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ÐÀÌÀÍ²ÂÑÜÊÀ ÑÏÅÊÒÐÎÑÊÎÏ²ß ÍÀÍÎÊÎÌÏÎÇÈÒÓ LiFePO4/Ñ ÒÀ ÉÎÃÎ
ÅËÅÊÒÐÎÕ²Ì²×Í² ÂËÀÑÒÈÂÎÑÒ²

²íñòèòóò çàãàëüíî¿ òà íåîðãàí³÷íî¿ õ³ì³¿ ³ì. Â.². Âåðíàäñüêîãî Íàö³îíàëüíî¿ àêàäåì³¿ íàóê Óêðà¿íè,
ì. Êè¿â

Ó ðîáîò³ îòðèìàí³ ðàìàí³âñüê³ ñïåêòðè äëÿ äâîõ çðàçê³â êîìïîçèòó íà îñíîâ³ ñèíòå-
çîâàíèõ ïîðîøê³â ë³ò³éôåðóìôîñôàòó, ïåðøèé ì³ñòèòü çàëèøêè ðåàêö³éíîãî ñåðå-
äîâèùà, äðóãèé – ïîâí³ñòþ â³äìèòèé ïîðîøîê. Â ñïåêòðàõ ñïîñòåð³ãàëèñü ÿñêðàâî
âèðàæåí³ ñìóãè D òà G õàðàêòåðí³ äëÿ íåâïîðÿäêîâàíîãî âóãëåöþ. Ðîçêëàäàííÿ
ñïåêòð³â íà ãàóñîâî-ëîðåíöåâ³ êîìïîíåíòè äîçâîëèëî îö³íèòè ÿê³ñòü êàðáîíîâîãî
ïîêðèòòÿ êîìïîçèòó LiFePO4/Ñ îäåðæàíîãî â ðåçóëüòàò³ ï³ðîë³çó ãëþêîçè òà îðãàí³-
÷íèõ ñêëàäîâèõ ðåàêö³éíîãî ñåðåäîâèùà. Îö³íþâàííÿ â³äíîøåííÿ ï³êîâèõ ³íòåí-
ñèâíîñòåé D òà G ñìóã äëÿ êîìïîçèòó íà îñíîâ³ â³äìèòîãî ïîðîøêó (ID/IG=0,77), ³
ïîðîøêó ³ç çàëèøêàìè ðåàêö³éíîãî ñåðåäîâèùà (ID/IG=1,56) òà íàáëèæåíèé ðîçðà-
õóíîê â³äíîøåííÿ sp2/sp3 êàðáîíó (sp2/sp3=3,95 òà 1,35 â³äïîâ³äíî) âêàçóþòü ïðî
íåãàòèâíèé âïëèâ ïðîäóêò³â ï³ðîë³çó îðãàí³÷íîãî ðåàêö³éíîãî ñåðåäîâèùà íà ÿê³ñòü
êàðáîíîâîãî ïîêðèòòÿ êîìïîçèòó. Åëåêòðîäè ïðèãîòîâàí³ ç êîìïîçèòó LiFePO4/Ñ
íà îñíîâ³ â³äìèòîãî ïîðîøêó ³ êàðáîíîâèì ïîêðèòòÿì, ùî îäåðæàíå ï³ñëÿ ðîçêëà-
äàííÿ ãëþêîçè, äåìîíñòðóþòü îáîðîòí³ñòü ïðîöåñó ³íòåðêàëÿö³¿/äå³íòðêàëÿö³¿ ë³ò³þ
³ ñòàá³ëüíå ïëàòî íà êðèâèõ çàðÿäó/ðîçðÿäó, ºìí³ñòü ìàòåð³àëó ñòàíîâèòü
135 ìÀãîäã–1 äëÿ ñòðóìó 0,1 Ñ, ùî º çàäîâ³ëüíèìè ïîêàçíèêàìè ³ ï³äòâåðäæóº
íàÿâí³ñòü ïðîâ³äíîãî âóãëåöåâîãî ïîêðèòòÿ íà ïîâåðõí³ êðèñòàë³â LiFePO4.

Êëþ÷îâ³ ñëîâà: LiFePO4/Ñ, íàíîêîìïîçèò, êàòîä, ë³ò³é-³îííèé àêóìóëÿòîð, êàðáî-
íîâå ïîêðèòòÿ, ðàìàí³âñüêà ñïåêòðîñêîï³ÿ.

Âñòóï
Ë³ò³éôåðóìôîñôàò (LiFePO4) ç³ ñòðóêòóðîþ

îë³â³íó º îäíèì ç íàéá³ëüø ïåðñïåêòèâíèõ ïðåä-
ñòàâíèê³â êàòîä³â ë³ò³é-³îííèõ àêóìóëÿòîð³â.
Éîãî ïåðåâàãè ó âèñîê³é ñòàá³ëüíîñò³ öèêëþâàí-
íÿ, åêîëîã³÷íîñò³ ìàòåð³àëó, íèçüê³é âàðòîñò³ òà
äîñèòü âèñîê³é òåîðåòè÷í³é ºìíîñò³ (170 ìÀãîä/ã)
[1]. Îäíàê íåäîë³êàìè ìàòåð³àëó º íèçüêà ³îííà
³ åëåêòðîííà ïðîâ³äíîñò³, ùî ïðèçâîäèòü äî âòðà-
òè ºìíîñò³ ³ ìîæëèâîñò³ âèêîðèñòàííÿ ò³ëüêè
ìàëèõ ñòðóì³â çàðÿäó/ðîçðÿäó ÷åðåç ñïîâ³ëüíå-
íó äèôóç³þ êàò³îíà ë³ò³þ. Îäíèì ç îñíîâíèõ
øëÿõ³â ï³äâèùåííÿ åëåêòðîííî¿ òà ³îííî¿ ïðî-
â³äíîñò³ º ïîêðèòòÿ ÷àñòèíîê LiFePO4 åëåêòðî-
ïðîâ³äíîþ äîáàâêîþ [1,2]. Íàéá³ëüø ïîøèðå-
íèì åëåêòðîïðîâ³äíèì êîìïîíåíòîì íà äàíèé
ìîìåíò º êàðáîí ³ éîãî ìîäèô³êàö³¿. Îñíîâíà
ðîëü âóãëåöåâîãî ïîêðèòòÿ ïîëÿãàº ó çá³ëüøåíí³
ïîâåðõíåâî¿ åëåêòðîííî¿ ïðîâ³äíîñò³ íàíîêðè-
ñòàë³â ïîðîøêó, ùî ïðè âèñîêèõ ñòðóìàõ äîçâî-
ëÿº çàä³ÿòè âñþ àêòèâíó ìàñó LiFePO4. Òàêîæ

âóãëåöåâå ïîêðèòòÿ â ïðîöåñ³ ñèíòåçó çìåíøóº
øâèäê³ñòü çðîñòàííÿ êðèñòàë³â ³ çàïîá³ãàº àãëî-
ìåðàö³¿ ÷àñòèíîê. Âàæëèâà ðîëü âóãëåöþ ïîëÿ-
ãàº ³ â ñòâîðåíí³ â³äíîâëþâàëüíîãî ñåðåäîâèùà,
ùî çàïîá³ãàº îêèñëåííþ Fe2+. Êàðáîíîâå ïîêðèò-
òÿ ìîæå áóòè óòâîðåíå áåçïîñåðåäíüî ïðè âíå-
ñåíí³ äî ñóì³ø³ ïðåêóðñîð³â âóãëåöþ ð³çíîìàí-
³òíî¿ ïðèðîäè àáî æ ó ïðîöåñ³ â³äïàëó ïðè ï³ðîë³ç³
îðãàí³÷íèõ ñïîëóê. Íà ðàç³ ââàæàºòüñÿ, ùî ïî-
êðèòòÿ, óòâîðåíå ï³ä ÷àñ òåðì³÷íîãî ðîçêëàäàí-
íÿ îðãàí³÷íèõ ðå÷îâèí º á³ëüø ð³âíîì³ðíèì, à
éîãî ñòðóêòóðà ³ åëåêòðîííà ïðîâ³äí³ñòü çàëå-
æèòü â³ä äæåðåëà âóãëåöþ ³ òåìïåðàòóðè â³äïàëó
[1–4].

Ó ðîáîò³ íàâåäåí³ ðåçóëüòàòè äîñë³äæåííÿ
âóãëåöåâîãî ïîêðèòòÿ LiFePO4, ùî áóâ ñèíòåçî-
âàíèé ó ð³äêîôàçíîìó ñåðåäîâèù³. Äëÿ öüîãî
âèêîðèñòàíà ðàìàí³âñüêà ñïåêòðîñêîï³ÿ, ÿêà
äîçâîëÿº âèâ÷èòè ïðèðîäó îäåðæàíîãî êàðáî-
íîâîãî ïîêðèòòÿ. Òàêîæ áóëè çíÿò³ öèêë³÷í³
âîëüòàìïåðîãðàìè òà çàðÿä/ðîçðÿäí³ õàðàêòåðè-
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ñòèêè êàòîäà íà îñíîâ³ íàíîêîìïîçèòó LiFePO4/Ñ.
Åêñïåðèìåíòàëüíà ÷àñòèíà
Ñèíòåç LiFePO4 ç âóãëåöåâèì ìàòåð³àëîì

çä³éñíþâàëè â ð³äêîôàçíîìó ðåàêö³éíîìó ñåðå-
äîâèù³ õîë³í õëîðèä-äèåòèëåíãë³êîëü (DEG) ç
âèêîðèñòàííÿì ïðåêóðñîð³â NH4FePO4 òà
CH3COOLi. Îäåðæàí³ ïîðîøêè ðîçä³ëåí³ íà äâ³
÷àñòèíè, ïåðøà â³äìèâàëàñü äèñòèëüîâàíîþ âî-
äîþ òà ³çîïðîï³ëîâèì ñïèðòîì (çðàçîê À), äðóãà
– ëèøå äèñòèëüîâàíîþ âîäîþ, òîìó ì³ñòèòü çà-
ëèøêè ðåàêö³éíîãî ñåðåäîâèùà (çðàçîê Á). Äëÿ
îäåðæàííÿ íàíîêîìïîçèòó LiFePO4/Ñ çðàçêè ïî-
ðîøêó âèìî÷óâàëè â ðîç÷èí³ ãëþêîçè, âèñóøó-
âàëè ³ â³äïàëþâàëè â ³íòåðòí³é àòìîñôåð³ àðãî-
íó ïðè 7000Ñ, 1 ãîä äëÿ êàðáîí³çàö³¿ ïðåêóðñîðó.

Ðàìàí³âñüê³ ñïåêòðè çí³ìàëèñü çà äîïîìî-
ãîþ ì³êðîðàìàí³âñüêîãî ñïåêòðîìåòðà ÄÔÑ52
îñíàùåíîãî CCD äåòåêòîðîì ç âèêîðèñòàííÿì
òâåðäîò³ëüíîãî ëàçåðà ç äîâæèíîþ õâèë³ âèïðî-
ì³íþâàííÿ 532 íì. Äîñë³äæåííÿ âèêîíóâàëèñü
ïðè ê³ìíàòí³é òåìïåðàòóð³ â îïòè÷íîìó ä³àïà-
çîí³ êîëèâàíü 800–1800 ñì–1.

Äëÿ äîñë³äæåííÿ åëåêòðîõ³ì³÷íèõ ïîêàç-
íèê³â êàòîäà íà îñíîâ³ LiFePO4 çàñòîñîâóâàëè
ïîòåíö³îñòàò Autolab-30 PGSTAT 302N ç Ò-ïî-
ä³áíîþ åëåêòðîõ³ì³÷íîþ êîì³ðêîþ, ñåïàðàòîðîì
³ äðóãèì ë³ò³ºâèì åëåêòðîäîì, ùî áóâ òàêîæ åëåê-
òðîäîì ïîð³âíÿííÿ. Åëåêòðîë³òîì ñëóãóâàâ 1 Ì
ðîç÷èí LiPF6 â åêâ³ìîëÿðí³é ñóì³ø³ åòèëåíêàð-
áîíàòó äà äèìåòèëêàðáîíàòó. Êàòîä ñêëàäàâñÿ ³ç
ñ³òêè ç íåðæàâ³þ÷î¿ ñòàë³ ç íàíåñåíîþ íà íüîãî
êàòîäíîþ ìàñîþ, ñêëàäó: LiFePO4/Ñ (80 ìàñ.%),
ðîç÷èí PVDF (ïîë³â³í³³äåíäèôëóîðèä) â 1-ìå-
òèë-2-ï³ðîë³äîí³ (10 ìàñ.%) òà àöåòèëåíîâî¿ ñàæ³
(10 ìàñ.%).

Ðåçóëüòàòè òà îáãîâîðåííÿ
Ñïåêòðè êîìá³íàö³éíîãî ðîçñ³þâàííÿ äëÿ

äâîõ çðàçê³â, ùî ì³ñòÿòü â ÿêîñò³ äæåðåëà âóãëå-
öþ ò³ëüêè ãëþêîçó (çðàçîê À) íàäàí³ íà ðèñ. 1,
ãëþêîçó ç çàëèøêàìè ðåàêö³éíîãî ñåðåäîâèùà
(çðàçîê Á) – íà ðèñ. 2. Çðàçêè LiFePO4/Ñ ïîêàçó-
þòü äâ³ ³íòåíñèâí³ øèðîê³ ñìóãè ç ï³êàìè ïðè
~1340 ³ 1600 ñì–1, ÿê³ çàçâè÷àé ñïîñòåð³ãàþòüñÿ
â íåâïîðÿäêîâàí³é ñàæ³ ³ ïîçíà÷àþòüñÿ ÿê ñìó-
ãè D ³ G [4].

Ï³ñëÿ çä³éñíåííÿ ïîë³íîì³àëüíî¿ êîðåêö³¿
ôîíó äëÿ íèõ áóëà çàñòîñîâàíà ïðîöåäóðà ðîç-
êëàäàííÿ ï³ê³â «Voight». Âèêîðèñòàííÿ òàêî¿ ãà-
óññîâî-ëîðåíöåâî¿ ôóíêö³¿ äëÿ îêðåìèõ êîìïî-
íåíò º âèïðàâäàíèì, îñê³ëüêè âîíà îïèñóº íå-
îäíîð³äíå ðîçøèðåííÿ ñïåêòðàëüíèõ ñìóã âëàñ-
òèâå íåâðåãóëüîâàíèì ñòðóêòóðàì. Àäæå êîëè-
âàííÿ òîãî ÷è ³íøîãî òèïó, ùî âíîñÿòü âêëàä â
ðàìàí³âñüêèé ñïåêòð â àìîðôí³é ñòðóêòóð³, ìî-

æóòü áóòè çì³ùåí³ ïî ÷àñòîò³ ùîäî ñâîãî ïîëî-
æåííÿ â óïîðÿäêîâàíîìó àíàëîç³ â çàëåæíîñò³
â³ä âèïàäêîâèõ íàïðóæåíü ³ ëîêàëüíèõ ñïîòâî-
ðåíü ñòðóêòóðè, ùî â³äïîâ³äàº çà ö³ êîëèâàííÿ
[3].

Ó ðîáîò³ ìè âèêîðèñòîâóâàëè ÷îòèðè ï³êè,
çîñåðåäæåí³ ïðè ~1200, 1340, 1520 ³ 1600 ñì–1,
àíàëîã³÷í³ êðèâèì, íàâåäåíèì â ë³òåðàòóð³ [3–
8]. Ç íèõ äâ³ ïîì³òí³ øèðîê³ ñìóãè ïðè ~1340 ³
~1600 ñì–1 â³äïîâ³äàþòü D (íåâïîðÿäêîâàí³é) ³
G (ãðàô³òîâ³é) ôàçàì êàðáîíó â³äïîâ³äíî.
G-ñìóãà ïðè ~1600 ñì–1 â³äïîâ³äàº E2g-êîëèâàí-
íÿì, òîáòî ðîçòÿãóâàííþ-ñòèñíåííþ sp2 çâ’ÿçê³â.
D-ñìóãà ïîâ’ÿçàíà ç íàÿâí³ñòþ äåôåêò³â, òàêèõ
ÿê äåôîðìàö³ÿ âàëåíòíîãî êóòà, äîâæèíè
õ³ì³÷íîãî çâ’ÿçêó, âàêàíñ³¿, êðàéîâ³ äåôåêòè òîùî
â ãðàô³òîïîä³áíîìó âóãëåö³. Äâ³ äîäàòêîâ³ ñìó-
ãè, íåîáõ³äí³ äëÿ çàäîâ³ëüíîãî àíàë³çó, ðîçì³ùåí³

Ðèñ. 1. Ðàìàí³âñüê³ ñïåêòðè LiFePO4/Ñ äëÿ çðàçêà À

Ðèñ. 2. Ðàìàí³âñüê³ ñïåêòðè LiFePO4/Ñ äëÿ çðàçêà Á
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ïðè ~1200 ³ ~1520 ñì–1 ³ â³äíîñÿòüñÿ äî êàðáîíó
òèïó sp3, ùî ÷àñòî ñïîñòåð³ãàºòüñÿ â àìîðôíîìó
âóãëåöþ [3–8]. Äëÿ îö³íþâàííÿ ïðèðîäè êàðáî-
íîâîãî ïîêðèòòÿ, ç çàñòîñóâàííÿì äåêîíâîëþö³-
éíèõ êîìá³íàö³éíèõ ä³àïàçîí³â, ÷àñòî âèêîðè-
ñòîâóþòü â³äíîøåííÿ ï³êîâèõ ³íòåíñèâíîñòåé
ñìóã D ³ G (ID/IG=I1340/I1600), ÿêå âèçíà÷àº ÿê³ñòü
êàðáîíîâîãî ïîêðèòòÿ. Ìåíø³ çíà÷åííÿ ID/IG

âêàçóþòü íà á³ëüø ïðîâ³äíó ñòðóêòóðó (ïåðåâàæ-
íî sp2-çâ’ÿçîê). Òàêîæ âèçíà÷àþòü çàãàëüíó ³íòåí-
ñèâí³ñòü, ùî ïîâ’ÿçàíà ç êîëèâàííÿìè sp2-sp3

âóãëåöþ,  ²sp2/Isp3=(I1340+I1600)/(I1200+I1520) [3,7,8].
Àëå ùîá äàòè äîñòîâ³ðíó ê³ëüê³ñíó ³íôîðìàö³þ
ïðî ñêîîðäèíîâàíèé sp2/sp3 êàðáîí ïîòð³áíèé áà-
ãàòîõâèëüîâèé àíàë³ç [3]. Ó íàø³é ðîáîò³ ÷àñòêà
sp2/sp3 êàðáîíó îö³íþºòüñÿ ãðóáî, âèêîðèñòîâó-
þ÷è ò³ëüêè îäíó ë³í³þ çáóäæåííÿ ïðè 532 íì.
Ââàæàºòüñÿ, ùî ñìóãè ~1350 ñì–1 (D-ä³àïàçîí) ³
1600 ñì–1 (G-ä³àïàçîí) â³äïîâ³äàþòü ãðàô³òî-
ïîä³áí³é ñòðóêòóð³, à ³íø³ äâ³ ñìóãè ïðè
~1190 ñì–1 òà 1520 ñì–1 – sp3-ïîä³áíîìó íåâïî-
ðÿäêîâàíîìó êàðáîíó. Á³ëüø âèñîê³ â³äíîøåí-
íÿ sp2/sp3 êîðåëþºòüñÿ ç á³ëüø ãðàô³òîïîä³áíèì
õàðàêòåðîì êàðáîíîâîãî ïîêðèòòÿ, à îòæå ³ ç
âèùîþ åëåêòðîííîþ ïðîâ³äí³ñòþ [3,7,8].

Ðàìàí³âñüê³ ñïåêòðè êîìïîçèòó LiFePO4/Ñ
îòðèìàíîãî ç ïîâí³ñòþ â³äìèòîãî ïîðîøêó ³
â³äïàëåíîãî ç ãëþêîçîþ (ðèñ. 1) ìàþòü ÿñêðàâî
âèðàæåí³ D òà G ï³êè, à òàêîæ äâ³ äîäàòêîâ³ ãà-
óñ³àíè ïðè ~1200 ³ ~1520 ñì–1 îòðèìàí³ ï³ñëÿ
çàñòîñóâàííÿ ôóíêö³¿ «Voight». Â³äíîøåííÿ ï³êî-
âèõ ³íòåíñèâíîñòåé ñìóã D ³ G ìàº çíà÷åííÿ
0,77, ùî º õîðîøèì ïîêàçíèêîì ³ ñï³ââ³äíîñèòü-
ñÿ ç ðåçóëüòàòàìè ³íøèõ äîñë³äæåíü êàðáîíîâî-
ãî ïîêðèòòÿ LiFePO4/Ñ [3–8]. Òàêîæ çàäîâ³ëüí³
ïîêàçíèêè â³äíîøåííÿ sp2/sp3 êàðáîíó – 3,95.

Ñïåêòðè çðàçêà Á òàêîæ ìàþòü ïîì³òí³ D ³
G ï³êè òà äâ³ äîäàòêîâ³ ãàóñ³àíè ïðè ~1200 ³ ~1520
ñì–1, ïðîòå îñòàííÿ çì³ùåíà, à ïîêàçíèêè â³äíî-
øåííÿ ï³êîâèõ ³íòåíñèâíîñòåé – 1,56 òà sp2/sp3

– 1,35 ìàþòü ã³ðø³ çíà÷åííÿ, ùî ñâ³ä÷èòü ïðî
íåãàòèâíèé âïëèâ çàëèøê³â ðåàêö³éíîãî ñåðå-
äîâèùà íà ïîâåðõí³ íàíîêðèñòàë³â LiFePO4.

Òåñòóâàííÿ ñèíòåçîâàíîãî êàòîäíîãî ìàòå-
ð³àëó ï³äòâåðäæóº íàÿâí³ñòü êàðáîíîâîãî ïîêðèò-
òÿ ãðàô³òîïîä³áíî¿ ïðèðîäè. Òàêèé âèñíîâîê
ìîæíà çðîáèòè ç ðåçóëüòàò³â âîëüòàìïåðíèõ äîñ-
ë³äæåíü (ðèñ. 3) òà çàðÿä-ðîçðÿäíèõ õàðàêòåðèñ-
òèê (ðèñ. 4) êàòîäà. Íà âîëüòàìïåðîãðàì³ ïî-
òåíö³àëè êàòîäíîãî ³ àíîäíîãî ï³ê³â áëèçüê³ äî
òåîðåòè÷íèõ (3,4–3,5 Â).

Öèêëþâàííÿ êîìïîçèòó LiFePO4/Ñ ïðîâî-
äèëè â ³íòåðâàë³ ïîòåíö³àë³â 2,2–4,2 Â ïðîòÿãîì
10 öèêë³â (ðèñ. 4). Íà çàðÿä/ðîçðÿäí³é êðèâ³é

ñïîñòåð³ãàºòüñÿ ïëàòî íà ä³ëÿíö³ ïîòåíö³àë³â 3,4–
3,5 Â, ÿêå â³äïîâ³äàº çà ³íòåðêàëÿö³þ/äå³íòåðêà-
ëÿö³þ ë³ò³þ â ñòðóêòóð³ îë³â³íó. Ïèòîìà ºìí³ñòü
LiFePO4 ïðè ñòðóì³ 0,1 Ñ ñòàíîâèòü
~135 ìÀãîäã–1.

Âèñíîâêè
Îòðèìàí³ ðàìàí³âñüê³ ñïåêòðè äëÿ êîìïî-

çèòó îäåðæàíîãî íà îñíîâ³ ë³ò³éôåðóìôîñôàòó,
ùî ì³ñòèòü â ÿêîñò³ äæåðåëà êàðáîíó ãëþêîçó òà
îðãàí³÷í³ çàëèøêè ðåàêö³éíîãî ñåðåäîâèùà, à
òàêîæ äëÿ êîìïîçèòó íà îñíîâ³ ïîâí³ñòþ â³äìè-
òèãî LiFePO4 ç ãëþêîçîþ ó ÿêîñò³ ïðåêóðñîðó
êàðáîíó. Ñïåêòðè êîìá³íàö³éíîãî ðîçñ³þâàííÿ
ïðîàíàë³çîâàí³ ³ç çàñòîñóâàííÿì ãàóñî-ëîðåíöå-
âî¿ ôóíêö³¿ ïîêàçàëè íàÿâí³ñòü ÷îòèðüîõ ï³ê³â,

Ðèñ. 3. Öèêë³÷íà âîëüòàìïåðîãðàìà êàòîäó LiFePO4/Ñ ïðè

øâèäêîñò³ ðîçãîðòêè ïîòåíö³àëó 0,1 ìÂ/ñ

Ðèñ. 4. Çàðÿä/ðîçðÿäí³ õàðàêòåðèñòèêè êàòîäà LiFePO4/Ñ
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ùî â³äïîâ³äàþòü sp2 òà sp3 òèïàì êàðáîíó. Äëÿ
îö³íþâàííÿ ïðèðîäè âóãëåöåâîãî ïîêðèòòÿ âè-
êîðèñòàíå â³äíîøåííÿ ï³êîâèõ ³íòåíñèâíîñòåé
ñìóã D ³ G, ùî ñâ³ä÷èòü ïðî çàäîâ³ëüíó ÿê³ñòü
êîìïîçèòó ç âèêîðèñòàííÿì ãëþêîçè (ID/IG=0,77),
ìàòåð³àë ç êîìá³íîâàíèìè ïðåêóðñîðàìè êàðáî-
íó ïîêàçàâ çíà÷íî ã³ðøèé ðåçóëüòàò (ID/IG=1,56).
Ïðèáëèçíå îö³íþâàííÿ â³äíîøåííÿ sp2/sp3 êàð-
áîíó (äëÿ çðàçêà À – 3,95, Á – 1,35 ) òàêîæ ñâ³ä-
÷èòü ïðî íåãàòèâíèé âïëèâ çàëèøê³â ðåàê-
ö³éíîãî ñåðåäîâèùà íà ÿê³ñòü êàðáîíîâîãî ïî-
êðèòòÿ. Ïîêàçíèêè åëåêòðîõ³ì³÷íîãî òåñòóâàí-
íÿ êàòîä³â íà îñíîâ³ ñèíòåçîâàíîãî ïîðîøêó
ï³äòâåðäæóþòü íàÿâí³ñòü ãðàô³òîïîä³áíîãî êàð-
áîíîâîãî ïîêðèòòÿ. Åëåêòðîäè ïîêàçóþòü çâî-
ðîòí³ñòü ïðîöåñó ³íòåðêàëÿö³¿/äå³íòåðêàëÿö³¿
ë³ò³þ òà ñòàá³ëüíå ïëàòî íà çàðÿä/ðîçðÿäíèõ êðè-
âèõ ç ïèòîìîþ ºìí³ñòþ 135 ìÀãîäã–1 ïðè ñòðóì³
0,1 Ñ.
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RAMAN SPECTROSCOPY OF THE LiFePO4/C
NANOCOMPOSITE AND ITS ELECTROCHEMICAL
PROPERTIES

V.A. Galaguz, S.M. Malovanyi, E.V. Panov

V.I. Vernadsky Institute of General and Inorganic Chemistry of
the National Academy of Sciences of Ukraine, Kyiv, Ukraine

Raman spectra were obtained for two samples of the composite
based on synthesized lithium iron phosphate powders. The first sample
contained some traces of the reaction medium, and the second one
was a thoroughly washed powder. In the obtained experimental
spectra, well-visible D and G bands were observed which are
characteristic for disordered carbon. The decomposition of the spectra
into the Gaussian-Lorentz components allowed assessing the quality
of the carbon coating of a LiFePO4/C composite obtained by pyrolysis
of glucose and organic components of the reaction medium. The
estimation of the ratio of peak intensities of the D and G bands of
the powdered composite (ID/IG=0.77) and the powder with residues
of the reaction medium (ID/IG=1.56) as well as the approximate
calculation of the sp2/sp3 carbon ratio (3.95 and 1.35, respectively)
shows the negative effect of the products of pyrolysis of the organic
reaction medium on the quality of the carbon coating of the composite.
The electrodes fabricated from the LiFePO4/C composite based on
the washed powder with a carbon coating obtained after glucose
decomposition demonstrate the reversibility of the process of lithium
intercalation/deintercalation, and a stable plateau on the charge/
discharge curves is observed. The material capacity is 135 mAhg–1

for 0.1 C. This is a quite satisfactory index and it confirms the
presence of a conductive carbon coating on the surface of the LiFePO4

crystals.

Keywords: LiFePO4/C; nanocomposite; cathode; lithium
ion battery; carbon coating; Raman spectroscopy.
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