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ҁࣴز௦ҔᓎᅶᘢᗓޑБԄᇙഢ Al-Si Ǵ٠Ԗคཱུॄ Al ߃

ᗓጢჹкႝܫޑ܄ቹៜǶჴᡍ่݀ᡉҢ Al Ǵ܄ߔफ़եᗓጢႝڀᗓጢ߃

Ъёᗉխᗓቫᆶልᆋ໔วғগᚆǴԶගϲϐൻᕉ܄Ƕ֖ Al ᗓጢ၂Т߃

ޜೀࡕ၀ޑ IOC ϲǴAl ԋǴନΑගϲϟय़ᗖᗓጢᘉණቫ߃

ਏૈаѦǴҁჴᡍନΑᔠႝܫଯྕкܭǴ٠Ԗշ܄่ Al-Si ᖓጢӧልᆋ

ϐкႝܫ܄ѦǴҭፓႣᗓ Al ቫᆶޜଏОϐቹៜǴԶຑ 55ʚଯྕ

၂ᡍϐᛙ܄ۓǶ 

 

ᜢᗖӷ: Al-Siǵॄཱུǵкႝܫ 

 

 قققق .1

᎖ႝԣཱུॄޑҡᏀҗႝܭໆե(372 mAhg-1)Ǵ٬ளӭᅿॄཱུӝߎ

(Sn-Cu[1-4]ǵLi-Sn[5]ǵCu-Sb[6]ǵMg-Si[7]ǵLi-Si[8])سុࣴวǴځ

ύ Si (Li4.4Si:4200 mAh/g) ӢڀԖၨଯޑкႝႝܫໆॶǴ٬ள࣬ᜢزࣴޑ

ԋ݀ុൔᏤǴԜѦǴAl วҭڀԖଯႝໆ (Li2.25Al:2235 mAh/g) Զ

ᢋҞǴᆶڙۈ Si ࣬КǴAl ၲനε൪᎖ໆ (Li9Al4) ਔǴAl ᆶ Li Кࣁٯ 1:2.25Ǵ

Al аࢂǴՠऩکғϐᡏᑈᑩၨౢ܌ Al բཱུॄࣁǴ߾Ӣൻᕉၸ

ำύႝཱུܭӕႝՏวғϸᔈԋեൻᕉ܄ᆶଯόёႝໆǴӢԜϝሡబ

уಃΒϡનаڋॊݩǶԿϞςԖ Al-C[9]ǵAl-Fe[10]ǴаϷ Al-Sn[11]

سൔᏤǶ 
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୷ܭॊҗǴҁࣴࢂزаᓎᅶᘢᗓБԄӧልᆋ؈ᑈ Al ୷Βϡᗓ

ጢǴவԶᕇளॄཱཱུུТǴಃΒϡન߾ᒧ SiǴҗࢂ Si วፕႝ܌Ϟࣁ

ໆനଯޑϡનǴՠ Si ᆶ Sn ғౢࣁӕલᗺǴջЬा൪ٚၸำڀ Li22Si5ޑ

IMCǴ࣬ၨܭ Al ޑғౢ܌Ьाίٚၸำܭ LiAlǴޣԋϐᡏᑈᡂϯਏᔈᇻ

ၨࣁޣࡕε(4.4:1 vs 1:1)Ǵࡺόӝբࣁ୷ӦǴԶբࣁಃΒϡનόՠёჹ

ᡏႝໆԖଅǴЪԋޑᡏᑈਏᔈ҂ऩբࣁ୷ӦाεǴ܌аԜᅿ Al-Si

Ǵ܄ԋϐեൻᕉ܌Ǵόՠёफ़եӢᡏᑈᑩΒϡႝཱུޑಔӝ܄ࢲ-܄ࢲ

Ъٿᅿϡન֡ჹႝໆԖ܌ଅǴჴڀወΚǶҗЎ[12]ளޕ Al-Cu ࣚय़

ࡼаೀǴAl ё༤ᅈࣚय़໔ޑ༾λᕳሜǴόՠёቚуࣚय़ޑௗӝ܄Ǵܭ

кႝܫਔҭёቚуᕵӛޑᏤႝ܄ǶନԜϐѦǴΨஒႢႣᗓਔ໔څཀ

 ໆǶ਼֖ޑаफ़եᗓቫϣߏ

 

2. ჴᡍᡯᆶБݤჴᡍᡯᆶБݤჴᡍᡯᆶБݤჴᡍᡯᆶБݤ 

ჴᡍа Al-Si Ⴂӧ 10 µm य़߄ՉᘢᗓᇙำǶ၂Тϐᘢᗓࡼϐልᆋࠆ

ᄊǴόբҺՖೀǶԜѦǴAl-Siރᗓ߃፦ᆢࠔ ᗓጢࣁࡋࠆ 400 nmǴ᎑߃

ᗓጢࣁࡋࠆ 40nmǴϩձажဦ AlSi ᆶ AlSiAl߄ҢǶନԜϐѦǴуΕ᎑߃ᗓ

ጢϐ၂ТΞаޜೀࡼаྕࡡ 200ʚ-1hrǴ٠ажဦ AlSiAl-H ҢǴ߄

ќѦஒႣᗓਔ໔җ 3 ϩដߏۯԿ 1 λਔޑ၂Та AlSiAl-P ҢǴԶ߄ AlSiAl-PH

߄ж߾ AlSiAl-P ӕኬచҹޑޜೀǶӚᗓጢ၂Ϫޔࡕௗ٬Ҕ᎖

ъႝԣᔠ࣬ᜢкႝܫ܄Ǵ၀ႝှనޑԋҽࣁ LiPF6+EC+DEC (ECǺ

DEC=1Ǻ1 vol.)Ƕ 

Ӛ Al-Si ᗓጢஒа SEMǵFIB Չᡉ༾ಔᙃᆶࣚय़ቻϐᢀჸǴ٠Ъа

thin-film X-Ray ଞჹೀࡕϐಔԋ࣬ᆶ่ࡋՉۓໆϩǴX-Ray ϐ

Εࣁف 1oǴඔೲࣁࡋ 4o/minǴԶඔጄൎவ 20oډ 100oǶჹܭ AlSiAl

ᆶ AlSiAl-H ಔǴӆаٿ ESCA ޜೀࣚࡕय़ϡનϩթᡂϯǶҁ

ჴᡍаࢬႝޑۓڰՉ 50 ԛϐкႝܫൻᕉෳ၂Ǵႝࢬελࣁፕႝໆ
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ޑ 0.1CǴಖЗႝᓸϩձࣁ 0.01V Ϸ 1.5VǴଯྕᆶதྕкႝܫൻᕉෳ၂ྕࡋ

ࣁۓ 55ʚᆶ 25ʚǶႝߔ߾аѤᗺଞໆෳǶ܌ԖኧᏵ֡ࣁ 3~5 ኧᏵ

ϐѳ֡ॶǶ 

 

3. ่݀ᆶፕ่݀ᆶፕ่݀ᆶፕ่݀ᆶፕ 

კკკკ 1 ࣁ AlSi ᆶ AlSiAlᖓጢ၂Тᐉᄒय़ճҔ FIB ᢀჸϐ܌ SEM ྣТǴ

ёว֡ޣٿևጏஏ୴ᑈǴ(b)ύёᢀჸளऊ 40µm ϐႣᗓ Al ቫǴёૈࢂҗ

1 ߄߄߄߄όܴࣗᡉǶࡺၨեǴ(IOC)ࡋၨᖓЪ࣬ჹ่ࠆጢܭ ࣁ AlSi ᆶ AlSiAl

၂Тᖓጢ߄य़ EDS ϩ่݀Ǵޣࡕ Al ֖ໆัଯࢂӢуΕ Al Ⴃᗓቫϐ่

݀Ƕ2 ߄߄߄߄ ໆෳ่݀ǴวуΕߔႝޑӚಔ၂Тࣁ Al Ⴃᗓቫёߔ٬ႝܴ

ᡉΠफ़ǴෳёૈࢂӢࣁSiࣁъᏤᡏǴႝ аSi֖ໆၲ܌ၨଯǴߔ 30 at.%

аਔǴᗨฅጢࠆᇻၨႣᗓ Al ቫࠆǴՠ Al-Si ቫႝߔϝၨႣᗓ Al ቫଯǶ

җკკკკ 2 ύ AlSiAl thin-film X-Ray ᙅკёว Al ᆶልᆋޑᙅঢ়Ǵՠ Si ϐ

ᙅঢ়߾҂рǴΓࣴزύΨԖԜຝǴԖޑᇥࢂݤᗓቫύޑ Si ԯڼࣁ

่ᄬǴಈλܭ XRD ܈Զᜤаୀෳ[13]Ǵҭ(coherent length)ࡋߏӕፓޑ

ᇡࢂࣁ Si  ठǶ܌่ᄬ[14][15]ߚࣁ

25ʚΠǴಃǵϖᆶΟΜൻᕉϐкႝܫԔጕӵკკკკ 3 ҢǶਥᏵЎǴAl܌

ࣁ൪᎖ᆶಥ᎖ႝՏϩձޑ 0.2V ᆶ 0.48VǴSi ࣁϸᔈႝՏޑ 0.05V ᆶ 0.3VǶ

კύႝՏѳѠᆶ Al ϸᔈႝՏॶၨ֍ӝǴՠޑ Si ҂рǴӢԜෳ߾ѳѠޑ

ᗓቫύޑ Si ӧкႝܫၸำύ҂ᆶ Li ᚆηวғϸᔈǴתᄽፂفޑՅǶҗ

კკკკ 3(a)วǴ२ൻᕉᆶځᎩٿൻᕉ࣬КܭၨଯႝՏрϸᔈѳѠǴёૈࢂว

ғԋ SEI ᖓጢϸᔈ܌ᏤठǶᢀჸკკკკ 3(b)ǵǵǵǵ(c)วкႝܫϸᔈᅌᖿᛙۓǵ

SEI ᖓጢςԋϐሞǴ൪᎖Ԕጕܭ 0.2V ೀрႝՏѳѠǴวᒿൻᕉኧቚ

уǴޣٿϐѳѠቨࡋҗ AlSiAl ~ AlSi ᙯᡂࣁ AlSiAl > AlSiǴҗЎ[16][17]ள

ࣁ၀ႝՏϸᔈޕ Al + Li → LiAlǴЪࣁ Al ൪᎖ޑനЬाϸᔈǴႝՏѳѠཇଯ

ܭҢ߄ 0.2V ਔԋ LiAl ໆΨཇଯǶკკკკႝޑғౢࢤཇଯǴԜ໘ࣁໆޑ 4 ࣁ
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кႝႝܫໆൻᕉԔጕ (25ʚ)Ǵ30 ԛൻᕉය໔ AlSi ႝໆុ૰ଏ(983 → 

235 mAh/g)ǴԶ AlSiAlࢂ߾ᆢၨޑ٫ൻᕉ܄(598 → 663 mAh/g)ǴԜ่݀

ҭёᆶკკკკ 3(b)ǵǵǵǵ(c)ϕ࣬ӑǶ 

კკკკ 5 ࣁ AlSiAl-H ၂Тᐉᄒय़ϐ SEM ྣТǴ࣬ၨܭკკკკ 1(b) ϐ AlSiAlว

Ⴃᗓ Al ቫೀࡕևၨమධϐቹႽǴᡉҢ IOC Ԗ܌ගϲǴќБय़ځ

ጢࠆΨၨೀϐౣቚǴ߄Ңೀԋ Al ಈηӛୁٿᘉණǶКၨკკკკ 2

၂Тೀࡕϐ thin-film XRD ϩ߾่݀วೀᇙำ٬ள Al ϐᙅ

ঢ়׳уܴᡉǴёዴᇡԜೀᇙำҭૈගϲᗓጢϐ่ࡋǶ 

ਥᏵЎ[18 ]Ǵᖓጢϐ่ࡋᆶႝߔևϸКᖿ༈Ǵ 2 ߄߄߄߄ ᆶკკკკ 2 ёᡉ

Ң AlSiAl-H ᗓጢڀԖၨଯϐ࣬ჹ่کࡋၨեϐႝߔǶࣁΑᙶమޜೀ

ჹкႝႝܫໆ܄ϐቹៜǴ܌аՉКჹ AlSiAl ᆶ AlSiAl-H ϐதྕΠ

(25ʚ)όӕൻᕉкႝܫԔጕ (კკკკ 6)ᆶкႝܫൻᕉႝໆԔጕ(კკკკ 7)Ƕॶளݙཀ

Ǵ㵝Αᙶమ၂Тೀ߈࣬ௗ߄܄ႝޑதྕΠܭಔ၂ТٿǴࢂޑ

ޑࡕৡ౦ǴӢԜӆஒ AlSiAlᆶ AlSiAl-H ܭ 55ʚޑᕉნΠՉкႝܫෳ

၂Ǵკკკკ 8 ᆶკკკკ 9 ϩձޣٿࣁಃ 10 ൻᕉкႝܫԔጕᆶкႝܫൻᕉԔጕǴҗკკკკ 8

ёޕкႝܫϸᔈᖿᛙۓ(ಃ 10 ൻᕉ)ǴAlSiAl-H όፕܭ൪᎖܈ಥ᎖ϸᔈਔǴ

ܭϸᔈႝՏѳѠ֡ᇻεځ AlSiAlǴ߄ҢܭޣଯྕᕉნΠౢ܌ғϐႝໆᇻ

ଯޣࡕܭǴკკკკ 9 ύޣٿൻᕉޑ܄ৡ౦ᡉҢ AlSiAl-H ࣬ၨܭ AlSiAlૈ׳ගٮᓬ

౦ЪᛙޑۓкႝܫਏૈǶ 

㵝Αᢀჸೀࡕᗓቫ໔ޑϡનϩѲǴࡺჹٿಔ၂Тբ ESCA ϐᕵు

ϩ(კკკკ 10)ǴёޕޜೀࡕǴႣᗓ Al ቫࡋࠆቚуԶ༤ံࣚय़໔ϐ༾ᕳ

ሜǴځ٬ᆶ Al-Si ቫǵCu ᆋ໔ϐௗӝ׳ᛙڰǴܭଯྕ(55ʚ)кႝܫਔૈڙ܍

 ਏૈǶႝܫቃਗ਼ϐϸᔈǴԶε൯ගϲк׳

კკკკ 11 ڗύதྕ(25ʚ)ᕉნΠځໆᆕӝКၨǴႝޑࡕΟಔ၂Тൻᕉࣁ

ԿಃΟΜൻᕉǴଯྕ(55ʚ)ᕉნΠڗԿಃΜൻᕉǴКၨࡕวόፕܭதྕ܈
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ଯྕᕉნΠ֡ևၨᛙۓЪᓬ౦ޑкႝܫਏૈǶ 

ϐ܄ໆႝႝܫჹкࡕೀޜځΑᙶమफ़եጢϣ਼֖ໆᆶࣁ

ቹៜǴ܌аՉКჹ AlSiAlǴAlSiAl-P ᆶ AlSiAl-PH ϐதྕΠ(25ʚ)όӕൻᕉ

кႝܫԔጕ (კკკკ 12)ᆶкႝܫൻᕉႝໆԔጕ(კკკკ 13)Ǵ 30 ԛൻᕉࡕǴคፕ

 .vs %88)܄ൻᕉࢂ܈ӧႝໆ(981→863 mAh/g vs. 834→701 mAh/g)ࢂ

84%)֡և AlSiAl-PH>AlSiAl-P> AlSiAl่݀ޑǴКၨόӕൻᕉޑ C-V Ԕጕё

วܭ 0.2V(൪᎖)ᆶ 0.48V(ಥ᎖) ϐႝՏѳѠǴAlSiAl-PH ϐቨ֡ࡋεܭ

AlSiAl-P ᆶ AlSiAlǴᡉҢܭޣԜΒೀϐϸᔈၨޣࡕ൪Ε/ಥр׳ӭ Li+Ǵޔௗ

ԋޣٿ໔ႝໆϐৡ౦ǶୖԵᆶႝߔኧᏵ(კკკკ 14)ෳёૈࢂ၂Тϣ਼֖

ໆफ़եᆶೀࡕ IOC Ԗ܌ගϲǴճܭ Li+рϐࡺǶ 

㵝Αှ AlSiAlᆶ AlSiAl-P ᗓጢύ਼ϡનᕵుϩթǴၸ ESCA ՉᢀჸǴ

่݀ӵკკკკ 15(a)(b)܌ҢǴว AlSiAlᆶ AlSiAl-P ϐ Al Ⴃᗓቫύ Al ᆶ਼மࡋр

ৡ౦Ǵޣϐ Al Ⴃᗓቫύϐ Al மࡋեޣࡕܭǴ਼ம߾ࡋଯޣࡕܭǴԜ่

݀όՠ಄ӝ AlSiAlϐ Al Ⴃᗓቫύ਼֖ໆଯܭ AlSiAl-P ϐ EDS ϩ߄߄߄߄) ่݀ 

1)Ǵҭёፕᗓቫύ(Ѐࢂځௗ߄߈य़ೀ)ࡐ਼ޑ֖܌ёૈჹ᎖ᚆηޑ൪ಥԖ

ᛖǶନԜϐѦǴҗკკკკߔ܌ 15(b)(c)ϐ ESCA ϩ่݀ёวޜೀࡕǴ

Ⴃᗓ Al ቫӛୁٿᘉණǴБय़ёځ٬ᆶ Al-Si ቫǵCu ᆋ໔ϐௗӝ׳ᛙڰǴ

ӭ᎖ᚆηૈ׳໔٬ޜӭ൪Ε׳ٮεϐᔈΚǴќБय़ග׳ڙ܍ਔૈႝܫкܭ

рᗓቫՉкႝܫǴԶቚкႝܫਏૈǶ 

 

4. ่ፕ่ፕ่ፕ่ፕ 

ᙖҗуΕ Al ႣᗓቫǴёуம Al-Si ᗓቫᆶልᆋ໔ϐௗӝǴफ़եႝߔ

Ǵ٬ᐕ 30 ԛൻᕉ٩ฅૈᆢ࣬ଯϐൻᕉ܄ǶќѦӆჹуΕ Al Ⴃ

ᗓቫޑࡼа 200ʚ-1hr ޜೀǴନΑёගϲᗓቫϐ IOCǴҭૈቚу

Al ႣᗓቫࡋࠆǴቚ Al-Si ᗓቫᆶልᆋ໔ϐௗӝǴӧଯྕᕉნΠճܭ

ӧϸᔈǴ٬ႝܫӭ᎖ᚆηૈрᗓቫՉк׳ 55ʚΠૈග׳ٮᓬ౦Ъ׳
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ᛙޑۓкႝܫਏૈǶᙖҗቚуႣᗓਔ໔ᆶࡼа 200ʚ-1hr ޜೀǴёԖ

ਏफ़ե Al-Si ᗓቫϐ਼֖ໆǴ٠ቚуϐ IOCǴफ़եႝߔǴቚу Al Ⴃᗓ

ቫࡋࠆǴճ׳ܭӭ᎖ᚆηૈрᗓቫՉкႝܫϸᔈǴ٬ᐕ 30 ԛൻ

ᕉ٩ฅૈᆢ࣬ଯϐкႝܫਏૈǶ 

 

ठᖴठᖴठᖴठᖴ 

ҁࣴ܍زᆾ୯ҥԋфεᏢ༾ڼԯࣽزࣴמύЈ(ᗌӛഗӾεᏢीฝᕴύ

Јीฝ: D99-2700)ᆶ୯ࣽीฝ(ीฝጓဦ: NSC99-2622-E-006-132)ЍǶ 
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Al-Si 1 ߄ ᖓጢ EDS ϩ่݀ 

 

 Al at.% Si at.% O at.% 

AlSi 45.39 36.76 17.86 

AlSiAl 52.85 29.69 17.47 

AlSiAl-H 52.53 30.16 17.31 

AlSiAl-P 60.76 30.32 8.93 

 
 

Al-Si 2 ߄ ᖓጢႝߔໆෳ่݀ 

 

Thin film AlSi AlSiAl AlSiAl-H AlSiAl-P AlSiAl-PH 

͙͙͙͙ (Ω-cm) 4.1×10-2 2.8×10-4 2.5×10-4 1.8×10-4 5.1×10-5 
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კკკკ 1 (a) AlSi and (b) AlSiAl ϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽϐᐉᄒय़ቹႽ 
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Fig. 2 AlSi ᆶᆶᆶᆶ AlSiAl ϐϐϐϐ Thin-film XRD ϩ่݀ϩ่݀ϩ่݀ϩ่݀ 
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კკკკ 3 AlSi ᆶᆶᆶᆶ AlSiAl ಃ(a) 1ǵǵǵǵ(b) 5 ᆶᆶᆶᆶ (c) 30ܭಃܭಃܭಃܭ ൻᕉϐ൪ൻᕉϐ൪ൻᕉϐ൪ൻᕉϐ൪/ಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕ 
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კკკკ 4 AlSi and AlSiAl ϐϐϐϐႝႝܫໆൻᕉԔጕႝႝܫໆൻᕉԔጕႝႝܫໆൻᕉԔጕႝႝܫໆൻᕉԔጕ 
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კკკკ 7 AlSiAl and AlSiAl-H ܭܭܭܭ 25ʚʚʚʚϐႝႝܫໆൻᕉԔጕϐႝႝܫໆൻᕉԔጕϐႝႝܫໆൻᕉԔጕϐႝႝܫໆൻᕉԔጕ 
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კკკკ 10 (a) AlSiAl ᆶᆶᆶᆶ(b) AlSiAl-H ϐϐϐϐ ESCA ᕵుϩ่݀ᕵుϩ่݀ᕵుϩ่݀ᕵుϩ่݀ 
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კკკკ 12 AlSiAlǵǵǵǵAlSiAl-P ᆶᆶᆶᆶ AlSiAl-PH ಃ(a) 1ǵǵǵǵ(b) 4ܭಃܭಃܭಃܭ ᆶᆶᆶᆶ  

(c) 30 ൻᕉ൪ൻᕉ൪ൻᕉ൪ൻᕉ൪/ಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕಥ᎖Ԕጕ 

 
 
 
 
 
 
 
 
 
 
 
 
 



 
25

 
 
 
 

0 10 20 30
Cycles

0

400

800

1200

D
is

ch
ar

g
e 

C
ap

ac
it

y 
(m

A
h

/g
)

AlSiAl

AlSiAl-P

AlSiAl-PH
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კკკკ 14 (a)AlSiAlǵǵǵǵ(b) AlSiAl-P ᆶᆶᆶᆶ(c) AlSiAl-PH ᖓጢϐᖓጢϐᖓጢϐᖓጢϐ ESCA

ᕵుϩ่݀ᕵుϩ่݀ᕵుϩ่݀ᕵుϩ่݀ 

 

 


