®3H H3IW WSR2 2 (A BRREERD Vol. 31 No. 3
20184 9 § Journal of Liaocheng University(Nat. Seci. ) Sep. 2018

XHEH|Y 1672-6634(2018)03-0007-05 DOI 10.19728/j.1ssn1672-6634. 2018, 03. 002

FeOOH /i A 2 PE: i JIX el 3% 1y () % % I
LA PERE D

REAE HAEZ ZFE IRL

(LHMBERE LSRR, L M 221116)

N B SARNRIBFOKRBELSART — 4518 FeOOH/ A Z R e, B A ERBRE
% FeOOH & 2K &4, R A XSt EB AT S B LB X HEL L T REFHATF2 4
FREBBSTRAE KA ARERACEZAR, AT L ELF R £ 8OCKBLEMS
T2 69 FeOOH/BA LR A B AT HE240F « g, K 2000 AR ERFEFHE
8%. A AN, FeOOH/BAFHRER LR MNEFT AN L AHR AN HF . CLFRER
W REA G BEANE.

FRfliE FeOOH/BA ; FREBR L RA LA S 0L FHE

HES RS 0646 XWFEREB A

EEHEN T FERART RN CERR, TR HEAME RS TR SAREHANRN, A
FH EMEZEV T 2 RE. BEE A 4R & HIREE RIEI 0 FRE TR 5, F/E
ZUMESHRALBARE EHRBRMNEREE - EREE L LHFEAY. B, SEEHEERNE
PV B AR B BN B R AR R B R R R R BT ST O

AP ELRA RN . T i M AR I AL A M B E DL 58 B 4 45 U0 o R LA Y % 4 R e AR B
AR, HAREEERE TG ERAME, BETERK RS ENE EARRE SHARSEERAK
SRERBHIL. BHHAEFRNIORNERNRR. SREAYHTH EBET RIS BB AMEE, B
BHEER, AAEHRRE, ERREBEINABEERRME L BERESEEEHRE. Bl REBRR . A1k
MZEHERRN—FERRERMARMY /B E S EEBR, B A% 0 85 BAA ST
B R FFEN R RERFREMNE, 2 HEADH R ERTE ILEE RSB BRI GE
Bl

EEZHEAHH,FeOOH WHAZERMEA DR Q.0 VO . T/EHEMK(—0.8 V, vs. SCE), HEH
AR, R AR AR I AR S B (H R, FeOOH A 51 B E, #l 4 T HBMEMENRIE, A5,
Fors LA S B 3 B R A T L AROME R T B R T AR Y BEAR N S M SRR R R T OBOR A
BB DA b R, BT B E A AR 4 R AL B SRR A SR A B FeOOH. M AR, X R R 43 K 44
BRA/DRTRALRER, EBRER SR B M REEEMR, FEE TERIE T B EE. 4
0. BETAFRE FeOOH 4k BRisk & F U4 . — 49k B RIFH B A 68, 5350, S8tk
HEBRYE S WREE FeOOH Ak 3 B RE I E E 7 ¥k, FeOOH/ A #41 \FeOOH /fik [ 514 |
FeOOH/ PPy S #R R B H B IF i) o3 5 45 1 .

B L TIEERB T Bkt RIFHM FeOOH BB HRR SRS I BBRAIT S, M A
FeOOH Ze 4 ¥ R v AR B9 1R B 3220, BB TR 5 22 57 5B S IR 4R Al K # ik #% FeOOH 44 K BURL 4=

® YA HH.2018-07-30
HEETH - BFXARP2ESITHE (51702138) s ILH 4 B AR %L ST H (BK20160213) ¥ B
FEIRAEE  ERL, &, WU, L, BI# &, B 3T 5 1)« B8 YR A1 B s E-mail : wanggh@jsnu. edu. cn.



8 B3 K % 2% RO R B 2E RO

KEBA L, YRBRRK 9. 1mg e emHRMBT 716 F « ¢ ' WHB AR BRETRENEEHE
% T FeOOH/ A #ME AWK, RM FeOOH B FR ARG B/ LR, ARLRF BRI B EFNH
BB,

2R SR 17 A 5% 2 4 B K AR ¥R FE 8 4 (CC, carbon cloth) R HEI 451 2 K FeOOH 44 K #t8 , 3 BF 5T
TKEREXN FeOOH MMM M. TR R R AFERZ L A SR s, RHIRET .~ EH
REMBEBR BB SRR AIEWA R, B —F PRGN 5 TR R TR, RS EFa e T4
PERE MR I % B T R A8 FeOOH MR AR 2SR, BRI, BT 18 FeOOH/ i fi R HIRH R MW A &
Fiik 240 F « g7, 73 2 000 B A BRFEFRRFIL 78%.

1 SERMB5r

1.1 FeOOH /% 15 22 ¥k # Ji by i 0 ) 2%
L1.1 HAFER N 2 cmX4 cm BERAFRA 2 mol « LT RS BRIE W, ARG 7E 100 C & AT /K #UR Bi
10 h, fF HRRHE HmARE  AEEFRKERZEP S, 5 TR KRE.
1.1.2 FeOOH/# A £ 4 % &. % 0.3 g Fe(NO;); « 9H, O T 100 mL £ F/K B 15405 B
MBEA Fe(NO;); « OH, O B BH R 0.5 h ARG KEAHE 2 h, FREE /KSR, BT, HiEF
RE. YK IR E N 60°C.80°C H1 100°C i, BT 45 i £ & 4 B 12 /E FeOOH/CC-60, FeOOH/CC-80
FeOOH/CC-100.
1.2 FeOOH /5t 7iv 7R 11 7 iR via A 1) 3% AiE

R X-5F R B AR AT 5 (XRD) M 5 #4804 B 0 9 A0 0 5 4 , 52 5 o BT 4 FB I X #3 B 5 24 Bruker, D8
ADVANCE, Cu-Ka(A=1.541 8 A), B #i 2 40 mA, #L[E K 40 kV; 5 A & 5H 3 B T B 2445 (SEM,
Hitachi, SU-8010, & B & 25 kV) RAEABHY TEAR AL S #. R A X-STR 0% B F 5B 1 (XPS) Xt 41 819
EALA BT T R, FrBINES A VG Multilab 2000, VG Inc. .
1.3 B fbsE kAR it

F Ak 23 M BRI IR 7E = AR AR R P 34T, 81 B 1 FeOOH/CC 2 1 M B b 4% O TAE AR, LA Pt HiAR
So#E B e AR e AR , DL HgO/Hg Bk AS ik, R A 2 mol « L™ KOH /K ¥ BAE R LK.

{5 5 70 3 H 3K 7E LAND H s R B 48 (CT2001A) E5g i, B EFEE S —1.0-0 V (vs. HgO/Hg).
I T R Bl AR OR A B AL B RN P RE A T B AR R T B AR R A B TR

IAt
Hf I (A A () m () F1 AV (V) 4359 75 B B 00 S B I (R L S5 M A B R B AT R 0.
PRI R AR
7= £ X 100%, ¢

Hoo td F1 zc 43 52 K R B[R] 0 78 R B TR

PEIRAR 2 T3 A0 38 I BRLBE WA e v b AR (B
1R LA A PR A F] CHIG04E) | #E47. 73R A 22 3K i
JESERE N —1-0 V(vs. HgO/Hg) , HI#EHE N 5 mV s,
28 1 BEL I 328 A4 3 = 38 [ 24 0. 01 Hz-100 kHaz, $§$k 4
5mV.

Intensity/a.u.

FeOOH/CC-60

FeOOH/CC-100
FeOOH/CC-80

PR IR R A S SR M |
10 20 30 40 50 60 70 80

2 %%Lﬁﬁl‘iﬁ 2 Theta/degree
B 1 Al &K FeOOH /B Am B s A% 19 XRD 3 , Bl 1 FeOOH /CC 4 % Bt iy XRD 3% B
AR AR TR B R, B R AR & 2R 47 B3R, A HEf DLE |, FeOOH/CC-60, FeOOH/CC-80 #1

FeOOH/CC-100 [y B, 7E 20=26°"F1 43° ) 38 i (9,04 7T )5 J& 2 p-FeOOH™ 1, H FeOOH K3k & 1k
.

.




®3H R 4R I8 % : FeOOH /B AR 52 ok R vl AR B9 ol 28 B LB R L S R MR BB BT Y 9

Rt — e FHEEER A KK FeOOH H LR M E A, X FeOOH/CC-80 HARET I #
KYRHATT XPS WK, M Fe 2p W4 B, i 2(a) 7T LAWERBI7E 711 F0 725 eV b BB B 4 1E
¥, 7] 3 J& A FeOOH H Fe 2p,,, M Fe 2p,,, MR RE, 73 HMTE 717 F1 733 eV AL WARIEWEFTIH B K
FeOOH ) Fel™. O 1s MiERFE 2(b)FE 532. 7.531. 4 F1 530. 4 eV 4bH B0 B9 454E 180 L4519 8 4
H-O-H.Fe-O-H fl Fe-O-Fe . Fe 2p f1 O 1s 4 Bl 3 — 25 € 8 28 FeOOH.

Fe 2p (a) 01ls (b)
Fe 2p,,

Intensity/a.u.
Intensity/a.u.

740 735 730 725 720 715 710 705 538 536 534 532 530 528
Binding energy/eV Binding energy/eV

B 2 FeOOH /CC-80 R {k# /& L41K H i XPS &M (a) Fe 2p 2;(b) O 1s 5%

&l 3 5 FeOOH/B A A1 ¥ SEM . B 3(a) B8, A7 B B BRI 10 pm R EF 4E 3245 i 4 T
s B T B AT RA SR PR, B A R ARG R B A 3 (O fM (A LIF W, B AR B
HRE, S MM B T FeOOH 49K 1R. A 3(b) Al DITE#E HuE 2] FeOOH 44 R Bk 34 55 3 A R 7 i i 3%
T, BRI R T 4904 30 nm. FeOOH/CC-80 K SEM K, i 3(d B FeOOH 44K ki 557 i 4= K 7R 5% A
B SR ERE, AR S5HF ZEPER S0, 06 H F T B R RS T 7015 48 i 2. J3(D
22 ,FeO0OH/CC-100 B FeOOH &4k Fohr , ki R ~F 24 50-60 nm, fvkr R ~F 3 FeOOH/CC-60 Hi,
A B R, X AT RE R T K YRR T 8 FeOOH BURLAE B IR, A SEM B X L A] DA i 5 K A
RERZW FeOOH/MAM BBRMUEHNERRR.

(o (o)

M 3 FeOOH/CC F:HEM BH B A SEM F (a) ,(b) :FeOOH /CC-605(c),, (d) :FeOOH ACC-80; (e) , (f) : FeOOH AC-100

Kol 5 B SR B e ARFE AR R P AT T B R A S RE Ui, B 4(2) 2 FeOOH/CC-80 Mtk 72

2 mol « L' i) KOH KEBF , AREET WEMR LMK ME R, EREBEAN—1.0-0 V(s

HgO/Hg) Z 8] , & 3R % 1 4% 70 30 e B8 4R T » U A L4 BRI B2 T XU 2 WA T DLE H — X R4k

JR g, B FeOOH A1 8}k BEEE T i A0 A BB R 1] 4(b) 2 FeOOH/CC-80 H A% i 7 i Fi Bl 4%, s (&

B, B ARAE—0. 8 V A BB R A, W BT Fe(ID /Fe IDZ MMM EF AL, 5 CV IRF AL
i JER 148 %of



10 B K % 2% ROE KRB 2E O

(a)

3k

Current /Ag™!
Potential / V (vs. HgO/Hg)

n 1 n 1 n L n 1
-1.0 -0.8 -0.6 -0.4 -0.2 0.0 0 100 200 300 400
Potential / V (vs. HgO/Hg) Time/s

B 4 FeOOH/CC-80 Rtk #MB R BRAE 2 mol L' iy KOH K # ¥ b b i 4L 22 RE W 3
OFEFFRHETHWEFRRME; (D1 A g ' W 0K HET 7R 2

Bl 5(a) iy FeOOH/CC ZHMBEH RN BEIREREMERREE. 1A g 'HWEREET,
FeOOH/CC-80 MK H BB H i LA R, IR ILEEN 240 F « g7, 183F 2 000 FF R BAER
PRIFTE 185 F « g1, ARREFFERN 7800, AR EEIE 100%. B 5(b) K FeOOH/CC-80 MR i 545
B, AT AEM,7E 1.2.5 F1 10 A » g 'R FL B E T, FeOOH/CC-80 Ak Bk 8 L & 8 20 5l 210,195,
172 #1136 F « g7' 4Rt B 37 Af5 R HE 58, FeOOH/CC-80 ik HREL R E EIFRHE FeOOH RF K
REW, AR THT/EFEH. B 6 AR SFNESHRBRKNZRME LR, AE 7T LUE H FeOOH/
CC MR F4E FeOOH r % iy BHHL 3% 4 b R 3 X B9 2 B AR X 0 — R HE R AL T HE & W EB AR K H
1o 9% % P BHLITE 3/ T2 FeOOH R AR B W 7 9% 75 KL, X2 B T34 FeOOH BB L /G, AR B R
PR K. FeOOH/CC-80 BILH H/Mym A B mi fH, BEBA 3 et B4, Rk R A R
A R BE.

100 240
300 M ®)
| \_ 90 _ 200
_ =] 5o
o ] s h
. =
= 80 £ R
E £ E
= 70 .E I 120
< 1 =
s 100 L B 5
E —4— FeOOH/CC-60 E £ 80 —+—FeOOH/CC-60
& I —a—FeOOH/CC-80 d6o © —=— FeOOH/CC-80
—e— FeOOH/CC-100 —e— FeOOH/CC-100
0r —v— pure FeOOH ] 40 - —— pure FeOOH
1 . 1 . 1 . 1 . L 50 . 1 A 1 . 1 \ 1 A 1
0 500 1 000 1500 2 000 0 2 4 6 8 10
Cycle number/n Current density/A * g
B 5 FeOOH /CC 34k W JBE v % it B AL 5 1 B2 i
(DFE 1A g ' WREFETHWHETHFFNEREER; (b EEEE
v
3 it 800} e FeOOH/CC-60
—=—FeOOH/CC-80
N —=—FeOOH/CC-100
ﬁﬁﬁ$%7kﬁ%%J%T FeOOH/CC i‘ﬁ%ﬁ EBA&’ 600 F —&— pure FeOOH

RIUK AR REM FeOOH RN EBREER. ERMEA R
H REAT B R L A AR M BRI IR, FeOOH/CC-80 iR A 30 M1 %8¢
R R LA B B 5 R REFIR R 8 IR MR AR

RO E ) 40 3 BN B 5548 22— P K P AR 200'/,;;:7‘\\\/
R A BTN, : -

0 200 400 600 800

z'/ohm

z"/ohm

400

B 6 FeOOH /CC ¢ ¥ i B f Bt i) 2% 15 BB 3% B



®3H R 4R I8 % : FeOOH /B AR 52 ok R vl AR B9 ol 28 B LB R L S R MR BB BT Y 11

2 % X W
[1] Liu W, Song M, Kong B, et al. Flexible and stretchable energy storage: recent advances and future perspectives[J]. Adv Mater
2017, 29, 1603436.
[2] Wang X F, Lu X H, Liu B, et al. Flexible energy-storage devices; design consideration and recent progress[]J]. Adv Mater,2014, 26
(28): 4763-4782.
[3] Chaudhari N K, Chaudhari S, YuJ S,Cube-likea-Fe; O3 supported on ordered multimodal porous carbon as high performance electrode
material for supercapacitors[J]. ChemSusChem,2014, 7(11): 3102-3111.
[4] HeY M, Chen W J, Li, X D, et al. Freestanding three-dimensional graphene-MnO;composite networks as ultralight and flexible
supercapacitor electrodes[J]. ACS Nano,2013, 7(1): 174-182.
[5] O'NeillL, JohnstonC, GrantPS, Enhancing the supercapacitor behaviour of novel Fe; Oy /FeOOH nanowire hybrid electrodes in aque-
ous electrolytes[J]. J Power Sources,2015, 274: 907-915.
[6] YangJ, Wang H, Wang R F, Facile synthesis of core-shell FFOOH@MnO; nanomaterials with excellent cycling stability for superca-
pacitor electrodes[J]. J Mater Sci; Mater Electron,2017, 28(9): 6481-6487.
[7] Wei GJ, DuK, Zhao X X, et al. Integrated FeOOH nanospindles with conductive polymer layer for high-performance supercapacitors
[J]1. J Alloys and Compounds,2017, 728: 631-639.
[8] Zhang XF, Liu Y, Dong S L, et al. Low-temperature synthesized nanocomposites with amorphous FeOOH on Ti;C, T, for superca-
pacitors[J]. J Alloys and Compounds,2018, 744; 507-515.
[9] YuL H, Wang L P, Xi SB, et al. p-FeOOH an earth-abundant high-capacity negative electrode material for sodium-ion batteries[J].
ChemMater, 2015, 27(15): 5340-5348.
[10] LvY M, Che HW, Liu A F, et al. Urchin-like  FeOOH@ MnO; core-shell hollow microspheres for high-performance supercapaci-
tor electrode[J]. J Appl Electrochem,2017, 47(4); 433-444.
[11] Chang HW, Dong CL, Lu YR, et al. X-ray absorption spectroscopic study on interfacial electronic properties of FeOOH/reduced
graphene oxide for asymmetric supercapacitors[J]. ACS Sustainable ChemEng, 2017, 5(4): 3186-3194.
[12] LiuJ Q, Zheng M B, Shi X Q, et al. Amorphous FeOOH quantum dots assembled mesoporous film anchored on graphene nanosheets
with superior electrochemical performance for supercapacitors[J]. Adv Funct Mater,2016, 26(6): 919-930.
[13] Barik R, Jena B K, Mohapatra M, Metal doped mesoporous FeOOH nanorods for high performance supercapacitors[J]. RSC Adv,
2017, 7(77): 49083-49090.
[14] Wei Y X,Ding R M, Zhang C H,et al. Facile synthesis of self-assembled ultrathin-FeOOH nanorod/graphene oxide composites for
supercapacitors[J]. J Colloid Interface Sci,2017, 504: 593-602.
[15] Xiao T T,Yang CL,LuY G,et al. One-pot hydrothermal synthesis of rod-like FeOOH/reduced graphene oxide composites for super-
capacitor[J]. J Mater Sci; Mater Electron, 2014, 25(8): 3364-3374.
[16] LiJF, Chen DD, Wu Q S, et al. FeOOH nanorod arrays aligned on eggplant derived super long carbon tube networks as negative
electrodes for supercapacitors[J]. New J Chem,2018, 42(6): 4513-4519.
[17] GongFX, Li HS, See L P, A fiber asymmetric supercapacitor based on FeOOH-PPy on carbon fibers as an anode electrode with
high volumetric energy density for wearable applications [J]. Nanoscale,2017, 9(30): 10794-10801
[18] Owusu K A,Qu L B,LiJ T,et al. Low-crystalline iron oxide hydroxide nanoparticle anode for high-performance supercapacitors[J].
Nat Commun,2017, 8. 14264-14274.

Fabrication and Electrochemical Performance of FeOOH/Carbon Cloth
Flexible Electrode for Supercapacitors
ZHAO Yin-long ZHOU Shao-wen LI Qian-yu WANG Qing-hong

(School of Chemistry and Chemical Engineering, Jiangsu Key Laboratory of GreenSynthetic Chemistry for
Functional Materials, Jiangsu Normal University, Xuzhou 221116, China)

Abstract A serious of FeOOH/carbon cloth flexible electrodes have been facilely fabricated via a
simple hydrolysis method. The nanostructures of the FeOOH active materials are adjusted by tempera-
ture. The flexible electrodes are characterized by X-Ray powder diffraction (XRD), scanning electron
microscopy (SEM) and X-Ray photoelectron spectra (XPS). The as-prepared flexible electrodes are di-
rectly used as anode for supercapacitors. It is demonstrated that the electrode obtained at 80°C shows the

! and it still maintains the capacity retention rate of 78% after 2000

high discharge capacity of 240 F g~
cycles. The as-prepared FeOOH/carbon cloth flexible electrodes possess the advantages of facile fabrica-
tion, low-cost and high performance, thus show potential application in energy storage devices.
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