâèé ìîäèôèêàöèè
íà ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè

îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ ïîêðûòèé

ÎÂÊ, ïîäâåðæåííûå òåðìè÷åñêîìó âîçäåéñòâèþ

ïðè ïîæàðå, îáëàäàþò ñëîæíûì ñîñòàâîì èñõîäíûõ,

ïðîìåæóòî÷íûõ êîìïîíåíòîâ è êîíå÷íûõ ïðîäóêòîâ

äåñòðóêöèè, ïðîñòðàíñòâåííûì ðàñïðåäåëåíèåì

òåìïåðàòóðû, êîíöåíòðàöèé ðàçëè÷íûõ âåùåñòâ â

êîíäåíñèðîâàííîé è ãàçîâîé ôàçàõ. Óñëîâèÿ óãëåâî-

äîðîäíîãî ïîæàðà âûäâèãàþò áîëåå âûñîêèå òðåáî-

âàíèÿ ê îãíåçàùèòíîé ýôôåêòèâíîñòè ÎÂÊ. Èñïîëü-

çîâàíèå â òåõíîëîãèè ïîëó÷åíèÿ ëàêîêðàñî÷íîãî ïî-

êðûòèÿ íàíîìàòåðèàëîâ ñ MWCNT, â òîì ÷èñëå ïðè

ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè, ïîçâîëÿåò óëó÷-

øèòü ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè ÎÂÊ íà

òåõíîëîãè÷åñêèõ ñòàäèÿõ ïîäãîòîâêè, ôîðìèðîâà-

íèÿ, ýêñïëóàòàöèè è îãíåçàùèòíîãî äåéñòâèÿ.

Ðåàãåíòíàÿ ìîäèôèêàöèÿ (äåïîíèðîâàíèå íàíî-

ìàòåðèàëà ñ MWCNT) äàåò âîçìîæíîñòü èçìåíÿòü

àäãåçèîííûå è êîãåçèîííûå õàðàêòåðèñòèêè ëàêî-

êðàñî÷íîãî ìàòåðèàëà (ËÊÌ) â ïðîöåññå ôîðìèðî-

âàíèÿ ñëîÿ ÎÂÊ [12, 22]. Ïðè ýëåêòðîôèçè÷åñêîì

âîçäåéñòâèè íàáëþäàåòñÿ èçìåíåíèå äàâëåíèÿ íàñû-

ùåííîãî ïàðà è ïîâåðõíîñòíîãî íàòÿæåíèÿ êîìïî-

íåíòîâ ðàñòâîðèòåëÿ è, êàê ñëåäñòâèå, ïåðåîðèåíòà-

öèÿ óãëåðîäíûõ íàíî÷àñòèö â ñòðóêòóðå ïîëèìåðîâ,

ñíèæåíèå àãðåãàöèè íàíî÷àñòèö â îêðàøèâàåìîì

ñëîå. Óìåíüøåíèå ðàçìåðà êàïåëü ËÊÌ îáåñïå÷è-

âàåò áîëåå ðàâíîìåðíîå ðàñïðåäåëåíèå ñîñòàâà íà

îêðàøèâàåìîé ïîâåðõíîñòè. Ýòî ïîçâîëÿåò óëó÷-

øèòü ïðî÷íîñòíûå õàðàêòåðèñòèêè ñëîÿ ÎÂÊ è

îáåñïå÷èòü èõ äîñòàòî÷íóþ àäãåçèþ ïðè ðåàêòèâ-

íîì âîçäåéñòâèè ïëàìåíè [22].

Ïî ìíåíèþ àâòîðîâ íàñòîÿùåé ñòàòüè, êîýôôèöè-

åíò âñïó÷èâàíèÿ èíòóìåñöåíòíûõ ïîêðûòèé íå ìî-

æåò áûòü ðàññìîòðåí êàê ðåøàþùèé ôàêòîð ïîâû-

øåíèÿ îãíåçàùèòíîé ýôôåêòèâíîñòè ïðè äàííûõ

óñëîâèÿõ. Ïîâûøåíèå ñòàáèëüíîñòè ïåíîêîêñà,

ïðåäïîëîæèòåëüíî, ñâÿçàíî ñ óâåëè÷åíèåì èíäóê-

öèîííîãî ïåðèîäà ðàçëîæåíèÿ ñîñòàâëÿþùèõ ìî-

äèôèöèðîâàííîé ÎÂÊ, ïðè ýòîì íà÷àëî äåñòðóêöèè

ýëåìåíòîâ êîìïîçèöèè ñìåùàåòñÿ â îáëàñòü áîëåå

âûñîêèõ òåìïåðàòóð [9, 13, 15].

Óâåëè÷åíèå òåìïåðàòóðû ðàçëîæåíèÿ ïîëèìå-

ðîâ â ñëîå ÎÂÊ, ìîäèôèöèðîâàííûõ íàíîìàòåðèà-

ëîì ñ MWCNT, ïîâûøåíèå àäãåçèîííîé ïðî÷íîñòè

âñïåíåííîãî êàðáîíèçàòà, à òàêæå ñíèæåíèå ãîðþ-

÷åñòè ïîçâîëÿþò óëó÷øèòü ýêñïëóàòàöèîííûå õà-

ðàêòåðèñòèêè îãíåçàùèòíîãî ïîêðûòèÿ [9]. Ïðè âîç-

äåéñòâèè Ï×ÌÏ âîçìîæíî èçìåíåíèå òåïëîïðîâîä-

íîñòè â ñëîå ÎÂÊ çà ñ÷åò ïåðåîðèåíòàöèè MWCNT

â ñòðóêòóðå ïîëèìåð – íàíîìàòåðèàë [19].

Âûâîäû

1. Ìîäèôèêàöèÿ êîìïîíåíòîâ ÎÂÊ ïóòåì äåïî-

íèðîâàíèÿ MWCNT â ñî÷åòàíèè ñ ýëåêòðîôèçè÷å-

ñêèì âîçäåéñòâèåì âëå÷åò çà ñîáîé óëó÷øåíèå èõ

òåõíîëîãè÷åñêèõ è ýêñïëóàòàöèîííûõ õàðàêòåðèñ-

òèê, â òîì ÷èñëå ñíèæåíèå ñêîðîñòè ðîñòà òåìïåðà-

òóðû çàùèùåííîãî ìåòàëëà â óñëîâèÿõ óãëåâîäî-

ðîäíîãî ãîðåíèÿ, ðàçíîñòîðîííåå èçìåíåíèå êîýô-

ôèöèåíòà âñïó÷èâàíèÿ è óâåëè÷åíèå àäãåçèîííîé

ïðî÷íîñòè ïîêðûòèÿ.

2. Îãíåçàùèòíîå äåéñòâèå ìîäèôèöèðîâàííûõ

ÎÂÊ, ïîìèìî èçâåñòíûõ ìåõàíèçìîâ äåéñòâèÿ ïðè-

ìåíÿþùèõñÿ â íàñòîÿùåå âðåìÿ âñïó÷èâàþùèõñÿ

îãíåçàùèòíûõ ïîêðûòèé, îñíîâàíî íà óâåëè÷åíèè

òåðìè÷åñêîé ñòîéêîñòè è àäãåçèîííîé ïðî÷íîñòè

ïîêðûòèé, à òàêæå âîçìîæíîñòè áåçðåàãåíòíîãî

óïðàâëåíèÿ óïîðÿäî÷åííîñòüþ íàíîñòðóêòóð äëÿ

äîñòèæåíèÿ òðåáóåìûõ ïàðàìåòðîâ òåïëîïðîâîä-

íîñòè.

3. Îïòèìèçàöèÿ ðåöåïòóðû è òåõíîëîãèè íàíå-

ñåíèÿ ìîäèôèöèðîâàííûõ ÎÂÊ ïîçâîëÿåò óñïåøíî

ïðèìåíÿòü èõ äëÿ çàùèòû ìåòàëëîêîíñòðóêöèé

óñòàíîâîê íà îáúåêòàõ òðàíñïîðòèðîâêè íåôòåïðî-

äóêòîâ, õàðàêòåðèçóþùèõñÿ âûñîêèì ðèñêîì âîç-

íèêíîâåíèÿ óãëåâîäîðîäíîãî ïîæàðà.

4. Îáëàñòü ïðèìåíåíèÿ ìîäèôèöèðîâàííûõ

ÎÂÊ äîëæíà îïðåäåëÿòüñÿ ïðè ïðîâåäåíèè ñîîò-

âåòñòâóþùèõ ñåðòèôèêàöèîííûõ èñïûòàíèé êàê

ïðè ñòàíäàðòíîì òåìïåðàòóðíîì ðåæèìå (ïî ÃÎÑÒ

30247.0–94), òàê è ïðè àëüòåðíàòèâíûõ òåìïåðàòóð-

íûõ ðåæèìàõ (ïî ÃÎÑÒ Ð ÅÍ 1363-2–2014). Âìåñòå

ñ òåì ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ãîâîðèòü

î âîçìîæíîñòè ïîâûøåíèÿ ýôôåêòèâíîñòè îãíå-

çàùèòíûõ ïîêðûòèé çà ñ÷åò âíåäðåíèÿ òåõíîëîãèè

ýëåêòðîôèçè÷åñêîé è ðåàãåíòíîé ìîäèôèêàöèè â

ïðîöåññû ïîëó÷åíèÿ è ôîðìèðîâàíèÿ ÎÂÊ äëÿ ðå-

øåíèÿ çàäà÷ îáåñïå÷åíèÿ òåïëîâîé çàùèòû îáúåê-

òîâ òðàíñïîðòèðîâêè íåôòåïðîäóêòîâ.
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ABSTRACT

One way to provide the required fire resistance of steel structures for oil and gas facilities is the use of

intumescent compositions. With the flare burning of vapors of petroleum products, the deformation

and collapse of structures subjected to high temperature (up to 1200 °C) and erosion.

As objects of study the carbon nanomaterials containing MWCNT with parameters d = 30 nm,

l = 2…5 �m were selected. The basis for the modified material was intumescent paint for steel

structures “Thermal barrier”, produced by TU 2313-001-30642285–2011. Modification of a flame

retardant was conducted using the Deposit of MWCNT in solvent (o-xylene), with further stirring

the filler at a concentration of 0.10…1.25 % by vol. Individual components of the intumescent

compositions were subjected to electrophysical influence with the parameters of variable

frequency-modulated potential (VFMP) 56 V, 50 Hz. Study of fire resistance performance of nano-

modified intumescent compositions was conducted in a laboratory setting, simulating the conditions

of hydrocarbon combustion. For almost all samples of modified intumescent compositions containing

MWCNT, there is a slower (10…55 %) increase in the temperature of the object of protection within
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the time of observation, in comparison with non-modified coating intumescent compositions. For samples

with intumescent compositions with the primer GF-021 without MWCNT, the rate of temperature

increase of metal in general, inversely proportional to the concentration of MWCNT in flame-

retardant composition as no electrical influence, and when exposed to VFMP. For samples with

intumescent compositions with the primer GF-021 with MWCNT at a concentration of 1.0 % by vol.,

the growth rate of metal temperature has a clear dependence on the concentration of MWCNT in

flame-retardant composition.

Depositing in the basic fire retardant composition of MWCNT as a whole leads to a decrease in

the coefficient of swelling, which certainly negatively affects the overall effectiveness of modified

intumescent compositions. However, for a number of samples of the intumescent compositions

without MWCNT in primer the rise of the coefficient of swelling for the concentrations of MWCNT in

flame-retardant composition 0.50 to 0.75 % by vol.

It is also established that the deposition of MWCNT in the primer GF-021 as a rule, reduces

the adhesion strength of the intumescent compositions for 10…20 % at the concentration of MWCNT

in flame-retardant composition from 0 to 0.5 %. With a further increase in the concentration of

MWCNT in flame-retardant composition to 1.25 % adhesive strength of the intumescent composi-

tions with MWCNT deposited in the primer GF-021, slightly higher in comparison with the in-

tumescent compositions with non-modified primer and the original sample. For samples intumescent

compositions obtained with VFMP, there is a significant (40 %) increase in adhesion strength for

coatings with unmodified primer GF-021.

Upon further study of modified intumescent flame retardant compositions, we plan to conduct

a comprehensive thermal analysis of songs to determine the nature of a fire retardant effect of sample

coverings from the nature of their modification.

Thus, optimization of the formulation and application technology of modified fire-resistant

intumescent compositions allows applying them successfully to protect the metal installations on

the transportation of petroleum products, characterized by a high risk of hydrocarbon fire.

Keywords: fire-retardant intumescent coating; reagent modification; electrophysical modification;

hydrocarbon fire; variable frequency-modulated potential; transportation of petroleum products.
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