aiyan faue: madszarg Tnssade vazautiama uiluadl veudulounTu
aou Tndavoauimanls 1sd/mivou (FABRICATION, STRUCTURE, AND
ELECTROCHEMICAL PROPERTIES OF ELECTROSPUN MAGNETIC
FERRITE/CARBON COMPOSITE NANOFIBERS) 019136113011 : madas 19158

As.qud uduas, 245 nih.

aw Ay Yo a o9 ¢ A o M2

Tusdveit ldmmalszasgdulounTumsvounon Tndadueymamls 1sd s1um

3 nqudie afuewmetiofili 1sd arfueu/Taveanls 15 uazafueudinmams1sd ae
= T SR ) ¢ o e = v
matamsude fhiwdumsaive lusdunguiigil 535 esnwadeanisldusserna
a 4 J ~ Y a 1 1 Y

HENYD0IMIAlINALAYRIwe1snou nmsasouiagaon Indalundnguilsenenlidae 4
@ ' Ao J J 1 = o o 1 ' v
#0619 NUDATIAIUTZNINUHANODWOTNUNMAL TanzuaANANAUAD 100/0 80/20 60/40
1Az 40/60 UNURIG CNF C/MFe,0, 0.2 C/MFe,0, 0.4 11ag C/MFe,0, 0.6 AWa1ay (1o M
fio Cu Co naz Ni) udwhmsAnwidnvazmniz Ingldinalin TGA XRD SEM TEM Raman

3 (3 1

4 1
spectroscopy BET XAS VSM CV GCD ttag EIS Hamsans Iy 1AANIBYNMIHUANATUY
Yy 9 14 [ 9 Jd a a 14 =
"lﬂuiﬂﬁminWﬁmmmiuauaﬁmgm waz Insaasgninansiadunesd ailiua Iae
w 1 = T % J (‘T 32 w =
Apg1anuvadlang 20 uag 40 nlosidud laglvin (C/MFe,0, 0.2 ag C/MFe,0, 0.4) I
Y I A J 2 J 2+ 3 1a o 1 =
Tassaiududunesda atliauuvanysol (looou M NINUADYNAHUIDDNAZIATOA)

A w 1 et ' J o H Y = 9 a
Tuvaznareganiunaslane 60 nlesidua lagimiin (C/MFe,0, 0.6) 1l Insead1aunudu

o
" o <A o 1

Jd A [l J 2+ = =1
nosathuanuy luauysel Tagnulosou M* agnaidiianaszdasoaazeonazanson
Jd I Jd o o Jd < J o [
Tuaf5uae 45.3 nag 54.7 Wodfud 113U C/CuFe,0, 0.6 58.9 tay 41.1 WodFud 113U
73 o o o . S e A
C/CoFe,0, 0.6 50.5 az 49.5 1Joiidud d11351 C/NiFe,0, 0.6 aun1Au luwlas lsanusey
1 vt = = ' A o 3
lagivinaueanan Taamasszya1e 20-55 w1 Tuwas muesnasuvounan (Fe) uag lave
. a 4 a 14 7 ' @ 1 I
(Cu Co uaz Ni) lulassadndunesaathuamlslsavosnnguaiedia ity 3+ wag 2+
o 9 o 1 4 o ot e " < I 4 g LY
amud1au sndudledienivew/Tavoali lsaniiuvaslan 60 toSidud lasiimiin
- = @ ¢ o v
(C/CoFe,0, 0.6) NAUBNTIATUYD Iauoan HUNTHANIZNIT 2+ uag 3+ MISANE
" Y & 1 ] 4
Taseadanganma  wuanduleons 3 nquilvuaduiiuguinatsanasszuia 20-35
sd 7 o ¢ o A w a v
Wodidud nasmsaiue luadu 1H19491NMIAA1AIV0IAITHOANDIIAZ AT lanzAIAY
fgw 1w ] = = 9 1 S I 4
UINNINUTINY NI 19v0anAnguanyINszneudlounaslane 60  1oSidud
a [ == eg e a
(C/MFe,0, 0.6) idulaifanisvaonsauiu nsfnyinunalveuduleu TunonIndann

4 1 1 ) 1 1 v = l:l 4 1 .I = a 3
L?E]ull‘]JWU’J”I flﬂ”lﬂgﬁ%?i’;lﬁ 60-210 MITINUNATADNTY Tﬂﬂi]ﬂ1LW1JﬁJ1JE)UR'ISJ”Iﬂ!.ﬁE)L‘Ir’IU‘Uﬂ“LI!ﬁ,u



4 = = 1 [ == wey v 2 = = gy
TounTumsueunians 30 MTIUNATABNSN) WaNTANBIANTANIUIHAN QAN YD
1 9 14 = =4 = 1 (=1 P q)
wundulenTums veunignsudaamganssuudmanuuy laot luvaziiduloun Tuney
4 =1 o : a w o o
TndannSou lynaaanganssuimanuuumss Sadunusiunsnszaeaives losounin
- g ' = = v w oo I’ =]
nAMusaaTTIaToalazeanazaasea Nnnquiagaen Tndalawnu lamsuoy
b e I 1 a o P S I
mvvuaymMauIvveaSna lavzasnInda Tagdredraasuou/moiesvs lsdnow
Tnda asvou/Taveaams lsdaenInda uazasvowannams lsanonInaa uaasa
¥ ] @ "
i Tarsuauad 1uy9 0.3-12 0.2-43 wag 0.2-25 emu/g MUAIAY FeAUHAIUTAAINIIA
a Y] I'd 4 1 a [ I~ = v rg 4 =i A
UnAvosiaglslsa uaazaiia owiluranInMINoguoAoMIUOU NANTANYIANLANI

Y A ' o 3 ¥ B ¢ a £a Z
ul,‘l/\h/\l1Lﬂ3JW1J’ﬂﬂal1ﬂﬂ1iﬂﬂlﬂ‘]J‘]Ji$ﬂ"lJi’N’J’fTﬁ]“U"Jﬂ"l‘i‘U'E]“LI“LI‘;Tq%mﬂmm‘ﬂﬂﬁﬁ%ﬁmmﬂﬁ@ﬁm

2 7

Ao ' o & a g u o o o J a
nAoIznNITagUItazdan Ins lad (EDLC) TuvaziiaguimsvenmlsisdnenInda

3

a c’:{' o d = = w s 1 1 Aadg 1 1Y) <
uazdagu i lsauigns annudszyiuna lnnisaieToudianasou sauduna lnmsiny
[ 1 w = [ - = g ] ar 2: s
Usguuu EDLC A1 MuIuumsnninunasany sauwuanlunnnquiaguimsiven/
o 4 a z'i 1) Ey g [} 1 1 [
w3 lsdaenInde Tasnanuvuiuiunszua Wi 1 ueuulsaonsy Annumuumsnn
< o - | 2 ¢ o A 9 P )
DUNSINUTAUNLANY T2 2 9 uay 64 1lo5iFuad naamsaou Indaduleasuouaie
¢ ey o ¢ | ¢ ¢ ¢ w I ' '
aoilosins1sa Taueamds lsa uaz inmadlsd audidy mauvuaInaII
- A v o 1 =1 3: Y- |
Audiesninamanulszydiuna lnmanuilszynsaoauusiunufe EDLC uazuuuyla
? | A P o ' o i e & P
aithFuaud wenvintiamanumnuiumsnninuilszguesiaguansuouas lsdnouTn
I | ¢ 2 o T 3 ¢ (o0 o
Aaganaunudulaelszum 42 62 wag 79 nlosuaioounuiaguinoinlosnlslsa
¢ I o A a M L a £ o o e i g A '
Taveaals 15 uaz dnnams lsausgns awday Faivzilusaiionnnianaivesn
9 [ 1 a d‘ 4’ dﬂ; = a4 l&’ z‘ic.‘n c‘.:
anudunumsaeiuilsey oulissatnoyniaun luveads lsanasudn 11 Tagiunam

= 3 9 @ ow 1 ] 1 Y o w o o o @
LW?JEUCHW‘E'@‘Nﬂﬂﬂﬂ'ﬂmxcﬁaﬁ'}]’lﬂﬁgﬁjlﬂlﬁuﬁluu1iuﬂ1ﬁﬂﬂuﬂﬂﬂuﬂ1ﬂu1iuiﬂ§15%81%!;1]“@]:]

o J ad o = w =] A = 1
mlsaivayumsunsndves lesouvesdianing laasaudedasisrvesmsmaouinlugesg

WU
mMniand Mgilo¥orinank
a = oA o
Umsdnu 2557 auilo¥o01Ioninmn

A A fat i
awilo¥o013oNlInEau

| oed '
a‘]ﬂﬂ]'ﬁ]"ﬂﬂﬁ]’]ﬂ‘]‘iﬂi’llﬁﬂﬂ‘]i'ﬁ]_
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SPINEL FERRITE/CARBON NANOFIBERS/CARBON/MFE,O, COMPOSITE

NANOFIBERSELECTROSPINNING/ELECTROCHEMICAL CAPACITOR

In this work, three series of carbon/MFe,O, (M = Cu, Co and Ni) composite
nanofibers were synthesized by e ectrospinning technique followed by carbonization
at 535 °C under mixed air and argon atmosphere. In each composite system, four sets
of samples with different weight ratio of polymer and magnetic source of 100/0,
80/20, 60/40 and 40/60 abbreviated as CNF, C/MFe,04_0.2, C/MFe;04_0.4, and
C/IMFe,0O4_0.6, respectively, were fabricated. The prepared samples were
characterized by TGA, XRD, SEM, TEM, Raman spectroscopy, BET, XAS, VSM
CV, GCD and EIS techniques. The structure of all C/MFe,O, samples showed
composite phase between cubic MFe,O, and amorphous carbon. All C/MFe,O,_0.2
and C/MFe,0, 0.4 samples have inverse spinel structure (M?* ions occupied
octahedral site), while C/MFe,O4_0.6 samples exhibit partially inverse spinel
structure with a portion of M?* ions in A and B site of about 45.3 and 54.7% for
C/CuFe04 0.6, 589 and 41.1% for C/CoFe,0O4 0.6, 50.5 and 49.5% for
C/NiFe,O4_0.6. The average crystallite size of the MFe,O, nanoparticles is in the
range of ~20-55 nm. The oxidation state of Fe and M ions in MFe,O, structure is,

respectively +3 and +2, except that the oxidation state of Co in C/CoFe;O,4_0.6 is



v

mixed between +2 and +3. The as spun C/MFe,O,4 nanofibers exhibit the shrinkage of
about 20-35% after carbonization due to the combustion of PAN and magnetic source.
The uniformity fiber was observed for al C/MFe,O, 0.6 samples. The specific
surface areas of the composite nanofibers are about 60-210 m?/g. The values are
higher than that of 30 m%g of pure CNF. CNFs exhibit diamagnetic, while all
C/MFe, O, composite samples show ferrimagnetic behavior related to the distribution
of cations over tetrahedral and octahedral sites. The Mg values of ~0.3-12, ~0.2-43,
and ~0.2-25 emu/g for C/CuFe,O,, C/CoFe,O4, and C/NiFeO,, respectively, are
lower than those of the bulk MFe,O,, possibly due to the existence of CNF matrix.
The charge storage mechanism of CNF electrode is electric double layer capacitance
(EDLC), while C/IMFe,O, and MFe,O, electrodes also store energy via electron
transfer. The energy density at 1 A/g for C/MFe,O, is improved by ~2, 9, and 64%
after adding the CuFe,O,4, CoFe,O4 and NiFe;Oy, respectively, into CNF matrix. The
enhancement may results from the combination of EDLC and psudocapacitance.
Moreover, the improvement of ~42, 62, and 79% as compared to pure MFe,O,
electrode is achieved. This is possibly due to the reduction of the charge transfer
resistance resulting from the MFe,O, nanoparticles. Large surface area with free
space between MFe,O, and CNF may well support the insertion of electrolyte ions

and speed up transportation rate inside the pores.
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