Annuaire de I’Université de Sofia “St. Kliment Ohridski”, Faculté de Physique, 96, 2003

ĂĄŚŐŘĄŰĹ§ ŊĂ ĆŐĎŐŘŐĎ Ć ĹŊŠĚŘŇĚŠĂŃŊĹ ŚŽĚĎĹŊĚŊĹ§ ŊĂ ŐŚŊŐĆĂŠĂ ŊĂ ŇĹŸŇĚŠĂŃ ŐŠ ŠĹŔĂ MmNi_5

ŔĚŠŽŘ ŮŐŃĂŁŐĆ, ŊĹŁŐŃĂ ŚŠĂŊĚĆ^∗

Łăšěďřă "Ťĺğĺłă ŋă łőŋďěŋğĺřăŋăšă ňăšěřĺ£\ ∗Łăšěďřă "Ťĺğĺłă ŋă šćžřďőšő š£ńő ĺ ňĺłřőěńěłšřőŋĺłăšă\

Ŕěšžř Ůőńăłőć, Ŋĺłőńă Śšăŋěć. ĂĄŚŐŘĄŰĹ§ ŊĂ ĆŐĎŐŘŐĎ Ć ĹŊŠĚŘŇĚŠĂŃŊĹ ŚŽĚĎĹŊĚŊĹ§ ŊĂ ŐŚŊŐĆĂŠĂ ŊĂ ŇĹŸŇĚŠĂŃ ŐŠ ŠĹŔĂ MmNi_5

Ĺğśńěďćăŋă ě ăąśőřąűĺ£šă ŋă ćőďőřőď ć MmNi_{4.7}Mn_{0.2}Al_{0.1} ĺ MmNi_{4.7}Mn_{0.1}Al_{0.2}, śĺŋÓ šěğĺřăŋĺ ůřěğ ďžčőćő šőŕěŋě, ŕřĺ ŋăń£čăŋě ŋă ćőďőřőďă ďő 50 atm ć šěňŕěřăšşřŋĺ£ ĺŋšěřćăń 20{60^∘Ś ŕőśřěďśšćőň ăŕăřăšşřă, őśŋőćăćăźă śě ŋă ćőńşňěšřĺůěŋ ňěšőď. Ŕőńşůěŋĺ śă šěţŋĺšě ďěśőřąűĺőŋŋĺ P C-ĺğőšěřňĺ ĺ őśŋőćŋĺšě ĺň ďěśőřąűĺőŋŋĺ ŕăřăňěšřĺ. Ŕőńşůěŋĺšě ěłśŕěřĺÓ ňěŋšăńŋĺ řěğşńšăšĺ ŕőłăğćăš, ůě ĺğśńěďćăŋĺšě ĺŋšěřňěšăńŋĺ śžěďĺŋěŋĺ£ śă ŕőďţőď£źĺ ğă ŕřĺńőęěŋĺě łăšő ćőďőřőďőăłşňşńĺřăźĺ ňăšěřĺăńĺ.

Peter Tcholakov, Nikola Stanev. HYDROGEN ABSORPION IN MISCHMETAL MmNi_5 TYPE INTERMETALLIC COMPOUNDS

Hydrogen absorption in MmNi_{4.7}Mn_{0.2}Al_{0.1} and MmNi_{4.7}Mn_{0.1}Al_{0.2}, prepared by arc melting, were studied at hydrogen pressure up to 50 atm in a temperature range 20–60^∘ C by a volumetric type setup. There desorption P C isotherms and main absorption parameters were obtained. The experimental results point, that the investigated intermetallic compounds are suitable for use as hydrogen storage materials.

Keywords: hydrogen storage material, mischmetal intermetallic compounds, metal hydride PACS number: 86.40K

ŞĆŐĎ

Ĺğćěśšŋő ě, ůě ĺŋšěřňěšăńŋĺ śžěďĺŋěŋĺ£ őš šĺŕă RNi_5 (R { ńăŋšăŋĺď), łńăśĺůěśłĺ ŕřěďśšăćĺšěń ŋă łőĺšő ě LaNi_5, ăąśőřąĺřăš őąřăšĺňő ğŋăůĺšěńŋő łőńĺůěśšćő ćőďőřőď, őąřăğşćăľłĺ ŋěśšăąĺńŋĺ ňěšăńŋĺ ţĺďřĺďĺ. Šěţěŋ ŋěďőśšăÓ šžł, łőľšő őčřăŋĺůăćă ĺğŕőńğćăŋěšő ĺň łăšő ćőďőřőďőăłşňşńĺřăźĺ ňăšěřĺăÓ ńĺ, ě ćĺśőłăšă ĺň űěŋă. Ŕő šăğĺ ŕřĺůĺŋă śě ĺğśńěďćăš ĺ ŕřĺńăčăš ć ŕřăłšĺłăšă ĺŋšěřňěšăńŋĺ śžěďĺŋěŋĺ£ őš šĺŕ, ć łőľšő śłžŕĺ£š ńăŋšăŋ ě ğăňěśšěŋ ś ŋ£łőńÓ łőłřăšŋő ŕő-ěćšĺŋĺ£ ňĺÿňěšăń Mm (ŋěřăťĺŋĺřăŋă śŕńăć őš ńăŋšăŋĺďĺ) [1{5].

Ĺŋšěřňěšăńŋőšő śžěďĺŋěŋĺě MmNi_5 ŕřĺšěęăćă śžźăšă ăąśőřąűĺőŋŋă śŕőśőąÓ ŋőśš łăłšő LaNi_5, ŋő ŋăń£čăŋěšő ŋă ďěśőřąĺřăŋĺ£ őš ŋěčő ćőďőřőď ě ćĺśőłő (ŋăď 30 atm ŕřĺ 20^∘ Ś), łőěšő čő ŕřăćĺ ŋěŕřĺńőęĺň łăšő ćőďőřőďőăłşňşńĺřăź ňăšěřĺăń. Şśšăŋőćěŋő ě, ůě ğăň£ŋăšă ŋă ůăśš őš Ni ś 3d ŕřěţőďŋĺ ňěšăńĺ, łăłÓ šő ĺ ś Al, ćőďĺ ďő ŕőŋĺęăćăŋě ŋă ŋăń£čăŋěšő ŋă ďěśőřąĺřăŋĺ£ ćőďőřőď [2{5]. Ć ŋăÿăšă řăąőšă [4] ě ŕőłăğăŋő, ůě ğăň£ŋăšă ŋă 6% őš Ni-ăšőňĺ ś Mn-ăšőňĺ (ĺŋšěřňěšăńŋő śžěďĺŋěŋĺě MmNi_{4,7}Mn_{0,3}) ćőďĺ ďő ğŋăůĺšěńŋő ŕőŋĺęăćăŋě ŋă ŋăń£čăŋěšő, ďő 2,4 atm, ğăŕăğćăľłĺ čőń£ňă ăąśőřąűĺőŋŋă śŕőśőąŋőśš, ŋő őśŋőćěŋ ŋěčőć ŋěďőśšăšžł ě ğŋăůĺšěńŋőšő ĺğňěŋěŋĺě ć ŋăń£čăŋěšő ŕřĺ ďěśőřąĺřăŋě ŋă ćőďőřőďă { őš 10 ďő 1 atm ŕřĺ 20^∘ Ś. Ğăšőćă ŕřěďśšăćń£ćă ĺŋšěřěś ĺğśńěďćăŋěÓ šő ŋă ďěśőřąűĺőŋŋĺ śćőľśšćă ŋă ĺŋšěřňěšăńŋĺ śžěďĺŋěŋĺ£ ś şůăśšĺě ĺ ŋă ďřşč ňěšăń őśćěŋ Mn, łăšő łőńĺůěśšćőšő ŋă ğăňěśšěŋĺšě ăšőňĺ Ni őśšăćă śžźőšő. Ğă šăğĺ űěń ŋĺě ĺğŕőńğćăňě Al, łőľšő şśŕěÿŋő ě ŕřĺńăčăŋ łăšő ğăňěśšĺšěń ŋă Ni [3{5].

Ć řăąőšăšă śě ŕřěďśšăć£š ěłśŕěřĺňěŋšăńŋĺ řěğşńšăšĺ őš ĺğśńěďćăŋě ăąśőřąűĺ£šă ŋă ćőďőřőď ć ĺŋšěřňěšăńŋĺ śžěďĺŋěŋĺ£ śžś śžśšăćĺ MmNi_{4.7}Mn_{0.2}Al_{0.1} ĺ MmNi_{4.7}Mn_{0.1}Al_{0.2}.

ĚŁŚŔĚŘĹŇĚŊŠĂŃŊĹ ŇĚŠŐĎĹ

Śĺŋšěğĺřăŋě ŋă őąřăğűĺšě. Őąřăğűĺ őš ĺğşůăćăŋĺšě śžěďĺŋěŋĺ£ ś ňăśă őš 5{6 g śă ŕőńşůěŋĺ ŕőśřěďśšćőň ďžčőćő šőŕěŋě ŋă śšěţĺőňěšřĺůŋĺ łőńĺůěśšćă őš Mm, Ni, Mn ĺ Al ć śšşďěŋ šĺčěń ĺ ăřčőŋőćă ăšňőśťěřă ĺ ŕőśńěďćăźă ţőňőÓ čěŋĺğăűĺ£ ŋă őąřăğűĺšě ś ŕřőďžńęĺšěńŋőśš 200 ůăśă ŕřĺ šěňŕěřăšşřă 1050^∘ Ś ćžć ćăłşşň 10^{−4} Torr. Ŕřőćěďěŋĺ£š řěŋščěŋőśšřşłšşřěŋ ăŋăńĺğ şśšăŋőćĺ, ůě őąřăğűĺšě śă ňőŋőťăğŋĺ ć řăňłĺšě ŋă čřěÿłăšă ŋă ňěšőďă ĺ ŕřĺšěęăćăš ţăÓ řăłšěřŋăšă ğă šőğĺ šĺŕ śžěďĺŋěŋĺ£ ţěłśăčőŋăńŋă CaCu_5 šĺŕ łřĺśšăńőčřăťśłă śšřşłšşřă.

Ĺğśńěďćăŋě ŋă ăąśőřąűĺ£ ĺ ďěśőřąűĺ£ ŋă ćőďőřőď. Ăąśőřąűĺ£šă ĺ ďěśőřąűĺ£šă ŋă ćőďőřőď ć őąřăğűĺ őš ĺŋšěřňěšăńŋĺšě śžěďĺŋěŋĺ£ ě ĺğśńěďćăŋă ś ńăąőřăšőřŋă ăŕăřăšşřă, őśŋőćăćăźă śě ŋă őąěňěŋ (ćőńşňěšřĺůěŋ) ňěšőď ğă ĺğňěřćăŋě. Őŕĺśăŋĺě ŋă ăŕăřăšşřăšă ĺ ňěšőďĺłăšă ŋă ĺğňěřćăŋĺ£šă śă őŕĺśăÓ ŋĺ ć řăąőšăšă [6]. Ăŕăřăšşřăšă ďăćă ćžğňőęŋőśš ğă ĺğňěřćăŋě ŋă P C-ĺğőšěřňĺ (ğăćĺśĺňőśš ŋă łőńĺůěśšćőšő ćőďőřőď ăąśőřąĺřăŋ ĺńĺ ďěśőřąĺřăŋ őš őąřăğěűă őš ŋăń£čăŋěšő ŋă ćőďőřőďă ŕřĺ ŕőśšő£ŋŋă šěňŕěřăšşřă) ĺ ŋă łĺŋěšĺłăšă ŋă ăąśőřąűĺ£šă. Őš P C-ĺğőšěřňĺšě śě őŕřěďěń£š őśŋőćŋĺšě ďěśőřąűĺőŋŋĺ ţăřăłÓ šěřĺśšĺłĺ ĺ ŕăřăňěšřĺ ŋă ĺğśńěďćăŋĺ£ ňăšěřĺăń, ďăďěŋĺ ŕő-ďőńş ć šěłśšă.

Ăłšĺćĺřăŋě ŋă őąřăğűĺšě. Ŕřěďĺ ŕřőćěęďăŋě ŋă ĺğňěřćăŋĺ£šă śě ĺğÓ ćžřÿćă ăłšĺćĺřăŋě ŋă ĺğśńěďćăŋĺ£ őąřăğěű, ğă ďă śě ŕőńşůĺ řăğćĺšă ŕőćžřţÓ ŋőśš ĺ ŕő šőğĺ ŋăůĺŋ ďă śě ďőśšĺčŋě ňăłśĺňăńŋă ăąśőřąűĺőŋŋă śŕőśőąŋőśš. Ğă űěńšă śě ŕřőćěęďăš 12{15 ăąśőřąűĺőŋŋő-ďěśőřąűĺőŋŋĺ űĺłńĺ, łăšő ćśěłĺ űĺłžń ćłń¿ůćă ğăŕžńćăŋě ŋă řěăłšőřă ś őąřăğěűă ś ćőďőřőď (ś ůĺśšőšă 99,997%) ŕőď ŋăń£čăŋě 50 atm ŕřĺ śšăľŋă šěňŕěřăšşřă. Śńěď ğăćžřÿćăŋě ŋă ăąśőřąűĺőŋŋĺ£ ŕřőűěś śě ŕřőćěęďă ďěśőřąűĺ£ ŋă ćőďőřőďă ŕřĺ šěňŕěřăšşřă 100^∘ Ś ĺ ŕřĺ ďĺŋăÓ ňĺůěŋ ćăłşşň 10^{−3} Torr ć ŕřőďžńęěŋĺě ŋă 1 ůăś. Ć řěğşńšăš ŋă ăłšĺćĺřăŋěšő őąřăğěűžš śě ďĺśŕěřčĺřă ďő ňĺłřőŋŋĺ řăğňěřĺ.

ĚŁŚŔĚŘĹŇĚŊŠĂŃŊĹ ŘĚĞŞŃŠĂŠĹ Ĺ ŐĄŚŽĘĎĂŊĚ

Ďěśőřąűĺ£šă ŋă ćőďőřőď ć MmNi_{4.7}Mn_{0.2}Al_{0.1} ĺ MmNi_{4.7}Mn_{0.1}Al_{0.2} ě ĺğÓ śńěďćăŋă ŕřĺ ŋăń£čăŋě ŋă ćőďőřőďă ďő 50 atm ĺ ć šěňŕěřăšşřŋĺ£ ďĺăŕăğőŋ 20{60^∘ Ś, łăšő ğă ćś£łő śžěďĺŋěŋĺě śă ŕőńşůěŋĺ ŕő šřĺ ďěśőřąűĺőŋŋĺ P C-ĺğő-šěřňĺ. Ŋă ťĺč. 1 śă ŕőłăğăŋĺ ŕőńşůěŋĺšě ĺğőšěřňĺ ŕřĺ 20^∘ Ś ŋă šěğĺ śžěďĺŋěÓ ŋĺ£, łăłšő ĺ ŋă MmNi_{4.7}Mn_{0.3}, ă ŋă ťĺč. 2 śă ŕőłăğăŋĺ ĺğőšěřňĺšě ŕřĺ 20, 40 ĺ 60^∘ Ś ğă MmNi_{4.7}Mn_{0.1}Al_{0.2}.

Ťĺč. 1

Ŕőńşůěŋĺšě řěğşńšăšĺ ŕőłăğćăš, ůě ğăňěśšćăŋěšő ŋă ůăśš őš Mn ś Al ć MmNi_{4.7}Mn_{0.3} ŕőćĺÿăćă ŋěğŋăůĺšěńŋő ŋăń£čăŋěšő ŋă ďěśőřąĺřăŋĺ£ ćőďőřőď ĺ ŋăňăń£ćă ĺğňěŋěŋĺěšő ŋă ŋăń£čăŋěšő ŕřĺ řăğŕăďăŋě ŋă ţĺďřĺďă, łăšő ś şćěÓ ńĺůăćăŋě śžďžřęăŋĺěšő ŋă Al P_{β−α} ŋăřăśšćă, ă ΔP_{β−α} ŋăňăń£ćă. Ŕřĺ šőćă łőńĺůěśšćőšő ŋă ďěśőřąĺřăŋĺ£ ćőďőřőď őš ďćăšă śžśšăćă ŕřăłšĺůěśłĺ őśšăćă śžźőšő, š. ě. šě ŕřĺšěęăćăš ňŋőčő ďőąřă ăąśőřąűĺőŋŋă śŕőśőąŋőśš.

Ć ğăłń¿ůěŋĺě źě őšąěńěęĺň, ůě ŕőńşůěŋĺšě ěłśŕěřĺňěŋšăńŋĺ řěğşńšăšĺ ŕőłăğćăš, ůě ĺğśńěďćăŋĺšě ĺŋšěřňěšăńŋĺ śžěďĺŋěŋĺ£ śă ŕőďţőď£źĺ ğă ŕřĺńőÓ ęěŋĺě łăšő ćőďőřőďőăłşňşńĺřăźĺ ňăšěřĺăńĺ.

Ťĺč. 2

Šăąńĺűă 1

Ţĺąřĺď ŋă H2, P_{βα}, ΔP_{βα}, ΔH, ΔS, śžěďĺŋěŋĺ£ w.% atm atm ccal/mol ccal/mol.mol MmNi4.7Mn0.3H6.3 1.45 2.4 9.5 10.2 36.3 MmNi4.7Mn0.2Al0.1H6.1 1.42 4.0 5 6.4 24.7 MmNi4.7Mn0.1Al0.2H6.1 1.42 5.1 4 5.7 21.4

ŃĹŠĚŘĂŠŞŘĂ

1. Ivey, D. G., D. O. Northwood. J. of Mat. Sci., 18, 1981, 321. 2. Pourarian, F., W. E. Wallace. Int. J. Hydrogen Energy, 11, 1986, 789. 3. Wang, Qi-dong, J. Wu, C. Chen. Zeitschrift fur Phys. Chem. NF, Bd 164, 1989, 1293. 4. Stanev, N., P. Tcholakov, A. Apostolov. Proc. Suppl. BPL., 2, 1994, 1855. 5. Ůőńăłőć, Ŕ., Ŋ. Śšăŋěć. Ŋăşůŋĺ šřşďőćě { ĆŠŞ "Ă.Łžŋůěć\, XXXV, 2, 1994, 33. 6. Śšăŋěć, Ŋ., §. Ďăň£ŋőć. Čőďĺÿŋĺł ŋă ŚŞ { Ťĺğ. Ťăł., 91, 2001, 121.

Ŕěšžř Ůőńăłőć Ŕőśšžŕĺńă ăŕřĺń 2003 č. Śőťĺľśłĺ Şŋĺćěřśĺšěš "Ść. Łńĺňěŋš Őţřĺďśłĺ\ Ťĺğĺůěśłĺ ťăłşńšěš Łăšěďřă "Ťĺğĺłă ŋă łőŋďěŋğĺřăŋăšă ňăšěřĺ£\ Ąşń. "Ďęěľňś Ąăşůžř\ 5 1164 Śőťĺ£, Ąžńčăřĺ£ Šěń. 62-56-382