Material Sciences T4 #}%}2, 2025, 15(1), 37-45 Hans X
Published Online January 2025 in Hans. https://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2025.151005

ZIF-67/PANIE &M R AT {25 & KB E
4 REFF %

S x4, Wk, X EHk, ATH
3 JRIEITE R 20 Ly B R B B s, BRI W /RS

Woks H . 20244F12 60 FHER: 20254F1H12H; KA HM: 20254F1H21H

HE

ASCENF AETHEERBEIE M ENZIF-67) R RN RIFHE BEENTRE, BdRIIR
EE B IE TR RC-ZIF-6 741K, FHBId AR A1, FEC-ZIF-67TH R RE A K % 5 IR K (PANI)
&Y, BAIRBC-ZIF-67 /PANIE &K . RACV. GCDFEISHEALSEE RHFR T C-ZIF-67 /PANIE A
FARAE 1 MBR R R ARV P AL Bet B . B3R BA, C-ZIF-67/PANISE & Btk AT 1R4£450.5 F g 1f LR,
HEAERRFENSAg 1T FEIT 5000k T BMERIRSE, WHEFETNREHELBFER71%, &
PHE RIFHTEIRFS E .

X

BAEM, C-ZIF-67/PANIE & H K, Hib¥, HHLEBEE

Controllable Preparation and
Electrochemical Properties Study
of ZIF-67 /PANI Composite Fibers

Yunwei Zou, Mingqi Hu, Meilin Liu, Xuejiao Zhou*
Key Laboratory for Photonic and Electronic Bandgap Materials, Ministry of Education, Harbin Normal University,

Harbin Heilongjiang

Received: Dec. 6, 2024; accepted: Jan. 12", 2025; published: Jan. 215, 2025

Abstract

In this paper, the cobalt metal-organic framework material (ZIF-67) with high surface area and good
crystallinity was used as the precursor. The C-ZIF-67 material was formed after calcination at high
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temperature under Nz atmosphere. Then, through the in-situ polymerization method, the polyaniline
(PANI) compound with a uniform density was grown on the surface of the C-ZIF-67 material, and fi-
nally the C-ZIF-67 /PANI composite material was obtained. The electrochemical techniques such as
cyclic voltammetry (CV), galvanostatic charge-discharge (GCD) and electrochemical impedance spec-
troscopy (EIS) were employed to investigate the energy storage performance of the C-ZIF-67 /PANI
composite electrode in 1 M sulfuric acid electrolyte. Eventually, it was demonstrated that the C-ZIF-
67/PANI5 composite electrode could provide a specific capacitance of 450.5 F g%, and after 5000
charge-discharge cycling tests at a current density of 8 A g7, the specific capacitance value still re-
mained 71% of the initial specific capacitance value, indicating its good cyclic stability.
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1. 51§

REVRJH BRI NS U 75 BRI B R B, A RO B A7 RE R TR D REDR M A e B 2, HE S
BWEC)HARBREEE. MINREE. SMfERAEMK MRS ESR A, & —ME i iEaeas
(11 [2]-

& B A HUE ZE(MOFs)M L DA R BL R A RHE i Ah . e AR PR SR 40EAS 22 R . 1E
R L MOF Ak}, ZIF-67 A m LR EAF MOF H T F 148 Co* & 1. i, mTHES
P, LT ERERE J1[3] [4]. B AT R4 il 45 1 AR AT RS e 2R MOF AR FLA5 F A 35
[5]. W5 EIEE S HEAY SHALIE 1 ZIF-67 #5058 & ratl DAPE i Fa b 2% 1 RE ARG PR A e 1 o

EFHIREY T, FEORE (PANI) 2 4 B 25 35 B FH J7 AR IS I B2 — o 8 Bl 2 R R,
FALIE SR SR, AR, ERLE, MAMK. BIEFEE HASKEF6]. R, 72 RS BiEHi
[f], PANI HLBRZE s A4 (KA 4i), 3 BBRAIS 1 ARG 73 aw AAS 2R R R [7] 0 LEAT X AH G [a] R Ak
B E, ARG INE R PANI 5H AR T 456 . @i X P SE6 770, PANI BRI £ H b K E
BEM, AT RIEHR BARE BATERE, BRI AT DU AR R IR U T SERIN U RE, IF HAES
SRR 2 LA AR AR T LM DA KRR E PR T T DR 3 D&, NI 1S ) FR A SR AE M R R I B I £

TEARW T, KBS & 2 % ZIF-67, PRl ILi@Ed mib izl & C-ZIF67 BNk, &2,
B EALAL R AT, K RIR(PANNE 5 2 ¥ S PUARE T C-ZIF-67 (R 2 I, HItIhflfs 7 C-
ZIF-67/PANI &4k} . il IS JEHMR 222 (C V)« 18 LI 78 i FL. (GCD) A LAY 27 B 135 (BN S) A FLAK 7 F52 AR
il £ I AR 3R AT I,  FRTEA R S AT BRib 2 Ah, X & AT R BCE R, S5 ILH
T EE R T

2. LIEY
2.1. (557
7NIK AR (Co(NO3g)2-6H20), 2-H LK (CaHeNo), S ALk (FeCls-6H.0), R % L M(PVDF), N-
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FH LN g B2 (NMP),  H i (CHsOH), #KJ%(CeHsNHy), hEZ(HCI), il (H2S04).
H#E T E2HEI(SEM, SUT0, HAMRIN S HSLHIMERT), X FRATHC(XRD, D/max2600, HZA
HUERRAR S24E), JUETHRAE(DZ-IBCIV), AL TAEE(VMP 3 7).

2.2. MREHIE

2.2.1. ZIF-67 Bl &

[FIREE 4 mmol 2-F ALK 15 1 mmol /5 /KR GG VA R 12545 40 mL B BeAt i, IR IBCE fERE 4%
Peag ERREEBEE 1N, B RO R TR A VA VRORS 2 O P I O SR A TR A BT R, ST TALKS
BOa b E A AN R AT RE A BIRR AR, RE P 5 YR T E T 60°C 1 H 2 TR
FEN TR AR 12 /N
2.2.2. C-ZIF-67 B9 &

Wl & UF I ZIF-67 AR E FE i, 78 NS5 F B 1C/min 138 3R THE % 800 CHikAL, RAIKA
C-ZIF-67 #KL, W#HN CZF.

2.2.3. C-ZIF-67/PANI Kol &

B4, K 9 mmol SUAL S A (FeCls-6HO) A il AE 30 mL Z84/K T, SRk E R Lk s, Rk
CZF M RTENVEW A, 6 mmol EhFRZHAS M AN LR A, HAERE 1 2% Bl BiR: 20 78l &Jam
A 4.5 mmol RIZIER, H4 FIRERAE 60 CHEE NEE 12 /NS, HOA I UTIE Y F oK ZBERNZE 1K
A e, BRI R G A RSO AR AR . K RHECE TETRAR B 60°C T 12 NE, RIH C-
ZIF-67/PANI B &KL, faifk CZP, #AEHEKE 1. 2. 5 X5 HIF N CZP1. CZP2 fl CZP5. & 1 Al N5k
e, v DL E R B R

Co(No3); /| | 2-MELM g g
- ~u |
6H,0 [~ s | - mmmp
Methanol Aniline
monomer

Figure 1. Schematic illustration of the synthesis of CZP5 nanoparticles
[E 1. CZP5 R FKL & BB R EE

224, BILFNE

Xt F RS, BT . 2RI PVDF 76 NMP & F iR & . EIDESHT Ak R it R 15 4r 4t s, 76
FA(KQ2200B) ke A 1 /NI, B — e A R A e AL b, JRAE 60°C FE AT, HIMEM TR
AT 0.5%0.5 cm? BT AURIZ) 0.5~1 mg [¥)5 & 6. FARMRL I 5 2 vl DUIE I Bk & S bR T J5 1 Ak 4K
KR AF . EERAUE NER A, FOVH RG0S0 S k.
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FirAA AL TE VMP 3 B Al 22 TAR S FakAT . sl JEFR R 22 (CV) FIE I 78 5 HL.(GCD) /5 2
Mk CZP1. CZP2 1 CZP5 HIMR I HIAL =1 B, P =R RS H, 1.0 M HaSO4 AE AR LR,
SEVE X Bk, Ag/AQCI FLARAE NS He B, 76 10 MHZ~100 kHz FISRIE RN, JH AL BT (EIS)
WHIL T RN A 2k

3. /R5HE
3.1 HmEHRSEMRIE

K 2 2 PrA A SEM BUR, 0T LATE MO0 U BRI TESRHE . ] 2(a)y ZIF-67 A1RL, 2RI
FUZETE A+ IR RIER, RIFEHEEH . Kl 2(0) B/ ke 5t ZIF-67 Hi IREAT A1 C-ZIF-67 4K44
BE ATRLEH, MRS+ AR RS S fE IR A, KA S Co SR, Bl 2(c). Bl 2(d)y C-
ZIF-67/PANI E& 418, CZP5 EEMELE T A 1 HBUEH PANI =, ASRE BELH I 5L VIR (1 -+ iR &5
), (HEEEH C-ZIF-67 MIIAZL:M . HItiin, PANI REWEEE RATRE IR HIL BRI R M
SRR CZF R, AIEMRFHUEHSZI, MR T Em e B mfeth, iRk CZPs 7ESbr i
M P PR R R AR RkRE .

Figure 2. SEM images of (a) ZIF-67, (b) CZF, (c)-(d) CZP5
2. (a) ZIF-67. (b) CZF. (c)-(d) CZP5 Hu3FHEE F R (SEM) Bl

| 3 Fi7R N ZIF-67 C-ZIF-67 Fl C-ZIF-67/PANI & KHKT XRD #T4FEl, H1 LA @ MR di A 4544 .
£ CZP5 fiTht I, ArF 26°4bAH —Agiid, 3% Ju 7 47 SRR 19(002) i i A7 4HU4[8] . CZF F1 CZP5 #irht
& AL T 44.4° 51.6°H1 76°Ab I ATSIEE, AT LAREF O & T4 8 Bhi 44 K TR (JCPDS 1-1255)#)(111).
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(200)H1(220) i [HI[9] - 2 ] ERAR 22 1 22 R R A AR A SRR M, BT W] d s A (R A7 AEIE S CZF HIAFAE AL T 9.1°,
14.8°. 20.7°F1 25.2° 448 DUAMFRAEVE, I PUANMRRIEVE 43 HI% B2 PANI [#1(001). (011). (020)#1(200) & H[10]
[11]. ZHRFEH, 5% CZP5 MELEA RIFHILESHE, PANI HIIHETE C-ZIF-67 A RIR M
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Figure 3. XRD diagram of the as-fabricated samples
3. P& HEmEY X ST 0759 (XRD) El1E

3.2. BILEMEEMR

IS BIAE [ E T REE R (5 mV s )RR FE(0.5 A g0 N T FIEIMA 2492(CV) B 78 U (GCD)
¥, #FFL T CZF. CZP1. CZP2 F CZP5 HiAR A EL 2R FLfr - L], W& 4 FoR, Pl B AR AL AL
CV 23 LIt MR AT TR, I I8 2 BT R s e AR A LA T 3RAS 1K . OV |2k AT A B B AR 1)
HALEEYE . AR A RE SRR R, dd ot e R RITHI AR T N CZPS EAMEMET CZF, R LT
(IR, CZF AR CV A — XM g, XIAR TR e CZF RIMIMFAE> =4 & @b
AR GE Y, A5 2 R A AR F A TR [12] o 7E A S AR, X SR & R RS R B T
(Co™y ] IZEANRI R AL S 2 TE e i, AN Co? Ak A Co3* (BEULIE FE), Bl M Co**id il Co? (if Rt FE),
PR S5 S N =2 SR B T AR I TR R 22—, TR S A R SR s T84 0Tk, CZF #4
BHEE #52 K PANI 5, M XRD B i ARG & B RR IR, JEAR M AL JFIE, /e CZP1 Ml CZP2
1) CV EH &SI R AL SR G, XA T2 R ARIE SR AS TR NG 5 T A 3R G U R A 2 TR ) f 7
BRAE AR R E A S TR SR AR 46 [13] . M 4(0)HH ATLAE H, 76 0.5 A g HiX—HIR % &~ CZF [th i
ZMH N 66.4Fgt. CZP1ik#|3275Fg™'. CZP2 ~386.5Fgt, CZP5 ¥ &ik#|450.5F g, JlidHdixttt
AfLAIRFE Y, CZPL A AR IS RIS I AH RS T CZF FEAR T = A2 KR N, B PANI 135420t T CZP
SEMEHEZNE, JEREE PANI FIZ RN, CZP B-adrkHi sl - ML e B i 5 .

5 M 6 73 i & CZF F CZP5 WA 4 K BURL FE AR AE A Rl 22 1) CV i Ze F0AS [] FRL i % B
T GCD fhizk. Xt 5(a) 51K 6(a), WHEAH CZP5 1) CV #iZkm A kT CZF, # W CZP5 [ H 4T
RNERIMFEL . 5 CZF MLk, CzZP5 EAMKIEM N PANI B %2405 7 B MBS, AR TNk
3R E[14]. % T8 5(b) 5 6(b), WiRhELMLAE 0.5 A gt HLIRZ5 R ) GCD MiZk LA i K, BB
LI B AT BN DL R, B RO 78 R I SR ARSI AR A0 B, T e 8 2 TE B RS M2 i H
PRI BB R 2 I AR TR BURPIRL, XTI O A R, AR H s g
fH. CZP5 HUMRIILL RAE TR, WEHE TR B2 2 T CZF k.
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Figure 4. (a) CV curves of various nanoparticles at a scanning rate of 5 mV-s™; (b) GCD curves of various nanoparticles at a

current density of 0.5 A g
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Figure 5. (a) CV curves of the CZF nanoparticle electrode at different scan rates; (b) GCD curves of the CZF nanoparticle

electrode at different current densities
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Figure 6. (a) CV curves of the CZP5 nanoparticle electrode at different scan rates; (b) GCD curves of the CZP5 nanoparticle

electrode at different current densities
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K 7 & CZF Al CZP5 (AL 2= BT T S o 7E R AT X 3P, 2 [ 9 424K 3R L 7 % 7 F P (Ret)
[15]. CZP5 & & HLMR (2 R N2 ] 8 /N T L CZF B Bk R, WatEmwE m T PANI K
G AE15 CZP5 B LM e # FOFHL T /)N, HLff e B8 TE 25 5 b AT, IO Z T . fERAIIX 3 A, CZP5 5&
R L CZF MRl B AR X IR R K, X R T S UF AR RE, 5 CZF ML B A BRI S 755
HAE[16]. FL, XWIGIE PANI #2157 E MBS TR HEE, 143 CZP5 HI ML= REEL T

CZF.
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Figure 7. The Nyquist plots of CZF and CZP5 nanoparticle

electrodes
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Figure 8. Cyclic stability test of CZP5 at the current of 8 A gt
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