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Ïðåäñòàâëåíû ðåçóëüòàòû èññëåäîâàíèÿ ñîåäèíåíèÿ NH
4
NO
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2
O, âêëþ÷àþùåãî

îäíó ýâòåêòè÷åñêóþ è äâå ýâòîíè÷åñêèå ñèñòåìû. Óñòàíîâëåíî, ÷òî â ýâòåêòè÷åñêîé ñèñòåìå
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îáëàñòü ðàññëîåíèÿ õàðàêòåðèçóåòñÿ íàëè÷èåì îêèñëèòåëüíî-âîññòàíîâè-

òåëüíûõ ðåàêöèé, ÷òî ïîäòâåðæäàåòñÿ âûäåëåíèåì ãàçîâ. Ðàñ÷åò õàðàêòåðèñòèê òðîéíîé ýâòîíèêè
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O ïðîâîäèëè ìåòîäîì ìîäåëèðîâàíèÿ, ïîçâîëÿþùèì ïîëó÷àòü

ñîñòàâ è òåìïåðàòóðó ïëàâëåíèÿ ñèñòåìû ïî äàííûì î åå ýëåìåíòàõ îãðàíåíèÿ. Êðîìå ýòîãî,

ðåøåíèå îáðàòíîé çàäà÷è, êîòîðîå çàêëþ÷àåòñÿ â ïåðâîíà÷àëüíîì îïðåäåëåíèè õàðàêòåðèñòèê

òðîéíîé ýâòîíèêè, äàåò âîçìîæíîñòü îïòèìèçèðîâàòü âûáîð âíóòðåííèõ ðàçðåçîâ äëÿ âûÿâëå-

íèÿ ìîíîâàðèàíòíûõ êðèâûõ è ïîâåðõíîñòè êðèñòàëëèçàöèè. Â êà÷åñòâå ýêñïåðèìåíòàëüíûõ

ìåòîäîâ èñïîëüçîâàëè äèôôåðåíöèàëüíûé òåðìè÷åñêèé è âèçóàëüíî-ïîëèòåðìè÷åñêèé àíàëèçû.

Ñ èñïîëüçîâàíèåì ïîëó÷åííûõ äàííûõ ïîñòðîåíà ïîâåðõíîñòü êðèñòàëëèçàöèè ñèñòåìû
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O, à èññëåäîâàíèå âíóòðåííèõ ðàçðåçîâ ïîçâîëèëî îïðåäåëèòü ðàçìåð îá-

ëàñòè îêèñëèòåëüíî-âîññòàíîâèòåëüíûõ ðåàêöèé âíóòðè òðåóãîëüíèêà Òàììàíà.

Êëþ÷åâûå ñëîâà: ïîëèòåðìà; ýâòîíèêà; ôàçîâàÿ äèàãðàììà; äèôôåðåíöèàëüíûé òåðìè÷åñêèé

àíàëèç; âèçóàëüíî-ïîëèòåðìè÷åñêèé àíàëèç.

Èññëåäîâàíèå ôàçîâûõ ðàâíîâåñèé ìíîãîêîìïîíåíò-

íûõ ñèñòåì — îñíîâà ñîâðåìåííîãî ìàòåðèàëîâåäå-

íèÿ — ñâÿçàíî ñî çíà÷èòåëüíûìè çàòðàòàìè âðåìåíè è

òðóäà. Ïîýòîìó â ïîñëåäíèå ãîäû àêòèâíî èñïîëüçóþò

ìåòîä ìîäåëèðîâàíèÿ ôàçîâûõ ðàâíîâåñèé.

Öåëü ðàáîòû — ìîäåëèðîâàíèå õàðàêòåðèñòèêè

òðîéíîé ýâòîíèêè ñèñòåìû NH4NO3 – C6H12N4 – H2O

è ïîñòðîåíèå ïîëíîé ïîëèòåðìû êðèñòàëëèçàöèè ñèñ-

òåìû â öåëîì.

Ïðè ïîñòðîåíèè ïîëèòåðìû êðèñòàëëèçàöèè ñíà-

÷àëà ðàññ÷èòûâàëè òåìïåðàòóðó ïëàâëåíèÿ è ñîñòàâ

òðîéíîé ýâòîíèêè ìåòîäîì ìîäåëèðîâàíèÿ ïî äàííûì

îá ýëåìåíòàõ îãðàíåíèÿ (äâóõêîìïîíåíòíûì ñèñòå-

ìàì). Çàòåì, èñïîëüçóÿ äèôôåðåíöèàëüíûé òåðìè÷å-

ñêèé àíàëèç (ÄÒÀ), ïðàâèëüíîñòü ðàñ÷åòà ïîäòâåð-

æäàëè ýêñïåðèìåíòàëüíî.

Ïîëó÷åííûå òàêèì îáðàçîì õàðàêòåðèñòèêè òðîé-

íîé ýâòîíèêè ïðè ïîñòðîåíèè ïîâåðõíîñòè êðèñòàë-

ëèçàöèè ïîçâîëèëè îïòèìèçèðîâàòü ÷èñëî âíóòðåííèõ

ðàçðåçîâ ñèñòåìû (èññëåäîâàëè ñ ïîìîùüþ âèçóàëü-

íîãî ïîëèòåðìè÷åñêîãî àíàëèçà — ÂÏÀ).

Òðàäèöèîííûé ïîäõîä â ïîñòðîåíèè ïîâåðõíîñòè

êðèñòàëëèçàöèè àíàëîãè÷íûõ ñèñòåì ïðåäïîëàãàë ðå-

øåíèå ïðàêòè÷åñêè îáðàòíîé çàäà÷è, à èìåííî: àíàëèç

çíà÷èòåëüíî áîëüøåãî ÷èñëà âíóòðåííèõ ðàçðåçîâ è

ïî ïåðåñå÷åíèþ ïîâåðõíîñòåé êðèñòàëëèçàöèè èñõîä-

íûõ êîìïîíåíòîâ è ìîíîâàðèàíòíûõ êðèâûõ îïðåäå-

ëåíèå õàðàêòåðèñòèê — òåìïåðàòóðû ïëàâëåíèÿ è ñî-

ñòàâà òðîéíîé ýâòîíèêè.

Äàííûå ïî ýëåìåíòàì èññëåäóåìîé ñèñòåìû

NH4NO3 – C6H12N4 – H2O ïðèâåäåíû â òàáë. 1 [1 – 4].

Îòìåòèì, ÷òî äëÿ NH4NO3 – C6H12N4 õàðàêòåðíî

íàëè÷èå íà ôàçîâîé äèàãðàììå îêèñëèòåëüíî-âîññòà-
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íîâèòåëüíîé ðåàêöèè (ÎÂÐ) â äèàïàçîíå 30 – 100 %

ìàññ. C6H12N4 [4].

Õàðàêòåðèñòèêè òðîéíîé ýâòîíèêè ñèñòåìû

NH4NO3 – C6H12N4 – H2O ðàññ÷èòûâàëè ñ èñïîëüçî-

âàíèåì äàííûõ îá ýëåìåíòàõ îãðàíåíèÿ (ñì.

òàáë. 1). Òàê, òåìïåðàòóðà ýâòîíèêè ñîñòàâèëà

–17,5 °C. Ñîñòàâ êîìïîíåíòîâ ïîëó÷èëè ñëåäóþùèé,

% ìàññ.: NH4NO3 — 39,90, C6H12N4 – 9,50, H2O —

50,60.

Ðàñ÷åò òåìïåðàòóðû ïëàâëåíèÿ�êðèñòàëëèçàöèè è

ñîñòàâà ñèñòåìû ïîäòâåðæäàëè ýêñïåðèìåíòàëüíî ñ

èñïîëüçîâàíèåì ìåòîäà ÄÒÀ (â íèçêîòåìïåðàòóðíîé

óñòàíîâêå â êà÷åñòâå îõëàæäàþùåãî õëàäîàãåíòà ïðè-

ìåíÿëè æèäêèé àçîò [6]).

Íà ðèñ. 1 ïðåäñòàâëåíà òåðìîãðàììà ÄÒÀ ðàññ÷è-

òàííîãî ñîñòàâà òðîéíîé ýâòîíèêè. Íàëè÷èå åäèíè÷-

íîãî ýêñòðåìóìà ñâèäåòåëüñòâóåò î òîì, ÷òî ñîñòàâ

äåéñòâèòåëüíî ÿâëÿåòñÿ ýâòîíè÷åñêèì è ñîîòâåòñòâóåò

ðåàëüíîìó ñîñòàâó. Ïðè ýòîì ðàñ÷åòíàÿ òåìïåðàòóðà

ýâòîíèêè (–17,5 °C) îòëè÷àåòñÿ îò ýêñïåðèìåíòàëüíîé

(–18 °C) íåçíà÷èòåëüíî.

Ïîâåðõíîñòü êðèñòàëëèçàöèè ñèñòåìû NH4NO3 –

C6H12N4 – H2O èññëåäîâàëè ÂÏÀ-ìåòîäîì ñ èñïîëüçî-

âàíèåì êðèîãèäðàòíîé ñìåñè NaCl – H2O (ë¸ä) [7].

Ïðè 30 % ìàññ. õëîðèäà íàòðèÿ ñìåñü îáåñïå÷èâàëà

îõëàæäåíèå èññëåäóåìûõ ðàñòâîðîâ äî –21 °C.

Ñóùíîñòü ìåòîäà ÂÏÀ çàêëþ÷àåòñÿ â òîì, ÷òî èñ-

ñëåäîâàòåëü íà óñòàíîâêå âèçóàëüíî îïðåäåëÿåò òåì-

ïåðàòóðû ïëàâëåíèÿ (ïðè íàãðåâå) è êðèñòàëëèçàöèè

(ïðè îõëàæäåíèè) èññëåäóåìîãî ñîñòàâà. Ïðè èçìåíå-

íèè ñêîðîñòè íàãðåâà èëè îõëàæäåíèÿ ìîæíî äîáèòü-

ñÿ ñáëèæåíèÿ òåìïåðàòóð. Ïî ìèíèìàëüíî âîçìîæíîé

ðàçíèöå ìåæäó íèìè îïðåäåëÿþò èñòèííóþ ðàâíîâåñ-

íóþ òåìïåðàòóðó ôàçîâîãî ïåðåõîäà.

Íà îñíîâå õàðàêòåðèñòèê òðîéíîé ýâòîíèêè

ñòðîèëè ïîâåðõíîñòü êðèñòàëëèçàöèè êîìïîíåíòîâ

èññëåäóåìîé ñèñòåìû. Ïîëó÷åííûå ìåòîäîì ÂÏÀ ðàç-

ðåçû I – III (ðèñ. 2) ïîçâîëèëè îïðåäåëèòü îïîðíûå

òî÷êè èçîòåðì ôàçîâîé äèàãðàììû.
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Òàáëèöà 1. Äàííûå ïî ýëåìåíòàì ñèñòåìû NH
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êàöèÿ

Òåìïåðàòóðà

ïëàâëåíèÿ�
êðèñòàëëè-

çàöèè, °C

Ñîäåðæàíèå

ïåðâîãî

êîìïîíåí-

òà, % ìàññ.

Èñõîäíûå âåùåñòâà
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Íàëè÷èå ÎÂÐ â äâóõêîìïîíåíòíîé ñèñòåìå

NH4NO3 – C6H12N4 îáóñëîâëèâàåò èññëåäîâàíèå îá-

ëàñòè ÎÂÐ â ïðåäåëàõ òðîéíîé ñèñòåìû (ðàçðåçû

IV – VI) (ñì. ðèñ. 2).

Äàííûå ïî ðàçðåçàì I – VI ïðèâåäåíû â òàáë. 2.

Ïîëíàÿ ïîëèòåðìà êðèñòàëëèçàöèè ñèñòåìû

NH4NO3 – C6H12N4 – H2O ïðèâåäåíà íà ðèñ. 3. Âèäíî,

÷òî ïîëå ÎÂÐ ñîîòâåòñòâóåò îáëàñòè, áîãàòîé óðîòðî-

ïèíîì.

Òàêèì îáðàçîì, ñ èñïîëüçîâàíèåì ôàçîâûõ ðàâíî-

âåñèé ïîñòðîåíà ïîâåðõíîñòü êðèñòàëëèçàöèè ñèñòå-

ìû NH4NO3 – C6H12N4 – H2O, êîòîðàÿ ïîêàçàëà, ÷òî

ñèñòåìà ýâòîíè÷åñêàÿ (òåìïåðàòóðà ýâòîíèêè –18 °C).

Ñîñòàâ êîìïîíåíòîâ òðîéíîé ýâòîíèêè ñëåäóþùèé,

% ìàññ.: NH4NO3 — 39,90, C6H12N4 — 9,50, H2O —

50,60. Íà ôàçîâîé äèàãðàììå âûÿâëåíà îáëàñòü ÎÂÐ.

Èñõîäíûìè äàííûìè ñëóæèëè õàðàêòåðèñòèêè ðàñ-

ñ÷èòàííîé òðîéíîé ýâòîíèêè (äîñòîâåðíîñòü ïîä-

òâåðæäàëè íèçêîòåìïåðàòóðíûì ÄÒÀ). Îáû÷íî îïðå-
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Ðèñ. 3. Ïîëèòåðìà êðèñòàëëèçàöèè ñèñòåìû

NH
4
NO

3
– C

6
H

12
N

4
– H

2
O ñ ðàñïîëîæåíèåì ìî-

íîâàðèàíòíûõ êðèâûõ ñîâìåñòíîé êðèñòàëëèçà-

öèè è ïîëÿ ÎÂÐ (âûäåëåíà ïóíêòèðîì)

Òàáëèöà 2. Ýêñïåðèìåíòàëüíûå äàííûå ïî ðàçðåçàì I – VI ñèñòåìû NH
4
NO

3
– C

6
H

12
N

4
– H

2
O

Íîìåð òî÷êè

(ñì. ðèñ. 2)

Ñîñòàâ, % ìàññ. Ìèíèìàëüíàÿ

òåìïåðàòóðà, °C

Íîìåð òî÷êè

(ñì. ðèñ. 2)

Ñîñòàâ, % ìàññ. Ìèíèìàëüíàÿ

òåìïåðàòóðà, °CNH
4
NO

3
C

6
H

12
N

4
H

2
O NH

4
NO

3
C

6
H

12
N

4
H

2
O

Ðàçðåç I Ðàçðåç IV

1 68 17 15 50 16 16 65 19 145 (ÎÂÐ)

2 55 14 31 10 17 16 64 20 140

3 28 7 65 –14 18 11 46 43 50

4 15 4 81 –6 19 5 20 75 –9

5 7 2 91 –3 20 3 11 86 –4

Ðàçðåç II Ðàçðåç V

6 43 4 53 –15 21 34 51 15 142 (ÎÂÐ)

7 31 30 39 35 22 34 50 16 140 (ÎÂÐ)

8 18 59 23 120 23 33 49 18 120

9 10 77 13 160 24 24 36 40 40

Ðàçðåç III 25 7 11 82 –5,5

10 7 15 78 –7 26 4 6 90 –3

11 22 13 65 –14 Ðàçðåç VI

12 53 8 39 0 27 50 41 9 140 (ÎÂÐ)

13 71 5 24 40 28 49 40 11 140 (ÎÂÐ)

14 87 2 11 90 29 43 35 20 80

Ðàçðåç IV 30 18 15 67 –13

15 17 67 16 145 (ÎÂÐ) 31 8 7 85 –4,5



äåëåíèå ñîñòàâà è òåìïåðàòóðû ïëàâëåíèÿ òðîéíîé

ýâòîíèêè — ïîñëåäíèé ýòàï èññëåäîâàíèÿ ïîëèòåðì

êðèñòàëëèçàöèè. Â äàííîì ñëó÷àå ðàññ÷èòàííûå õà-

ðàêòåðèñòèêè òðîéíîé ýâòîíèêè ïîçâîëèëè ñóùå-

ñòâåííî ñîêðàòèòü ÷èñëî íåîáõîäèìûõ âíóòðåííèõ

ðàçðåçîâ, à òàêæå âðåìÿ è òðóäîçàòðàòû äëÿ èññëåäî-

âàíèÿ ïîëèòåðìû êðèñòàëëèçàöèè ñèñòåìû NH4NO3 –

C6H12N4 – H2O â öåëîì.
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The polytherm of crystallization of the NH4NO3 – C6H12N4 – H2O system is first studied. The system under study

has one eutectic and two eutonic systems in the terminating elements. In the eutectic system NH4NO3 – C6H12N4

there is a stratification region with the presence of oxidation-reduction reactions (ORR), which is accompanied by the

emission of gases confirming the redox process. Simulation procedure is used to calculate the characteristics of tri-

ple-eutonics in the system NH4NO3 – C6H12N4 – H2O providing composition and melting temperature of eutonics of

the ternary system from the data regarding the terminating elements. Moreover, the solution of the inverse problem,

which consists in primary determination of the characteristics of triple-eutonics, provides optimization of the choice

of the internal cuts for elucidation of monovariant curves and crystallization surface of the ternary system. The use of

simulation and single (confirming) experiment by differential thermal analysis (DTA) significantly reduced the time

and labor costs for studying the system as a whole. A DTA unit of the new generation is used to confirm the validity of

the triple-eutonics simulation and the internal sections of the system are studied using visual-polythermic analysis.

The crystallization surface of the NH4NO3 – C6H12N4 – H2O system is constructed. The system has a triple eutonics

with a temperature of –18°C. The area of oxidation-reduction reactions is first revealed on the crystallization field,

whereas a number of specially considered internal sections made it possible to reveal the size of the region of redox

reactions inside the Tamman triangle.

Keywords: politherm; eutonics; phase diagram; differential thermal analysis; visual-polythermal analysis.
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