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PREPARATION AND ELECTROCHEMICAL
PERFORMANCE OF COMPOSITE ELECTRODE FOR
CARBON NANOFIBER- BASED SUPERCAPACITOR

ABSTRACT

Supercapacitors are a new environmentally friendly energy storage
device, featuring relatively high-power density, rapid charge-discharge
capability, long cycle life, and excellent safety. Therefore, they have
become a focus of research. One of the important components of
supercapacitors is the electrode, which plays a crucial role in determining
the performance of supercapacitors. The electrodes of supercapacitors can
be classified into two categories based on different energy storage
mechanisms: one is carbon-based electrodes based on the double-layer
mechanism, and the other is electrodes made of conductive polymers or
metal oxides based on the pseudo-capacitance storage mechanism.

In recent decades, with the development of -electrospinning
technology, carbon nanofibers have gradually entered people's daily lives.
Carbon nanofibers possess excellent nanostructure, high specific surface
area, outstanding conductivity, excellent cycling stability, and simple
fabrication methods, making them highly suitable for application in the

field of supercapacitor electrode materials. However, compared to
Il
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conductive polymers and metal oxides, carbon nanofibers have lower
specific capacitance, resulting in devices with lower energy density.
Therefore, improving the specific capacitance of carbon nanofibers and
optimizing the electrochemical performance of supercapacitors is a
meaningful research topic. The main research contents of this paper are as
follows.

(1) Polyacrylonitrile (PAN) 1is the carbon precursor and
polymethylmethacrylate (PMMA) is the pore-making agent were blended
in N, N-dimethylformamide (DMF) to prepare the spinning solution.
Different proportions of tin chloride (SnCl) were added to the spinning
solution, for preparation of dioxide-doped porous carbon nanofibers
(SnO,@PCNFs) by electrospinning method, pre-oxidation, and
carbonization. The physical and chemical properties of the prepared
materials were measured and analyzed by scanning electron microscopy
(SEM) and X-ray photoelectron spectroscopy (XPS), and other
characterization = methods. Research has shown that when
PAN:SnCl,=1:0.75 was used to prepare SnO2@PCNFs, the specific surface
area can reach 371.66 m%/g, the total pore volume can reach 0.235 cm’/g,
and the micropore content can reach up to 62%. The SnO,@PCNFs were
then applied to the electrode of the supercapacitor, with nickel foam
serving as the current collector for the electrode. Under the current density

of 1 A/g, the specific capacitance was as high as 539 F/g. In the two-
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electrode system, the electrochemical performance is still stable. At current
density of 1 A/g, the specific capacitance can reach 138 F/g, the energy
density was 75 Wh/kg. And the cycle stability was good. At current density
of 10 A/g, rate performance was 92% after 10,000 constant current
charging and discharging. The best performance sample is coated on the
conductive silver paste conductive nonwovens fabric to make an electrode.
The prepared electrode has a specific capacitance as high as 845 F/g. This
result indicates that SnO,@PCNFs have good electrochemical
performances and promising application prospects in the energy field.

(2) PAN as a carbon source and PMMA as a pore-forming agent were
blended in N, N-dimethylformamide (DMF) to prepare the spinning
solution. Carbon nanofibers are prepared by electrospinning and
carbonized. Then, the porous carbon nanofibers were blended with
Fe(NOs)3 and prepared by a one-step hydrothermal method at different
reaction temperatures to form composites of iron oxide hydroxide and
porous carbon nanofibers (FEOOH@PCNFs). The physical and chemical
properties of the prepared materials were tested and analyzed by scanning
electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS),
and other characterization methods. Research has shown that when the
hydrothermal reaction temperature is 160°C, the prepared
FeOOH@PCNFs has the best performance. The specific surface area of

FeOOH@PCNFs material is 56.5 m?/g, the total pore volume was

\
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0.047cm’/g. When the current density is 1 A/g, the specific capacitance is
1825 F/g. Under the high current density of 10 A/g, after 2000 cycles of
charging and discharging, the specific capacitance retention rate is 83%.

The application of carbon nanofibers in energy is further expanded.

KEYWORDS: Carbon nanofibers, Supercapacitors, Electrochemistry, Tin

dioxide, Iron oxyhydroxide
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2 2-1 IO AT RE AN S 157
Tab.2-1 Experimental materials and experimental reagents

JERE B AR 44 FR B TR
HIY T8N 150000
PAN FRye S EH R IR A A
g/ml
HI7r1E ¥ 35000
PMMA [ 2454k [k 2R A BR A
g/ml
N, N— = i F e fie Sy Hrat bR R T AR BR A F
Tl 9 LN Sy b4t b TR AE R BR A F
S B Sy b4t KRS Z IEFHE A R A 7]
VLR / KRS Z IERHE A PR A 7]
Tk 2.8 Sy b4t b MR AE R BR A F
S ARGl A / /
JUKRS Rk Sy b4t b MR AE R BR A F
IR Sy b4t b MR AE R BRA F
B IR A it Sy b4t b MR AE R BRA F
% 22 A
Tab.2-2 experimental apparatus
SEIG AL A utREpoN R R
w7 2281 JDFO05 KB BIEAT PR A 7]
A E iR besi b GSL1600X T HERHS R AR A A 7]
HIAL 22 ARG CS2350H RS R A 7]
HL AT R D2F-6020 FipER AR A IR A 7]
AR SR 84-1A b A SRR PR A T
BT H2K-FAZ105 e T R PR A

8
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23R 2-2
4 L R Gemini SEM500 i [E] 5% ) 8 7]
bl 2 T AR A Autosorb-iQ-C 2 [F B 2L N F]
e FLI AR 2 AP A Nicolet iS50 S [E Nicolet 2 7]
X WOt T REE K-alpha % [# Thermo Fisher 2 7]
ISR % 50 ml VU 225 A A % B e A BR A 7
22 FRERE

2.2.1 AR F EHEEIR

AR SCAEFH /2 Gemini SEMS00 B4 Hi 7 A8 (SEMD,  MLERFE i 2R T
TES. T, A RIEORE £ B RE RS SOR AR, P38 I X R ok A R T gk
AT A IS, KD R AR R AR SRR S, BT
2.2.2 EHTEEF E MR

ASCAE FH )72 JEOL JEM-2010 Y37 5 Mt 7~ R A (TEMD, WLSERE K 2R 18I
MALGER . o, AR EAORE i £ B RE RS BOR AR, TN & 2 IR TR
W B — S VA ¥ TE O SRR b, A5PKE 5 A4 R S U7 T HEAT IR
2.2.3 tbRER R LA

AR SIS )& Autosorb-iQ-C B4 LR HI AR, @it BET (Brunauer-
Emmett-Teller) # 7 . DFT (Density Functional Theory) #%7%!. BJH (Barrett-
Joyner-Halenda) #EA43X = Fh 77 K 115 2 LRGN AK 21 4 ¥ b R TR AN FL IR 5 4
2.2.4 X B AT a8

AIAF AR X Pert3Powder B X FFLRATHMES, I XHAGHEMidAT X
SHERATHY, R RINTHEIE . B i 1 AR L R WD R A
R FIRSHEEE E . W IRBCE R A RSN T, AT RO 2 il
AT A IR ST 00T . (EAE S MRS U & T 12 R
2.2.5 X 4B FREIgid

ARSCAEFH /2 K-alpha BOEH TR (XPS), X 2 FLERGNK LR 4k k47t
RAL M, ERZEN3x107 Pa HYSEIKAF T, A1 KaX 512k (Hv=1487 ¢V)
TERIGUR
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2.2.6 HEMIR

A ) /& TG449 CTG-DSC R A, A R A] LG 22 Bl 5
BEAT NS SOV, EFEAEAR . AR AR, RNE) . A
Fasetk. glfE. wEAIA. G IREK. Bavrn. 4idoK. RS,
DL A3 i H DTA. TG. TG-DTA 1 DSC 4.
2.2.7 EEMHITEHRAT SN TR

RSN AL /a1 (FTIRD RS (192 Nicolet iS50 BUMNAAX, w]
FIT 3 BT il B i (A 5 454, 3R Y5 BB 8 9 500~3000 em ! s AT AT TG HLAY)
JEFE U AT € AT, S5 E MRS T4
2.2.8 RIS

AR UG ER R UG hr 261 (Raman, XploRAPLUS) HEAT
W, R TIEZAUBRPORET LM A SRR . 2 AR O Ky 532 nm.
2.3 EBLE M REM
2.3.1 RITRMRRE

&R AR 298 (Cyclic voltammetry, CV) IR S5 FE 2 38 b sk 28 14 $3 9 10
i ) A AR I —Fh = AR ke, R O B AR B I v, 3RS
H- R M. AT — IR SRS, DL A T a4 A
WrEW. fEEARETN, Sl e, AR R 2 it B R A5
HSEPRIEDL, FEH R 22 R IFA R MR R o 2 AR AE 78 i FE  7
MGG R SRR, PREFMR 2 2 bR 2 I iR g, O AR T
U o P PG A AR 22 M 2R 100X — B SRR A, A L Ak 2 VR RE . A ST AR
DRHERE CS2350H Y b 22 TAkus, Xaliare f kAT CV M, s
YN 5~200 mV/s, FEZHMRAERT, BEEHRE-1~0V, {EHERAR
T, HEEORE 0~1V, AT HEMERENER T
2.3.2 (BE3 3 7o A AR i

{8 FELIR 78 /8 (Galvanostatic charge-discharge, GCD) IR J7 1% 2% & &
G R VE ], RN IR AR N, AT AR S R . XA R
03K HURBERT AR 2R, JF FARYE X e oh St s & . Bg b, fEH

10
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VLTS T 2 AR B ) — A 58 26 R FR I S5 JE = A TR, (ER SEbr b, it 72
AR — A RE R, DIATE 210 GCD BRIk =4, FdE— 0
=M. B, 2R AR SREEAT R, SRR A T A SRR R, X
Tt S S (TS T LAIE LR SR8 (GCD) i 2 82 34
2.3.3 AN

SRS (EIS) RAA AL RGNS (BiHRD A NMRIE A7
SEENENES, MRARSEP MBS (SRR SRR BN. SR,
HH I — AN AR 52 Ut LA T (B AR A 7 7 A AR e A o A BT IR AME 5
ZIEBIRER, M5 H AR R B . /0T 13t S AR R G A R
R ], AR NSRS DGR, T LT i A P B 4% B A

R HE AL 24 PHAT 1S (Electrochemical impedance spectroscopy, EIS) iy
B, SRR (Rs) HEHERAYE X # (ZD) W#EFERR. Mm%
PIBH (Ret) U BH i A DX Sl [ 1) BAR R, HL A St H RO FL R ot 2 R A2 AE 1
B A7 ARARIX S B FTACR I/ Warbury PIBH, XL T B 178 HL A5
H R R A e LA B A R . A SR BIS MK S TiARIE S HCh S
mV, $EJEEZ%4 0.01~10000 Hz.
234 ZHRER

= HLARINA A R AR AR (WE), HfiBhHik (CE), ZHHifk (RE) A
. fEIXH, CE Fl WE il it i i, RE A WE ZH ALl & [Hl % . i
TR R RE, 2B R R A iR 22 . Bk, =W
PR 22 GeAF 8 0E & B R B FC & AP RHR AL 22 R R . AR ST A 2 1¢1
em? E G Z LA KT 4E{E N WE, #1H (P 1EA CE, KR/AMK
(Hg/HgO) 1N RE, 7K AR HMBAE 2 2 M 1) KOH VW, S5 At X 1]
ZHBEN-1~0 V, RERIERR 2% (CV). HRAMHEZE (GCD) ALK
LW ESTE (EIS) #EAT AL A IEREMI, o CV M3 H I3 20 5-200 mV/s;
GCD PR HL I 2% VU BN 0.5~20 A/g, —HIMRAA R N B HEARAM B L RS B
AR

_ 1At

i =y (2-1)

11
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Arf: CGRBEILEA (F/g): TR (A AUZBERMTE (s); miE

IEHR R E (g): AV ZREJEE AN (V).
235 ZHBiRIER

£ HARM AR R T, AT RHR AR R B & 1 2 SLBR K 2T 4R 44 R
B o XA AR A AR SO AR 2 F A i, AR AL S ARt AT 1
etk R M ARSI AR IR RN, WKIEAE S K SR L, 2 M)
KOH /K& 4 SlIRIERR R 2238 (CV), HR AR (GCD). H AR 4

GCD HhZ RIS AR AR L, T A 208

IAt

d ™ mav
A B2 ETE A XN
EzQx%g
DR B AR
P:3m0x%

A Cd (F/g) BRI (F/g); TR (A);
RFENTEEM R E (2); AVRHEERE DR (V).

12
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FIE PHHEGLHEFEURIERSFLRARTHEREBL

16

3.15l5

SR T ARG G A AL, BRI s E . R
PERE AR 7 DA R 70 TS L T R AR R R, LR T AR T IO . R EHE
O AR 3 RN T SR LR s B O AT R SR AR SRS
Piix =FhRAL . N T e IR B — ORI B 2 H 25 4 AU N A A AE 1 SR BR A, i
W E G L AR R &M EL S & B A ESHHE &R, ZMEAUA
X Z AR A, FINGEORE T IR B AR MRS, BX Wfh A 2%
MR ARG TE i, SUEME S AR IR,

A (Sn02) HEEZESPMHMBEER. SHERARE. BAMKH
SEOTRER AL AT BRI B R Z MR A AT, B8
BT 2 A8k, JF HAEAN RS I 7 S tEae, ik R a1
HEAG T AR A 0T, AR DO B s i A . YR B K B
REFHLVDU ., B AR, Fik, BEE5ZAMPKITELEITES,
DA B — BORL I 25 M AR R, 1) 4% R M B SE L R 1K B2 5 41 K
3.2 LW ERS

AICRH] PAN J9tds, PMMA 1ENIL5R, JFLL DMF J9iE 7). & —E
)i & LLAC B PAN/PMMA g 223 (7:3) B2, 7E 60°C it iiet 8 /N,
W & UF (1 97 206 R 21 10 ml (TR 28 o Sk SR AR 4R ROR A 2 TR ) BE
WHEN 15 em, AMINHEEBE N 16 V, HEREEE 1.0 mI/h IR FEFE 250 r/min,
FEM A IV R & 9K 2 4. B 1) 25 47 (1 ¥ PAN/PMMA 20K 24 AR 1] H IR
H, WANMEHE, ERA e AT AL, FEATIRAL, )% 2 FLIRDN
K. AN ZM N ZRRA T, BL 2 C/min BTHEESR, FRETHR
) 260°C, I HAE 260 CHIZEM FIRFHENR 1 ho BRALSEIFMN: Na =K,
LA 5 “C/min MIFHER R, FFETHER 800°C, [FFE, 7F 800°C FARHFFER 1 h.

13
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FAE B4 1) 25 1) 22 FLBR YN K £F 4ERR 1 PCNFs, LL4E PAN SRR £F 4 it g
“H, #nicy CNFs.

Kl 3-1 N SnO2@PCNFs E &M EHIH & d 2. IE FdiEthy 7:3 1)
PAN/PMMA %22, EFHIIAN SnCla, FK PAN/SnCl 4% 8 — 52 i &t AT
JRA (PAN/SnCL i L4378 1:0.25. 1:0.75. 1:1.25), 5t# PAN/PMMA 4j#2
AT 60°CIi A Bt L 8 /NFH S, NN SnCla, R & AT T 4k L4t bF BRI 2 %
T E BIR o A R R 95 22 2 0N R AR B B AL 2 B0 DL R A ) A
SnO2@PCNFs. #H N ¥ il 25 1 8% 90 K £F 4 b5 id N SnO2@PCNFs-0.25.
SnO2@PCNFs-0.75. SnO2@PCNFs-1.25.

—_—~

/7 N
—)
\ [
\\ /\
St |
S|

]PAN ‘ ¥ Air 260°C

electrospinning ZRRIE I_'
SnCl2 i (N N, 8000c  ZARVIRVARR
nanofibers PCNFs@SnO,

K 3-1 SnO,@PCNFs [1)il] %% i 7 = K
Fig. 3-1 The preparation process diagram of SnO>@PCNFs

¥ %% 4 (1) PCNFs Al SnO2@PCNF's 73 BN ER HHBIF BE ok AR, $ R
i TR IR M T R =8 101 LG, ISRl R S R 5 LR B S 4k
WHE R AR A, IE R DMF 5], IRBRTE s I, JtA 60°C
HE12h 5% H
33HERETIR
3.3.1 ESRFRAE TR

K 3-2 (a) A1 (b) 737l 0y PAN FEGPKEF4ERT PAN/PMMA FLIR 9K 21 4k
) SEM EI&. ¥R PMMA JG4F4ERTITESRA KR, HEAKAEH K. & 3-2
(c)v (D () NIMAFEE SnCl YKL 4El) SEM El% . Wk 3-1 A4,
B SnCL & &I, FAEBEAIEKUE. 2 PAN 5 SnCh iy 1:1.75
i, F4ERTE B AR H 720 nm 3K F] 1740 nm.

14
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Bl 3-2 4K 2F4Ef¥ SEM Elf&: (a) PANNFs; (b) PAN/PMMA NFs; (c)
PAN/PMMA@SnCl; (1:0.25) NFs; (d) PAN/PMMA@SnCl; (1:0.75) NFs; (e)
PAN/PMMA@SnCl; (1:1.25) NFs
Fig.3-2 SEM image of nanofibers: (a) PAN NFs; (b) PAN/PMMA NFs; (c)
PAN/PMMA@SnCl; (1:0.25) NFs; (d) PAN/PMMA@SnCl; (1:0.75) NFs; (e)
PAN/PMMA@SnCl; (1:1.25) NFs

Bl 3-3 BrA K LT 4E) SEM Ef4: (a) CNFs; (b) PCNFs; (¢) SnO,@PCNFs-0.25; (d)
SnO>@PCNFs-0.75; (e) SnO*@PCNFs-1.25
Fig.3-3 SEM image of carbon nanofibers: (a) CNFs; (b) PCNFs; (¢) SnO,@PCNFs-0.25; (d)
SnO,@PCNFs-0.75; (e) SnO>,@PCNFs-1.25

K 3-3 Xt B IR GK R4 SEM K%, &l il m AL JG 9K - 4Eis A A
RPUK A4, BRI, HEPORRER. Hd, (@ f (b) 25k
RALH PAN JEBR AN K A 4E R 2 FLER 9K 47 4E 1) SEM B1% . W3k 3-2 %1, PAN

15
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HEBRYIK L 4E (CNFs) i K P EAAN 246 nm, 12 FLIRGNK L 4E (PCNFs)
AP EA RN, 2R ARG, PMMA FE T &, Wit
— DA AR K LT e AE L FLEE . 1/ 3-3 (e). (d). (e) A SnO2@PCNFs f{]

SEM B4, M SnO.@PCNFs-1.25 {3 B4 B KA F] 847 nm.
X 3-1 kA4 Bz
Tab.3-1 Nanofiber diameter

K AT 2 B K HE A% /mm /DN E A% /mm “FH B A /mm
PAN NFs 891+1 61311 720+1
PAN/PMMA NFs 1056+1 519+1 741+1
PAN/PMMA@SnCl,
1337+1 647+ 1 960+ 1
(1:0.25) NFs
PAN/PMMA@SnCl,
1299+1 564+1 97141
(1:0.75) NFs
PAN/PMMA@SnCl,
2575+1 1240+ 1 1740+ 1
(1:1.25) NFs
R 32 RYPKR A4 E AR
Tab.3-2 Carbon nanofiber diameter
TR YN K A 4 B K HE £ /mm /N HE A% /mm P E A% /mm
CNFs 28141 208+1 24611
PCNFs 277+1 200+1 236+1
SnO,@PCNFs-0.25 568+1 26241 430+1
SnO,@PCNFs-0.75 758+1 28741 573+1
SnO,@PCNFs-1.25 1703 %1 401+1 847+1

M 3-4 (a). () AL EFEH, CNFs MIRMDGH, HAF4E N8R
FEFLBREE M. 2N PMMA J&, 1/ 3-4 (b). (g), PCNFs Kk A HAh
TEAE, (RN AR E M. B 3-4 (o). (. (dD. (D, (e)v (H H,
RE MR SnOx INH LT YER T, il SnO2@PCNFs-0.75 3K [ 15 1 i
SnO>@PCNFs-0.25 1 SnO2@PCNFs-1.25 #HEL & inFig, XM ELL A
PAN:SnCl=1:0.75 I, SnO: fELF4ERT /0 AT SN S, [AIN tHEEHR i FLBR 45

16
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T TRER AR 227 18 5L

IfEAE. BB SnCL B 2% (RS LLIRIE N, AR EF 4k FLERAT b a3

3-4 (a) PANNFs [f] TEM &; (b) PAN/PMMA NFs [f] TEM &; (¢)
PAN/PMMA@SnCl, (1:0.25) NFs ] TEM &|; (d) PAN/PMMA@SnCl: (1:0.75) NFs [*) TEM
Kl; (e) PAN/PMMA@SnCl, (1:1.25) NFs [) TEM &]; (f) CNFs [¥] TEM &l; (g) PCNFs
] TEM El; (h) SnO,@PCNFs-0.25 [¥] TEM &; (i) SnO>@PCNFs-0.75 [*) TEM El; (j)
SnO>@PCNFs-1.25 (] TEM

Fig.3-4 (a) TEM images of PAN NFs; (b) TEM images of PAN/PMMA NFs; (¢) TEM images
of PAN/PMMA @SnCl; (1:0.25) NFs; (d) TEM images of PAN/PMMA @SnCl (1:0.75) NFs; (e)
TEM images of PAN/PMMA@SnCl; (1:1.25) NFs; (f) TEM images of CNFs; (g) TEM images of
PCNFs; (h) TEM images of SnO,@PCNFs-0.25; (i) TEM images of SnO>@PCNFs-0.75; (j) TEM
images of SnO,@PCNFs-1.25

3.32 FLEEMI I

K 3-5 N2 FLERAIK R 4E R N W/ it Bt it R ANFLAR Al 2. il 3-5 (a)
Ff 7~ . Bt S CNFs. PCNFs. SnO@PCNFs-0.25. SnO>@PCNFs-0.75.
SnO@PCNFs-1.25 RIH VIV BIERL, 7E P/P0<0.1 XA A E S No Wt
BEJJ, TE 0.4<P/P0<0.95 XIRAFLENT 5 [R12k, M 2 FLBRGNK -4t [F) I A E A AL
L. M 3-5 () HATLAEH, A SnCl J& HIZ FLERGIKAF4E, H No W)
BERE ST RIB A ZALBRGIK AT 4E, XK SnO2 5= (M 2 FLIRYN K LT 4E R L
R Figl . X2 B T2 SnCL M2 FLERINR L 44 T Bk
SnCl ¥ 8L SnO2, 5] 5 i 1E 2 ALBRANK L YERI R, X 2 ALIRGIK 27 4
AL R4 T — e IR, SEOLHREAT . B 3-5 (b) ATLEH,
ZILBAUK A YEFLAE A (E 0.5~3.8 nm XIHPY, FRIL T 53 2 FLIKSE /RS

17
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an ~
& 200 £ o~
= 5000 —— CNFs
»180{ A R b0 b I —— PCNFs
= 160 IS e e SRR 2 ~ SnO,@PCNFs-0.25
- g 40009 1 || P mo—-
S 140 e = ~— SnO,@PCNFs-0.75
. s et g +— SnO,@PCNFs-1.25
8120 : fr TR ‘ £ 3000 ng.e .
'E 100 e mRhaous Ak <
S 801 f § 2000
e el B e e
2 0] ¢ O £
z 40 ¢ ) . Sn0,@PCNFs-025| 3 10007
£ 201 : 15215; - SnO,@PCNFs-0.75| =
s 0 ° .~ SnO,@PCNFs-1.25 E< 04 E————
(g T T T T T T T T T
o 0.0 0.2 0.4 0.6 0.8 1.0 = 0.5 1.0 1.5 2.0
Relative Pressure (P/Po) Pore Width (nm)

41 3-5 (a) CNFs. PCNFs. SnO,@PCNFs-0.25. SnO>@PCNFs-0.75+ SnO@PCNFs-1.25 1]
No W/ Fi Bt 28 ; (b) CNFs. PCNFs. SnO»@PCNFs-0.25. SnO,@PCNFs-0.75.
SnO,@PCNFs-1.25 [1FL4% 53 i fh £&

Fig.3-5 (a) N, absorption/desorption curve of the CNFs, PCNFs, SnO>@PCNFs-0.25,
SnO,@PCNFs-0.75, SnO>@PCNFs-1.25; (b) Pore size distribution curve of the CNFs, PCNFs,
SnO>@PCNFs-0.25, SnO,@PCNFs-0.75, SnO,@PCNFs-1.25

CNFs. PCNFs. SnO@PCNFs-0.25. SnO2@PCNFs-0.75. SnO2@PCNFs-
1.25 LRI S R IR 3-3 o SRR BIRE S CNFs 5 PCNFs A LL, & LEER
FURNEE, (ESALARRI . BN PMMA J&, #4102 fLBRGK T 4E i fL
R, WAL, AR TS 2 ALK e R A R R . R
M, ZALRIKRE4EE Sn02 B4 J5, ML T RIBEMZIRIPKRE 4, HEA
RIASFUATAR TR, XFFE No OB T2 4 SR o 7 AR I — 25 SR S I 2
Hi T~ SnO» 45 St Mt B 7E 2 FLBRGIK A iR b, SH—LAFLAHILIHE K. 4
PAN 5 SnCla )i & LLIE H] 1:0.75 B, SnO2 St A-FLAIGFL 1 & B R J A K

B2 24 SnClL W35 B 4RSE NNy, A FLAE B FLARRR b b B KR T B
# 3-3 SnO,@PCNFs FLAF 45 5
Tab. 3-3 Features of SnO>@PCNFs holes

bL R AR BAUARL AU o ILE BELARE LS

AR T4 /(m?g™) /(emg™h) /(em?g) =/% /(em®g™) /%
CNFs 559.36 0.275 0.044 16 0.231 84
PCNFs 463.68 0.279 0.100 36 0.179 64
SnO,@PCNFs-0.25 377.23 0.241 0.094 39 0.147 61
SnO,@PCNFs-0.75 371.66 0.235 0.089 38 0.146 62
SnO,@PCNFs-1.25 210.79 0.111 0.071 15 0.094 85

2 3-3 () WLIMESR], LMK YRR D DERE, X2
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SnO2 45 & B £ MR I,  UBH SnO2 45 i KB AFTE T 2 FLBRGUK AT 4E i R T
L2 1) SnOa 2 ™ B MR T 2R 4EALBRSE M, S ECT BALRBUR IR .
333 X-&i15t R

K 3-6 (a) N CNFs. PCNFs. SnO@PCNFs-0.25. SnO2@PCNFs-0.75+
SnO>@PCNFs-1.25 ff] XRD K%, K 3-6 (b) NI JEH SnO2@PCNFs-0.25.
SnO2@PCNFs-0.75. SnO@PCNFs-1.25 () XRD K%, afLIME 3-6 (a) HF
ARG B IR H I, SO AR A RIS . 12 20
21 2440 — AN TERE AT BRSSO, XN BRE (002) ATHPI, TE 20 M
43° (101) KA AT AL 7z B B AR ST . R4 Bragg 772t
FE i CNFs. PCNFs. SnO@PCNFs-0.25. SnO2@PCNFs-0.75. SnO2@PCNFs-
1.25 B2 18] 8] #E(d002) 43 Z1A 0.357. 0.369. 0.357. 0.353 F1 0.353 nm. A4
T i (1 J2 ) T B35 DK T SR A B2 )2 110(d002), - T LARE w35 9 T 7 Bk o

K 3-6 (b) ATLLE H 20 {5518 26.6°. 32°H1 51.5°0% = AMREAEIE XS B IR
PR (1100 (101) F1 (211), 5 JCPDS & 01-070-4175 {146 SnO2 FHITHL,
Sn A FIFRHEE 20 [EEFHEIE N 30,64 32.0+ 45.08 X M ATH P (2000, (101) 1
(211D, Ak, (110). (101D (2000, (111). (220). (002). (310D, (112).
(301>, (202> AT (321D HJAT 5~ 10 BT 0 B2 F 382, 39.1°, 54.7°, 57.9°,
62.0°. 64.6°. 66.1°, 71.5°, 78.9°%F 5 E/ NI IEW S5HHIF Y JCPDS <5 #HIL
Aic.

BT RIS SE R, ATLIEH SnCl B4 %My Sn0y, I R Ih sk £ %
FLBRGIK LT 4R . SnO2 5% M 2 ALK A 4 KA £ 5 MALIREE ) . AT
T P AR v ) PR A R AR A, T AR O R v L AROR R I A 2
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a b —— SnO»@PCNFs-0.25
/,.«"\\\“—’- —— SnO,@PCNFs-0.75
Mt CNFs :
101) — SnO@PCNFs-1.25
(110) (310)
(200) A 211 X220 (112) 32D

\ | | SnO,@PCNFs-0.75 \/\/MM
Pt wAag Al ‘“vﬂ_ﬁwl_ Lcsseal o k4 iw — N
i l SnO,@PCNFs-1.25

SnO,@PCNFs-0.25

Intensity(a.u)
Intensity(a.u)

e e S L R .‘. (SRIOR S ORI ¥ SR Y SIS,
10 20 30 40 50 60 70 80 10 20 30 40 S50 60 70 80
20(degree) 20(degree)

K] 3-6 (a) CNFs. PCNFs. SnO>@PCNFs-0.25. SnO,@PCNFs-0.75+ SnO,@PCNFs-1.25

) XRD E3i%; (b) SnO,@PCNFs-0.25. SnO>@PCNFs-0.75. SnO,@PCNFs-1.25 [ XRD &
i
Fig. 3-6 (a) XRD patterns of CNFs, PCNFs, SnO,@PCNFs-0.25, SnO>@PCNFs-0.75,

SnO,@PCNFs-1.25; (b) XRD patterns of SnO2@PCNFs-0.25, SnO,@PCNFs-0.75,
SnO,@PCNFs-1.25

334 RIENIESH

R FFL St %R 5 PCNFs Il SnO2@PCNFs-0.75 B 45 /3 TR N 204, 40
K 3-7 R, PIANFESRLE 1363.3. 1344.9 cm™ AbEI7R D 45, £ 1539.6. 1588.7
em! Wb EIR G, 3 R REBR IR BRI S SR AT A SR S AR, SnO2@PCNFs-
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A, CexEBEANY S ZARPKAENE ST R BT FIEY,
SEEMMN R & BRI T m— 2 ALK A MR PERE . DG, Tk
— AR T 2 FUBRGIK LT 2 (1 14 B8 I ¥ F 0 FH 4003, A S50 2 LB K 44 K
5 & REANMIITE S .

ARSI 1% F )k R A A ——EU LA B (FeOOH) BT, fE N5 2 4L
AR AR S E B A S . FeOOH HA M AR, HITERAMRME. Hl
FI R R RTC RS p, WD A SR IR S MR . ALY
K4 H AT R LR T AN DA K 3 & A S BSR4 & Ao
Mo B SERESEBAAMUMES, LG RSGE 2 fLBRAPK A4 M BH A
By PR Z ALK YERT R MRS, BET V2 1B T8 S FEL 2 A AR A
4.2 LY ERSY

] & A EA AR E G 2 ILRIPK A 4R P BRI N . W&l 4-1 R, B A
TN 2 FLBRINR LT 4R RIS i/ NRL, S6HT 1 mol/L I Sh R 7E B8 75 2% 14 T i
B 10 min, VLT S P E K S BELEM IR 5% 1R R 1 B 2 FLIRAN K 274 S5 min.
B IXAPIR 2~3 0, f S5 FHBON 40°C LR T4

HL 1 mmol ) Fe(NO3)3-9H20 AL 40 mL To/K ZEE W, FREiiR &3
55 %M 33 mg PCNFs II AN, 1EBE A B AIMER T REALE 20 min. 4%
3 mmol 1] NHsHCOs TiZIFIR &35, TERE 1N B 1 he
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g -
iE e & ?
o
T
Rl
FeOOH@PCNFs

K 4-1 FEOOH@PCNFs ] £ T. 25 i fe
Fig.4-1 The preparation process diagram of FeEOOH@PCNFs

K ) 4% L AT RHEI N K R B [ BE & R, 58 4 B8 B R TRON MR AR R Y. 8
ho ZEAFBLES R, B RS 43 ) FH CREAN 25 85 7K Bedd,  IRAEIERE L
BOCHIMRE T 12 h, il HEANE RIS 2 ZALRGUREF4EM Bl B
FE4r IV E N 140°C 160°C. 180°C. 200°C. H35IM A A AL 42 Lk
YK EF4E 5> HIIE A Fe-140. Fe-160. Fe-180. Fe-200.,

i FH 25 B AR IAR BRAE B 75 26 A T IEYE 5 min, JEF&H . Rl
FeOOH@PCNFs A BHRAE AL AR SR Efil & e tlk, ARSI N 1 X lem?, &M
MERI R E L4 1-2 mg.

4.3 ZHRE5TL
4.3.1 FESRRAE T

N T FRAEFZE FeOOH@PCNFs #4 8L BT 45 1) AR A AL, 73 7R H]
SEM 1 TEM SKRAE 37

B 4-2 Fr s B2 AN [ B 7K A5 BT P2 ) 46 H B & Fe-140 Fe-160. Fe-180
1 Fe-200 ff) SEM K. FLLEH, SREESHZILAKL 4R SEM K (K
3-1 (D (g)) ML, X VYA S R T #AEE N BOIR 44, 1 B R T A2 AE
FeOOH. BEZ%E R MIEERIIEN, ZALBRGIK LT 4R H 7 5511 FeOOH % . MK
R AT A, B Fe-200 R 1H 1/NERE % % . FeOOH /MNERBR I Z
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SIS 2 FLRRANK LT 4 (I FLBR 45 0 T BE ™

20nm

Kl 4-2 (a) Fe-140 1) SEM K; (b) Fe-160 ) SEM [&l; (c¢) Fe-180 ¥ SEM Kl; (d) Fe-200
(1 SEM &
Fig.4-2 (a) SEM images of Fe-140; (b) SEM images of Fe-160; (c) SEM images of Fe-180;
(d) SEM image of Fe-200

P 4-3 BIRIEAE L Fe-140. Fe-160. Fe-180 Fll Fe-200 () TEM &, W LLE
A — AR R TH AR 17/E FeOOH, IE IR — /MR R I E & T FeOOH.
RS 4-3 (). (D). (g). (h), AJLLEH, /NERE B IR/ FeOOH
TR, FRGEAIER S FeOOH@PCNFs 2 i 5 i1 515 18 WA F AR »
AT e ru AR LA 2 R
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K 4-3 (a). (e) Fe-140 ff] TEM K; (b). (f) Fe-160 ) TEM E; (c). (g) Fe-180 [
TEM El; (d). (h) Fe-200 ff] TEM K
Fig.4-3 (a), (e) TEM images of Fe-140; (b), (f) TEM images of Fe-160; (c), (g) TEM images
of Fe-180; (d) and (h) TEM images of Fe-200

4.3.2 FLEEHI T #T

NT HEAHHE R Fe-140. Fe-160. Fe-180 Al Fe-200 #f &5 45 FIRS1E, F
FE N2 R B/ BR3P B LU SR TR FL R 5 A AT . B 4-4 ()
EIRHZ FeOOH@PCNFs H) R/ i B il G Al fLAR 0 AT i 4. i pR, Fe-
140, Fe-160. Fe-180 A1 Fe-200 ¥R N IV BAERZL, 1E P/P0<0.1 XIHAA
BRI N B RE 7T, 7E 0.4<P/P0<0.95 X I AF /LT J5 M1 2k, W FeOOH@PCNFs
[FIR AEENFLAFL. B 4-4 (b) A Fe-140. Fe-160. Fe-180. Fe-200 FF i (I fL
rafilidk, SditHE, 53] Fe-160 £ ML R K, H 56.5 mYg, &l
RN 0.047 em’/g. MG AR AT FLER 247 B T4 T+ B il 1) e fb 1k
S ICARAE T T 2 1S MR AL S UR B R £ 2 (R R T R AR R RS B T ORI AT
Kl 4-4 (b) ATLLEH, FeOOH@PCNFs fLAAZFAiTE 0.2~5 nm XA, R T 5
A EZ IR LS

34



T TRER AR 227 18 5L

4 b —+— Fe-140
""w a o —— Fe-160

£ = —+— Fe-180
~ = j\_/\ —+— Fe-200
3 -

2 oo

s £

S S J\/\

S g

o g <

g e —=— Fe-140 N M

= rv"""wrr —o— Fe-160 =

N v —a—Fe-180 m

M v—Fe-200 . : :
0.0 0.2 0.4 0.6 0.8 1.0 0 5 10 15
Relative pressure (P/Po) Pore size (nm)

Kl 4-4 (a) Fe-140. Fe-160. Fe-180. Fe-200 (1) No W/t Zk: (b) Fe-140. Fe-160. Fe-
180 Fe-200 fAIFLA% 53 AT 1 2%
Fig.4-4 (a) N, absorption/desorption curves of Fe-140, Fe-160, Fe-180 and Fe-200; (b)
Aperture distribution curves for Fe-140, Fe-160, Fe-180 and Fe-200

4.3.3 X SHELTST R

4-5 7R FeOOH@PCNFs. CNFs Il PCNFs [ XRD 73 #7E. Al LLE
i, CNFs fl PCNFs fi#3 XRD HiZk 5 FEOOH@PCNFs #1411 XRD i 245 1 &
A A, FEOOH@PCNFs [ XRD [l 28 & A 2 R 51 B3 2 0 A7 5 0, X 3% B
FeOOH@PCNFs £ B} 2 AT 3 i FIHRFAE -

— CNFs
— PCNFs
Fe-160

Aew

5 10 15 20 25 30 35 40 45 50 55 60
20(degree)

& 4-5 CNFs. PCNFs. Fe-160 [#] XRD i
Fig.4-5 XRD pattern of CNFs, PCNFs, Fe-160

Intensity(a.u.)
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4.3.4 X Gt FREIE 1T

N T f# FEOOH@PCNFs HARLE IR ETC R, 0 AN A 7K S BT ot 46 1Y)
FeOOH@PCNFs # £l #1417 7 XPS 70 #r. @l 4-6 (a) Frow, 7 LLAE HE
FeOOH@PCNFs ] XPS (1] i 2k i 4E 5 B IR . Ui BHAE 7K #8245 ) FeOOH
2 fE i . M XPS Bl n] LAE i, FeOOH@PCNFs HfE7E Fe. N. C. O /Y
FITER

& o é Fe-160
< =2
E g
= Z
g >
| C
a b
1000 800 600 400 200 0 740 735 730 725 720 715 710
Binding energy(eV) Binding Energy(eV)

Intensity(a.u.)
Intensity(a.u.)

540 536 32 528 410 408 406 404 402 400 398 396 394 392
Binding Energy(eV) Binding Energy(eV)

K] 4-6 (a) Fe-160 ] XPS iG&]: (b) Fe2p, (¢) Ols, (d) Nls
Fig.4-6 (a) XPS spectrum of Fe-160: (b) Fe 2p, (¢) O 1s, (d) N 1s

Fe2p WE Kl (Kl 4-6 (b)) 7£ 724.8 eV 4bF1 711.3 eV AL HA A B AH[A
FIRFAENE, 23 3 JE T Fe2psn A1 Fe2pin ERHIE . X P MERAEVE A 4T B2 U 43 il A7
T 733.4 1 719.6 eV &b, XA T FeOOH HI4FEIE, P 4-6 (¢) Ols Jgitkirh,
AR, & — DMREEHARER — M, 531.9 eV ALMHRHIEIER
Fe-O-H %, 530.5 eV ALMFHIEIEE IR Fe-O-Fe . Kl 4-6 (d) 1 400.5 eV i1
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Nls BB N, ZJ5F N GRS INBRA RN B T, R A 2 T
B DRI LA XPS 25 R AF A XRD B RSN 14512
4.3.5 BULEMRER
ARG (R B 1 e A 7E = AR &R N EAT, TN 2 M KOH ¥

K 4-7 5354 Fe-140. Fe-160. Fe-180. Fe-200 £ 7E LIS HCN 5 mV/s~200
mV/s I FTsRf3H CV ik, ATLLEH, Fe-140. Fe-160. Fe-180. Fe-200 £
CV il 2 H A7 W S i S AW R IE iR 0 o [ K 0 S 7 AR P2 PR 086 0, it 4G ) 4
SR AE UK BE 2, EPH FeOOH@PCNFs A RMER AT TR i ik fE e, 7=
AR A R EE N E, BT EHEENS] . X5 B 4-1AHX R, BIKHR N
IR, AN FeOOH 1%,  HUBRAE 78 50T A8 v 7 A 1) AU A 5 B 7 gkt
. ERRESE 5~200 mV/s, HEXE-1~0V F, WUMFEGREZERH TR
T 1) e 1 22

- 0.034 a o Fe-140 —_0.02. b — Fe-160
-w 0.02‘ /';';’-___"::::j_ 'TD.D " f— ;
- < 0.011
= 0.01- =
E 0.001 E 0.00-
£ 0.01 £ 001
- = _0.021 yd — SmV/s
£-0.021 41— —— 10mV/s E 17 _,[r,':nv:s
E -0.03{ 11 7 ——20mV/s i -0.03 //  20mVis
] / —— 50mV/s O -0.04- ) S0mV/s
©.0.04 [/ 100mV/s : 100mV/s
-0.054+— : : : . , 0.051— , , , . ,
-1.0 -08 -06 -04 -02 0.0 A0 08 06 04 02 00
Potential(V) Potential(V)
= 0.061 ¢  Fe180 | _ 0.031 d Fe-200
"op 0.04 A T? 0.02- e
= 0.02 < 0.014
Z 0.00 Z 0.00
-0.01
< -0.02 7~ — mvis | 2 [ ——S5mVis
5-0.04- i ——tomvss | 5002 117~ —— 10mV/s
£ - ——20mVis | £-0.03{ ———20mVis
S0061 /- —SmVis | G g04] 7 ———50mVJs
-0.08- 100mV/s '0'05 g 100mV/s
-1.0 -08 -0.6 -0.4 -0.2 0.0 " 210 -08 -0.6 0.4 -02 0.0
Potential(V) Potential(V)

Kl 4-7 (a) Fe-140 fEAFFARIEAR T CV HiZk; (b) Fe-160 FEAFFTHIEE T CV

2 () Fe-180 FEAAAMIER T CV HIZk; (d) Fe-200 FEAAIHER T 1 CV #HiZk
Fig.4-7 (a) CV curves of Fe-140 at different scanning rates; (b) CV curves of Fe-160 at

different scanning rates; (c) CV curves of Fe-180 at different scanning rates; (d) CV curves of Fe-

200 at different scanning rates
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& 4-8 435N Fe-140. Fe-160. Fe-180. Fe-200 7EHL % E N 0.5~5 A/g Bif
MRAFH) GCD Hh k. A F i 35 BE AW i, FeOOH@PCNFs #4834 R il Y
ORI ] 2R R, B &IBRIEA R e N FREE =AY, R
IS FE 1] FeOOH@PCNFs A RF AR A8 EL A R I 1A 22 L e A rl 2R

25K’ 4-7 (b) MK 4-8 (b), EANFRFFHEEN 5~100 mV/s FHL
FER 0.5~5 Alg AT R, CV MZRIGZNREETEAR, AR RIS ML [,
GCD 2RI RIUFIIE I ARFIE . BEE R AR AR W, BRARAN [ B 0
2 B]FR) TE] S AR SR T 1 A 3k AR B v 1 PR B R, R B T A A SR R R
W) AR A, RWERIIZAR A S R E R AT . IR
WG, FeOOH W] REMAH AL J5 S AT W] LR IR 1580,

Fe(OH)2+0H-—FeOOH+H20+e" (4-1)
004 A Fe-140
02 —
2" -
.?g 0.4 .g ]
= ——0.5A/g| 2
2 06 1Alg | D
o ——154/8| B
2A/g |Bw
0.8+ salg |-
1.{' T - ) T L} T T 4. - T T T T T T
0 1500 3000 4500 6000 0 1000 2000 3000 4000 5000 6000 7000
Time(s) Time(s)
0.0 € Fe-180 004 d Fe-200
02 0.2
> - ]
= =
o o 4
8 0.4 —0.5ug| 2 0.4 ———0.5A/g
£ .05 Lsarg| £ -06] I
o -V — 1.3 & -0+
£ g 2 I 1.5A/g
! ———2A/g
0.8 0.8 \ sAlg
-1.0 .I - T T T T T T -1.0 1
0 1000 2000 3000 4000 5000 6000 0 500 1000 1500 2000 2500 3000
Time(s) Time(s)

K 4-8 (a) 4y Fe-140 1EN A IR ¥ T ) GCD HiZk: (b) 4 Fe-160 7EANIR] HL I 2 & R 11
GCD #i£k; (¢) 74 Fe-180 fEANA] U T () GCD #iZk; (d) 4 Fe-200 £EA A HL i # FE
¥ GCD #hzk

Fig.4-8 (a) GCD curves of Fe-140 at different current densities; (b) GCDcurves of Fe-160 at
different current densities; (c) GCD curves of Fe-180 at different current densities; (d) GCD
curves of Fe-200 at different current densities

38



gy N e e A8

O3 T A T 7K A B TP ) 45 1) FeOOH@PCNFs 3 B AE AR b, JFih %%
% M JE AT AL PR RE . ] 4-9 (a) Al TERRER N 5 mVis T, R
] e B2 i 2 1) FeOOH@PCNFs AR AR CV 4. 7T LLE H Fe OOH@PCNFs
MOENH SR BN, B —4% CV & AR — XA FEE, R
FeOOH@PCNFs # L AR HA TR A R . CV &R AR RS -ARE, 1R
i CV MR ITHAR AN, BT LU RL LG B2 S . TR RO AR 92 Fr) L F 28
. Rk, AE 4-8 (a) HRTLABHER AR, FE5 Fe-160 (19 CV Ik T AR 5
K, IREFEM Fe-160 B i m ML HEZ .

K 4-9 (b) N Fe-140. Fe-160. Fe-180. Fe-200 FEfH{EHZEIESHN 1
Alg 56 R332 GCD k. MEIFFTLLE H, GCD Hl 2k H AN /& 0 FR i 46 i
=M, MR TR, XM AAERRE, Hrh, RS Fe-160 5
AR, R4 GCD A (2-1), WHEAFSE MM BAEE, EHRR%EEN 1
Alg HIZER, Fe-140 HARAILL 2SN 1788 F/g, Fe-160 M AL HZE N 1825
F/g, Fe-180 FEMIILL LAy 1689 F/g, Fe-200 MBI EL AN 682 Flg.

00l b Fe-140
2> 0.010 ’
& 0.2
= 0.005 - 2 .
g 0.000 E -0.4
L =
= .0.005 g
= S -0.6
€ .0.0104 R
= -0.8
O -0.0151
Fe-200
-0.020 r . ; . . r -1.0+ T T T T : :
1.0 -08 -0.6 -04 -02 0.0 0 500 100015002000 2500 3000
Potential(V) Time(s)

Kl 4-9 (a) Fe-140. Fe-160. Fe-180. Fe-200 fEFAFEZ )y 5 mV/s I i) CV #hiZk: (b) Fe-
140, Fe-160. Fe-180. Fe-200 /£ L% E N 1 A/g i GCD Hh £k
Fig.4-9 (a) CV curves of Fe-140, Fe-160, Fe-180, Fe-200 at a scan rate of 5 mV/s; (b) GCD
curve of Fe-140, Fe-160, Fe-180, Fe-200 at current density of 1 A/g

NT BE—35 TR MR E X FeOOH@PCNFs [ FiAL 241 R 77 A i 5 i,
X} FeOOH@PCNFs F ik 47 ) B A 2= FH T (BIS) Wl iK. B 4-10 (@) K
FeOOH@PCNFs 1B} AR A A 2 BT 2 o ih 25 528l 7 B EE /R S5 3
BEWPE (Rs), mydilf [ AR B B A8 P (Ret), ARAI X I8 B2 PR

Warburg WPFH. HIEIAIRI, B Fe-160 HNEA B/ | HAE, AR
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Fe-160 FABR AN L A o 5 & e IR BEL g dme /N o ZEAIRAIIX N, Fe-160 HRERIY
EIS HiZRARH im0 B Sl 22 MPRES, Yo m AR N 5. Fe-160 HLbY
[ LR T AR 5 A R R oA P s, B I P R T AR SR T 38 2 (M BT i R 0
T, KRR R B INE R HF RS T AR I 0 T DA L RS 1 LR,
SR A S A B S PRI 1A A e, B T 4 e R RO AR O 2 T P s T A
25 LRTIR, Fe-160 FLARTEFHTA AF S B FBEBURAR . LA b Stk i Hodis
R Fe-160 HA AR M B EERE, 456 CV I GCD #iZk, H3IML e
— 3.

Kl 4-10 (b) N Fe-160 fE L EEZH0N 10 Alg %644 T, I 2000 FES:
(LI 70 B R A B R PERE I 2 . NIEIHR AT DA, 2000 TR PRI 78 75
ZJa, WHARIRFFREN 83%. KA 1% FeOOH M EHWRE 7L AT LLAIN,
Qing 51N i 7§ 2 K #3241 % NiFe-LDH@FeOOH i tlAf Rl fEFF 1000 X J& 1%
Fi%N 90.36%. Pan G ML AMNY) (Fe@Fe203/FeOOH) KLk, JHIR
2000 (K5 EE R DRIF N 80%. Wei SR HI /K Ak il 4 7 40K AEIK B -FeOOH,
I AL 2 M AT VR4, FETE 2000 RAEIR TR FE 85% I HIUA 75 & .
FeOOH MBI IFEIAEREFF AR, B SCHFFUAE 2000 XA N FeOOH@PCNFs

e 3257
[l L AR
200 _ 120
i5 . ——Fe-160
1801 Q X b )
1609 Elou- w\
E“I .E
= 1407 5, T 80
E 1204 ' 2
= z
'\'2/100_ "1) 5 10 15 Q 60
’N 80 - " Z'(ohm) » g
Y60 ——Fe-140| & 404
40 ——Fe-160 | 'S
20, —+—Fe-180 = 201
—v—Fe—200 U
0 T T T T T T T T T T 0 T T T T T
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4-10 (a) Fe-140. Fe-160. Fe-180. Fe-200 f] EIS Hizk; (b) Fe-160 FIPHFA 14 RE T 28
Fig.4-10 (a) EIS curve of Fe-140, Fe-160, Fe-180, Fe-200; (b) Cycle performance curve of Fe-160
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4.4 KB

Aszih, BZILRIKLT4E. Fe(NOs)3-9H20 F1 NH4HCOs 73 VAR T ¢
KT, RIEHEBIN R, (R AR — DK PE R AT, ]
#% T FEOOH@PCNFs Bl . FFHFFT T AR K #4536 FeOOH@PCNF's L)
SERFITERERI RN . S5 RSB, BEERIRMNIRE N 160C (Fffh Fe-160). 1%
KL 56.5 m¥/g ILLRTER, HFLAFIN 0.047 cm’/g. H1F FeOOH@PCNFs 4
B RORGEHIRFIE, 72 BRI N 2 M KOH /K¥ATH, 1 Alg IR S5
~, FeOOH@PCNFs #1EME 57 L 25 51k 1825 Flg. TEK HLLE FEIE N E] 10 A/g
RSB 26 1F N, 4t 2000 (R 78 BRI SS ,  FE LA IR AR 83%.
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EOE FiLSRE

5.1 4518
AL A PAN ARRYE, PMMA Al fLi7), i i f 2 22 50K A0 — 5 e db ik il

# PCNFs. DAMCOEAL, 7EZT 2P IMAAFRELK SnCL #TH A, Hil#
SnO2@PCNFs #kl. 5 SnOx 34T E & 7T LI MBI PCNFs 173 25 44 14
BB S HAL 2 M BE o K SnO2@PCNFs 1E 2y AR RL R T84 35, 7T LA
HIRTHEB R AR IIERE, T BT I RE R, £ BB T3 K
UBAh, IR ISR AR R A AR SUE AT, IR SUR R A A AR
RIEETRARNT AR AL EPERE IR0 . 4 SnO2@PCNFs M RHRETE T i A4l
ik, &SRR A SRR, SR, SnO2@PCNFs HIAR ] HLAL 2 1
REfR 3] TR ISE. N T BRI 2 LRGP AR A 2R R, IR R
HCAE AR O e A AR T T A, DL PCNFs DNBRE, I — 25 K HGE # %
FeOOH@PCNFs#4 K}, 3F it FeOOH 714 /E PCNFs [ Ji5, H A2 1% e S PCNFs
A1 SnO@PCNFs AH LA IR KIIR T BARG R

(1> LA PAN B, PMMA NHIALA], IIAAFFE K SnCL &, 18l &
HL7 225 Rl CNFs, B2 — bl % SnO.@PCNFs # kL, #1541 Sn02 &
£ 5 LUK 22 FLBR AR LT 4E A RL 4540 R0 AL 25 PR BE MR . B I R A T
%28 PAN:SnClo=1:0.75, Friill & (1) 2 FLER K £ 4k LL R THIAR ITIA 371.66 m*/g,
SMFUATULE] 0235 em?/g, WAL EEREIL 62%. 4 HAE I H 2 35 1) il
B DURREON R, TEmRAR T, UKHRREESEN 1 A/ght,
bb LA S IE 539 Flge 7B HUMRAR R R MK IH R B AR E 0 i Ak TR e
SnO2@PCNFs-0.75 FEIRATRIHE RLTE LN 1 A/g BIZ6AF T, FERA AT Lk E) 138
F/g, BEREZEN 75 Whikg. SnO2@PCNFs ARG ILF IR TR E M RE, T
LN 10 Alg KIZRATT, K IEH 78 10000 (K, EERABLRIFEN 92%.
W Ve BE S LR IR SR AR SUE AT R R, L EL S T ik 845 Flg.
R SnO2@PCNFs HUIRM BLEA 57 (M B 2= PR AR, 7E REVR K A7 S B AT B Lf
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(18 FH i 5%

(2) LL PCNFs N # M, 5 Fe(NO:)si# 47T & &, i — DK #IEH %
FeOOH@PCNFs 4k} W FUA 7] Js B il %o i A4 RS A M BE (R 2 o 0 5 B
HERMNIREN 160°C, ZiEE N4 FEOOH@PCNFs # kLR A A 56.5
m?/g, SFLAFN 0.047 cm’/g. TEHRIREESH N 1 A/g AN, LRAEE
1825 Flg. {ERLIMEESHY 10 A/g KIZRAET, TEHFEHOE 2000 k)5, LLHEA
TRIFREN 83%.

52 RE

ACEL PAN J9tids, PAK PMMA il fL5T], P LR T DMF il % 4
Lo, BT AR DL B A IR % 2 ALK AT R R, DLt
fili5 4B &Y (Sn02) MEJEEEMY) (FeOOH) H4&, WA TARELL.
TR LR 55 T 2S5O0 2 FLIR AR 21 4k 53 6 MR 458 5 PR RS DL A 2 1
REMsZm . ARG FdE— IR -

(1) AICH FeOOH #RMFIEM G E R i A s, B R VEREEE,
fitim FeOOH MRHHIASE ML A R 78 . HIZA iEh¥s FeOOH@PCNFs il 45 A
ELUEA L VE AR, FeOOH@PCNFs A1 EHE — R A 2 Joidk eyl H #edhs
A5 BB R R HE— DB T AR X Al
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