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Ïðèâåäåíû ðåçóëüòàòû èññëåäîâàíèÿ âëèÿíèÿ ìîäèôèêàòîðîâ ïîâåðõíîñòíîãî ñëîÿ äðåâåñèíû,
â êà÷åñòâå êîòîðûõ èñïîëüçîâàíû ôîñôîðñîäåðæàùèå àíòèïèðåíû, íà ñòðóêòóðó è ñâîéñòâà
êîêñîâîãî ñëîÿ, îáðàçóþùåãîñÿ ïðè òåðìè÷åñêîì ðàçëîæåíèè. Äëÿ îöåíêè âëèÿíèÿ ìîäèôèêà-
òîðîâ íà ïðîöåññ îáðàçîâàíèÿ êîêñîâîãî ñëîÿ èññëåäîâàíû èñõîäíûå è ìîäèôèöèðîâàííûå
îáðàçöû äðåâåñèíû ñîñíû äî è ïîñëå òåðìè÷åñêîãî ðàçëîæåíèÿ ìåòîäàìè ýëåêòðîííîé ìèêðî-
ñêîïèè è àäñîðáöèè. Ïðîâåäåí òåðìè÷åñêèé àíàëèç ìåòîäàìè òåðìîãðàâèìåòðèè (ÒÃ), äèôôå-
ðåíöèàëüíîé òåðìîãðàâèìåòðèè (ÄÒÃ) è äèôôåðåíöèàëüíî-ñêàíèðóþùåé êàëîðèìåòðèè. Ñäåëà-
íû âûâîäû î âëèÿíèè ýôôåêòèâíûõ ìîäèôèêàòîðîâ íà ïðîòåêàíèå òåðìè÷åñêîãî ðàçëîæåíèÿ
äðåâåñèíû. Óñòàíîâëåíà âîçìîæíîñòü “ìÿãêîãî” òåðìè÷åñêîãî ðàçëîæåíèÿ â ñëó÷àå óêðåïëåíèÿ
ñòðóêòóðû äðåâåñèíû è óìåíüøåíèÿ åå ïîðèñòîñòè.
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Ââåäåíèå

Äðåâåñèíà ÿâëÿåòñÿ ïðèðîäíûì ñòðîèòåëüíûì ìà-

òåðèàëîì. Â íàñòîÿùåå âðåìÿ äåðåâÿííîå çîä÷åñò-

âî ïðèîáðåëî áîëüøîå çíà÷åíèå è àêòóàëüíîñòü â

Ðîññèè. Äðåâåñèíà ÿâëÿåòñÿ ëåãêîäîñòóïíûì ìà-

òåðèàëîì, êîòîðûé äîñòàòî÷íî ýêîíîìè÷åí ñ òî÷êè

çðåíèÿ åãî îáðàáîòêè è ïðîèçâîäñòâà äðåâåñíûõ

ñòðîèòåëüíûõ ìàòåðèàëîâ. Îäíà èç âàæíûõ õàðàê-

òåðèñòèê äðåâåñèíû — åå ýêîëîãè÷íîñòü. Ïðåáû-

âàíèå ÷åëîâåêà â çäàíèÿõ, ïîñòðîåííûõ ñ ïðèìåíå-

íèåì ñòðîèòåëüíûõ êîíñòðóêöèé èëè îòäåëêè èç

äðåâåñèíû, ïîëåçíî äëÿ çäîðîâüÿ ÷åëîâåêà. Êðîìå

òîãî, îäíî èç äîñòîèíñòâ äðåâåñèíû çàêëþ÷àåòñÿ

â âîçìîæíîñòè âòîðè÷íîãî èñïîëüçîâàíèÿ îòõîäîâ

ïðîèçâîäñòâà äðåâåñíûõ ñòðîèòåëüíûõ ìàòåðèàëîâ

[1–5].

Èñõîäíàÿ äðåâåñèíà îáëàäàåò âûñîêîé ïîæàð-

íîé îïàñíîñòüþ. Â ðÿäå ðàáîò èçó÷åíû ñòàäèè òåðìè-

÷åñêîãî ðàçëîæåíèÿ äðåâåñèíû. Â îáëàñòè íèçêèõ

òåìïåðàòóð ïðîèñõîäèò äåãèäðàòàöèÿ äðåâåñèíû,

ïðè ýòîì ïîòåðÿ ìàññû îáðàçöà ñîñòàâëÿåò îêîëî 7 %.

Êàðáîíèçàöèè äðåâåñèíû íà ýòîé ñòàäèè íå íàáëþ-

äàåòñÿ. Èçâåñòíî, ÷òî ïåðâàÿ ñòàäèÿ òåðìè÷åñêîãî

ðàçëîæåíèÿ äðåâåñèíû íà÷èíàåòñÿ ïðè òåìïåðàòó-

ðå 300–320 °Ñ. Íà ýòîé ñòàäèè ïðîèñõîäèò âûãîðà-

íèå îáðàçöà äðåâåñèíû áîëåå ÷åì íà 60 %, à òàêæå

êîêñîâàíèå åå ïîâåðõíîñòè. Ïðè òåìïåðàòóðå âûøå

420 °Ñ íàáëþäàåòñÿ äàëüíåéøåå âûãîðàíèå îáðàçöà.

Ïîòåðÿ ìàññû â ýòîé îáëàñòè äîñòèãàåò 25 %. Ïðåäåë

îãíåñòîéêîñòè äåðåâÿííûõ, â ÷àñòíîñòè âåðòèêàëü-

íûõ, êîíñòðóêöèé õàðàêòåðèçóåòñÿ âðåìåíåì äîñòè-

æåíèÿ ïðåäåëüíîãî ñå÷åíèÿ ïðè ãîðåíèè. Ïðè ýòîì

ïðîèñõîäèò ïîñëîéíîå âûãîðàíèå ìàòåðèàëà. Òåðìè-

÷åñêîå ðàçëîæåíèå áîëåå ãëóáîêèõ ñëîåâ äðåâåñèíû

íàáëþäàåòñÿ ïðè ÷àñòè÷íîì ðàçëîæåíèè è ìåõàíè-

÷åñêîì ðàçðóøåíèè íàðóæíûõ ñëîåâ. Èçâåñòíî, ÷òî

êàðáîíèçîâàííûé ñëîé äðåâåñèíû õàðàêòåðèçóåòñÿ

áóëüøåé ïîðèñòîñòüþ ïî ñðàâíåíèþ ñ äðåâåñèíîé äî

òåðìè÷åñêîãî ðàçëîæåíèÿ è õðóïêîñòüþ, òåì íå ìå-

íåå òàêîé ñëîé ìîæåò îáåñïå÷èòü óñòîé÷èâîñòü ïîä-

ëîæêè ê âîçäåéñòâèþ âûñîêèõ òåìïåðàòóð. Óâåëè÷å-

íèå óñòîé÷èâîñòè ïîâåðõíîñòíîãî ñëîÿ äðåâåñèíû

ê âîçäåéñòâèþ ïëàìåíè ÿâëÿåòñÿ ôàêòîðîì ïîâû-

øåíèÿ ïðåäåëà îãíåñòîéêîñòè [6–8].

Îäèí èç íàèáîëåå ýôôåêòèâíûõ ñïîñîáîâ èçìå-

íåíèÿ ñòðóêòóðû è ñâîéñòâ ïîâåðõíîñòè äðåâåñíûõ

ìàòåðèàëîâ — ïîâåðõíîñòíîå àäñîðáöèîííî-õèìè-

÷åñêîå ìîäèôèöèðîâàíèå. Ìîäèôèöèðîâàíèå äðå-

âåñèíû ïðîèñõîäèò ïðè ïîâåðõíîñòíîì íàíåñåíèè

ðåàêöèîííîñïîñîáíûõ ðàñòâîðîâ (10–30 %) ýëåìåí-

òîîðãàíè÷åñêèõ ñîåäèíåíèé (ôîñôîð-, êðåìíèé-

ñîäåðæàùèõ, áîðàçîòíûõ) â íîðìàëüíûõ óñëîâèÿõ

(t = 20�25 °C, P = 1 àòì). Ãëóáèíà ïðîïèòêè ïðè ýòîì

ñîñòàâëÿåò 0,5–1,0 ìì [9–11].

© Ïîðòíîâ Ô. À., 2018
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Íà îñíîâàíèè âûøåèçëîæåííîãî îïðåäåëåíà öåëü

íàñòîÿùåé ðàáîòû — îöåíêà âëèÿíèÿ ìîäèôèêàòî-

ðîâ ïîâåðõíîñòíîãî ñëîÿ äðåâåñèíû íà îáðàçîâàíèå

êîêñîâîãî ñëîÿ äðåâåñèíû ïðè åå òåðìè÷åñêîì ðàç-

ëîæåíèè è íà åãî õàðàêòåðèñòèêè. Äëÿ åå ðåàëèçà-

öèè íåîáõîäèìî ðåøèòü ñëåäóþùèå çàäà÷è:
� ïðîâåñòè îöåíêó ïðîöåññà òåðìè÷åñêîãî ðàçëî-

æåíèÿ äðåâåñèíû, ìîäèôèöèðîâàííîé ðàçëè÷-

íûìè ìîäèôèêàòîðàìè ïîâåðõíîñòíîãî ñëîÿ;
� îöåíèòü âëèÿíèå äèíàìèêè òåðìè÷åñêîãî ðàçëî-

æåíèÿ è ïðèðîäû ìîäèôèêàòîðà íà ñâîéñòâà è

ñòðóêòóðó îáðàçóþùåãîñÿ ïîâåðõíîñòíîãî êîê-

ñîâîãî ñëîÿ.

Ìàòåðèàëû è ìåòîäû èññëåäîâàíèÿ

Îáúåêòîì èññëåäîâàíèÿ ÿâëÿåòñÿ äðåâåñèíà çà-

áîëîíè ñîñíû. Â êà÷åñòâå ìîäèôèêàòîðîâ â ðàáîòå

áûëè èñïîëüçîâàíû 20 %-íûå ðàñòâîðû àëêèëüíûõ

ýôèðîâ êèñëîò ôîñôîðà: äèìåòèëôîñôèòà (ÄÌÔ), äè-

ýòèëôîñôèòà (ÄÝÔ), äèôåíèëôîñôèòà (ÄÔÔ) è ïî-

ëèôîñôàòà àììîíèÿ ÏÔÀ-1 (ñòåïåíü ïîëèìåðèçàöèè

n > 1000). Ñîñòàâû íàíîñèëèñü ïîâåðõíîñòíî ïðè íîð-

ìàëüíûõ óñëîâèÿõ â òðè ñëîÿ ñ ðàñõîäîì 300 ã�ì2.

Èññëåäîâàíèå âëèÿíèÿ ìîäèôèêàòîðîâ íà òåð-

ìè÷åñêîå ðàçëîæåíèå äðåâåñèíû ïðîâîäèëîñü ìå-

òîäîì òåðìè÷åñêîãî àíàëèçà ñ èñïîëüçîâàíèåì ïðè-

áîðà Netzsch STA 409C. Ýòîò ïðèáîð ïîçâîëÿåò

ïîëó÷èòü äàííûå ïî òåðìîãðàâèìåòðèè (ÒÃ), äèô-

ôåðåíöèàëüíîé òåðìîãðàâèìåòðèè (ÄÒÃ) è äèôôå-

ðåíöèàëüíî-ñêàíèðóþùåé êàëîðèìåòðèè (ÄÑÊ)

[12–15].

Àíàëèç ïîâåðõíîñòè êàðáîíèçîâàííîãî ñëîÿ äðå-

âåñèíû èñõîäíîé è ìîäèôèöèðîâàííîé ïîñëå òåð-

ìè÷åñêîãî ðàçëîæåíèÿ áûë ïðîâåäåí ìåòîäîì

ðàñòðîâîé ýëåêòðîííîé ìèêðîñêîïèè [16, 17].

Ñâîéñòâà ïîðèñòîé ñòðóêòóðû ñëîÿ èñõîäíîé è

ìîäèôèöèðîâàííîé äðåâåñèíû èçó÷àëèñü ìåòîäîì

ñîðáöèè ïàðîâ âîäû [18–20].

Ðåçóëüòàòû ýêñïåðèìåíòà

Íà ðèñ. 1–3 ïðåäñòàâëåíû äàííûå ïî òåðìè÷å-

ñêîìó ðàçëîæåíèþ èñõîäíîé, à òàêæå ìîäèôèöèðî-

âàííîé äðåâåñèíû. Íà ðèñ. 1 ïîêàçàíà çàâèñèìîñòü

Ðèñ. 2. Äèôôåðåíöèàëüíàÿ òåðìîãðàâèìåòðèÿ äðåâåñèíû

èñõîäíîé (1) è ìîäèôèöèðîâàííîé ÄÌÔ (2), ÄÝÔ (3), ÄÔÔ

(4) è ÏÔÀ-1 (5)

Fig. 2. Differential thermogravimetry of the original wood (1)

and wood modified by DMF (2), DEF (3), DFF (4) and APF-1 (5)

Ðèñ. 1. Òåðìîãðàâèìåòðèÿ äðåâåñèíû èñõîäíîé (1) è ìîäè-

ôèöèðîâàííîé ÄÌÔ (2), ÄÝÔ (3), ÄÔÔ (4) è ÏÔÀ-1 (5)

Fig. 1. Thermogravimetry of the original wood (1) and wood mo-

dified by DMF (2), DEF (3), DFF (4) and APF-1 (5)

Ðèñ. 3. Äèôôåðåíöèàëüíî-ñêàíèðóþùàÿ êàëîðèìåòðèÿ äðå-

âåñèíû èñõîäíîé (1) è ìîäèôèöèðîâàííîé ÄÌÔ (2), ÄÝÔ (3),

ÄÔÔ (4) è ÏÔÀ-1 (5)

Fig. 3. Differential-scanning calorimetry of the original wood (1)

and wood modified by DMF (2), DEF (3), DFF (4) and APF-1 (5)
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Ðèñ. 4. Êàðáîíèçîâàííûé ñëîé èñõîäíîé äðåâåñèíû ïðè óâå-

ëè÷åíèè 200õ

Fig. 4. Carbonized surface of the original wood at magnification

of 200õ

Ðèñ. 5. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÌÔ, ïðè óâåëè÷åíèè 300õ

Fig. 5. Carbonized surface of the wood modified by DMF at mag-

nification of 300õ

Ðèñ. 6. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÝÔ, ïðè óâåëè÷åíèè 200õ

Fig. 6. Carbonized surface of the wood modified by DEF at mag-

nification of 200õ

Ðèñ. 7. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÔÔ, ïðè óâåëè÷åíèè 200õ

Fig. 7. Carbonized surface of the wood modified by DFF at mag-

nification of 200õ

Ðèñ. 8. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÏÔÀ-1, ïðè óâåëè÷åíèè 200õ

Fig. 8. Carbonized surface of the wood modified by APF-1 at

magnification of 200õ

Ðèñ. 9. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÌÔ, ïðè óâåëè÷åíèè 5000õ

Fig. 9. Carbonized surface of the wood modified by DMF at mag-

nification of 5000õ
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ïîòåðè ìàññû îáðàçöà ïðè ðàâíîìåðíîì ïîâûøåíèè

òåìïåðàòóðû (10 °C�ñ), íà ðèñ. 2 — õàðàêòåðíûå ïèêè

òåðìè÷åñêîãî ðàçëîæåíèÿ, íà ðèñ. 3 — òåïëîâûå ýô-

ôåêòû òåðìè÷åñêîãî ðàçëîæåíèÿ.

Íà ðèñ. 4 è 5 ïðåäñòàâëåíû ðåçóëüòàòû ýëåêòðîí-

íîé ìèêðîñêîïèè — ñíèìêè ïîâåðõíîñòè èñõîäíîé

è ìîäèôèöèðîâàííîé äðåâåñèíû ïðè óâåëè÷åíèè 200

è 10000 êðàò ñîîòâåòñòâåííî.

Èçìåíåíèå ïîðèñòîé ñòðóêòóðû äî è ïîñëå òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ïîêàçàíî íà ðèñ. 13. Íà îñíî-

âàíèè èñïûòàíèé ìåòîäîì ñîðáöèè ïàðîâ âîäû áûëè

ïîëó÷åíû äàííûå ïî óäåëüíîé ïëîùàäè ïîâåðõíî-

ñòè ïîðèñòîé ñòðóêòóðû äðåâåñèíû (ñì. ðèñ. 13).

Ïðè èñïûòàíèÿõ ìåòîäîì àäñîðáöèè àçîòà áûëî ïî-

ëó÷åíî ðàñïðåäåëåíèå ïîð â ïîâåðõíîñòíîì êàðáî-

íèçîâàííîì ñëîå äðåâåñèíû.

Îáñóæäåíèå

Èç ýêñïåðèìåíòàëüíûõ äàííûõ âèäíî, ÷òî ïåðâàÿ

ñòàäèÿ òåðìè÷åñêîãî ðàçëîæåíèÿ ïðè ìîäèôèöèðî-

âàíèè äðåâåñèíû ôîñôîðñîäåðæàùèìè ìîäèôèêà-

òîðàìè ñìåùàåòñÿ â îáëàñòü ìåíüøèõ òåìïåðàòóð

(220–240 °Ñ), ïðè ýòîì èíòåíñèâíîñòü òåðìè÷åñêîãî

ðàçëîæåíèÿ çíà÷èòåëüíî ñíèæàåòñÿ ïî ñðàâíåíèþ ñ

èñõîäíîé äðåâåñèíîé. Âòîðàÿ ñòàäèÿ òåðìè÷åñêîãî

ðàçëîæåíèÿ ïðè ìîäèôèöèðîâàíèè ñìåùàåòñÿ â îá-

ëàñòü áóëüøèõ òåìïåðàòóð (510–530 °C) ïî ñðàâíå-

íèþ ñ èñõîäíîé äðåâåñèíîé (450 °Ñ). ÄÑÊ-êðèâûå

ïîêàçûâàþò, ÷òî ýêçîòåðìè÷åñêèå ýôôåêòû ðåàêöèè

òåðìè÷åñêîãî ðàçëîæåíèÿ çíà÷èòåëüíî ìåíåå âûðà-

æåíû äëÿ äðåâåñèíû, ìîäèôèöèðîâàííîé ôîñôîð-

ñîäåðæàùèìè ñîåäèíåíèÿìè. Ïðè ýòîì â ñëó÷àå èñ-

ïîëüçîâàíèÿ â êà÷åñòâå ìîäèôèêàòîðà äèýòèëôîñôèòà

òåðìè÷åñêîå ðàçëîæåíèå íà ïåðâîé ñòàäèè ïðîõî-

äèò áåç ÿðêî âûðàæåííûõ ýêçîòåðìè÷åñêèõ ïèêîâ,

Ðèñ. 10. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÝÔ, ïðè óâåëè÷åíèè 10000õ

Fig. 10. Carbonized surface of the wood modified by DEF at mag-

nification of 10000õ

Ðèñ. 11. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÄÔÔ, ïðè óâåëè÷åíèè 10000õ

Fig. 11. Carbonized surface of the wood modified by DFF at mag-

nification of 10000õ

Ðèñ. 12. Êàðáîíèçîâàííûé ñëîé äðåâåñèíû, ìîäèôèöèðîâàí-

íîé ÏÔÀ-1, ïðè óâåëè÷åíèè 10000õ

Fig. 12. Carbonized surface of the wood modified by APF-1 at

magnification of 10000õ

Ðèñ. 13. Óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè Sóä ïîâåðõíîñòíîãî

ñëîÿ èñõîäíîé è ìîäèôèöèðîâàííîé äðåâåñèíû äî (�) è

ïîñëå (�) òåðìè÷åñêîãî ðàçëîæåíèÿ

Fig. 13. Specific surface area Sspec of the surface layer of the ori-

ginal and modified wood before (�) and after (�) thermal de-

composition
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÷òî ìîæíî îõàðàêòåðèçîâàòü êàê “ìÿãêîå” òåðìè÷å-

ñêîå ðàçëîæåíèå. Äëÿ èñõîäíîé äðåâåñèíû, à òàêæå

äðåâåñèíû, ìîäèôèöèðîâàííîé îñòàëüíûìè èç ðàñ-

ñìàòðèâàåìûõ ìîäèôèêàòîðîâ, ïåðâàÿ ñòàäèÿ òåð-

ìè÷åñêîãî ðàçëîæåíèÿ ïðîòåêàåò ñ íàëè÷èåì äâóõ

ýêçîòåðìè÷åñêèõ ïèêîâ.

Ïðè àíàëèçå ñíèìêîâ, ïîëó÷åííûõ ïðè 200-êðàò-

íîì óâåëè÷åíèè ñ ïîìîùüþ ýëåêòðîííîãî ìèêðî-

ñêîïà, âèäíî, ÷òî â ñëó÷àå ïðèìåíåíèÿ â êà÷åñòâå

ìîäèôèêàòîðà ÄÌÔ íà ïîâåðõíîñòè äðåâåñèíû îá-

ðàçóåòñÿ ïëåíêà, âåðîÿòíî, èç ïðîäóêòîâ ðàçëîæåíèÿ

ìîäèôèêàòîðà, ñ îòêðûòûìè óñòüÿìè êàïèëëÿðîâ.

Ïðè èñïîëüçîâàíèè â êà÷åñòâå ìîäèôèêàòîðà ÄÔÔ è

ÏÔÀ-1 ñòðóêòóðà êàðáîíèçîâàííîãî ñëîÿ ÿâëÿåòñÿ

íåïîñòîÿííîé. Â óñëîâèÿõ “ìÿãêîãî” òåðìè÷åñêîãî

ðàçëîæåíèÿ ïðè èñïîëüçîâàíèè â êà÷åñòâå ìîäèôè-

êàòîðà ÄÝÔ ïðîèñõîäèò îáðàçîâàíèå ïîñòîÿííîé

ðàâíîìåðíîé ñòðóêòóðû êàðáîíèçîâàííîãî ñëîÿ. Ýòî

ñâÿçàíî ñ îòñóòñòâèåì ðàçðóøèòåëüíûõ ýêçîòåðìè-

÷åñêèõ ýôôåêòîâ ïðè òåðìè÷åñêîì ðàçëîæåíèè. Ïðè

óâåëè÷åíèè 10000 êðàò íàáëþäàåòñÿ ñëåäóþùàÿ êàð-

òèíà. Ïðè èñïîëüçîâàíèè ÄÌÔ íà ñíèìêàõ âèäíà

óïîìÿíóòàÿ âûøå ïëåíêà. Â ñëó÷àå ïðèìåíåíèÿ ÄÔÔ

è ÏÔÀ-1 íà ïîâåðõíîñòè êàðáîíèçîâàííîãî ñëîÿ îá-

íàðóæèâàþòñÿ ÷àñòèöû ìîäèôèêàòîðà, ÷òî õàðàêòå-

ðèçóåò íåïîëíîå âçàèìîäåéñòâèå ïîñëåäíåãî ñ ïî-

âåðõíîñòüþ äðåâåñèíû. Ïðè èñïîëüçîâàíèè ÄÝÔ

íàáëþäàåòñÿ ÿðêî âûðàæåííàÿ ïðî÷íàÿ êàðáîíèçî-

âàííàÿ ñòðóêòóðà.

Ïðè îöåíêå ñâîéñòâ ïîðèñòîé ñòðóêòóðû äðåâå-

ñèíû äî è ïîñëå òåðìè÷åñêîãî ðàçëîæåíèÿ íàèáîëü-

øàÿ óäåëüíàÿ ïëîùàäü ïîâåðõíîñòè îáðàçöîâ, õà-

ðàêòåðèçóþùàÿ íàèáîëüøèé ðàçìåð ïîð, íàáëþäà-

åòñÿ â ñëó÷àå ïðèìåíåíèÿ â êà÷åñòâå ìîäèôèêàòîðà

ÄÌÔ. Ïðè èñïîëüçîâàíèè ÄÝÔ â êàðáîíèçîâàííîì

ñëîå îáðàçóåòñÿ ñòðóêòóðà ñ íàèìåíüøèì îáúåìîì

è ðàäèóñîì ïîð. Ïðè ýòîì íàèìåíüøàÿ óäåëüíàÿ

ïëîùàäü ïîâåðõíîñòè îáðàçöîâ òàêæå õàðàêòåðíà

äëÿ êàðáîíèçîâàííîãî ñëîÿ äðåâåñèíû, ìîäèôèöè-

ðîâàííîé ÄÝÔ.

Âûâîäû

Äèíàìèêà òåðìè÷åñêîãî ðàçëîæåíèÿ äðåâåñèíû

èçìåíÿåòñÿ â ñëó÷àå åå ìîäèôèöèðîâàíèÿ ýôôåê-

òèâíûìè ôîñôîðñîäåðæàùèìè ìîäèôèêàòîðàìè

ïîâåðõíîñòíîãî ñëîÿ. Îáùåé äëÿ âñåõ ðàññìîòðåí-

íûõ ñëó÷àåâ òåíäåíöèåé ÿâëÿåòñÿ ñìåùåíèå ïåðâîé

ñòàäèè òåðìè÷åñêîãî ðàçëîæåíèÿ â îáëàñòü ìåíüøèõ

òåìïåðàòóð, â óñëîâèÿõ êîòîðûõ ïðîèñõîäèò îáðà-

çîâàíèå áîëåå ïðî÷íîé ñòðóêòóðû êàðáîíèçîâàííî-

ãî ñëîÿ. Ýòî ïîäòâåðæäàåòñÿ óìåíüøåíèåì óäåëü-

íîé ïëîùàäè ïîâåðõíîñòè êàðáîíèçîâàííîãî ñëîÿ

è îáðàçîâàíèåì ðîâíîé, íåðàçðóøåííîé ñòðóêòóðû

ïîâåðõíîñòè â ñëó÷àå ïðèìåíåíèÿ ìîäèôèêàòîðîâ.

Ïðè èñïîëüçîâàíèè â êà÷åñòâå ìîäèôèêàòîðà ÄÝÔ

ïðîèñõîäèò “ìÿãêîå” òåðìè÷åñêîå ðàçëîæåíèå —

ïðîòåêàíèå ýòîãî ïðîöåññà áåç çíà÷èòåëüíûõ ýêçî-

òåðìè÷åñêèõ ýôôåêòîâ. Îáðàçóþùèéñÿ ïðè ýòîì

êàðáîíèçîâàííûé ñëîé èìååò ðàâíîìåðíóþ íåðàç-

ðóøåííóþ ñòðóêòóðó ñ íàèìåíüøèì ðàçìåðîì ïîð,

÷òî õàðàêòåðèçóåò äîñòàòî÷íóþ ïðî÷íîñòü ïîäîá-

íîé ñòðóêòóðû â óñëîâèÿõ ïîæàðà.
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INFLUENCE OF MODIFIERS ON COKED FOAM STRUCTURE AND
PROPERTIES FORMED WITH THERMAL DECOMPOSITION OF WOOD

PORTNOV F. A., Candidate of Technical Sciences, Senior Lecturer of
Department of Integrated Safety in Civil Engineering, National Research
Moscow State University of Civil Engineering (Yaroslavskoye Shosse, 26,

Moscow, 129337, Russian Federation; e-mail: wastingtimefilmart@gmail.com)

ABSTRACT

Introduction. Currently, wood-based construction materials are in high demand in the field of

construction around the globe. The study of the original wood composite in order to improve its

characteristics through various methods is scientific pre-requisity for such development. When wood

burns, it forms a surface coke layer, which can differ in mechanical and thermal stability. These
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parameters produce a significant effect on the fire resistance rating of building structures due to

a change in the reduction rate of the structure useful cross section.

Materials and methods. The studies carried out during the work are related to the evaluation of

the characteristics of coke layer formed during thermal decomposition of wood. Thermal analysis

methods, the scanning electron microscopy method and the water adsorption method were used.

The original sapwood of pine, as well as the wood modified with effective fire-retardant agents were

used in the course of work.

Results. Based on conducted experiments process graphic dependences of thermal decomposi-

tion have been obtained, as well as images, obtained by an electronic microscope. In addition, the de-

pendence of adsorptive capacity of wood after thermal decomposition has been obtained.

Discussions. As a result of the study, it was found that with the use of modifiers based on organo-

phosphorous compounds, entering into effective reaction with wood, structuring of the surface layer

occurs after thermal decomposition while reducing the size of specific surface area of wood.

Conclusions. Based on the analysis of experimental data, we can conclude that because of the use

of efficient wood surface layer modifiers, thermal decomposition takes place under “mild” conditions

that is the shift of the first stage of thermal decomposition to the area of lower temperatures with

non-severe exothermic effects. The loss of weight of samples during combustion is significantly

reduced. This causes high fire-retardant efficiency and low smoke-generating capacity.

Keywords: thermal decomposition; timber; modification; thermogravimetry; surface layer; coke layer.
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