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Ðàçðàáîòàí ïðîñòîé è ýôôåêòèâíûé ìåòîä îöåíêè ìîëåêóëÿðíîé ìàññû èñõîäíûõ îëèãî-

ìåðíûõ äèîëîâ, èñïîëüçóåìûõ äëÿ ñèíòåçà ïîëèóðåòàíîâ ôîðïîëèìåðíûì ìåòîäîì: â êà-

÷åñòâå ïðîìåæóòî÷íîãî ïðîäóêòà ñèíòåçèðóþò ôîðïîëèìåðû, ïðåäñòàâëÿþùèå ñîáîé ëè-

íåéíûå îëèãîìåðû ñ òåðìèíàëüíûìè èçîöèàíàòíûìè ãðóïïàìè. Äëÿ ïîëó÷åíèÿ òàêèõ

ôîðïîëèìåðîâ, èñïîëüçóåìûõ ïðè èçãîòîâëåíèè ïîëèóðåòàíîâûõ è ïîëèóðåòàíìî÷åâèí-

íûõ êîìïîçèöèé ìåòîäîì ñâîáîäíîãî ëèòüÿ, ïðîâîäÿò ðåàêöèþ îëèãîäèîëà ñ èçáûòêîì äè-

èçîöèàíàòà, ïðè ýòîì ñîîòíîøåíèå ãðóïï NCO/OH äîëæíî áûòü ðàâíî 2 èëè íåìíîãî ïðå-

âûøàòü ýòî çíà÷åíèå. Ýòî î÷åíü âàæíî äëÿ ïðîâåäåíèÿ âòîðîé ñòàäèè ñèíòåçà, êîãäà ôîð-

ïîëèìåð âçàèìîäåéñòâóåò ñ îòâåðäèòåëÿìè, ñîäåðæàùèìè îáû÷íî àìèííûå è ãèäðîêñèëü-

íûå ãðóïïû. Ïðè çíà÷åíèè ñîîòíîøåíèÿ NCO/OH � 2 ïîëó÷àåìûé ôîðïîëèìåð ñîäåðæèò

áîëüøîå êîëè÷åñòâî íèçêîìîëåêóëÿðíîãî äèèçîöèàíàòà, ÷üÿ àêòèâíîñòü ãîðàçäî âûøå, ÷åì

ó ôîðïîëèìåðà, â ðåçóëüòàòå âðåìÿ æèçíåñïîñîáíîñòè ïîëèóðåòàíîâûõ è ïîëèóðåòàíìî÷å-

âèííûõ êîìïîçèöèé ìîæåò ñíèçèòüñÿ äî íåïðèåìëåìîãî óðîâíÿ. Ñ äðóãîé ñòîðîíû, ïðè

çíà÷åíèè ñîîòíîøåíèÿ NCO/OH < 2 âîçíèêàþò óñëîâèÿ äëÿ ïîëó÷åíèÿ ôîðïîëèìåðîâ ñ

çàâûøåííîé ìîëåêóëÿðíîé ìàññîé è îòíîñèòåëüíî âûñîêîé âÿçêîñòüþ, ÷òî òàêæå çàòðóä-

íÿåò ïåðåðàáîòêó óêàçàííûõ âûøå êîìïîçèöèé. Ïîääåðæàíèå òî÷íîãî ñîîòíîøåíèÿ ãðóïï

NCO/OH ïðè ñèíòåçå ôîðïîëèìåðîâ íåâîçìîæíî ïðè îòñóòñòâèè äàííûõ î òî÷íîé ìîëå-

êóëÿðíîé ìàññå èñïîëüçóåìûõ ïðè ñèíòåçå îëèãîìåðíûõ äèîëîâ, ÷òî ìîæåò èìåòü ìåñòî

ïðè îòñóòñòâèè íàäëåæàùåãî âõîäíîãî êîíòðîëÿ èëè ïðè ïåðåäîâûõ ñèíòåçàõ îëèãîìåðîâ.

Ñóùåñòâóþùèå ìåòîäû îïðåäåëåíèÿ ìîëåêóëÿðíîé ìàññû îëèãîìåðíûõ äèîëîâ, îñíîâàí-

íûå íà îïðåäåëåíèè ñîäåðæàíèÿ ãèäðîêñèëüíûõ ãðóïï, èìåþò ðÿä íåäîñòàòêîâ, ñðåäè êî-

òîðûõ äëèòåëüíîñòü, òðóäîåìêîñòü è äîðîãîâèçíà ðåàêòèâîâ. Îïèñàííûé â ñòàòüå ìåòîä

îñíîâàí íà ïðîâåäåíèè ïåðåäîâûõ ñèíòåçîâ ôîðïîëèìåðîâ ñ çàäàííûìè çàðàíåå ñîîòíî-

øåíèÿìè ìåæäó èñõîäíûìè îëèãîìåðíûìè äèîëàìè è äèèçîöèàíàòàìè. Âûâåäåíû óðàâ-

íåíèÿ, ñâÿçûâàþùèå îæèäàåìîå ñîäåðæàíèå èçîöèàíàòíûõ ãðóïï â ôîðïîëèìåðå ñ âåëè-

÷èíàìè íàâåñîê èñõîäíûõ êîìïîíåíòîâ. Àïðîáèðîâàíèå ìåòîäà ïðîâåäåíî ñ èñïîëüçîâàíè-

åì ñëîæíîãî îëèãîýôèðà è îëèãîáóòàäèåíèçîïðåíäèîëà â êà÷åñòâå èñõîäíûõ îëèãîìåðíûõ

äèîëîâ.

Êëþ÷åâûå ñëîâà: ïîëèóðåòàíû; äèèçîöèàíàòû; ìîëåêóëÿðíàÿ ìàññà; ãèäðîêñèëüíîå

÷èñëî.
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An effective and easy to use method for estimating the molecular weight of starting oligomeric diols used

for the synthesis of polyurethanes is developed. The prepolymers – linear oligomers with terminal

isocyanate groups – are first synthesized as an intermediate product. To synthesize such prepolymers used

in the free-casting manufacture of polyurethane and polyurethane urea compositions, oligodiol is reacted

with an excess of diisocyanate, the ratio of NCO/OH groups being equal to or slightly higher than 2. This is

very important for the second stage of synthesis when the prepolymer interacts with hardeners usually

containing amine and hydroxyl groups. When the ratio NCO/OH � 2 the resulting prepolymer contains
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a large amount of low molecular weight diisocyanate with a much higher activity compared to the prepo-

lymer. As a result, the potlife of polyurethane and polyurethane urea compositions can decrease to an un-

acceptable level. On the other hand, when the ratio NCO/OH < 2, the prepolymers with high molecular

weight and relatively high viscosity can occur, which also complicates the processing of the aforemen-

tioned compositions. Maintaining the desired value of the ratio in the synthesis of prepolymers necessi-

tates precise data on the molecular weight of the oligomeric diols used in the synthesis. Current methods

for determining the molecular weight of oligomeric diols, based on the analysis of the content of hydroxyl

groups have a number of disadvantages, namely the duration and complexity of the procedure and the

high cost of the reagents. The developed method is based on conducting advanced syntheses of prepoly-

mers with predetermined ratios between the initial oligomeric diols and diisocyanates. The equations link-

ing the expected content of isocyanate groups in the prepolymer with the weight amounts of the starting

components are derived. Testing of the method was carried out using ligoester and oligobutadiene iso-

prendiol as initial oligomeric diols.

Keywords: polyurethanes; diisocyanates; molecular mass; hydroxyl number.

Ââåäåíèå

Ñèíòåç óðåòàíîâûõ ôîðïîëèìåðîâ ñ ôóíê-

öèîíàëüíûìè èçîöèàíàòíûìè ãðóïïàìè îñíîâàí

íà ðåàêöèè óðåòàíîîáðàçîâàíèÿ ìåæäó îëèãîìåð-

íûìè äèîëàìè è äèèçîöèàíàòàìè ïðè èçáûòêå

ïîñëåäíèõ, îáåñïå÷èâàþùåì íåéòðàëèçàöèþ îñ-

òàòî÷íîé âëàãè â óêàçàííûõ äèîëàõ ïîñëå ñóøêè

[1, 2]:

.

Ðàñ÷åò êîëè÷åñòâà äèèçîöèàíàòà, íåîáõîäèìîãî

äëÿ ïðîâåäåíèÿ ñèíòåçà, çàâèñèò îò ìîëåêóëÿð-

íûõ ìàññ îëèãîìåðíîãî äèîëà è äèèçîöèàíàòà, à

òàêæå ïðåäâàðèòåëüíî çàäàâàåìîãî èçáûòêà äèè-

çîöèàíàòà. Òàêîé ðàñ÷åò äëÿ èçãîòîâëåíèÿ êîì-

ïîçèöèé ñ èñïîëüçîâàíèåì èñõîäíûõ êîìïîíåí-

òîâ ñ èçâåñòíîé ìîëåêóëÿðíîé ìàññîé íå ïðåä-

ñòàâëÿåò ñëîæíîñòè [2]. Ïðè ýòîì îáû÷íî èñïîëü-

çóþò äàííûå ïî ãèäðîêñèëüíîìó ÷èñëó îëèãîìå-

ðà, ïîëó÷àåìîìó ìåòîäîì àöåòèëèðîâàíèÿ [3, 4].

Ïðè ýòîì òàê æå ëåãêî ìîæíî îöåíèòü òåîðåòè÷å-

ñêîå çíà÷åíèå ñîäåðæàíèÿ ñâîáîäíûõ NCO-ãðóïï

â êîíå÷íîì ôîðïîëèìåðå.

Ê ñîæàëåíèþ, äàííûé ìåòîä äîâîëüíî ñëîæåí

è ïðàêòè÷åñêè íåäîñòóïåí äëÿ íåáîëüøèõ ïðåä-

ïðèÿòèé, ðàáîòàþùèõ â ñôåðå ïåðåðàáîòêè ïîëè-

óðåòàíîâ. Èñïîëüçîâàíèå äàííîãî ìåòîäà ïîäðà-

çóìåâàåò àáñîëþòíîå èñêëþ÷åíèå ïðèìåñè âîäû

â ïîëèìåðå, ðàñòâîðèòåëÿõ è ðåàãåíòàõ, à òàêæå

çàùèòó ïðîâåðÿåìûõ ïðîá îò ïîïàäàíèÿ âëàãè èç

âîçäóõà. Íåîáõîäèìî òàêæå ó÷èòûâàòü íàëè÷èå

äðóãèõ àêòèâíûõ ãðóïï ñî ñõîäíîé ðåàêöèîííîé

ñïîñîáíîñòüþ, íàïðèìåð àìèíîãðóïï.

Íåîäíîêðàòíî ñîîáùàëîñü î âîçìîæíîñòè èñ-

ïîëüçîâàíèÿ äðóãèõ ìåòîäîâ îïðåäåëåíèÿ ãèäðî-

êñèëüíîãî ÷èñëà îëèãîìåðîâ. Òàê, â ðàáîòå [5]

ïðåäëîæåí êîëîðèìåòðè÷åñêèé ìåòîä îïðåäåëå-

íèÿ ãèäðîêñèëüíîãî ÷èñëà â àëèôàòè÷åñêèõ ïðî-

ñòûõ è ñëîæíûõ ïîëèýôèðàõ, îñíîâàííûé íà

îêèñëèòåëüíî-âîññòàíîâèòåëüíîé ðåàêöèè Äæîí-

ñà ìåæäó õðîìîâîé êèñëîòîé (ïîäêèñëåííûé äè-

õðîìàò, îêèñëèòåëü) è êîíöåâûìè ãèäðîêñèëüíû-

ìè ãðóïïàìè (âîññòàíîâèòåëÿìè) ïîëèýôèðîâ

[5]. Àâòîðàìè ðàáîòû [6] ðàçðàáîòàíà ìåòîäèêà

îïðåäåëåíèÿ ãèäðîêñèëüíîãî ÷èñëà áèôóíêöèî-

íàëüíûõ ïðîñòûõ ïîëèýôèðîâ (ïîëèýòèëåíãëè-

êîëåé) â äèàïàçîíå îò 28 äî 380 ìã KOH/ã ïî òåì-

ïåðàòóðå ïëàâëåíèÿ, îïðåäåëÿåìîé ìåòîäîì äèô-

ôåðåíöèàëüíîé ñêàíèðóþùåé êàëîðèìåòðèè [6].

Ýòè ìåòîäû èìåþò òå æå ñàìûå íåäîñòàòêè, ÷òî

è ñòàíäàðòíûé — äëèòåëüíîñòü, òðóäîåìêîñòü

è äîðîãîâèçíà ðåàêòèâîâ, è ïîìèìî ýòîãî îòëè÷à-

þòñÿ íåäîñòàòî÷íîé òî÷íîñòüþ.

Òåì íå ìåíåå ñóùåñòâóåò âîçìîæíîñòü îïðå-

äåëåíèÿ ìîëåêóëÿðíîé ìàññû îëèãîìåðíûõ äèî-

ëîâ ïðè èñïîëüçîâàíèè èõ ðåàêöèè ñ èçáûòêîì

òîëóèëåíäèèçîöèàíàòà (ÒÄÈ) â ðàìêàõ ìåòîäà

Îòè, Çàãîðåíà è Ìåëüòðåòòåðà [7]. Êîëè÷åñòâåí-

íàÿ ðåàêöèÿ ÒÄÈ ñ îëèãîìåðíûìè äèîëàìè ïîçî-

ëÿåò íå òîëüêî îïðåäåëèòü ìîëåêóëÿðíóþ ìàññó

óêàçàííûõ äèîëîâ ïî ñîäåðæàíèþ ñâîáîäíûõ

èçîöèàíàòíûõ ãðóïï â ïðîäóêòå ðåàêöèè, íî è

ïðåäñêàçàòü ñîäåðæàíèå ýòèõ ãðóïï â ôîðïîëè-

ìåðàõ íà ýòàïå èõ ñèíòåçà, èñïîëüçóÿ ñîîòíîøå-

íèÿ ìàòåðèàëüíîãî áàëàíñà. Ïðè ýòîì ïîëó÷àòü

ôîðïîëèìåðû ìîæíî êàê èç î÷èùåííûõ äèèçî-

öèàíàòîâ, òàê è èç èõ íåî÷èùåííûõ àíàëîãîâ.

Çíàíèå òî÷íîé ìîëåêóëÿðíîé ìàññû èñõîäíûõ

îëèãîìåðîâ, èñïîëüçóåìûõ ïðè ñèíòåçå ôîðïîëè-

ìåðîâ, îáåñïå÷èâàåò òî÷íûé ïðîãíîç ñîäåðæàíèÿ

â íèõ èçîöèàíàòíûõ ãðóïï, ÷òî ÿâëÿåòñÿ êëþ-

÷åâûì ýëåìåíòîì ïîëó÷åíèÿ êà÷åñòâåííîé ïðî-

äóêöèè.

Öåëü äàííîé ðàáîòû — ðàçðàáîòêà óíèâåð-

ñàëüíîãî, äîñòóïíîãî, ýêñïðåññíîãî è ìåíåå òðó-

äîåìêîãî ñïîñîáà ïðîãíîçèðîâàíèÿ ñîäåðæàíèÿ

NCO-ãðóïï â óðåòàíîâûõ ôîðïîëèìåðàõ íà îñíî-

âå îëèãîìåðíûõ äèîëîâ ñ íåóñòàíîâëåííîé ìî-

ëåêóëÿðíîé ìàññîé ïðè èõ âçàèìîäåéñòâèè ñ

äèèçîöèàíàòîì.
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Ýêñïåðèìåíòàëüíàÿ ÷àñòü

2,4-Òîëóèëåíäèèçîöèàíàò Scuranate T100

(÷èñòîòà — 99 %) áûë ïðåäîñòàâëåí Lyondell Ba-

sell Co. (Íèäåðëàíäû). Èñïîëüçîâàëè ñëåäóþùèå

îëèãîìåðíûå äèîëû: îëèãîáóòàäèåíèçîïðåíäèîë

ÏÄÈ-1Ê (ñðåäíÿÿ ìîëåêóëÿðíàÿ ìàññà ðàçëè÷-

íûõ ïàðòèé — 4000 ã/ìîëü) ïî ÒÓ 38.103342–88

(ÎÀÎ «Ñòåðëèòàìàêñêèé íåôòåõèìè÷åñêèé çà-

âîä», Ðîññèÿ); îëèãîýòèëåíáóòèëåíãëèêîëü àäè-

ïèíàò ÎÌÀ-2100 (ñðåäíÿÿ ìîëåêóëÿðíàÿ ìàññà

ðàçëè÷íûõ ïàðòèé — 2100 ã/ìîëü) ïî ÒÓ 2226-

010-58646534–2015 (ÎÎÎ «Êàçàíñêèé çàâîä ìà-

ëîòîííàæíîé õèìèè», Ðîññèÿ).

Ñîäåðæàíèå NCO-ãðóïï â ôîðïîëèìåðàõ

îïðåäåëÿëè ñ èñïîëüçîâàíèåì ñòàíäàðòíîãî ìå-

òîäà ASTM D 2572–97[8].

Ïðåäâàðèòåëüíî îëèãîìåðíûå äèîëû ñóøèëè

ïðè ïåðåìåøèâàíèè ïðè 80 °C è îñòàòî÷íîì äàâ-

ëåíèè 1 – 2 êÏà â òå÷åíèå 4 – 5 ÷. Äëÿ ïåðåäîâîãî

ñèíòåçà èñïîëüçîâàëè 200 – 250 ã èñõîäíîãî îëè-

ãîìåðíîãî äèîëà (èç îòäåëüíûõ ïàðòèé óêàçàí-

íûõ âûøå êîìïîíåíòîâ). Íàâåñêó äèèçîöèàíàòà

ðàññ÷èòûâàëè òàêèì îáðàçîì, ÷òîáû ñ ó÷åòîì

ñðåäíåé ìîëåêóëÿðíîé ìàññû îëèãîìåðíîãî äèî-

ëà ìîëüíîå îòíîøåíèå NCO- è OH-ãðóïï (k) ñî-

ñòàâëÿëî 3. Ðåàêöèþ ìåæäó îëèãîìåðíûì äèîëîì

è äèèçîöèàíàòîì ïðîâîäèëè â ãåðìåòè÷íîì ëà-

áîðàòîðíîì ñìåñèòåëå ñ ðóáàøêîé äëÿ îáîãðåâà,

ïîñëå çàãðóçêè êîìïîíåíòîâ òåìïåðàòóðó 60 °C

ïîääåðæèâàëè â òå÷åíèå 1 ÷, äàëåå óâåëè÷èâàëè

äî 80 °C è ïîääåðæèâàëè òàêîâîé ïðè ïåðåìåøè-

âàíèè 4 – 5 ÷. Äàííîå âðåìÿ áûëî âûáðàíî èñõî-

äÿ èç ëèòåðàòóðíûõ äàííûõ ïî îïòèìàëüíîé ïðî-

äîëæèòåëüíîñòè ñèíòåçà ôîðïîëèìåðîâ ïðè ðàç-

íûõ òåìïåðàòóðàõ [2].

Ïî çàâåðøåíèè ðåàêöèè îïðåäåëÿëè ñîäåð-

æàíèå NCO-ãðóïï â ïðîäóêòå è îöåíèâàëè ìîëå-

êóëÿðíóþ ìàññó èñõîäíîãî îëèãîìåðíîãî äèîëà.

Ïîëó÷åííîå çíà÷åíèå èñïîëüçîâàëè ïðè ðàñ÷åòå

íàâåñîê äëÿ ñèíòåçà èñòèííîãî ôîðïîëèìåðà ñ

ìîëüíûì ñîîòíîøåíèåì NCO- è OH-ãðóïï, ðàâ-

íûì 2. Ïîñëå ïðîâåäåíèÿ óêàçàííîãî ñèíòåçà ïî-

ëó÷åííûé ôîðïîëèìåð àíàëèçèðîâàëè íà ñîäåð-

æàíèå NCO-ãðóïï è ñðàâíèâàëè ïîëó÷åííûé ðå-

çóëüòàò ñ ðàñ÷åòíûì çíà÷åíèåì.

Îáñóæäåíèå ðåçóëüòàòîâ

Èñïîëüçóÿ âûðàæåíèÿ ìàòåðèàëüíîãî áàëàí-

ñà, ìîæíî âûâåñòè ôîðìóëó, ñâÿçûâàþùóþ êî-

íå÷íîå òåîðåòè÷åñêîå ñîäåðæàíèå èçîöèàíàòíûõ

ãðóïï â ôîðïîëèìåðå ñ âåëè÷èíàìè íàâåñîê îëè-

ãîìåðíîãî äèîëà è äèèçîöèàíàòà:

NCO òåîð �

�

�

�

84( )

(

,

,

M P P M

M M P P

îëèã ñð äèèç îëèã äèèç

îëèã ñð äèèç îëèã äèèç )
%,�100 (1)

ãäå Mîëèã,ñð — ñðåäíÿÿ ìîëåêóëÿðíàÿ ìàññà îëèãî-

ìåðíîãî äèîëà (çíà÷åíèå èç äîêóìåíòàöèè èçãî-

òîâèòåëÿ); Mäèèç — ìîëåêóëÿðíàÿ ìàññà äèèçî-

öèàíàòà; Pîëèã — íàâåñêà îëèãîìåðà, ã; Päèèç —

íàâåñêà äèèçîöèàíàòà, ã; 84 — ìîëåêóëÿðíàÿ

ìàññà äâóõ NCO-ãðóïï.

Î÷åâèäíî, ÷òî ðåçóëüòàòû àíàëèçà ôîðïîëè-

ìåðà, ñèíòåçèðîâàííîãî íà îñíîâå îëèãîìåðà, ìî-

ëåêóëÿðíàÿ ìàññà êîòîðîãî îòëè÷àåòñÿ îò íîìè-

íàëüíîé, íå äîëæíû ñîâïàäàòü ñ òåîðåòè÷åñêèì

çíà÷åíèåì. Èñïîëüçóÿ ïîëó÷åííîå ôàêòè÷åñêîå

çíà÷åíèå ñîäåðæàíèÿ NCO-ãðóïï, ìîæíî âû÷èñ-

ëèòü óòî÷íåííîå çíà÷åíèå ìîëåêóëÿðíîé ìàññû

îëèãîìåðíîãî äèîëà:

Mîëèã �

�

� �

8400

8400

P M

P M P P

îëèã äèèç

äèèç äèèç ôàêò îëèã äèèçNCO ( )
, (2)

ãäå NCOôàêò — ôàêòè÷åñêîå ñîäåðæàíèå

NCO-ãðóïï â ôîðïîëèìåðå, %; Mäèèç — ìîëåêó-

ëÿðíàÿ ìàññà äèèçîöèàíàòà; Pîëèã — íàâåñêà îëè-

ãîìåðíîãî äèîëà, ã; Päèèç — íàâåñêà äèèçîöèàíà-

òà, ã.

Èçâåñòíî, ÷òî èñïîëüçîâàíèå ðàçëè÷íûõ ñî-

îòíîøåíèé ìåæäó NCO è OH-ãðóïïàìè ïðè

ñèíòåçå ôîðïîëèìåðîâ ïðèâîäèò ê ñóùåñòâåí-

íûì ðàçëè÷èÿì â ñâîéñòâàõ êîíå÷íîãî ïðîäóê-

òà. Èñòèííûé ôîðïîëèìåð ïîëó÷àåòñÿ â òîì ñëó-

÷àå, êîãäà óêàçàííîå âûøå ñîîòíîøåíèå (k) áëèç-

êî ê 2. Ïðè åãî áîëåå âûñîêèõ çíà÷åíèÿõ êîíå÷-

íûé ïðîäóêò ðåàêöèè (ïñåâäîôîðïîëèìåð) ïðåä-

ñòàâëÿåò ñîáîé ñìåñü ôîðïîëèìåðà è èñõîäíîãî

äèèçîöèàíàòà. Ïðè ñíèæåíèè óêàçàííîãî ñîîòíî-

øåíèÿ ìåíüøå 2 ìîëåêóëÿðíàÿ ìàññà ôîðïîëè-

ìåðà áûñòðî óâåëè÷èâàåòñÿ, ÷òî ñîïðîâîæäàåòñÿ

ðåçêèì ðîñòîì âÿçêîñòè è äåëàåò èñïîëüçîâàíèå

òàêîãî ôîðïîëèìåðà íåöåëåñîîáðàçíûì äëÿ ïðè-

ìåíåíèÿ â òåõíîëîãèè ñâîáîäíîãî ëèòüÿ. Ñ äðó-

ãîé ñòîðîíû, íàëè÷èå çíà÷èòåëüíîãî êîëè÷åñòâà

ñâîáîäíîãî äèèçîöèàíàòà â ïñåâäîôîðïîëèìåðàõ

ïðèâîäèò ê ðåçêîìó ïîâûøåíèþ àêòèâíîñòè òà-

êîãî ôîðïîëèìåðà â ðåàêöèÿõ îòâåðæäåíèÿ ñ èñ-
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ïîëüçîâàíèåì â êà÷åñòâå îòâåðäèòåëåé àðîìà-

òè÷åñêèõ àìèíîâ, ÷òî ðåçêî ñíèæàåò âðåìÿ æèç-

íåñïîñîáíîñòè ðàáî÷èõ êîìïîçèöèé. Èìåííî ïî-

ýòîìó äëÿ ñèíòåçà ðàáî÷èõ êîìïîçèöèé ëèòüåâûõ

ñîñòàâîâ íà îñíîâå ïîëèóðåòàíìî÷åâèí èñïîëü-

çóþò ôîðïîëèìåðû, âåñüìà áëèçêèå ïî ñâîéñòâàì

ê èñòèííûì (ñîîòíîøåíèå ìåæäó NCO è OH-

ãðóïïàìè ñîñòàâëÿåò îáû÷íî 2,03 – 2,06). Çàòî

èñïîëüçîâàíèå â ðàñ÷åòå íàâåñîê äëÿ ïåðåäîâîãî

ñèíòåçà çàäàâàåìîãî ñîîòíîøåíèÿ k = 3 ïîçâî-

ëèëî çàâåäîìî èçáåæàòü ïîëó÷åíèÿ âûñîêîâÿç-

êèõ ôîðïîëèìåðîâ, íåóäîáíûõ ïðè âûïîëíåíèè

àíàëèçà.

Â òàáë. 1 ïðèâåäåíû äàííûå ïî îïðåäåëåíèþ

ñîäåðæàíèÿ èçîöèàíàòíûõ ãðóïï â ïåðåäîâûõ

îáðàçöàõ ôîðïîëèìåðîâ è ðàñ÷åòà ñîîòâåòñòâó-

þùèõ ìîëåêóëÿðíûõ ìàññ èñõîäíûõ îëèãîìåð-

íûõ äèîëîâ.

Ïðîâåðêó ïðàâèëüíîñòè îïðåäåëåíèÿ ìîëåêó-

ëÿðíûõ ìàññ ïðîâîäèëè ñîãëàñíî ìåòîäèêå ïîëó-

÷åíèåì èñòèííîãî ôîðïîëèìåðà ïðè ìîëüíîì îò-

íîøåíèè NCO- è OH-ãðóïï, ðàâíîì 2,06. Ïîëó-

÷åííîå çíà÷åíèå ñîäåðæàíèÿ NCO-ãðóïï â ôîð-

ïîëèìåðå ñðàâíèâàëè ñ ðàññ÷èòàííûì ïî ñëåäó-

þùåé ôîðìóëå (òàáë. 2):

NCO òåîð

îëèã äèèç

�

�

�

�

84 1
100

( )
%,

k

M kM
(3)

ãäå Mîëèã — ìîëåêóëÿðíàÿ ìàññà îëèãîìåðíîãî

äèîëà; Mäèèç — ìîëåêóëÿðíàÿ ìàññà äèèçîöèàíà-

òà; k — êîëè÷åñòâî ìîëåêóë äèèçîöèàíàòà, ïðè-

õîäÿùååñÿ íà îäíó ìîëåêóëó îëèãîìåðíîãî äèî-

ëà; 84 — ìîëåêóëÿðíàÿ ìàññà äâóõ NCO-ãðóïï.

Ñòàòèñòè÷åñêè íåçíà÷èìîå ðàçëè÷èå ðàñ÷åò-

íîãî è ýêñïåðèìåíòàëüíîãî çíà÷åíèé ñîäåðæàíèÿ

NCO-ãðóïï â ïîëó÷åííîì ôîðïîëèìåðå ïîäòâåð-

æäàåò ïðàâèëüíîñòü ïðåäëîæåííîãî ñïîñîáà îï-

ðåäåëåíèÿ ìîëåêóëÿðíîé ìàññû îëèãîìåðíûõ

äèîëîâ.

Çàêëþ÷åíèå

Òàêèì îáðàçîì, ðàçðàáîòàí ïðîñòîé ìåòîä

îöåíêè ñîäåðæàíèÿ èçîöèàíàòíûõ ãðóïï â óðåòà-

íîâûõ ôîðïîëèìåðàõ íà îñíîâå áèôóíêöèîíàëü-

íûõ îëèãîìåðîâ íåóñòàíîâëåííîé ìîëåêóëÿðíîé

ìàññû. Äàííûé ìåòîä ïîçâîëÿåò òàêæå îöåíèòü

ìîëåêóëÿðíóþ ìàññó óêàçàííûõ îëèãîìåðíûõ

äèîëîâ. Ïîëó÷åíû óðàâíåíèÿ, ñâÿçûâàþùèå

îæèäàåìîå ñîäåðæàíèå èçîöèàíàòíûõ ãðóïï â

ôîðïîëèìåðå ñ âåëè÷èíàìè íàâåñîê èñõîäíûõ

êîìïîíåíòîâ. Ýòîò óíèâåðñàëüíûé ìåòîä ìîæåò

áûòü ðåêîìåíäîâàí êàê äîïîëíèòåëüíûé äëÿ

îöåíêè ìîëåêóëÿðíîé ìàññû îëèãîìåðíûõ äèî-

ëîâ â çàâîäñêèõ ëàáîðàòîðèÿõ.
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Òàáëèöà 1. Ðåçóëüòàòû îïðåäåëåíèÿ ìîëåêóëÿðíîé ìàññû îëèãîìåðíûõ äèîëîâ (n = 3; P = 95 %)

Table 1. The results for determination of the molecular weight of oligomeric diols (n = 3; p = 95%)

Îëèãîìåð M
ñðåä

NCO
ðàñ÷

, % M
ýêñï

NCO
ôàêò

, %

ÏÄÈ-1Ê 4000 3,56 3223 ± 70 3,11 ± 0,06

ÎÌÀ-2100 2100 6,41 1988 ± 45 6,23 ± 0,07

Òàáëèöà 2. Ðåçóëüòàòû îïðåäåëåíèÿ ñîäåðæàíèÿ NCO-ãðóïï â ôîðïîëèìåðå (n = 3; P = 95 %)

Table 2. Results of NCO-groups content determination it the prepolymer (n = 3; P = 95%)

Îëèãîìåð Ìîëåêóëÿðíàÿ ìàññà NCO
ðàñ÷

, % NCO
ýêñï

, %

ÏÄÈ-1Ê 3223 2,49 2,45 ± 0,04

ÎÌÀ-2100 1988 3,79 3,75 ± 0,05
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