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ÒÅÐÌÎÄÈÍÀÌÈ×ÅÑÊÀß ÎÏÒÈÌÈÇÀÖÈß
ÌÎÄÈÔÈÊÀÒÎÐÎÂ ÏÎÂÅÐÕÍÎÑÒÍÎÃÎ
ÑËÎß ÄÐÅÂÅÑÈÍÛ

Èçó÷åíà ìîäèôèêàöèÿ äðåâåñèíû ýôèðàìè ôîñôîðèñòîé êèñëîòû â öåëÿõ óìåíüøåíèÿ ïî-
æàðîîïàñíûõ ñâîéñòâ. Îòìå÷åíî, ÷òî âûáîð ýôôåêòèâíûõ ìîäèôèêàòîðîâ ïîâåðõíîñòíîãî ñëîÿ
ÿâëÿåòñÿ íàèáîëåå âàæíîé çàäà÷åé ïðè îáåñïå÷åíèè îãíåçàùèùåííîñòè äðåâåñèíû è ÷òî äëÿ
ïðàâèëüíîãî âûáîðà íåîáõîäèìî çíàòü îïòèìàëüíûå õàðàêòåðèñòèêè ìîäèôèêàòîðîâ, ïîçâî-
ëÿþùèå îöåíèâàòü èõ ýôôåêòèâíîñòü. Îïðåäåëåíû òåðìîäèíàìè÷åñêèå ïàðàìåòðû ïîâåðõíî-
ñòè ìîäèôèöèðîâàííîé äðåâåñèíû. Îáîñíîâàíû âûñîêèå çíà÷åíèÿ ñâîáîäíîé ïîâåðõíîñòíîé
ýíåðãèè ïðè èçó÷åíèè ñòðóêòóðû ïîâåðõíîñòè è ïîâåðõíîñòíîãî ñëîÿ ìîäèôèöèðîâàííîé äðå-
âåñèíû. Ïîêàçàíà ñâÿçü ýíåðãåòè÷åñêèõ õàðàêòåðèñòèê ïîâåðõíîñòè ìîäèôèöèðîâàííîé äðåâå-
ñèíû, ýôôåêòèâíîñòè ìîäèôèêàòîðîâ ïîâåðõíîñòíîãî ñëîÿ, ñòðóêòóðû ïîâåðõíîñòíîãî ñëîÿ è
ïîæàðîîïàñíûõ õàðàêòåðèñòèê äðåâåñèíû. Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ïîêàçàíà âîç-
ìîæíîñòü òåðìîäèíàìè÷åñêîé îïòèìèçàöèè ìîäèôèêàòîðîâ ïðè ñîçäàíèè çàùèòíûõ ñîñòàâîâ.

Êëþ÷åâûå ñëîâà: äðåâåñèíà; ìîäèôèöèðîâàíèå; òåðìîäèíàìèêà; ïîâåðõíîñòíûé ñëîé; ôîñ-
ôîðîðãàíè÷åñêèå ñîåäèíåíèÿ; îïòèìèçàöèÿ.

DOI: 10.18322/PVB.2017.26.05.29-36

Ââåäåíèå

Ìîäèôèöèðîâàíèå ÿâëÿåòñÿ ýôôåêòèâíûì ñïîñî-

áîì óëó÷øåíèÿ ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê

ñòðîèòåëüíûõ ìàòåðèàëîâ, â òîì ÷èñëå äðåâåñèíû

[1–4]. Ðàçëè÷àþò ìåõàíè÷åñêîå, òåðìè÷åñêîå è õè-

ìè÷åñêîå ìîäèôèöèðîâàíèå. Òåõíîëîãè÷åñêè íàè-

áîëåå ïðîñòûì è äîñòóïíûì ÿâëÿåòñÿ ïîâåðõíîñò-

íîå õèìè÷åñêîå ìîäèôèöèðîâàíèå, êîòîðîå ïîçâî-

ëÿåò ñíèçèòü ïîæàðîîïàñíîñòü è ãèäðîôèëüíîñòü

ìàòåðèàëîâ è êîíñòðóêöèé, ïîâûñèòü ñîïðîòèâëå-

íèå áèîêîððîçèè. Ýôôåêòèâíîñòü ïîâåðõíîñòíîãî

õèìè÷åñêîãî ìîäèôèöèðîâàíèÿ îïðåäåëÿåòñÿ âû-

áîðîì ìîäèôèêàòîðà, êîòîðûé, âñòóïàÿ â ðåàêöèþ

ïåðåýòèôèêàöèè ñ êîìïîíåíòàìè äðåâåñèíû, îáó-

ñëàâëèâàåò äîëãîâå÷íîñòü ïðèîáðåòåííûõ ýêñïëóà-

òàöèîííûõ ñâîéñòâ [5, 6].

Äëÿ ýôôåêòèâíîãî ìîäèôèöèðîâàíèÿ î÷åíü âà-

æåí âûáîð ìîäèôèêàòîðà, ÷òî ÿâëÿåòñÿ íàèáîëåå

âàæíîé è òðóäíîé çàäà÷åé.

Åñòåñòâåííî, ÷òî ïðè ïîâåðõíîñòíîì ìîäèôèöè-

ðîâàíèè ñâîéñòâà ïîâåðõíîñòè âëèÿþò íà ýôôåêòèâ-

íîñòü ïðîöåññà ìîäèôèöèðîâàíèÿ. Ýíåðãåòè÷åñêèå

ñâîéñòâà õàðàêòåðèçóþòñÿ èçìåíåíèåì òåðìîäèíà-

ìè÷åñêèõ õàðàêòåðèñòèê, òàêèõ êàê êðàåâîé óãîë

ñìà÷èâàíèÿ, ïîâåðõíîñòíîå íàòÿæåíèå è èçìåíåíèå

èçîáàðíî-èçîòåðìè÷åñêîãî ïîòåíöèàëà ïîâåðõíî-

ñòè ïðè ìîäèôèöèðîâàíèè.

Ôàêòîðîì, âëèÿþùèì íà èíòåíñèâíîñòü ïîâåðõ-

íîñòíîé ýíåðãèè, ÿâëÿåòñÿ ïîâåðõíîñòíîå íàòÿæå-

íèå [7]. Ðàñ÷åò èçìåíåíèÿ èçîáàðíî-èçîòåðìè÷å-

ñêîãî ïîòåíöèàëà ìîäèôèöèðîâàííîé ïîâåðõíîñòè

ïðîèçâîäèëñÿ íà îñíîâàíèè îáúåäèíåííîãî óðàâíå-

íèÿ I è II íà÷àë òåðìîäèíàìèêè [7–12].

Äëÿ îöåíêè ñâîáîäíîé ïîâåðõíîñòíîé ýíåðãèè

äëÿ ñèñòåì ñ ïîñòîÿííûì õèìè÷åñêèì ñîñòàâîì

òàêæå èñïîëüçóåòñÿ îáúåäèíåííîå óðàâíåíèå I è II

íà÷àë òåðìîäèíàìèêè, èìåþùåå âèä:

dG = – S dT + V dp + � dSóä + �dn, (1)

ãäå G — ýíåðãèÿ Ãèááñà;

S — ýíòðîïèÿ ñèñòåìû;

Ò — òåìïåðàòóðà ñèñòåìû;

V — îáúåì ñèñòåìû;

ð — äàâëåíèå ñèñòåìû;

� — ïîâåðõíîñòíîå íàòÿæåíèå (ðàáîòà îáðàçî-

âàíèÿ åäèíèöû ïëîùàäè ïîâåðõíîñòè);

Sóä — óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè;

� — õèìè÷åñêèé ïîòåíöèàë âåùåñòâà, ñîñòàâ-

ëÿþùåãî êîíäåíñèðîâàííóþ ôàçó;

n — ÷èñëî ìîëåé.

© Ïîêðîâñêàÿ Å. Í., Ïîðòíîâ Ô. À., 2017
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Ïðè èçîáàðíî-èçîòåðìè÷åñêèõ óñëîâèÿõ è ïîñòî-

ÿííîì êîëè÷åñòâå âåùåñòâà óðàâíåíèå (1) èìååò âèä:

dG = � dSóä. (2)

Ïîâåðõíîñòíîå íàòÿæåíèå òâåðäîãî òåëà ïðåä-

ñòàâëÿåò ñîáîé ìåðó ýíåðãèè åäèíèöû ïëîùàäè ïî-

âåðõíîñòè ìàòåðèàëà. Òàê êàê èçìåíåíèå èçîáàðíî-

èçîòåðìè÷åñêîãî ïîòåíöèàëà ÿâëÿåòñÿ ôóíêöèåé

ñîñòîÿíèÿ ñèñòåìû, åå ïîëíûé äèôôåðåíöèàë âû-

ðàæàåòñÿ óðàâíåíèåì

�G = � dSóä + Sóä d�. (3)

Èçó÷åíèå ïîâåðõíîñòíîãî ìîäèôèöèðîâàíèÿ äðå-

âåñèíû äàåò âîçìîæíîñòü çàðàíåå îöåíèòü ýôôåê-

òèâíîñòü ìîäèôèêàòîðîâ ïîâåðõíîñòíîãî ñëîÿ ñ ïî-

ìîùüþ òåðìîäèíàìè÷åñêèõ õàðàêòåðèñòèê (�G,�).

Íàèáîëåå ðàöèîíàëüíûì ïóòåì äëÿ âûáîðà ìî-

äèôèêàòîðîâ, ñíèæàþùèõ ïîæàðîîïàñíûå ñâîéñò-

âà ìàòåðèàëîâ, ÿâëÿåòñÿ âûáîð îïòèìàëüíûõ õàðàê-

òåðèñòèê, ïîçâîëÿþùèõ îöåíèâàòü ýôôåêòèâíîñòü

ñèñòåìû ïîäëîæêà – ìîäèôèêàòîð, ÷òî ÿâëÿåòñÿ

öåëüþ ðàáîòû.

Äëÿ äîñòèæåíèÿ öåëè áûëè ïîñòàâëåíû ñëåäó-

þùèå çàäà÷è: èçó÷åíèå èçìåíåíèÿ ýíåðãåòè÷åñêèõ

õàðàêòåðèñòèê ïîâåðõíîñòè äðåâåñèíû íà ïðèìåðå

åå ìîäèôèöèðîâàíèÿ ýôèðàìè ôîñôîðèñòîé êèñëî-

òû; èçó÷åíèå òåðìîäèíàìè÷åñêîé îïòèìèçàöèè ìî-

äèôèêàòîðîâ, ñíèæàþùèõ ïîæàðîîïàñíûå ñâîéñò-

âà ìàòåðèàëîâ.

Ìåòîäû èññëåäîâàíèÿ

Îöåíêà õàðàêòåðèñòèê ìîäèôèöèðîâàííîé äðå-

âåñèíû ïðîâîäèëàñü ýêñïåðèìåíòàëüíûì ïóòåì.

Õèìè÷åñêèé ñîñòàâ îïðåäåëÿëñÿ íà ñêàíèðó-

þùåì ìèêðîñêîïå Quanta 200 ñ ïðèñòàâêîé äëÿ ýëå-

ìåíòíîãî àíàëèçà Apollo 40 ìåòîäîì ýíåðãîäèñïåð-

ñèîííîé ñïåêòðîñêîïèè [13], ÷òî ïîçâîëÿëî ïîëó÷àòü

èçîáðàæåíèÿ âûñîêîé ÷åòêîñòè ñ óâåëè÷åíèåì áî-

ëåå ÷åì â 100000 êðàò [14, 15]. Âî âðåìÿ èñïûòàíèé

ïðîâîäèëàñü îöåíêà ïðîöåíòíîãî ñîäåðæàíèÿ ôîñ-

ôîðà â îáðàçöàõ ìîäèôèöèðîâàííîé äðåâåñèíû.

Ìåòîäîì íåéòðàëüíîé êàïëè íà óñòàíîâêå Easy

Drop DSA25S áûëè ïîëó÷åíû äàííûå ïî âåëè÷èíå

êðàåâîãî óãëà ñìà÷èâàíèÿ � (ãðàä) îáðàçöîâ ìîäè-

ôèöèðîâàííîé äðåâåñèíû [16]. Óñòàíîâêà ñîñòîèò

èç äåðæàòåëÿ îáðàçöà, ìåõàíèçìà ïîäà÷è æèäêîñòè

÷åðåç øïðèö è êàìåðû âûñîêîé ÷åòêîñòè, êîòîðàÿ

îáåñïå÷èâàåò ôèêñàöèþ ìîìåíòà ñîïðèêîñíîâåíèÿ

êàïëè æèäêîñòè ñ îáðàçöîì.

Äëÿ îïðåäåëåíèÿ óäåëüíîé ïëîùàäè ïîâåðõíî-

ñòè èñõîäíîé è ìîäèôèöèðîâàííîé äðåâåñèíû áûë

èñïîëüçîâàí ïðèáîð Quantachrome NOVA 4200e [17]

è ìåòîä Áðþíåðà – Ýììåòà – Òåëëåðà (BET), íà îñíî-

âå êîòîðîãî èçìåðÿåòñÿ ìàññà ãàçà, àäñîðáèðîâàí-

íîãî îáðàçöîì, ïîñëå ïðîöåäóðû äåãàçàöèè [18].

Ñóùíîñòü ìåòîäà ïî îïðåäåëåíèþ ãðóïïû îãíå-

çàùèòíîé ýôôåêòèâíîñòè îãíåçàùèòíûõ ñîñòàâîâ

[18] çàêëþ÷àåòñÿ â îïðåäåëåíèè ïîòåðè ìàññû îá-

ðàçöîì �m (%) äðåâåñèíû, îáðàáîòàííîé èñïûòû-

âàåìûìè ñîñòàâàìè, ïðè îãíåâîì âîçäåéñòâèè ïðî-

äîëæèòåëüíîñòüþ 2 ìèí. Ìåòîäîì ýêñïåðèìåíòàëü-

íîãî îïðåäåëåíèÿ êîýôôèöèåíòà äûìîîáðàçîâàíèÿ

òâåðäûõ âåùåñòâ è ìàòåðèàëîâ (ÃÎÑÒ Ð 53292–2009)

áûëà ïðîâåäåíà îöåíêà äûìîîáðàçóþùåé ñïîñîá-

íîñòè îáðàçöîâ ìîäèôèöèðîâàííîé äðåâåñèíû.

Ýêñïåðèìåíòàëüíàÿ ÷àñòü

Òåðìîäèíàìè÷åñêèå õàðàêòåðèñòèêè îïðåäåëÿ-

ëèñü íà îáðàçöàõ äðåâåñèíû çàáîëîíè ñîñíû ðàçìå-

ðîì 40�40�10 ìì, ñ âëàæíîñòüþ 8 %. Â êà÷åñòâå ìî-

äèôèêàòîðîâ áûëè èñïîëüçîâàíû 20 %-íûå ðàñòâîðû

ýôèðîâ ôîñôîðèñòîé êèñëîòû — äèìåòèëôîñôèòà

(ÄÌÔ), äèýòèëôîñôèòà (ÄÝÔ), äèïðîïèëôîñôèòà

(ÄÏÔ), äèáóòèëôîñôèòà (ÄÁÔ) è äèôåíèëôîñôèòà

(ÄÔÔ) (ðèñ. 1). Â ëèòåðàòóðå [3, 4] îòìå÷åíî óâåëè-

÷åíèå îãíåçàùèùåííîñòè äðåâåñèíû ïðè ìîäèôè-

öèðîâàíèè åå óêàçàííûìè ìîäèôèêàòîðàìè.

Çàäà÷à ðàáîòû ñîñòîÿëà â îïðåäåëåíèè èçìåíå-

íèÿ èçîáàðíî-èçîòåðìè÷åñêîãî ïîòåíöèàëà ïîâåðõ-

íîñòè ìîäèôèöèðîâàííîé äðåâåñèíû â çàâèñèìîñòè

îò ìîäèôèêàòîðîâ ïîâåðõíîñòíîãî ñëîÿ, à òàêæå â

óñòàíîâëåíèè ñâÿçè ýíåðãåòè÷åñêèõ õàðàêòåðèñòèê

ñ ôèçèêî-õèìè÷åñêèìè ñâîéñòâàìè ìîäèôèöèðîâàí-

íûõ îáðàçöîâ.

Ìîäèôèêàòîðû íàíîñèëèñü íà ïîâåðõíîñòü îá-

ðàçöîâ â äâà ñëîÿ ïðè òåìïåðàòóðå 20–25 °Ñ ñ ðàñõî-

äîì 300 ã/ì2. Äëÿ óäàëåíèÿ èçáûòî÷íîãî êîëè÷åñòâà

ìîäèôèêàòîðà, íå ñâÿçàííîãî õèìè÷åñêèìè ñâÿçÿìè

ñ ïîâåðõíîñòüþ, ïðîâîäèëàñü ýêñòðàêöèÿ îáðàçöîâ

â àïïàðàòàõ Ñîêñëåòà (ðàñòâîðèòåëü — àöåòîí, âîäà).

Ðèñ. 1. Ñòðîåíèå ìîëåêóë

ìîäèôèêàòîðîâ ÄÌÔ (à),

ÄÝÔ (á), ÄÏÔ (â), ÄÁÔ (ã)

è ÄÔÔ (ä)
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Ñóøêà îáðàçöîâ îñóùåñòâëÿëàñü â ñóøèëüíîì øêà-

ôó ïðè òåìïåðàòóðå 40 °Ñ â òå÷åíèå 6 ÷, ïîñëå ÷åãî

îáðàçöû ïîìåùàëèñü â ýêñèêàòîð íàä áåçâîäíûì

CaCl2 è âûñóøèâàëèñü ïðè òåìïåðàòóðå 25 °Ñ â òå-

÷åíèå 7 ñóò.

Ñòåïåíü õèìè÷åñêîãî âçàèìîäåéñòâèÿ ìîäèôè-

êàòîðîâ â ïîâåðõíîñòíîì ñëîå äðåâåñèíû óñòàíàâ-

ëèâàëàñü ïî ïðîöåíòíîìó ñîäåðæàíèþ ôîñôîðà (Ð)

â îáðàçöàõ ïîñëå ýêñòðàêöèè (òàáë. 1).

Ïîâåðõíîñòíîå íàòÿæåíèå � (Í/ì) îïðåäåëÿëîñü

ìåòîäîì íåéòðàëüíîé êàïëè [9, 10] íà óñòàíîâêå Easy

Drop ñ èñïîëüçîâàíèåì ñîîòâåòñòâóþùåãî ïðîãðàìì-

íîãî îáåñïå÷åíèÿ. Çíà÷åíèÿ óäåëüíîé ïëîùàäè ïî-

âåðõíîñòè Sóä îáðàçöîâ äðåâåñèíû ïîëó÷åíû íà óñòà-

íîâêå NOVA Chrome 2200 ìåòîäîì ñîðáöèè àçîòà

[16–18] (òàáë. 2).

Íà óñòàíîâêå Easy Drop ïîëó÷åíà çàâèñèìîñòü

êðàåâîãî óãëà ñìà÷èâàíèÿ îò ñòàíäàðòíîãî ïîâåðõíî-

ñòíîãî íàòÿæåíèÿ �æ (Í/ì) êàïëè âîäíî-ýòàíîëüíî-

ãî ðàñòâîðà ðàçëè÷íîé êîíöåíòðàöèè cos � = f (�æ)

â âèäå óñðåäíåííîé ïðÿìîé (ðèñ. 2).

Ýêñòðàïîëèðóÿ óðàâíåíèå ïðÿìîé äî cos � = 1,

ìîæíî îïðåäåëèòü êðèòè÷åñêîå çíà÷åíèå ïîâåðõíî-

ñòíîãî íàòÿæåíèÿ�êð, êîòîðîå ÿâëÿåòñÿ õàðàêòåðèñ-

òèêîé ïîâåðõíîñòíîé ýíåðãèè åäèíèöû ïëîùàäè ïî-

âåðõíîñòè (ñì. òàáë. 2).

Ïîâåðõíîñòü îáðàçöîâ ìîäèôèöèðîâàííîé äðåâå-

ñèíû òàêæå èçó÷àëàñü ìåòîäîì ýëåêòðîííîé ìèêðî-

ñêîïèè ñ èñïîëüçîâàíèåì ðàñòðîâîãî ýëåêòðîííîãî

ìèêðîñêîïà JSM-840 [14, 15]. Ñíèìêè ïîâåðõíîñòè

ìîäèôèöèðîâàííîé äðåâåñèíû ñ óâåëè÷åíèåì 300

êðàò ïîêàçàíû íà ðèñ. 3.

Íà ïîëó÷åííûõ ñíèìêàõ âèäíî, ÷òî ïîâåðõíîñòü

äðåâåñèíû ìåíÿåòñÿ â çàâèñèìîñòè îò âåëè÷èíû àë-

êèëüíîãî ðàäèêàëà ãðóïï –OR â ýôèðàõ ôîñôîðè-

ñòîé êèñëîòû. Ïðè èñïîëüçîâàíèè ìîäèôèêàòîðîâ

ñ ðàäèêàëàìè –C3H7, –C4H9, –C6H5 (ÄÏÔ, ÄÁÔ,

ÄÔÔ) îáåñïå÷èâàåòñÿ ñïëîøíîå óêðûâàíèå ïîâåðõ-

íîñòè äðåâåñèíû. Ïðè ïðèìåíåíèè ìîäèôèêàòî-

ðîâ ñ ðàäèêàëàìè –CH3, –C2H5 (ÄÌÔ, ÄÝÔ) ïðî-

èñõîäèò îðèåíòèðîâàííîå âûñòèëàíèå ñòðóêòóðû

êàïèëëÿðîâ è âîçìîæíî âûñòèëàíèå âíóòðåííåé ïî-

âåðõíîñòè êàïèëëÿðîâ. Ïðè ýôôåêòèâíîì õèìè÷å-

ñêîì ìîäèôèöèðîâàíèè íàáëþäàåòñÿ óêðåïëåíèå

ñòåíîê êàïèëëÿðîâ ìîäèôèêàòîðîì, ÷òî ïðèâîäèò ê

ñîêðàùåíèþ ïîð è óìåíüøåíèþ àäñîðáöèè.

Äëÿ îöåíêè ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê èñ-

õîäíîé (ýòàëîí) è ìîäèôèöèðîâàííîé äðåâåñèíû

áûëè ïîëó÷åíû äàííûå ïî åå äûìîîáðàçóþùåé ñïî-

ñîáíîñòè äðåâåñèíû Dm (ì2/êã) (ÃÎÑÒ 12.1.044–89*),

ïîòåðå ìàññû ïðè ãîðåíèè �m (%) (ÃÎÑÒ Ð 53292–

2009) è ñîðáöèè ïàðîâ âîäû am (%) [19–21] (òàáë. 3).

Íà îñíîâàíèè ïîëó÷åííûõ äàííûõ ïî ïàðàìåò-

ðàì Sóä è �êð (ñì. òàáë. 2) ïðîèçâîäèëñÿ ðàñ÷åò èçìå-

íåíèÿ èçîáàðíî-èçîòåðìè÷åñêîãî ïîòåíöèàëà åäè-

íèöû ïëîùàäè ïîâåðõíîñòè ìîäèôèöèðîâàííûõ

îáðàçöîâ (ðèñ. 4).

Ìîäèôèêàòîð ÄÌÔ ÄÝÔ ÄÏÔ ÄÁÔ ÄÔÔ

Ñîäåðæàíèå Ð
äî òåðìè÷åñêîãî
ðàçëîæåíèÿ, % 2,87 3,57 2,6 2,65 2,45

Òàáëèöà 1. Ñîäåðæàíèå ôîñôîðà â ïîâåðõíîñòíîì ñëîå
ìîäèôèöèðîâàííîé äðåâåñèíû

Ðèñ. 2. Çàâèñèìîñòü cos � = f (�æ) ïðè èñïîëüçîâàíèè ðàçëè÷-

íûõ ìîäèôèêàòîðà

Ïîêàçàòåëü
Ìîäèôèêàòîð ïîâåðõíîñòíîãî ñëîÿ

Ýòàëîí ÄÌÔ ÄÝÔ ÄÏÔ ÄÁÔ ÄÔÔ

óêð � 103, Í/ì 25,33 19,91 25,03 21,97 24,19 23,03

Sóä, ñì2/ã 42,52 58,56 17,081 71,49 70,37 18,289

Òàáëèöà 2. Çíà÷åíèÿ �êð è Sóä äëÿ ðàçíûõ ìîäèôèêàòîðîâ

Ïîêàçàòåëü
Ìîäèôèêàòîð ïîâåðõíîñòíîãî ñëîÿ

Ýòàëîí ÄÌÔ ÄÝÔ ÄÏÔ ÄÁÔ ÄÔÔ

Dm, ì2/êã 1010–1050 450–470 130–140 640–680 600–640 740–780

�m, % 79,0 6,9 8,5 12,3 11,5 9,5

am, % 421,1 215,8 155,5 221,9 193,4 163,52

Òàáëèöà 3. Ïîæàðîîïàñíûå ñâîéñòâà è ñîðáöèÿ ïàðîâ âîäû èñõîäíîé è ìîäèôèöèðîâàííîé äðåâåñèíû
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Êàê âèäíî èç ðèñ. 4, âñå çíà÷åíèÿ �G íèæå 0, ÷òî

õàðàêòåðèçóåò ñàìîïðîèçâîëüíîå ïðîòåêàíèå ïðî-

öåññà ïîâåðõíîñòíîãî ìîäèôèöèðîâàíèÿ â äàííûõ

óñëîâèÿõ. Íàèáîëåå îòðèöàòåëüíûå çíà÷åíèÿ èçìå-

íåíèÿ èçîáàðíî-èçîòåðìè÷åñêîãî ïîòåíöèàëà ïî-

âåðõíîñòè ìîäèôèöèðîâàííîé äðåâåñèíû õàðàêòåð-

íû äëÿ ñëó÷àÿ èñïîëüçîâàíèÿ â êà÷åñòâå ìîäèôè-

êàòîðà ÄÝÔ, êîòîðûé â áîëüøåé ñòåïåíè âñòóïàåò

â õèìè÷åñêîå âçàèìîäåéñòâèå ñ ëèãíîóãëåâîäíûì

êîìïëåêñîì. Òåðìîäèíàìè÷åñêèå õàðàêòåðèñòèêè

ìîäèôèöèðîâàíèÿ çàâèñÿò îò ñòåïåíè õèìè÷åñêîãî

âçàèìîäåéñòâèÿ ïîäëîæêè ñ ìîäèôèêàòîðîì.

Âûâîäû

Ïðè ïîâåðõíîñòíîì ìîäèôèöèðîâàíèè äðåâå-

ñèíû 20 %-íûìè ðàñòâîðàìè ýôèðîâ ôîñôîðèñòîé

êèñëîòû ïðîèñõîäèò ñàìîïðîèçâîëüíîå õèìè÷å-

ñêîå âçàèìîäåéñòâèå ôîñôîðñîäåðæàùèõ ñîåäèíå-

íèé ñ ïîäëîæêîé äðåâåñèíû. Íàèáîëüøàÿ ñòåïåíü

õèìè÷åñêîãî âçàèìîäåéñòâèÿ õàðàêòåðíà äëÿ ÄÝÔ,

íàèìåíüøàÿ — äëÿ ÄÔÔ. Ïðè ýòîì ïðè ìîäèôèöè-

ðîâàíèè äðåâåñèíû ÄÝÔ ïðîèñõîäèò âûñòèëàíèå

Ðèñ. 3. Ñíèìêè ïîâåðõíîñòè äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÌÔ (à), ÄÝÔ (á), ÄÏÔ (â), ÄÁÔ (ã) è ÄÔÔ (ä), ïîëó÷åí-

íûå ìåòîäîì ýëåêòðîííîé ìèêðîñêîïèè

Ðèñ. 4. Èçìåíåíèå èçîáàðíî-èçîòåðìè÷åñêîãî ïîòåíöèàëà�G

ïîâåðõíîñòè ìîäèôèöèðîâàííîé äðåâåñèíû
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åå ïîâåðõíîñòè ìîäèôèêàòîðîì. Êðîìå òîãî, íà îñíî-

âàíèè äàííûõ ïî óäåëüíîé ïëîùàäè ïîâåðõíîñòè

Sóä ìîæíî ñäåëàòü âûâîä î õèìè÷åñêîì ìîäèôèöè-

ðîâàíèè âíóòðåííåé ÷àñòè êàïèëëÿðîâ ýòèì ìîäè-

ôèêàòîðîì. Óêðåïëåíèå ïîâåðõíîñòè è êàïèëëÿðíîé

ñòðóêòóðû ïðè õèìè÷åñêîì ìîäèôèöèðîâàíèè ôîñ-

ôîðñîäåðæàùèìè ñîåäèíåíèÿìè ïðèâîäèò ê ñíèæå-

íèþ ïîæàðíîé îïàñíîñòè è äûìîîáðàçóþùåé ñïî-

ñîáíîñòè äðåâåñèíû.

Âñå ïîëó÷åííûå äàííûå êîððåëèðóþòñÿ ñ äàí-

íûìè èçìåíåíèÿ èçîáàðíî-èçîòåðìè÷åñêîãî ïîòåí-

öèàëà (�G). Íàèáîëåå íèçêèå çíà÷åíèÿ �G õàðàê-

òåðèçóþò ïîâåðõíîñòü äðåâåñíûõ ìàòåðèàëîâ ñ

ìåíüøèìè ïîêàçàòåëÿìè ïîæàðíîé îïàñíîñòè.

Òàêèì îáðàçîì, îïðåäåëåí ìåòîä òåðìîäèíàìè-

÷åñêîé îïòèìèçàöèè äðåâåñèíû â öåëÿõ óëó÷øåíèÿ

åå ýêñïëóàòàöèîííûõ õàðàêòåðèñòèê, ÷òî ïîçâîëèò

ïðîèçâîäèòü âûáîð íàèáîëåå ýôôåêòèâíûõ ìîäè-

ôèêàòîðîâ ïî âåëè÷èíå �G. Èñõîäÿ èç äîñòóïíîñòè

äàííîãî ìåòîäà ìîæíî ãîâîðèòü î åãî âûñîêîé ïðàê-

òè÷åñêîé çíà÷èìîñòè. Îöåíêà ýôôåêòèâíîñòè äðó-

ãèõ êëàññîâ ìîäèôèêàòîðîâ íà îñíîâå äàííîãî ìå-

òîäà áóäåò ÿâëÿòüñÿ ïðåäìåòîì äàëüíåéøèõ èññëå-

äîâàíèé.
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ABSTRACT

A study is a modification of wood with phosphorous acid esters in order to reduce fire properties. It is

known that phosphorus-containing modifiers are effective flame retardants for wood. Finding the best

characteristics to evaluate effectiveness of modifiers is the most rational way to select modifiers,

which reduce the fire properties of materials. A significant characteristic for evaluation of

effectiveness of surface layer modifiers is a surface energy. To achieve the goal, the task was to study

the change of energy characteristics of the modified wood surface and study of thermodynamic

optimization of modifiers, which reduce the fire properties of materials. The thermodynamic

parameters of the modified wood surface were determined on the basis of which it is possible to select

the modifiers of the surface layer for wood. The change of the isothermal-isobaric ensemble of

the modified surface was calculated on the basis of the combined equations I and II of the laws of

thermodynamics using the “neutral drop” method. The largest values of surface energy are cha-

racteristic for wood, which modified by compounds entering into effective chemical interaction with

wood. The degree of chemical interaction of the modifiers with wood was studied by the elemental

analysis. High values of surface energy are substantiated when studying the structure of the surface

and the surface layer of modified wood. The structure of the surface of the wood was studied by

electron microscopy. The capillary structure of wood was studied by the method of sorption of water

vapor. It is shown that with a high degree of interaction of the modifier with wood, the surface porous

layer of wood is strengthened and structured and the pore size is reduced. As a result, there is a re-

duction in fire hazard and smoke generation ability. The most effective modifier is DEF, which

provides the I group of flame retardant efficiency and reduces the smoke generation ability by 6 times.

The possibility of the thermodynamic optimization of modifiers to create flame retardants was shown.
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The most effective modifiers providing high fire resistance of wood are characterized by the most

negative values of the isothermal-isobaric ensemble change.

Keywords: wood; modification; thermodynamics; surface layer; organophosphorus compounds; op-

timization.
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