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(54) METHOD OF PRODUCTION OF THE MOLYBDENUM PENTALUMINIDE

(57) Abstract: 
FIELD: powder metallurgy; methods of

production of the materials used at deposition of
the refractory coatings and production of the
gases-adsorbing compounds.

SUBSTANCE: the invention is pertaining to the
field of the powder metallurgy, in  particular,
to production of the materials, which are used at
deposition of refractory refractory coating and
also at production of the  gettering compounds.
The method of production of the molybdenum
pentaluminide includes commixing of the aluminum
powder and the molybdenum powder, molding from
their mixture of the beads, their heating in the
nonoxidizing medium. At that use the
ultradispersive aluminum and molybdenum powders

produced by the electric blast of the electric
conductors. The beads heating is exercised prior
to the beginning of their burning. The powders
are used in the following ratio (in mass %): the
aluminum ultradispersive powder - 63-68, the
molybdenum ultradispersive powder - the rest. The
technical result of the invention is the
increased purity of the end-product - the
molybdenum pentaluminide up to 95-98 %, the
reduced power input.

EFFECT: the invention ensures the increased
purity of the end-product - the molybdenum
pentaluminide - up to hundred percent, the
reduced power input.

1 ex, 1 tbl
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Èçîáðåòåíèå îòíîñèòñ  ê îáëàñòè ïîðîøêîâîé ìåòàëëóðãèè, à èìåííî ê ïîëó÷åíèþ
ìàòåðèàëîâ, êîòîðûå èñïîëüçóþò ïðè íàíåñåíèè æàðîñòîéêèõ ïîêðûòèé, à òàêæå ïðè
ïîëó÷åíèè ãàçîïîãëîòèòåëüíûõ ñîñòàâîâ.

Â ëèòåðàòóðå îïèñàíî íåñêîëüêî ñïîñîáîâ ïîëó÷åíè , îäèí èç êîòîðûõ ïîëó÷èë â
íàñòî ùåå âðåì  øèðîêîå ðàñïðîñòðàíåíèå (Èòèí Â.È., Íàéáîðîäåíêî Þ.Ñ.
Âûñîêîòåìïåðàòóðíûé ñèíòåç èíòåðìåòàëëè÷åñêèõ ñîåäèíåíèé. Òîìñê: Èçä-âî ÒÃÓ, 1989.
Ñ.5-8). Ñóùíîñòü äàííîãî ñïîñîáà çàêëþ÷àåòñ  â ðåàêöèîííîì ñïåêàíèè ñòåõèîìåòðè÷åñêîé
ñìåñè ïðîìûøëåííûõ ïîðîøêîâ àëþìèíè  è ìîëèáäåíà ñ ïîëó÷åíèåì ïðîäóêòà çàäàííîãî
ñîñòàâà. Âìåñòå ñ òåì îñíîâíûì íåäîñòàòêîì ýòîãî ñïîñîáà  âë åòñ  íåâûñîêèé
ïðàêòè÷åñêèé âûõîä öåëåâîãî ïðîäóêòà MoAl5, íå ïðåâûøàþùèé 45-50 ìàñ.%. Êðîìå òîãî, â
óñëîâè õ ñèíòåçà ïî óêàçàííîìó ñïîñîáó îáðàçóåòñ  ñìåñü èíòåðìåòàëëè÷åñêèõ
ñîåäèíåíèé àëþìèíè  ñ ìîëèáäåíîì ðàçëè÷íîãî ñîñòàâà (MoAl3-12), ïðàêòè÷åñêè íå
ïîääàþùà ñ  ðàçäåëåíèþ.

Íàèáîëåå áëèçêèì ê ïðåäëîæåííîìó íàìè èçîáðåòåíèþ  âë åòñ  ñïîñîá ïîëó÷åíè 
ïåíòààëþìèíèäà ìîëèáäåíà, âûáðàííûé íàìè çà ïðîòîòèï (Ñèíåëüíèêîâà B.C., Ïîäåðãèí
Â.À., Ðå÷êèí Â.Í. Àëþìèíèäû /Ïîä ðåä. Ã.Â.Ñàìñîíîâà. Êèåâ: Íàóêîâà äóìêà, 1965.
Ñ.111). Ñîãëàñíî ýòîìó ñïîñîáó ïåíòààëþìèíèä ìîëèáäåíà ïîëó÷àþò â âàêóóìíîé
ýëåêòðîäóãîâîé ïå÷è â îõëàæäàåìîì âîäîé ìåäíîì òèãëå ñ ðàñõîäóåìûì ýëåêòðîäîì,
èçãîòîâëåííîì ïóòåì ïðåññîâàíè  è ñïåêàíè  ïîðîøêîâ ìîëèáäåíà, àëþìèíè  è óãë ; ëèáî
íàãðåâîì øòàáèêîâ, ñïðåññîâàííûõ èç ïðîìûøëåííûõ ïîðîøêîâ àëþìèíè  è ìîëèáäåíà,
ïîìåùåííûõ â àëóíäîâûå òèãëè âûñîêîé ÷èñòîòû, â âàêóóìíîé èíäóêöèîííîé ïå÷è ïðè
òåìïåðàòóðå íå ìåíåå 1000°Ñ. Ïî îêîí÷àíèè ïëàâèëüíîãî ïðîöåññà ïðîäóêò ïîëó÷àåòñ  â
âèäå ñëèòêà èëè ñïåêà, êîòîðûé äë  äàëüíåéøåãî èñïîëüçîâàíè  íåîáõîäèìî ïîäâåðãàòü
äîïîëíèòåëüíîé ïåðåðàáîòêå - äðîáëåíèþ èëè ïåðåïëàâêå. Âûõîä êîíå÷íîãî ïðîäóêòà
MoAl5 ñîñòàâë åò 80-85 ìàñ.%.

Íåäîñòàòêàìè óêàçàííîãî ñïîñîáà  âë þòñ  çíà÷èòåëüíûå ýíåðãîçàòðàòû, ñâ çàííûå ñ
íåîáõîäèìîñòüþ ïîñòî ííîãî ïîääåðæàíè  âûñîêîé òåìïåðàòóðû, à òàêæå ñðàâíèòåëüíî
íåâûñîêèé âûõîä ïðîäóêòà.

Îäíèì èç îñíîâíûõ òåõíè÷åñêèõ ðåçóëüòàòîâ ïðåäëîæåííîãî íàìè èçîáðåòåíè   âë åòñ 
ñóùåñòâåííîå ïîâûøåíèå ÷èñòîòû êîíå÷íîãî ïðîäóêòà MoAl5 äî 95-98%. Êðîìå òîãî, ïðè
èñïîëüçîâàíèè íàãðåâà ñìåñè ïîðîøêîâ òîëüêî íà íà÷àëüíîì ýòàïå ñèíòåçà ìíîãîêðàòíî
ñíèæàþòñ  ýíåðãîçàòðàòû íà ïîëó÷åíèå ïåíòààëþìèíèäà ìîëèáäåíà.

Ïîñòàâëåííà  òåõíè÷åñêà  çàäà÷à äîñòèãàåòñ  òåì, ÷òî â ñïîñîáå ïîëó÷åíè 
ïåíòààëþìèíèäà ìîëèáäåíà ïóòåì ñìåøèâàíè  ïîðîøêîâ àëþìèíè  è ìîëèáäåíà,
ïðåññîâàíè  èç èõ ñìåñè øòàáèêîâ è íàãðåâà øòàáèêîâ â íåîêèñëèòåëüíîé ñðåäå, ñîãëàñíî
ïðåäëîæåííîìó ðåøåíèþ èñïîëüçóþò óëüòðàäèñïåðñíûå ïîðîøêè (ÓÄÏ) àëþìèíè  è
ìîëèáäåíà, ïîëó÷åííûå ýëåêòðè÷åñêèì âçðûâîì ïðîâîäíèêîâ, à íàãðåâ øòàáèêîâ
îñóùåñòâë þò äî íà÷àëà èõ ãîðåíè , ïðè÷åì ïîðîøêè èñïîëüçóþò â ñîîòíîøåíèè, ìàñ.%:
óëüòðàäèñïåðñíûé ïîðîøîê àëþìèíè  63-68, óëüòðàäèñïåðñíûé ïîðîøîê ìîëèáäåíà -
îñòàëüíîå.

Ïðîâåäåííûé çà âèòåëåì àíàëèç óðîâí  òåõíèêè ïîçâîëèë óñòàíîâèòü, ÷òî àíàëîãè,
õàðàêòåðèçóþùèåñ  ñîâîêóïíîñò ìè ïðèçíàêîâ, òîæäåñòâåííûõ âñåì ïðèçíàêàì
çà âë åìîãî ñïîñîáà ïîëó÷åíè  ïåíòààëþìèíèäà ìîëèáäåíà, îòñóòñòâóþò. Ñëåäîâàòåëüíî,
çà âëåííîå èçîáðåòåíèå ñîîòâåòñòâóåò óñëîâè ì ïàòåíòîñïîñîáíîñòè «íîâèçíà».

Ðåçóëüòàòû ïîèñêà â äàííîé è ñìåæíûõ îáëàñò õ òåõíèêè ñ öåëüþ âû âëåíè  ïðèçíàêîâ,
ñîâïàäàþùèõ ñ ïðèçíàêàìè çà âëåííîãî èçîáðåòåíè , ïîêàçàëè, ÷òî îíè íå ñëåäóþò  âíûì
îáðàçîì èç óðîâí  òåõíèêè. Èç îïðåäåëåííîãî çà âèòåëåì óðîâí  òåõíèêè íå âû âëåíà
èçâåñòíîñòü âëè íè  ïðåäóñìàòðèâàåìûõ ñîîòâåòñòâåííûìè ïðèçíàêàìè ïðåîáðàçîâàíèé
íà äîñòèæåíèè òåõíè÷åñêîãî ðåçóëüòàòà. Ñëåäîâàòåëüíî, èçîáðåòåíèå ñîîòâåòñòâóåò
óñëîâèþ ïàòåíòîñïîñîáíîñòè «èçîáðåòàòåëüñêèé óðîâåíü».

Ïðèìåðû êîíêðåòíîãî âûïîëíåíè .
Äë  îñóùåñòâëåíè  ñïîñîáà ïîëó÷åíè  ïåíòààëþìèíèäà ìîëèáäåíà ñìåøèâàëè ÓÄÏ

àëþìèíè  è ìîëèáäåíà, ïîëó÷åííûå ìåòîäîì ýëåêòðè÷åñêîãî âçðûâà ïðîâîäíèêîâ â
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àòìîñôåðå àðãîíà (Àçàðêåâè÷ Å.È., Èëüèí À.Ï., Òèõîíîâ Ä.Â., ßáëóíîâñêèé Ã.Â.
Ýëåêòðîâçðûâíîé ñèíòåç óëüòðàäèñïåðñíûõ ïîðîøêîâ, ñïëàâîâ è èíòåðìåòàëëè÷åñêèõ
ñîåäèíåíèé // Ôèçèêà è õèìè  îáðàáîòêè ìàòåðèàëîâ. 1997. ¹4. Ñ.85-88). Ïîðîøêè
ñìåøèâàëè ïóòåì ìíîãîêðàòíîãî ïðîñåèâàíè  ÷åðåç ñèòà ñ äèàìåòðîì îòâåðñòèé 65 ìêì.
Ìàññîâûå ñîîòíîøåíè  ïîðîøêîâ, èñïîëüçóåìûå â ïðèìåðàõ êîíêðåòíîãî âûïîëíåíè ,
ïðèâåäåíû â òàáë.1. Èç ñìåñè ïîðîøêîâ ìåòîäîì ïðåññîâàíè  áûëè ïðèãîòîâëåíû øòàáèêè
ðàçìåðàìè (ìì) 80×10×5. Øòàáèêè ïîìåùàëè â ñòàëüíóþ êàìåðó ñ êåðàìè÷åñêîé
ïîäëîæêîé. Çàòåì â êàìåðó ïîäàâàëè àðãîí äî ïîëíîãî âûòåñíåíè  âîçäóõà, ïîñëå ÷åãî
îñóùåñòâë ëè çàæèãàíèå øòàáèêîâ ïðè ïîìîùè âîëüôðàìîâîé ñïèðàëè, ðàñêàëåííîé
ïóòåì ïðîïóñêàíè  ýëåêòðè÷åñêîãî òîêà. Ïîñëå èíèöèèðîâàíè  ïðîöåññà ãîðåíè  øòàáèêîâ
ïîäà÷ó ýëåêòðîýíåðãèè íà ñïèðàëü ïðåêðàùàëè. Äàëüíåéøåå ãîðåíèå ïðîèñõîäèëî
ñàìîïðîèçâîëüíî ïîä âëè íèåì òåïëîòû õèìè÷åñêîãî âçàèìîäåéñòâè  êîìïîíåíòîâ. Ïîñëå
çàâåðøåíè  ãîðåíè  îáðàçöó äàâàëè îõëàäèòüñ  äî êîìíàòíîé òåìïåðàòóðû, íå âûíèìà 
åãî èç íåîêèñëèòåëüíîé àòìîñôåðû. Ñîäåðæàíèå ïåíòààëþìèíèäà ìîëèáäåíà â
ïîëó÷åííîì ìàòåðèàëå îïðåäåë þò ïðè ïîìîùè ðåíòãåíîôàçîâîãî àíàëèçà (äèôðàêòîìåòð
ÄÐÎÍ-3.0) ïóòåì èçìåðåíè  èíòåíñèâíîñòè ðåôëåêñîâ MoAl5 ýòàëîíà è ïðîäóêòà ãîðåíè 
ñïðåññîâàííûõ îáðàçöîâ, ðåãèñòðèðóåìûõ ïðè îäèíàêîâûõ óñëîâè õ.

Ðåçóëüòàòû ýêñïåðèìåíòîâ ïî îïðåäåëåíèþ âûõîäà ïåíòààëþìèíèäà ìîëèáäåíà â
çàâèñèìîñòè îò ñîîòíîøåíè  ïîðîøêîâ ìåòàëëîâ ïðåäñòàâëåíû â òàáëèöå

¹ ï/ï Ñîîòíîøåíèå êîìïîíåíòîâ, ìàñ.% Âûõîä MoAl5 â êîíå÷íîì ïðîäóêòå, ìàñ.% Ïðèìå÷àíèå

1. ÓÄÏ Al - 58-62 65-70

ÓÄÏ Ìî - 42-38

2. ÓÄÏ Al - 63-65 95-98 Çà âë åìûé ñïîñîá

ÓÄÏ Ìî - 37-35

3. ÓÄÏ Al - 66-68 95-98

ÓÄÏ Ìî - 34-32

4. ÓÄÏ Al - 69-75 85-88

ÓÄÏ Ìî - 31-25

Òàêèì îáðàçîì, ïðîâåäåííûå ýêñïåðèìåíòû ïîêàçàëè, ÷òî íàèáîëåå âûñîêèé âûõîä (95-
98%) MoAl5 íàáëþäàåòñ  ïðè ñîîòíîøåíèè ÓÄÏ Al è Ìî (ìàñ.%): Al - 63-68, Ìî -
îñòàëüíîå (çà âëåííûé ñïîñîá - ïðèìåðû 2 è 3).

Ôîðìóëà èçîáðåòåíè 
Ñïîñîá ïîëó÷åíè  ïåíòààëþìèíèäà ìîëèáäåíà ïóòåì ñìåøèâàíè  ïîðîøêîâ àëþìèíè 

è ìîëèáäåíà, ïðåññîâàíè  èç èõ ñìåñè øòàáèêîâ è íàãðåâà øòàáèêîâ â íåîêèñëèòåëüíîé
ñðåäå, îòëè÷àþùèéñ  òåì, ÷òî èñïîëüçóþò óëüòðàäèñïåðñíûå ïîðîøêè àëþìèíè  è
ìîëèáäåíà, ïîëó÷åííûå ýëåêòðè÷åñêèì âçðûâîì ïðîâîäíèêîâ, à íàãðåâ øòàáèêîâ
îñóùåñòâë þò äî íà÷àëà èõ ãîðåíè , ïðè÷åì ïîðîøêè èñïîëüçóþò â ñîîòíîøåíèè, ìàñ.%:
óëüòðàäèñïåðñíûé ïîðîøîê àëþìèíè  - 63-68, óëüòðàäèñïåðñíûé ïîðîøîê ìîëèáäåíà -
îñòàëüíîå.

Ñòðàíèöà: 4
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