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ÐÅÇÞÌÅ

Ââåäåíèå. Öåëüþ èññëåäîâàíèÿ áûëî ôèçè÷åñêîå îáîñíîâàíèå ïðèíöèïîâ ìîäèôèêàöèè òîíêîñëîéíûõ âñïó-

÷èâàþùèõñÿ ïîêðûòèé çà ñ÷åò óïðàâëåíèÿ èõ ýëåêòðîôèçè÷åñêèìè õàðàêòåðèñòèêàìè è ðàçðàáîòêà ìåòîäè-

êè ïîâûøåíèÿ îãíåçàùèòíîé ýôôåêòèâíîñòè ñîâðåìåííûõ îãíåçàùèòíûõ ñîñòàâîâ ïðè âàðüèðîâàíèè ïàðà-

ìåòðîâ îáúåìíîé ôðàêöèè ôóíêöèîíàëèçèðîâàííûõ ìíîãîñëîéíûõ óãëåðîäíûõ íàíîòðóáîê (ÌWCNT).

Ìàòåðèàëû. Â êà÷åñòâå ìàòåðèàëîâ èñïîëüçîâàëèñü îãíåçàùèòíàÿ âñïó÷èâàþùàÿñÿ êðàñêà “Òåðìîáàðüåð”

ïðîèçâîäñòâà ÍÏÊ “ÎãíåÕèìÇàùèòà”, ìîäèôèöèðîâàííàÿ MWCNT.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü âêëþ÷àëà èññëåäîâàíèå ìåòîäîì ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà, èçìåðåíèå

äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè, îïðåäåëåíèå àäãåçèè ìåòîäîì îòðûâà, èññëåäîâàíèå ýëåêòðèçàöèè ïðè

íàíåñåíèè îãíåçàùèòíîãî ñîñòàâà íà ìåòàëë.

Ðåçóëüòàòû è îáñóæäåíèå. Ìîäèôèêàöèÿ îãíåçàùèòíûõ ñîñòàâîâ çà ñ÷åò âíåäðåíèÿ MWCNT â êîíöåíòðàöèÿõ

0,1…1,25 % îá. ïîçâîëÿåò óëó÷øèòü ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè íàíîìàòåðèàëîâ çà ñ÷åò óâåëè÷åíèÿ

òåðìè÷åñêîé ñòàáèëüíîñòè îãíåçàùèòíûõ ñîñòàâîâ ïðè êîíöåíòðàöèè íàíî÷àñòèö äî 0,5 % îá. Ïðè ýòîì ïî-

òåðÿ ìàññû ìîäèôèöèðîâàííîãî MWCNT îáðàçöà ïðîèñõîäèò â ñðåäíåì íà 20–30 % ìåäëåííåå â ñðàâíåíèè

ñ íåìîäèôèöèðîâàííûì îáðàçöîì. Íàáëþäàåòñÿ ïîâûøåíèå ïðî÷íîñòè îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ

êîìïîçèöèé (ÎÂÊ) äî 40 %. Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè ïðîèñõîäèò óïîðÿäî÷èâàíèå MWCNT â ìà-

òåðèàëå, à òàêæå ñíèæåíèå íàïðÿæåííîñòè ýëåêòðè÷åñêîãî ïîëÿ, âîçíèêàþùåãî ïðè íàíåñåíèè ìîäèôèöèðî-

âàííîãî ñîñòàâà, â ñðåäíåì íà 40–50 %.

Çàêëþ÷åíèå. Ìîäèôèêàöèÿ îãíåçàùèòíîãî ñîñòàâà MWCNT âåäåò ê óâåëè÷åíèþ àäãåçèîííîé ïðî÷íîñòè è

òåðìè÷åñêîé ñòîéêîñòè ÎÂÊ ïðè óñëîâèè îáåñïå÷åíèÿ ñòàáèëüíîñòè íàíîñòðóêòóð â ìàòåðèàëå. Ïðåäëîæåí-

íàÿ òåõíîëîãèÿ ïðèìåíåíèÿ ìîäèôèöèðîâàííûõ âñïó÷èâàþùèõñÿ îãíåçàùèòíûõ ñîñòàâîâ íà îáúåêòàõ òðó-

áîïðîâîäíîãî òðàíñïîðòà äîëæíà âêëþ÷àòü ýëåìåíòû ïîäãîòîâêè ìîäèôèöèðóþùåé äîáàâêè è åå ñòàáèëèçà-

öèè äëÿ óëó÷øåíèÿ êà÷åñòâåííûõ õàðàêòåðèñòèê îãíåçàùèòíûõ ñîñòàâîâ ñ MWCNT.

Êëþ÷åâûå ñëîâà: îãíåçàùèòíûå âñïó÷èâàþùèåñÿ ïîêðûòèÿ; óãëåðîäíûå íàíîñòðóêòóðû; óãëåâîäîðîäû; ñèí-

õðîííûé òåðìè÷åñêèé àíàëèç; äèýëåêòðè÷åñêàÿ ïðîíèöàåìîñòü.
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ABSTRACT

Introduction. The aim of the study was to physically substantiate the principles of modification of thin-layer intu-

mescent coatings by controlling their electrophysical characteristics and to develop a technique to improve the fire

retardant efficiency of modern fire retardants with varying parameters of the volume fraction of functionalized multi-

layer carbon nanotubes (MWCNT).
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SAFETY OF SUBSTANCES AND MATERIALS

Materials. The materials used in fire retardant intumescent paint “Thermal barrier”, the production of NPK “Ogne-

HimZashchita” modified by MWCNT.

Experimental part. The experimental part included a study by the method of synchronous thermal analysis,

the measurement of the dielectric constant, determination of adhesion and the study of electrification when ap-

plied, a fire retardant metal.

Results and discussion. Modification of fire retardants due to the introduction of MWCNT in concentrations of

0.1…1.25 % by vol. allows to improve the performance of nanomaterials by increasing the thermal stability of fire

retardants at a concentration of nanoparticles up to 0.5 % by vol. In this case, the mass loss of the modified

MWCNT sample occurs on average 20–30 % slower in comparison with the unmodified sample. There is an in-

crease in the strength of intumescent fire retardant composition (IFRC) to 40 %. When electrophysical action

occurs ordering MWCNT in the material, and also reduces the electric field generated by applying the modified

composition on average by 40–50 %.

Conclusion. Modification of MWCNT fire retardants leads to an increase in adhesive strength and increase in thermal

resistance of IFRC, provided the stability of nanostructures in the material. The proposed technology of application

of modified intumescent fire retardants at pipeline transport facilities should include elements of preparation of

the modifying additive and its stabilization to improve the quality characteristics of the fire retardants with MWCNT.

Keywords: fire retardant intumescent coating; carbon nanostructures; hydrocarbons; synchronous thermal ana-

lysis; dielectric constant.
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Ââåäåíèå

Òðóáîïðîâîäíûé òðàíñïîðò ÿâëÿåòñÿ âàæíûì çâå-

íîì â íåôòÿíîé è ãàçîâîé ïðîìûøëåííîñòè. Â ñîñòàâ

òðóáîïðîâîäíîãî òðàíñïîðòà, ïîìèìî êîìïðåññîð-

íûõ óñòàíîâîê, òðóáîïðîâîäîâ, çàïîðíî-ðåãóëèðó-

þùèõ óñòðîéñòâ, âõîäÿò ìåòàëëîêîíñòðóêöèè, âû-

ïîëíÿþùèå íåñóùèå ôóíêöèè äëÿ åãî îòäåëüíûõ

ýëåìåíòîâ. Ïðè àâàðèÿõ íà òðóáîïðîâîäíîì òðàíñ-

ïîðòå íàáëþäàþòñÿ âçðûâû, ïîæàðû, ñîïðîâîæäà-

þùèåñÿ âûáðîñàìè íåôòåïðîäóêòîâ, à òàêæå ôà-

êåëüíîå ãîðåíèå óãëåâîäîðîäîâ. Ïîòåðÿ íåñóùåé

ôóíêöèè ìåòàëëîêîíñòðóêöèé â óñëîâèÿõ óãëåâî-

äîðîäíîãî ïîæàðà ïðèâîäèò ê äåôîðìàöèè è íàðó-

øåíèþ ãåðìåòè÷íîñòè àïïàðàòîâ, òðóáîïðîâîäîâ è

äðóãîãî òåõíîëîãè÷åñêîãî îáîðóäîâàíèÿ, ÷òî ìîæåò

ïîâëå÷ü çà ñîáîé êàñêàäíûé õàðàêòåð ðàçâèòèÿ àâà-

ðèè (ÃÎÑÒ Ð ÅÍ 1363-2–2014, [1]).

Äëÿ îáåñïå÷åíèÿ òðåáóåìûõ ïðåäåëîâ îãíåñòîé-

êîñòè íàðóæíûå êîììóíèêàöèè îáúåêòîâ òðàíñïîð-

òèðîâêè ïðèðîäíîãî ãàçà, íåôòè è íåôòåïðîäóêòîâ,

íåñóùèå ìåòàëëè÷åñêèå ýëåìåíòû (îïîðû è äðóãèå

ìåòàëëè÷åñêèå êîíñòðóêöèè) òðóáîïðîâîäíîãî òðàíñ-

ïîðòà îáðàáàòûâàþòñÿ òîíêîñëîéíûìè îãíåçàùèò-

íûìè ïîêðûòèÿìè. Â íîðìàòèâíî-ïðàâîâûõ äîêóìåí-

òàõ (ÃÎÑÒ Ð 57385–2017, [2]) îáîçíà÷åíû òðåáîâàíèÿ

ê ýêñïëóàòàöèîííûì õàðàêòåðèñòèêàì îãíåçàùèòíûõ

ïîêðûòèé òðóáîïðîâîäíîãî òðàíñïîðòà — àäãåçè-

îííîé è ìåõàíè÷åñêîé ïðî÷íîñòè, âîäîíåïðîíèöà-

åìîñòè, õèìè÷åñêîé ñòîéêîñòè, ýëåêòðîõèìè÷åñêîé

íåéòðàëüíîñòè, òåðìîñòîéêîñòè è äð. Îäíîé èç ïðîá-

ëåì îáåñïå÷åíèÿ îãíåçàùèòíîãî äåéñòâèÿ ïîêðûòèé

ÿâëÿåòñÿ èõ íåäîñòàòî÷íàÿ òåðìè÷åñêàÿ ñòîéêîñòü

ïðè ôàêåëüíîì ãîðåíèè óãëåâîäîðîäîâ, õàðàêòåðíîì

äëÿ îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà [3].

Ïåðñïåêòèâíûì íàïðàâëåíèåì óëó÷øåíèÿ ýêñ-

ïëóàòàöèîííûõ õàðàêòåðèñòèê îãíåçàùèòíûõ âñïó-

÷èâàþùèõñÿ êîìïîçèöèé (ÎÂÊ) ÿâëÿåòñÿ èñïîëüçî-

âàíèå â êà÷åñòâå ìîäèôèêàòîðîâ óãëåðîäíûõ íàíî-

ñòðóêòóð (ÓÍÑ). Â îòëè÷èå îò íåñòðóêòóðèðîâàííûõ

óãëåðîäíûõ ìàòåðèàëîâ (òåðìîðàñøèðÿþùèéñÿ ãðà-

ôèò, óãëåðîäèñòûå ñàæè è äð.) ÓÍÑ è ìàòåðèàëû íà

èõ îñíîâå îáëàäàþò àíîìàëüíûìè ìåõàíè÷åñêèìè [4],

ýëåêòðîôèçè÷åñêèìè [5], òåïëîôèçè÷åñêèìè [6] è

ñîðáöèîííûìè [7] ñâîéñòâàìè. Ìîäèôèêàöèÿ êîìïî-

íåíòîâ îãíåçàùèòíûõ âñïó÷èâàþùèõñÿ ñîñòàâîâ ìíî-

ãîñëîéíûìè óãëåðîäíûìè íàíîòðóáêàìè (MWCNT)

ïðèâîäèò ê óëó÷øåíèþ ýêñïëóàòàöèîííûõ õàðàê-

òåðèñòèê ñûðüÿ (òàáë. 1) è ïðîäóêöèè íà åãî îñíîâå

[8–10].

Äî íåäàâíåãî âðåìåíè ÓÍÑ ÿâëÿëèñü âåñüìà äî-

ðîãîñòîÿùèìè ìîäèôèêàòîðàìè, îäíàêî óâåëè÷åíèå

îáúåìîâ èõ ïðîèçâîäñòâà [11] ïîçâîëÿåò óæå ñåé÷àñ

ïðèìåíÿòü èõ â äîñòàòî÷íî áîëüøèõ îáúåìàõ â ñòðîè-

òåëüíîé îòðàñëè [12].

Ïðèìåíèòåëüíî ê îãíåçàùèòå ìåòàëëîêîíñòðóê-

öèé òðóáîïðîâîäíîãî òðàíñïîðòà ñóùåñòâóþò òåõ-

íîëîãè÷åñêèå îãðàíè÷åíèÿ ïî èñïîëüçîâàíèþ ÓÍÑ

â êà÷åñòâå ìîäèôèêàòîðîâ ÎÂÊ. Ñóùåñòâåííîé ïðîá-

ëåìîé íàíîìîäèôèêàöèè ÿâëÿåòñÿ çíà÷èòåëüíàÿ àã-

ðåãàöèÿ ÓÍÑ ïðè ïîëó÷åíèè, òðàíñïîðòèðîâêå è íà-

íåñåíèè îãíåçàùèòíûõ ñîñòàâîâ, ÷òî ìîæåò ïðèâåñ-

òè ê ñíèæåíèþ èõ ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê,

âïëîòü äî îòðèöàòåëüíûõ ýôôåêòîâ. Â äàííûõ óñëî-

âèÿõ òåõíîëîãèÿ ñòàáèëèçàöèè íàíîñòðóêòóð ïîñðåä-

ñòâîì èçìåíåíèÿ ýëåêòðîôèçè÷åñêèõ ñâîéñòâ [13, 14]

ïðåäñòàâëÿåòñÿ íàèáîëåå âîçìîæíûì âàðèàíòîì

ðåøåíèÿ ïðîáëåìû, òàê êàê íå òðåáóåò èçìåíåíèÿ
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Êîìïîíåíòû
ÎÂÊ

IFRC
component

Ñîäåðæàíèå
êîìïîíåíòà

â ÎÂÊ,
% ìàññ.

Component
content

in IFRC,
% by mass

Íàçíà÷åíèå êîìïîíåíòà

Component assignment

Êîíöåíòðàöèÿ
MWCNT,
% ìàññ.

Concentration
of MWCNT,
% by mass

Âëèÿíèå óãëåðîäíûõ
íàíîñòðóêòóð

Effect of carbon
nanostructures

Èñòî÷íèê

Source

Àêðèëîâàÿ

ñìîëà

Acrylic resin

8…14 Ïëåíêîîáðàçîâàòåëü

Film former

0,1…1,0 Óâåëè÷åíèå òðåùèíîñòîéêî-

ñòè, ïîâûøåíèå ïðî÷íîñòè

ïîëèìåðíîé ìàòðèöû, ïîâû-

øåíèå ýëåêòðîïðîâîäíîñòè,

òåðìè÷åñêîé ñòîéêîñòè, àä-

ãåçèîííîé ïðî÷íîñòè

Increased crack resistance, in-

creased strength of the polymer

matrix, electrical conductivity,

thermal resistance, adhesive

strength

[15–17]

Êðåìíèé-

îðãàíè÷å-

ñêàÿ ñìîëà

Silica resin

1,0…1,5 Òî æå

Same

0,5…5,0 Ñíèæåíèå ýëåêòðè÷åñêîé

ñîïðîòèâëÿåìîñòè, ïîâûøå-

íèå àäãåçèîííîé ïðî÷íîñòè

Reducing the electrical resis-

tance, increasing the adhesive

strength

[18, 19]

Ñòèðîëáóòà-

äèåíîâûé

êàó÷óê

Styrene-buta-

diene rubber

1…2 » 0,1…1,0 Ïîâûøåíèå ìåõàíè÷åñêîé

ïðî÷íîñòè ïîëèìåðà

Increasing the mechanical

strength of the polymer

[16]

Äèîêñèä

òèòàíà

Titanium

dioxide

2…4,5 Ñïîñîáñòâóåò ôîðìèðîâàíèþ

ÿ÷åèñòîé (âñïåíåííîé) îäíî-

ðîäíîé ïåíîêîêñîâîé ñòðóêòó-

ðû, óêðåïëÿåò êîêñîâûé ñëîé

Contribute to the formation of

a cellular (foamed) homogeneous

foam coke structure, strengthens

the foam layer

16…38 Óëó÷øåíèå ïîãëîùåíèÿ

ñâåòîâîé ýíåðãèè; êàòàëèòè-

÷åñêîå âîçäåéñòâèå íà

äèîêñèä òèòàíà

Improved absorption of light

energy; catalytic effect on

titanium dioxide

[20]

Ïîëèôîñôàò

àììîíèÿ

Ammonium

polyphosphate

25…30 Îáðàçîâàíèå ïåíîêîêñîâîãî

ñëîÿ, çàìåäëåíèå ðàñïðîñòðàíå-

íèÿ ïëàìåíè, ãàçîîáðàçóþùèé

ýëåìåíò ïðè ïåíîîáðàçîâàíèè

The formation of the foam layer,

slowing the spread of the flame,

the gas-forming element during

foaming

0,025…1,0 Ïîâûøåíèå òåðìè÷åñêîé

ñòàáèëüíîñòè

Increase thermal stability

[16, 21]

Ìåëàìèí

Melamine

�10 Òî æå

Same

16…38 Óñêîðåíèå ïðîöåññà îêèñëå-

íèÿ â ïîëèìåðíîé ìàòðèöå

Acceleration of the oxidation

process in the polymer matrix

[22, 23]

Ïåíòà-

ýðèòðèò

Penta-

erythritol

~10 Ïåíîîáðàçîâàòåëü, ïîâûøåíèå

îãíåçàùèòíîé ñòîéêîñòè ïî-

êðûòèÿ

A foaming agent, the fire retar-

dant coating increases resistance

0,1 Ïîâûøåíèå ïëàñòè÷íîñòè

ïîëèìåðà

Increased plasticity of the po-

lymer

[22]

Òàáëèöà 1. Âëèÿíèå ÓÍÑ íà ôèçèêî-õèìè÷åñêèå ñâîéñòâà è ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè êîìïîíåíòîâ ÎÂÊ

Table 1. Effect of MWCNT on the physical and chemical properties and performance characteristics of the components of intumescent

fire retardant composition (IFRC)
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õèìè÷åñêîãî ñîñòàâà è óñëîâèé ïðîèçâîäñòâà êîì-

ïîíåíòîâ ÎÂÊ.

Öåëüþ èññëåäîâàíèÿ áûëî ôèçè÷åñêîå îáîñíî-

âàíèå ïðèíöèïîâ ìîäèôèêàöèè òîíêîñëîéíûõ âñïó-

÷èâàþùèõñÿ ïîêðûòèé çà ñ÷åò óïðàâëåíèÿ èõ ýëåêò-

ðîôèçè÷åñêèìè õàðàêòåðèñòèêàìè è ðàçðàáîòêà ìå-

òîäèêè ïîâûøåíèÿ îãíåçàùèòíîé ýôôåêòèâíîñòè

ñîâðåìåííûõ îãíåçàùèòíûõ ñîñòàâîâ ïðè âàðüèðî-

âàíèè ïàðàìåòðîâ îáúåìíîé ôðàêöèè MWCNT.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Â êà÷åñòâå ìàòåðèàëîâ èññëåäîâàíèÿ èñïîëüçî-

âàëèñü îáðàçöû ìîäèôèöèðîâàííûõ ÎÂÊ. Îñíîâîé

ÿâëÿëàñü îãíåçàùèòíàÿ âñïó÷èâàþùàÿñÿ êðàñêà äëÿ

ñòàëüíûõ êîíñòðóêöèé “Òåðìîáàðüåð” (ÒÓ 2313-

001-30642285–2011) ñ äèñïåðãèðîâàííûìè ìíîãî-

ñëîéíûìè óãëåðîäíûìè íàíîòðóáêàìè (MWCNT),

ñèíòåçèðîâàííûìè â Ñàíêò-Ïåòåðáóðãñêîì óíèâåð-

ñèòåòå Ãîñóäàðñòâåííîé ïðîòèâîïîæàðíîé ñëóæáû

Ì×Ñ Ðîññèè â êîíöåíòðàöèè 0,10…1,25 % îá. â ðàñ-

òâîðèòåëå (î-êñèëîë ïî ÃÎÑÒ 9410–78) ïî ìåòîäèêå,

èçëîæåííîé â [8], è ñòàáèëèçèðîâàííûìè â óñëîâè-

ÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ [25].

Â èññëåäîâàíèè èñïîëüçîâàëèñü ìåòîäû:
� ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà (ÑÒÀ) äëÿ

îöåíêè âêëàäà MWCNT â ïðîöåññ òåðìè÷åñêîãî

ðàçëîæåíèÿ êîìïîíåíòîâ íà ïðèáîðå NETZSCH

STA449F3 STA449F3A-0430-M ñ ïàðàìåòðàìè:

ñðåäà — âîçäóøíàÿ, äèàïàçîí òåìïåðàòóð —

30–1000 °Ñ, ñêîðîñòü ïîäúåìà òåìïåðàòóðû�ðå-

æèì — 10 Ê�ìèí [26];
� èçìåðåíèÿ äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ìî-

äèôèöèðîâàííûõ ÎÂÊ ìåòîäîì ïëîñêîãî êîí-

äåíñàòîðà íà ÷àñòîòå 100 Ãö [27] äëÿ îöåíêè

óïîðÿäî÷åííîñòè íàíîñòðóêòóð â ìàòðèöå ïî-

ëèìåðà;

� îïðåäåëåíèÿ àäãåçèîííîé ïðî÷íîñòè ÎÂÊ ìåòî-

äîì îòðûâà ïî ÃÎÑÒ 32299–2013;
� èññëåäîâàíèÿ ýëåêòðèçàöèè ìîäèôèöèðîâàííî-

ãî ñîñòàâà ïðè íàíåñåíèè íà ìåòàëë ïî ìåòîäèêå,

èçëîæåííîé â [28].

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Èññëåäîâàíèå ìåòîäîì
ñèíõðîííîãî òåðìè÷åñêîãî àíàëèçà

Ïðè èññëåäîâàíèè êîíòðîëüíîãî (íåìîäèôèöè-

ðîâàííîãî) è ìîäèôèöèðîâàííîãî MWCNT â êîí-

öåíòðàöèè 0,5 % îá. îáðàçöîâ ÎÂÊ âûÿâëåíû íå-

çíà÷èòåëüíûå ïîòåðè ìàññû ó ìîäèôèöèðîâàííîãî

îáðàçöà â ñðàâíåíèè ñ êîíòðîëüíûì â èíòåðâàëå

òåìïåðàòóð 400–800 °Ñ, ñ äàëüíåéøèì ïëàâíûì

ñíèæåíèåì ïîòåðè ìàññû ïðè ïîâûøåíèè òåìïå-

Êîìïîíåíòû
ÎÂÊ

IFRC
component

Ñîäåðæàíèå
êîìïîíåíòà

â ÎÂÊ,
% ìàññ.

Component
content

in IFRC,
% by mass

Íàçíà÷åíèå êîìïîíåíòà

Component assignment

Êîíöåíòðàöèÿ
MWCNT,
% ìàññ.

Concentration
of MWCNT,
% by mass

Âëèÿíèå óãëåðîäíûõ
íàíîñòðóêòóð

Effect of carbon
nanostructures

Èñòî÷íèê

Source

Ãèäðîêñèä
àëþìèíèÿ

Aluminum
hydroxide

�2 Îáðàçîâàíèå íåãîðþ÷èõ ãàçî-
îáðàçíûõ ïðîäóêòîâ (íàïðèìåð,
ÑÎ2, ïàðîâ âîäû) è îòâeäåíèå
òåïëà

The formation of non-flammable
gaseous products (for example
CO2, water vapor) and dissipate
heat

0,5…5,0 Ñïîñîáñòâóåò ôîðìèðîâà-
íèþ îáóãëåííîãî ñëîÿ, ïî-
âûøåíèþ òåïëîïðîâîäíî-
ñòè ïîëèìåðà, çàìåäëåíèþ
âûäåëåíèÿ âîäû

Contributes to the formation
of a charred layer, increase the
thermal conductivity
of the polymer, slow down
the release of water

[19, 24]

Îêîí÷àíèå òàáë. 1 � End of Table 1

Ðèñ. 1. Ðåçóëüòàòû èññëåäîâàíèÿ îáðàçöîâ ÎÂÊ ìåòîäîì äèô-

ôåðåíöèàëüíîé ñêàíèðóþùåé êàëîðèìåòðèè (ÄÑÊ): 1 — íå-

ìîäèôèöèðîâàííûé îáðàçåö; 2 — îáðàçåö, ìîäèôèöèðîâàí-

íûé MWCNT â êîíöåíòðàöèè 0,5 % îá.

Fig. 1. The results of the study of samples of intumescent fire re-

tardant compositions (IFRC) by the method of differential scan-

ning calorimetry (DSC): 1 — unmodified sample; 2 — sample

modified by MWCNT with a concentration 0.5 % by vol.
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ðàòóðû äî 900 °Ñ. Äëÿ ìîäèôèöèðîâàííîãî îáðàçöà

ÎÂÊ ïðîèñõîäèò ñäâèã ìàêñèìàëüíîãî òåïëîâîãî

ýôôåêòà â ñòîðîíó óâåëè÷åíèÿ (äî 610 °Ñ) ñ íåçíà÷è-

òåëüíûì óìåíüøåíèåì åãî â èíòåðâàëå òåìïåðàòóð

630–850 °Ñ. Ïðè äàëüíåéøåì ïîâûøåíèè òåìïåðà-

òóð íàáëþäàåòñÿ ñêà÷êîîáðàçíîå ñíèæåíèå òåïëîâî-

ãî ýôôåêòà ïðè òåìïåðàòóðå âûøå 850 °Ñ (ðèñ. 1).

Ïðîöåññ ñíèæåíèÿ ìàññû äëÿ íåìîäèôèöèðî-

âàííîãî è ìîäèôèöèðîâàííîãî îáðàçöîâ ÎÂÊ íà÷è-

íàåòñÿ ïðè òåìïåðàòóðàõ ñîîòâåòñòâåííî 220–271

è 228–271 °Ñ. Íàèáîëüøåå ðàñõîæäåíèå â ïîòåðå

ìàññû îáðàçöîâ íàáëþäàåòñÿ â èíòåðâàëå òåìïå-

ðàòóð 443–672 °Ñ — íà 1,19 %, ïðè ýòîì ïîòåðÿ

ìàññû ìîäèôèöèðîâàííîãî MWCNT îáðàçöà ïðî-

èñõîäèò â ñðåäíåì íà 20–30 % ìåäëåííåå â ñðàâ-

íåíèè ñ êîíòðîëüíûì îáðàçöîì. Îñòàòî÷íàÿ ìàññà

äëÿ íåìîäèôèöèðîâàííîãî îáðàçöà ÎÂÊ ñîñòàâ-

ëÿåò 17,76 %, äëÿ ìîäèôèöèðîâàííîãî — 14,02 %

(ðèñ. 2).

Èññëåäîâàíèå âëèÿíèÿ óñëîâèé
ìîäèôèêàöèé íà äèýëåêòðè÷åñêóþ
ïðîíèöàåìîñòü ìîäèôèöèðîâàííûõ ÎÂÊ

Îòíîñèòåëüíîå èçìåíåíèå äèýëåêòðè÷åñêîé ïðî-

íèöàåìîñòè (ÄÏ) ïðè èññëåäîâàíèè íàíîìîäèôè-

öèðîâàííûõ ìàòåðèàëîâ îïðåäåëÿëîñü ïî ôîðìóëå

kì = 
ìîä �
íà÷ , (1)

ãäå 
íà÷, 
ìîä — ïîëó÷åííûå â õîäå ýêñïåðèìåíòîâ

çíà÷åíèÿ äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ñî-

îòâåòñòâåííî äëÿ íåìîäèôèöèðîâàííûõ è ìî-

äèôèöèðîâàííûõ îáðàçöîâ ÎÂÊ.

Íàèáîëüøåå èçìåíåíèå äèýëåêòðè÷åñêîé ïðîíè-

öàåìîñòè ïðîèñõîäèò ïðè êîíöåíòðàöèè MWCNT

0,75 % îá., à íàèìåíüøåå — ïðè êîíöåíòðàöèè

0,5 % îá. (ðèñ. 3). Â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî

âîçäåéñòâèÿ íàáëþäàþòñÿ áîëåå èíòåíñèâíûå èçìå-

íåíèÿ çíà÷åíèé äèýëåêòðè÷åñêîé ïðîíèöàåìîñòè ïðè

êîíöåíòðàöèè 1,25 % îá.

Èññëåäîâàíèå âëèÿíèÿ MWCNT
íà òåïëîôèçè÷åñêèå è àäãåçèîííûå
ñâîéñòâà

Îáîáùåííûå äàííûå ïî àäãåçèîííîé ïðî÷íîñòè,

à òàêæå ïî âðåìåíè íà÷àëà äåñòðóêöèè è ìàêñèìàëü-

íîé òåìïåðàòóðå ìîäèôèöèðîâàííûõ îáðàçöîâ [8]

ïðèâåäåíû â òàáë. 2.

Äëÿ îáðàçöîâ ÎÂÊ ñ íåìîäèôèöèðîâàííûì ãðóí-

òîì ÃÔ-021 ïðè óâåëè÷åíèè àäãåçèîííîé ïðî÷íîñ-

òè ñ 38 äî 72 ÌÏà íàáëþäàåòñÿ óâåëè÷åíèå çíà÷åíèé

ìàêñèìàëüíîé òåìïåðàòóðû çàùèùàåìîãî ìåòàëëà

äî 540 °Ñ, çà èñêëþ÷åíèåì îáðàçöà ñ êîíöåíòðàöèåé

MWCNT 0,5 % îá. Äëÿ îáðàçöîâ ÎÂÊ ñ ìîäèôèöè-

ðîâàííûì ãðóíòîì ïðè ðîñòå àäãåçèîííîé ïðî÷íîñ-

òè ñ 34 äî 60 ÌÏà òàêæå ïðîèñõîäèò óâåëè÷åíèå

òåìïåðàòóðû îáðàçöîâ ÎÂÊ äî 522 °Ñ, çà èñêëþ÷å-

Ðèñ. 2. Ðåçóëüòàòû èññëåäîâàíèÿ îáðàçöîâ ÎÂÊ ìåòîäàìè òåðìîãðàâèìåòðè÷åñêîãî (ÒÃ) àíàëèçà (1, 2) è äèôôåðåíöèàëüíîé

òåðìîãðàâèìåòðèè (ÄÒÃ) (1�, 2��� 1, 1� — íåìîäèôèöèðîâàííûé îáðàçåö; 2, 2� — îáðàçåö, ìîäèôèöèðîâàííûé MWCNT â êîí-

öåíòðàöèè 0,5 % îá.

Fig. 2. The results of the study of samples of IFRC by methods thermogravimetric (TG) analysis (1, 2) and differential thermo-

gravimetry (DTG) (1�, 2��� 1, 1� — unmodified sample; 2, 2� — sample modified by MWCNT with a concentration 0.5 % by vol.

Ðèñ. 3. Çàâèñèìîñòü îòíîñèòåëüíîãî èçìåíåíèÿ äèýëåêò-

ðè÷åñêîé ïðîíèöàåìîñòè ÎÂÊ îò êîíöåíòðàöèè MWCNT

(0,10–1,25 % îá.) â óñëîâèÿõ ýëåêòðîôèçè÷åñêîãî âîçäåéñò-

âèÿ (�) è áåç íåãî (�)

Fig. 3. The dependence of relative change in dielectric constant

of IFRC on the concentration of MWCNT (0.10–1.25 % by vol.)

in terms of electrophysical effects (�) and without it (�)
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íèåì îáðàçöà ñ êîíöåíòðàöèåé MWCNT 0,5 % îá.

(ðèñ. 4).

Ïðè ýëåêòðîôèçè÷åñêîì âîçäåéñòâèè äëÿ íåìî-

äèôèöèðîâàííîãî ãðóíòà ÃÔ-021 ïðè ðîñòå àäãåçè-

îííîé ïðî÷íîñòè ñ 49 äî 64 ÌÏà íàáëþäàåòñÿ ñíè-

æåíèå ìàêñèìàëüíîé òåìïåðàòóðû îáðàçöà, â òî

âðåìÿ êàê äëÿ ìîäèôèöèðîâàííîãî ãðóíòà íàáëþ-

äàåòñÿ ïîâûøåíèå àäãåçèîííîé ïðî÷íîñòè c 34 äî

60 ÌÏà ïðè ìàêñèìàëüíîé òåìïåðàòóðå îáðàçöà ÎÂÊ

äî 529 °Ñ. Èñêëþ÷åíèå ñîñòàâëÿåò îáðàçåö ñ êîí-

öåíòðàöèåé MWCNT â ãðóíòå 1,25 % îá. (ðèñ. 5).

Èññëåäîâàíèå ýëåêòðèçàöèè ñîñòàâà
ïðè íàíåñåíèè îãíåçàùèòíîé êîìïîçèöèè
íà ìåòàëë

Ïîëó÷åííûå â õîäå èññëåäîâàíèÿ ðåçóëüòàòû ñâè-

äåòåëüñòâóþò îá óâåëè÷åíèè íàïðÿæåííîñòè ýëåêò-

ðè÷åñêîãî ïîëÿ íà 30–50 % ïðè íàíåñåíèè íà ìå-

òàëë ìîäèôèöèðîâàííîãî ãðóíòà ÃÔ-021 ñ êîíöåíò-

ðàöèåé MWCNT 1,0 %. îá. è ìîäèôèöèðîâàííûõ

îãíåçàùèòíûõ ñîñòàâîâ ñ MWCNT â êîíöåíòðàöèè

0,10…1,25 % îá. â ñðàâíåíèè ñ íåìîäèôèöèðîâàí-

íûìè ìàòåðèàëàìè. Â óñëîâèÿõ ýëåêòðîôèçè÷åñêî-

Êîíöåíòðàöèÿ
MWCNT,

% îá.

Concentration
of MWCNT,

% by vol.
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0 0,5 – 54 13 238

0 0,75 – 46 11,5 523

0 1 – 44 11 472

0 1,25 – 38 11 438

1 0 – 34 10 450

1 0,1 – 36 9 403

1 0,5 – 45 11,5 430

1 0,75 – 48 7 514

1 1 – 60 11 478

1 1,25 – 39 7 522

0 0 + 64 14 500

0 0,1 + 51 6 467

0 0,5 + 50 5 508

0 0,75 + 60 5 457

0 1 + 62 7 276

0 1,25 + 49 6,5 364

1 0 + 42 17 529

1 0,1 + 34 4 319

1 0,5 + 47 6 480

1 0,75 + 60 11,6 470

1 1 + 54 12 473

1 1,25 + 46 12 320

Òàáëèöà2.ÎáîáùåííûåðåçóëüòàòûèñïûòàíèéîáðàçöîâÎÂÊ

Table 2. Generalized test data obtained samples IFRC

Ðèñ. 5. Çàâèñèìîñòü ìàêñèìàëüíîé òåìïåðàòóðû çàùèùà-

åìîãî ìåòàëëà îò àäãåçèîííîé ïðî÷íîñòè ÎÂÊ ñ MWCNT

(êîíöåíòðàöèè íà ãðàôèêå â % îá.) ïðè ýëåêòðîôèçè÷åñêîì

âîçäåéñòâèè äëÿ îáðàçöîâ ñ íåìîäèôèöèðîâàííûì ãðóíòîì

(�) è ñ ãðóíòîì, ìîäèôèöèðîâàííûì MWCNT 1,0 % îá. (�)

Fig. 5. Dependence of the maximum temperature of the protected

metal on the adhesive strength of IFRC with MWCNT (concent-

rations are shown in the graph, % by vol.) at electrophysical ef-

fects for samples with unmodified ground (�) with modified

ground MWCNT 1.0 % by vol. (�)

Ðèñ. 4. Çàâèñèìîñòü ìàêñèìàëüíîé òåìïåðàòóðû çàùèùàåìî-

ãî ìåòàëëà îò àäãåçèîííîé ïðî÷íîñòè ÎÂÊ ñ MWCNT (êîí-

öåíòðàöèè íà ãðàôèêå â % îá.) áåç ýëåêòðîôèçè÷åñêîãî âîç-

äåéñòâèÿ äëÿ îáðàçöîâ ñ íåìîäèôèöèðîâàííûì ãðóíòîì (�)

è ñ ãðóíòîì, ìîäèôèöèðîâàííûì MWCNT 1,0 % îá. (�)

Fig. 4. Dependence of the maximum temperature of the protected

metal on the adhesive strength of IFRC, with MWCNT (concent-

rations are shown in the graph, % by vol.) without electrophy-

sical effects for samples with unmodified ground (�) and with

modified ground MWCNT 1.0 % by vol. (�)
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ãî âîçäåéñòâèÿ íàáëþäàåòñÿ ñíèæåíèå íàïðÿæåí-

íîñòè ýëåêòðè÷åñêîãî ïîëÿ íà 40–50 % â ñðàâíåíèè

ñ îáðàçöàìè, íàíîñèìûìè áåç ýëåêòðîôèçè÷åñêîãî

âîçäåéñòâèÿ (ðèñ. 6).

Ðåçóëüòàòû è èõ îáñóæäåíèå

Ðåçóëüòàòû ÑÒÀ êîìïîíåíòîâ ÎÂÊ ïîçâîëÿþò

ñäåëàòü âûâîä, ÷òî âíåäðåíèå MWCNT â ìàòðèöó

ÎÂÊ ïðèâîäèò ê óâåëè÷åíèþ òåðìè÷åñêîé ñòàáèëü-

íîñòè îãíåçàùèòíîãî ñîñòàâà, ÷òî â öåëîì ñîãëàñó-

åòñÿ ñ ðàáîòàìè [14, 29–33]. Âìåñòå ñ òåì íàëè÷èå

çàìåòíîãî òåïëîâîãî ýôôåêòà äëÿ ìîäèôèöèðîâàí-

íûõ ÎÂÊ â èíòåðâàëå òåìïåðàòóð 680–850 °Ñ ïîçâî-

ëÿåò ñäåëàòü ïðåäïîëîæåíèå î ñîõðàíåíèè áîëüøå-

ãî êîëè÷åñòâà ãîðþ÷èõ êîìïîíåíòîâ â ñðàâíåíèè ñ

íåìîäèôèöèðîâàííûìè ñîñòàâàìè.

Ðåçóëüòàòû èçìåðåíèé äèýëåêòðè÷åñêîé ïðîíè-

öàåìîñòè èññëåäóåìûõ îáðàçöîâ ÎÂÊ â óñëîâèÿõ

ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ ñâèäåòåëüñòâóþò

î áîëåå ðàâíîìåðíîì ðàñïðåäåëåíèè ÓÍÑ ïðè êîí-

öåíòðàöèÿõ MWCNT ñâûøå 0,5 % îá. â ñðàâíåíèè ñ

êîíòðîëüíûì îáðàçöîì çà ñ÷åò ìåõàíèçìà âçàèìíîé

îðèåíòàöèè MWCNT âäîëü ñèëîâûõ ëèíèé âíåø-

íåãî ýëåêòðè÷åñêîãî ïîëÿ [34].

Ñîïîñòàâëÿÿ äàííûå ïî ìàêñèìàëüíîé òåìïåðà-

òóðå è àäãåçèîííîé ïðî÷íîñòè îáðàçöîâ ÎÂÊ, ïðè-

âåäåííûå â ðàáîòå [8], ìîæíî ñäåëàòü âûâîä, ÷òî âå-

ëè÷èíà àäãåçèîííîé ïðî÷íîñòè êîððåëèðóåò ñî

âðåìåíåì íà÷àëà òåìïåðàòóðíîé äåñòðóêöèè ÎÂÊ.

Áîëåå ïîçäíåå íà÷àëî òåðìè÷åñêîé äåñòðóêöèè êîì-

ïîíåíòîâ ÎÂÊ ïðèâîäèò ê áîëåå ìåäëåííîìó ðîñòó

òåìïåðàòóðû çàùèùàåìîãî ìåòàëëà.

Â ñëó÷àå ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ ïðè

íàíåñåíèè îãíåçàùèòíîãî ñîñòàâà ïðîèñõîäèò ñíè-

æåíèå íàïðÿæåííîñòè âîçíèêàþùåãî ýëåêòðè÷å-

ñêîãî ïîëÿ, ÷òî ñâÿçàíî ñ óâåëè÷åíèåì åãî ýëåêòðî-

ïðîâîäíîñòè è ìåíüøåé àãðåãàöèåé íàíî÷àñòèö ïðè

îáðàçîâàíèè ñëîÿ ÎÂÊ. Ïðè ýëåêòðîôèçè÷åñêîì âîç-

äåéñòâèè íàáëþäàåòñÿ óìåíüøåíèå ðàçìåðà àãðå-

ãàöèé MWCNT â ðàñòâîðèòåëå íà 60–70 % [35].

Ïðè ýòîì óìåíüøàåòñÿ ðàçìåð êàïåëü ïðè ðàñïûëå

îãíåçàùèòíîé êðàñêè [34], ÷òî îáåñïå÷èâàåò áîëåå

ðàâíîìåðíîå ðàñïðåäåëåíèå ìîäèôèöèðîâàííîãî

ñîñòàâà íà ïîâåðõíîñòè ìåòàëëà è ïîçâîëÿåò óëó÷-

øèòü àäãåçèîííûå è ïðî÷íîñòíûå õàðàêòåðèñòèêè

îãíåçàùèòíûõ ïîêðûòèé. Â áîëüøèíñòâå ñëó÷àåâ

ñðàâíèòåëüíî áîëåå âûñîêàÿ òåðìè÷åñêàÿ óñòîé÷è-

âîñòü ÎÂÊ íàáëþäàåòñÿ ïðè êîíöåíòðàöèè ÓÍÑ äî

0,5 % îá. Ýòî îáúÿñíÿåòñÿ òåì, ÷òî ïðè óâåëè÷åíèè

êîíöåíòðàöèè ÓÍÑ çà ñ÷åò àãðåãàöèè íàíî÷àñòèö

óìåíüøàåòñÿ ñîâîêóïíàÿ îáúåìíàÿ ïîâåðõíîñòü

íàíîñòðóêòóð, â ÎÂÊ ôîðìèðóþòñÿ ìèêðîñîåäèíå-

íèÿ MWCNT — ïîëèìåð-íàíîòðóáêè, çà ñ÷åò ÷åãî

èõ îãíåçàùèòíûé ýôôåêò çàìåòíî ñíèæàåòñÿ [36].

Óâåëè÷åíèå òåðìè÷åñêîé ñòîéêîñòè ÎÂÊ ñ

MWCNT òàêæå ìîæåò áûòü ñâÿçàíî ñ ýôôåêòîì

“íàíîàðìèðîâàíèÿ”, êîòîðûé ïðåïÿòñòâóåò ðàñïðî-

ñòðàíåíèþ ïðîäóêòîâ òåðìè÷åñêîãî ðàçëîæåíèÿ èç

òâåðäîé ôàçû â ãàçîîáðàçíóþ [36], è õèìè÷åñêèì

ìåõàíèçìîì âçàèìîäåéñòâèÿ íà ãðàíèöå ìåòàëëà è

ïîëèìåðíîé ìàòðèöû ÎÂÊ, ÷òî îáåñïå÷èâàåò áîëåå

âûñîêóþ àäãåçèîííóþ ïðî÷íîñòü ïîêðûòèé [37].

Ýòî íàêëàäûâàåò îãðàíè÷åíèå íà òåïëîâîå äâèæå-

íèå ìîëåêóë â ïîëèìåðíîé ìàòðèöå ÎÂÊ, ÷òî âåäåò

ê óâåëè÷åíèþ òåðìè÷åñêîé ñòîéêîñòè íàíîìàòåðè-

àëîâ. Ôîðìèðîâàíèå è ñòàáèëèçàöèÿ òåðìîñòàáèëü-

íûõ ìàêðîðàäèêàëîâ MWCNT â îáúåìíîé ìàòðèöå

ÎÂÊ ïðèâîäÿò ê óâåëè÷åíèþ òåðìè÷åñêîé ñòàáèëü-

íîñòè ñîñòàâà [38], ÷òî îáåñïå÷èâàåò áóëüøóþ ñî-

õðàííîñòü âñïåíåííîãî òåïëîèçîëèðóþùåãî ñëîÿ

ïðè ïîæàðå.

Ïîëó÷åííûå ðåçóëüòàòû ïîçâîëÿþò ñôîðìóëèðî-

âàòü ôèçèêî-òåõíîëîãè÷åñêèå ïðèíöèïû ïîâûøå-

íèÿ îãíåçàùèòíîé ýôôåêòèâíîñòè òîíêîñëîéíûõ

âñïó÷èâàþùèõñÿ ïîêðûòèé çà ñ÷åò ïðèìåíåíèÿ ÓÍÑ:

1. Ýôôåêò ìîäèôèêàöèè ñ ïîìîùüþ MWCNT

èìååò êîìïëåêñíûé õàðàêòåð è ñâÿçàí ïðåèìóùåñò-

âåííî ñ óâåëè÷åíèåì ïëîòíîñòè ÎÂÊ çà ñ÷åò “íàíî-

àðìèðîâàíèÿ” è óëó÷øåííîé àäãåçèåé ê ìåòàëëó

Ðèñ. 6. Íàïðÿæåííîñòü ýëåêòðè÷åñêîãî ïîëÿ ïðè íàíåñåíèè

îãíåçàùèòíîãî ñîñòàâà ñ MWCNT â êîíöåíòðàöèè 0,10…

1,25 % îá. ïðè êîíöåíòðàöèè MWCNT â ãðóíòå 1,0 % îá.:

à — áåç ýëåêòðîôèçè÷åñêîãî âîçäåéñòâèÿ; á — ïðè ýëåêòðî-

ôèçè÷åñêîì âîçäåéñòâèè

Fig. 6. Electric field strength when applying fire retardant com-

position with MWCNT in concentrations of 0.10…1.25 % by vol.,

when the concentration of MWCNT in the ground of 1.0 % by vol.:

a — without electrophysical effects; b — with electrophysical ef-

fects
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è â ìåíüøåé ñòåïåíè — ñ ïîâûøåíèåì òåðìè÷å-

ñêîé ñòàáèëüíîñòè êîìïîíåíòîâ ñîñòàâà.

2. Ýêñïëóàòàöèîííûå õàðàêòåðèñòèêè ìîäèôè-

öèðîâàííûõ ñîñòàâîâ çàâèñÿò íå òîëüêî îò êîíöåíò-

ðàöèè MWCNT, íî è îò ðàçìåðà àãëîìåðàöèé íàíî-

÷àñòèö è äèýëåêòðè÷åñêèõ ñâîéñòâ êîìïîíåíòîâ

ÎÂÊ. Èñïîëüçîâàíèå èññëåäóåìûõ MWCNT ñ êîí-

öåíòðàöèåé áîëåå 1,0 % îá. íåýôôåêòèâíî ââèäó

ñíèæåíèÿ àäãåçèîííîé ïðî÷íîñòè ÎÂÊ.

Ìåòîäèêà ïîâûøåíèÿ îãíåçàùèòíîé ýôôåêòèâ-

íîñòè òîíêîñëîéíûõ âñïó÷èâàþùèõñÿ ïîêðûòèé

îñíîâàíà íà âíåäðåíèè î÷èùåííûõ îò ïðèìåñåé

MWCNT â ðàñòâîðèòåëü [38]. Íàíåñåíèå ìîäèôè-

öèðîâàííîãî ñîñòàâà íà îáúåêòå çàùèòû äîëæíî

ïðîâîäèòüñÿ â ñîîòâåòñòâèè ñ äåéñòâóþùèìè òåõ-

íîëîãè÷åñêèìè ðåãëàìåíòàìè íà áàçîâûå ñîñòàâû,

íî ïðè ýòîì íåîáõîäèìî èñïîëüçîâàòü îáîðóäîâàíèå

äëÿ äîïîëíèòåëüíîãî äèñïåðãèðîâàíèÿ MWCNT â

êðàñêå ïåðåä åå ðàñïûëåíèåì. Îïðåäåëåíèå ýëåêò-

ðîôèçè÷åñêèõ ñâîéñòâ íàíîìîäèôèêàòîðà è îöåíêà

ðàçìåðîâ àãëîìåðàöèé íàíî÷àñòèö â ìàòåðèàëå

äîëæíû ïðîâîäèòüñÿ íà ñòàäèÿõ íàíåñåíèÿ ÎÂÊ è

êîíòðîëÿ êà÷åñòâà ïîêðûòèÿ.

Âûâîäû

1. Ôèçèêî-òåõíîëîãè÷åñêèå ïðèíöèïû ìîäèôè-

êàöèè ÎÂÊ ïîçâîëÿò ïîâûñèòü îãíåçàùèòíóþ ýôôåê-

òèâíîñòü òîíêîñëîéíûõ âñïó÷èâàþùèõñÿ ïîêðûòèé

è òåì ñàìûì îáåñïå÷èòü óñòîé÷èâîñòü ôóíêöèîíè-

ðîâàíèÿ îáúåêòîâ íåôòåãàçîâîãî êîìïëåêñà â óñëî-

âèÿõ âîçìîæíûõ àâàðèéíûõ ñèòóàöèé è ïîæàðîâ.

2. Òåõíîëîãèÿ ïðèìåíåíèÿ ÎÂÊ ñ MWCNT íà

îáúåêòàõ òðóáîïðîâîäíîãî òðàíñïîðòà, êàê ïðàâèëî,

õàðàêòåðèçóþùèõñÿ óäàëåííîñòüþ îò ïðîèçâîäñòâ

îãíåçàùèòíûõ ñîñòàâîâ, äîëæíà âêëþ÷àòü ýëåìåí-

òû ïîäãîòîâêè ìîäèôèöèðóþùåé äîáàâêè è åå ñòà-

áèëèçàöèè äëÿ ñîõðàíåíèÿ êà÷åñòâåííûõ õàðàêòå-

ðèñòèê íàíîìàòåðèàëîâ íà îáúåêòå ïðèìåíåíèÿ.
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