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Ââåäåíèå

Âîçìîæíîñòü èñïîëüçîâàíèÿ ìèêðîýìóëüñèé â ïî-

æàðîòóøåíèè îáóñëîâëåíà ïåðñïåêòèâíûì ïðèìå-

íåíèåì êîìáèíèðîâàííûõ îãíåòóøàùèõ ñðåäñòâ,

ñî÷åòàþùèõ íåñêîëüêî ìåõàíèçìîâ ïðåêðàùåíèÿ ãî-

ðåíèÿ. Çàìàí÷èâûì ïðåäñòàâëÿåòñÿ ñîâìåñòíîå èñ-

ïîëüçîâàíèå âîäû è õèìè÷åñêè àêòèâíûõ èíãèáè-

òîðîâ. Îäíàêî ýôôåêòèâíûå õèìè÷åñêè àêòèâíûå

èíãèáèòîðû, ê êîòîðûì îòíîñÿòñÿ ãàëîãåíóãëåâî-

äîðîäû, íå ñìåøèâàþòñÿ ñ âîäîé â îáû÷íûõ óñëî-

âèÿõ. Ðåøåíèåì äàííîé ïðîáëåìû ìîæåò ñòàòü ïî-

ëó÷åíèå ñîîòâåòñòâóþùèõ ìèêðîýìóëüñèé.

Ñëåäóåò îòìåòèòü, ÷òî ìíîãîîáðàçèå ñòðóêòóð è

ñâîéñòâ ìèêðîýìóëüñèé ÿâëÿåòñÿ îñíîâîé èõ øèðî-

êîãî ïðèìåíåíèÿ â ïðîìûøëåííîñòè, íåôòåäîáûâà-

þùåé îòðàñëè, ïðîèçâîäñòâå ñìàçî÷íûõ ìàòåðèà-

ëîâ, ìîþùèõ ñðåäñòâ, êîñìåòèêè, â àãðîõèìèè, ïèùå-

âîé õèìèè [1–3], ôàðìàöåâòèêå [4], ìåäèöèíå (â êà-

÷åñòâå ñðåäñòâà äîñòàâêè ëåêàðñòâ [5]), à òàêæå ïðè

ñèíòåçå íàíî÷àñòèö ñ çàäàííûìè ðàçìåðàìè [6], õè-

ìè÷åñêîì àíàëèçå [7], ðàçäåëåíèè è êîíöåíòðèðî-

âàíèè âåùåñòâ [7, 8].

Ìàñëÿíîé ôàçîé â èññëåäîâàííûõ è ïðèìåíÿ-

åìûõ ìèêðîýìóëüñèÿõ ÿâëÿþòñÿ â îñíîâíîì ïðåäåëü-

íûå óãëåâîäîðîäû. Ìèêðîýìóëüñèè, ñîäåðæàùèå âîäó

è ãàëîãåíóãëåâîäîðîäû, èññëåäóþòñÿ äîñòàòî÷íî

ðåäêî. Â ðàáîòå [9] èçó÷åíû ñòðóêòóðíûå ïðåâðàùå-

íèÿ â ìèêðîýìóëüñèè âîäà – í-îêòàí + õëîðîôîðì –

äîäåöèëñóëüôàò íàòðèÿ – í-ïåíòàíîë. Àâòîðàìè ðà-

áîòû [10] îïðåäåëåíû ýíòàëüïèè îáðàçîâàíèÿ ìèêðî-

ýìóëüñèé, ñîäåðæàùèõ âîäó, õëîðîôîðì â êà÷åñòâå

ìàñëÿíîé ôàçû è àíèîííûå, êàòèîííûå è íåèîííûå

ïîâåðõíîñòíî-àêòèâíûå âåùåñòâà (ÏÀÂ).

Ðàíåå íàìè áûëè èññëåäîâàíû íåãîðþ÷èå ìèê-

ðîýìóëüñèè ðàçëè÷íîãî ñîñòàâà, ñîäåðæàùèå âîäó

(H2O), äîäåöèëñóëüôàò íàòðèÿ (NaDDS), 1-ïåíòà-
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íîë (PeOH) è òðèýòàíîëàìèí (TEA) â êà÷åñòâå ÏÀÂ

è êî-ÏÀÂ, à òàêæå 1,2-äèáðîìòåòðàôòîðýòàí (BFE)

â êà÷åñòâå ìàñëÿíîé ôàçû [11–13]. Îäíàêî èçâåñò-

íî, ÷òî â íàñòîÿùåå âðåìÿ BFE èñïîëüçóåòñÿ ïðè

òóøåíèè ïîæàðîâ îãðàíè÷åííî âñëåäñòâèå ïðèñó-

ùåãî åìó âûñîêîãî îçîíîðàçðóøàþùåãî ïîòåíöèà-

ëà [14]. Â ñâÿçè ñ ýòèì âîçíèêàåò íåîáõîäèìîñòü

â ïîèñêå è èñïîëüçîâàíèè íîâûõ, ýêîëîãè÷åñêè áåç-

îïàñíûõ ãàëîãåíóãëåâîäîðîäîâ. Ïî äàííûì [14] ñðå-

äè íèõ âûäåëÿåòñÿ 2-èîäãåïòàôòîðïðîïàí (õëàäîí

217I1, IFP), ÿâëÿþùèéñÿ “ýêîëîãè÷åñêè ÷èñòûì”

ãàëîãåíóãëåâîäîðîäîì. Ñîãëàñíî [15] IFP íå èìååò

îçîíîðàçðóøàþùåãî ïîòåíöèàëà. Ïîêàçàíî, ÷òî 2-èîä-

ãåïòàôòîðïðîïàí ÿâëÿåòñÿ àíàëîãîì 1,2-äèáðîì-

òåòðàôòîðýòàíà, ïîýòîìó â íàñòîÿùåé ðàáîòå áûëè

ïîëó÷åíû è èññëåäîâàíû ìèêðîýìóëüñèè H2O –

NaDDS – PeOH – TEA – IFP è H2O – NaDDS – PeOH

– TEA – BFE òèïà “ìàñëî â âîäå”. Â òàáë. 1 è 2 ïðè-

âåäåíû ñîñòàâû èññëåäîâàííûõ ìèêðîýìóëüñèé.

Èññëåäîâàííûå ìèêðîýìóëüñèè õàðàêòåðèçóþò-

ñÿ ïðèáëèçèòåëüíî ðàâíûì ñîäåðæàíèåì ÏÀÂ +

+ êî-ÏÀÂ (�21 % ìàññ.) è ðàçëè÷íûì ñîîòíîøåíè-

åì ìàñëà è âîäû.

Óñòàíîâëåíî, ÷òî ìèêðîýìóëüñèè, â ñîñòàâ êîòî-

ðûõ âõîäèò 2-èîäãåïòàôòîðïðîïàí, ÿâëÿþòñÿ ñâåòî-

÷óâñòâèòåëüíûìè ñèñòåìàìè. Ýòèì îáúÿñíÿåòñÿ òî,

÷òî íà ñâåòó îíè áûñòðî ïðèîáðåòàþò ñâåòëî-êîðè÷-

íåâóþ îêðàñêó. Ïîýòîìó èõ ïðèãîòîâëåíèå è õðàíå-

íèå äîëæíî îñóùåñòâëÿòüñÿ â ñòåêëÿííîé ïîñóäå èç

òåìíîãî ñòåêëà. Ìèêðîýìóëüñèè, ñîäåðæàùèå 1,2-äè-

áðîìòåòðàôòîðýòàí, íå ÷óâñòâèòåëüíû ê ñâåòó.

Îïðåäåëåíèå ðàçìåðà ìèêðîêàïåëü ìèêðîýìóëü-

ñèé è èçó÷åíèå èõ ðàñïðåäåëåíèÿ ïî ðàçìåðàì âû-

ïîëíÿëîñü ìåòîäîì äèíàìè÷åñêîãî ðàññåÿíèÿ ñâåòà

(èëè ôîòîííîé êîððåëÿöèîííîé ñïåêòðîñêîïèè) íà

ïðèáîðå ZetasizerNanoZS. Ïðèíöèï èçìåðåíèÿ â äàí-

íîì ìåòîäå îñíîâàí íà âçàèìîñâÿçè ïåðåìåùåíèÿ

÷àñòèö â ðåçóëüòàòå áðîóíîâñêîãî äâèæåíèÿ ñ èõ ðàç-

ìåðîì. Ýòà âçàèìîñâÿçü âûðàæàåòñÿ óðàâíåíèåì

Ñòîêñà – Ýéíøòåéíà. Òàê êàê èññëåäîâàííûå ìèêðî-

ýìóëüñèè îòíîñÿòñÿ ê òèïó “ìàñëî â âîäå”, â êà÷åñò-

âå âÿçêîñòè è êîýôôèöèåíòà ïðåëîìëåíèÿ äèñïåðñè-

îííîé ñðåäû ïðèíèìàëè ñîîòâåòñòâóþùèå äàííûå äëÿ

âîäû.

Íà ðèñ. 1 è 2 äëÿ ïðèìåðà ïðåäñòàâëåíû êðèâûå

ðàñïðåäåëåíèÿ ÷àñòèö ïî ðàçìåðàì äëÿ ìèêðîýìóëü-

ñèé ñ íàèìåíüøèì ñîäåðæàíèåì IFP è BFE.

Äëÿ êàæäîé ìèêðîýìóëüñèè ïðîâîäèëîñü ïî òðè

èçìåðåíèÿ (ñì. ðèñ. 1 è 2). Èç ðèñóíêîâ âèäíî, ÷òî

ðåçóëüòàòû ñåðèè èçìåðåíèé äîñòàòî÷íî õîðîøî âîñ-

ïðîèçâîäÿòñÿ. Äëÿ äðóãèõ ñèñòåì ïîëó÷åíû àíàëî-

ãè÷íûå çàâèñèìîñòè.

Êàê è ñëåäîâàëî îæèäàòü, ñòðóêòóðà óêàçàííûõ

ìèêðîýìóëüñèé õàðàêòåðèçóåòñÿ íàëè÷èåì ìèêðî-

êàïåëü ìàñëà â âîäíîé äèñïåðñèîííîé ñðåäå. Ïîëó-

Ñèñòåìà
Ñîäåðæàíèå, % ìàññ.

NaDDS Í2Î ÒÅÀ PeOH IFP

ÌÝ-1P 8,42 68,54 7,21 5,91 9,92

ÌÝ-2P 8,41 72,47 7,11 6,00 6,01

ÌÝ-3P 8,37 75,08 7,18 5,98 3,39

ÌÝ-4P 8,40 77,40 7,10 6,00 1,10

Òàáëèöà 1. Ñîñòàâ èññëåäîâàííûõ ìèêðîýìóëüñèé H2O –
NaDDS – PeOH – TEA – IFP

Ñèñòåìà
Ñîäåðæàíèå, % ìàññ.

NaDDS Í2Î ÒÅÀ PeOH BFE

ÌÝ-1 8,33 68,53 7,01 6,07 10,06

ÌÝ-2 8,43 73,14 6,53 5,90 6,00

ÌÝ-3 8,29 75,30 6,95 6,04 3,43

ÌÝ-4 8,44 77,27 7,24 5,77 1,29

Òàáëèöà 2. Ñîñòàâ èññëåäîâàííûõ ìèêðîýìóëüñèé H2O –
NaDDS – PeOH – TEA – BFE

Ðèñ. 1. Çàâèñèìîñòü èíòåíñèâíîñòè ðàññåÿíèÿ ñâåòà îò ðàç-

ìåðà ÷àñòèö äëÿ ÌÝ-4P

Ðèñ. 2. Çàâèñèìîñòü èíòåíñèâíîñòè ðàññåÿíèÿ ñâåòà îò ðàç-

ìåðà ÷àñòèö â ìèêðîýìóëüñèè ÌÝ-4
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÷åííûå ðåçóëüòàòû ïîçâîëÿþò îõàðàêòåðèçîâàòü èçó-

÷åííûå ìèêðîýìóëüñèè êàê ïîëèäèñïåðñíûå ãëîáó-

ëÿðíûå ñèñòåìû. Ðàçìåð àãðåãàòîâ íàõîäèòñÿ â èí-

òåðâàëå 0,5–10 íì. Ïîêà íåïîíÿòíî ïðîèñõîæäåíèå

íåáîëüøèõ ïèêîâ èíòåíñèâíîñòè â îáëàñòè 1000 íì

äëÿìèêðîýìóëüñèè H2O–NaDDS–PeOH–TEA–IFP.

Íà ðèñ. 3 ïðåäñòàâëåíà çàâèñèìîñòü ðàçìåðà ìèê-

ðîêàïåëü, ñîîòâåòñòâóþùåãî ìàêñèìóìó èíòåíñèâ-

íîñòè ðàññåÿíèÿ ñâåòà, îò êîíöåíòðàöèè ìàñëÿíîé

ôàçû â ìèêðîýìóëüñèÿõ. Èç ðèñóíêà âèäíî, ÷òî ðàç-

ìåð ìèêðîêàïåëü äèñïåðñíîé ôàçû óâåëè÷èâàåòñÿ ñ

ðîñòîì ñîäåðæàíèÿ ìàñëà â ìèêðîýìóëüñèÿõ, â ñî-

ñòàâ êîòîðûõ âõîäèò êàê IFP, òàê è BFE. Íàèáîëåå

ñèëüíîå óâåëè÷åíèå ðàçìåðà íàáëþäàåòñÿ ïðè ñîäåð-

æàíèè IFP ñâûøå 4 % ìàññ. è BFE — 6 % ìàññ. Äëÿ

äåòàëüíîé èíòåðïðåòàöèè ïîëó÷åííûõ äàííûõ òðå-

áóåòñÿ ïðîâåäåíèå äîïîëíèòåëüíûõ èññëåäîâàíèé.

Èñïîëüçîâàíèå ïîëó÷åííûõ ìèêðîýìóëüñèé â

êà÷åñòâå îãíåòóøàùèõ ñðåäñòâ ìîæåò áûòü öåëåñî-

îáðàçíûì ïî äâóì ïðè÷èíàì:

� âî-ïåðâûõ, ýòî êîìáèíèðîâàííûå îãíåòóøàùèå

ñðåäñòâà, â êîòîðûõ ê îõëàæäàþùåìó äåéñòâèþ

âîäû äîáàâëÿåòñÿ èíãèáèðîâàíèå ãîðåíèÿ 2-èîä-

ãåïòàôòîðïðîïàíîì èëè 1,2-äèáðîìòåòðàôòîð-

ýòàíîì;

� âî-âòîðûõ, ìèêðîêàïåëüíàÿ ñòðóêòóðà ìèêðî-

ýìóëüñèé ìîæåò ñïîñîáñòâîâàòü óñèëåíèþ îãíå-

òóøàùåãî äåéñòâèÿ, îêàçûâàåìîãî âîäîé çà ñ÷åò

åå äðîáëåíèÿ (äèñïåðãèðîâàíèÿ) ïðè èñïàðåíèè

ìèêðîêàïåëü 2-èîäãåïòàôòîðïðîïàíà èëè 1,2-äè-

áðîìòåòðàôòîðýòàíà âáëèçè ïëàìåíè. Òåïëîòà

èñïàðåíèÿ 2-èîäãåïòàôòîðïðîïàíà ñîñòàâëÿåò

38,05 °Ñ [16]. Òàêîé æå ýôôåêò ïðåäïîëàãàëñÿ ïðè

èñïîëüçîâàíèè ìèêðîýìóëüñèé â êà÷åñòâå îãíå-

òóøàùèõ ñðåäñòâ, â êîòîðûõ ìàñëÿíîé ôàçîé

ÿâëÿþòñÿ íèçêîêèïÿùèå ãîðþ÷èå óãëåâîäîðîäû

(ãåïòàí, îêòàí) [17]. Â ýòèõ ñëó÷àÿõ âîäà ïåðåõî-

äèò â ìåëêîäèñïåðñíîå ñîñòîÿíèå, â êîòîðîì îíà

èñïîëüçóåòñÿ äëÿ òóøåíèÿ áîëåå ýôôåêòèâíî.
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ABSTRACT

The possible usage of microemulsions for fire suppression is associated with a development and

prospective employment of combined extinguishing agents which connect several mechanisms of

burning termination, for example sharing water and chemically active inhibitors. But effective and

chemically active inhibitors notably halohydrocarbons do not mix with water under ambient con-

ditions. Obtainment of the appropriate microemulsions may become the method of their connection.

In the present work the microemulsions water – sodium dodecyl sulfate – 1-pentanol – tri-

ethanolamine – 2-iodoheptafluoropropane (IFP) and the water – sodium dodecyl sulfate – 1-pentanol

– triethanolamine – dibromotetrafluoroethane (BFE) of the “oil water” tipe at standard temperature

were obtained and studied. It is known that at present BFE is used in fire extinguishing restrictedly due
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to high ozone-depleting potential. Therefore it would be reasonable to use and study new

environmentally friendly halohydrocarbons. One of them is the IFP. The investigated microemulsions

are characterized by approximately equal ratio surfactant + co-surfactant (�21 wt. %) and different

ratio between the amounts of oil and water. Determination of the size of the microemulsions

microdroplets and the study of their size distribution were performed by dynamic light scattering. It is

shown that the structure of these microemulsions is characterized by the presence of oil microdroplets

in the aqueous dispersion medium. The size of the aggregates is situated in a fairly narrow range from

0.8 to 10 nm. With increasing of the halohydrocarbons content in microemulsion the position of the

intensity maximum of the scattering light is shifting from 2 to 4.5 nm. The strongest increase in the

size of the microdroplets is observed when the content of IFP above 4 wt. % and the content of BFE

above 6 wt. %.

The usage of obtained microemulsions as extinguishing agents may be appropriate by two

reasons: first of all these are combined fire extinguishing agents in which the cooling effect of water is

added to the inhibition of halohydrocarbons burning. Secondly, the microdroplets structure of

microemulsions can enhance the extinguishing action of water by its breaking up at the evaporation of

halohydrocarbons microdroplets close to flame.

Keywords: combined fire extinguishing agent; microemulsion; water; surfactant; halohydrocarbon;

method of dynamic light scattering; size of micro-droplets.
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