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Abstract : The process of preparing polyacrylonitrile (PAN) based carbon nanofiber membrane by electrospinning were mainly

introduced, including preparation of nanofiber membrane, preoxidation and carbonization. In-addition, the performance optimization

methods and application progress of PAN based carbon nanofiber membranes were reviewed.
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R PERe, ELRTHR B 25 2236 1 45 19 CNFs B8 — 3%
CLPE I AT AR . R, #HL 2l PAN-CNF 1)
Hb 302, v B R G2 & AR R A R | H i AR b
PR g
3. 1 AERARAR IR 4G S R

CNFs T HA 3 195l R A LG R AR, 766 B 4t
HEN Tz RN, R S A A A A L K P AR
P b S5 T 4 R Y RO R A A 0 R e e G 22
14 T PAN/MnCl, 4KEF4E, 4 C,H0 RlEfE ., ints
F Ak, 15 5] CNFs /MnO, & & CNFs 3 ; -1 £ 4 3R 1
DU — 2 BRI (PANT), £z 445 %] T PANI/ CNFs/MnO,
A SR HL A AL T8 3t R v A TR AT e b ) R
#2771, 5 1 mol /L H,SO, Hi fif# W 41 i 1 BB 9 HL 25 4, i K
e ik E] 14231 F/ g (Hl TR Y 23 ferh & mEh
MnCl, - 4H,0 BYINA, S B0A W it [ R e g HE R 738 m
AR BN LT 4 5 25 i, — e BB RS T 2F 4 L

A W5 IN R CNFs 7B by s # i, 3 205 1 76 2 1
MG R AR Euul s R R g 2l T
PAN-CNFs, % 4 i 57 17 %0 B9 Fh 288 B &5 2 06 B8 1 F b
(LIBs) " Li *AOREAEPERE R TR A S 52 Im . BE Li "ML
AR A B A2 22 8], 38 0] LU 7 BT RE AL [ 1Y
BREATRAL, J5 & e T RRARH E B Z% M i LIBs 1Y HL
febERENE . RAKIRE S 600°C , 7R LR N 0.1 A/ g
i, JE R 200 W25 L2 ik 560 mAh /g, RIMEAE 1 A/
g WIS R BE R L AR 1000 Y5 b 75 AP AR e AR i1
200 mAh /g, TR iR i, DA | 6 F AR (1 725 6t
.

LY CNFs B ] FH BBk Ry 7 Rk it 2 — 1)
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LR P T PR TEARORA R LA R B v, P R A P 1 O
WhasE Mo il JL 1 S 2] P el 5 22 15 45 T PAN- G
YK GO B CNFs IR FH T HILBR i it 1) TE AR bR, &
BRYRASFN GO A TT LB i 48 T+ H s PR R, 7 2C fi5 %
B 200 B, 2 R IR E] 65.1% IR R E MR =
F) #2722 B4 £ T PAN-PVP B | PAN- 4 >k 5 &l
CNFs, I b T2 i i b 1) B s o, 2 38 PAN-PVP [ i
RERC IS MRS 1197 mAh /g, fE#F 200 Rl 72t
FREIE 67.2%.

BT CNFs e R R, b # A vy, FLRL BRI, &
A LB AR Fi i A F BN DR 1 B Rz TR, w52 45 b sk
SE="4 % SR S Rjik= ey b N E P N € A I EL B S T g A
T RE A T B PERE , LA AS R AR (R R 10 %o L
AR, v T YR R PR RR . 1 RS Y
I P 8 HL 25 2245 R ) % PAN—CNFs, 75 H: e 1m0 | £ 2% DU
T =Hh 98K (Co,S,) WKL, il 5 52 & CNFs A AL, 1 T T
ShASHH R XETR Co™ / Co™ FL MR B H 45 A
RIS PERN R IR 9.23% REEFEALACR , B4 CNFs £ 644
RHH T g R O A BE R LT ) R T AT SR
BT H3RA PENi A4 1 CNFs A MR, 37 i 4 )
BiB%, Hil# CNFs i3 Cr #8% PtNi &5 4 11 CNFs 541
Ko ZAME PLNi/ CNFs MRS LACRILE] 8.76%. i
WAl 45 52 A FHRE Cr-PtyNi / CNFs 15 AR X5 Hubi i A i3 [k
P T HOG R RE A R AR L Ge 0y PUAE D S O R
AR BRI F b P X FLARE -
3.2 IRIEARIR A

PAN-CNFs H1 T Buis G GRITERC , HA 05 W f
BT, ATV Ry AR R R T AR IR AL AR v, LASRE S b1 1Y
HLZ B BRER BE T, FEAIR k5 g R 0555 Y 78 PAN 922
WA GO, Co #h . Ni £k, 297 22 £ R il i, GO-PAN
YUK LT 4, B AL 5 158 B R ALK / A1
M — TRANK LT 4E (CNTs / G-CNFs) 2 kb, Hl i
BYURE Y, 1 80853 50 53 AR AE T, B AOK A R A KA
Fem, KK T MR H R m B, B3k 223.8 m?* /g 4
0.5 g CNTs/ G-CNFs 4 2% il L 2% 5 8 T4 R (CDI) Hl,
7 NaCI 1) JFi 5 ¥ & 9 200 mg /L &b BRI E] 75 10 min f
ST R BRER LR 8.17 mg/ g BRERFLR 20.47% ; JFH.
S RMEIAE )G | ok Eh 1 AR R RIOR T BN A, T BH X R 43
G 2L PR L ELA PR S 1 o e 1 R A A A I A
AET o WA RIS L 31 4 S g TR B AR
TR AR O A3 K A B R AN ORI B PAN
Yoo Wb R E Y 2 HOR T #T 3 AR CNFs., &
P CNTs-CNF's 2 AR B2 K H AT SR fL BB SR T, Al AR 45

P T, Ll T AR 05 5, 3K — R a5 R 1484 SRR B e
X% B T (B BE 5 7F pH=3, I %N 25°CHY, CNTs-CNFs
X Cr( VI WL B AL 3 52.8 mg /g, HARMME R 5 K5,
SR B3 S S0 U B4 60% , 2B HH fr 4 i W B i

UEAESR h TR RE (EM) 155, Xt T HL 32 P A A8 Wi
TIITRAWIG R . CNFs B R @ i M Fn v b
PRI LM 7 Fh B 52 8 AT T 2 S ) P G AR 1 BB A AR R
NS (8 PR RS B H 23 (R BELT C P 22 , AR
B TR A, R, Zhao Yijing 25 “Kt Sic 51 A
3| i it 27 2211 £ 9 PAN-CNFs JIEErp il £ T C-SiC 4K &F
HERE, T SIiC 5 A A R AR BEGT ISR , 78R L
YNSRI B IS, A S RO T LA 235 C-SiC 4iker 4
JIE P 3R, I £k P R Ak, TR BB S  SiC 4K R AN
FHL CNFs 37 14 5 f 45UFE AR fL 3 PR U FETH FE T EM fE
it AR GOREF YRR ELA S i AT St . C-SiC 4
K EF Y BEAE 200 YRS 19 s B AE B/ T 20%, 0F HEA
S AL BE OO RE . SRR 2.15 mm B[R] 5 RE S /M
537" dB, JEJE K 2.6 .mm I AR SE 7,11 GHz,
W, SRR BT 1 SRy it W Rk 7 FH 1 S PR — Ak rL
MR Eh o RIS T Co 9ok T B2 SR F L 4 22
244 CNFs w1, il % T Co-C 4k &F 4k, #5745 CNFs L%
PEREAT BN W2, > Co GIKKLT Bt - B0CR 7%, 1R IZE
BER 1.5 mm B, A RO ek B Bk, Sk 4.5 GHz, Al L
T4l CNFs, Wk PERETS 51 i 42Tt .

741, CNFs T S vE R B, X SR HAT 3
PEVEH 8 1R TiO, 2RI H TG HEAL AR P, 2228
A5 1080 S 1ok R 2 22 R B 1Y 1 SCHE B 1 THO, / CNFs,
SRIGTE AgNO, W il s Y TTRA &5 1 =t R A Ag/
TiO, / CNFs YA Ak 5 . 12 £F 4 i nT DL 4 Mg K B
W T g B T AR, 54 Tio, M, T Tio,
7 CNFs 5 93450 7345 L Ko CNFs AR B 1) S e, 6T
a4 TiO,, =J0E A Ag/ TiO, / CNFs JEXT AT LG W i
B A ORI LR 0L PERE . M4BT A 1%
i) Ag i, Ag@TiO, / CNFs % & FHIH B A #iik 95.30% F
AR, 4t S AMEIRE RS , R RCRA e A 2
88% LA 1.

3.3 HesR

A W5E 2% FI F CNFs iR e Mar FLBRS K | L&
PRG54 T CNFs 23 S B, 7 45 B 1) R T e
FLZ7 22 FIARAE FEAHSS A 1 )il 4% T TiO, & & CNF's it fiff
CNFs 1 JEBEY PM Il ZRACE N 40.7% 215551 99.92% , B
FERFARFFAE 70 PaLLF , AL (QF) #5ik 0.11 Pa ', [AIH,
TiO, GAMRLI /NS BONE, 152 & CNFs 510 2 A5 31 B
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WEE . JF BRG] T i 4 Tio, 4
CNFs EAE S /G RSN HA U055 1 PM B8 77, 4 )2
XFF PMO0.3
H T, % CNFs (9 K #8472 0 4 h7E D R Re i |, %

HIysbere i 0 Je . sk W R T 2 22 7 ikl 4 T
1) HES () PAN-CNTSs %t CNFs, 214 114 5 i 2458 ) 1K 5]
(2243 = 230)MPa, FL{H #LHAR £ 47 (170 + 15.8) GPa, ¥]20 15
S BB — 8 J12# R R CNFs (1 L 20884k, A 21
SERAE R AT IR . Tk b U R CNFs B 5 B
AT, §4 T A EME / CNFs &AM EHEEEE i giE
S CNFs Xf FE AR BA S5 AE T, JF 20 BZE R AR i
I FL I 28 DT 44 e A SEURE R S P 5 D LA g — b A4
TRY P R 0 A8 A% B A TR BE AT A7 A8 W), 2014 T
D2 5 b5 i Ze 08 TE J7 ik e T 3R EUREAR / CNFs &2
GBI AT AR Sy — G R0 10 728 A SR8 o7 T T 235 4 g i 2 M
e
4 LEiE

PAN-CNFs HA7 5 f % IVERUE PEAF L LR TR
LB AHCAR LU R A, 2O YA RIS i 2
—o RUE HHT CNFs BAH 5T T UG AR A Y 2 RAH A5 A7
TELUR IS (1) BT S s er A L, CNFs i 82125 4l
FROFAR R AR 2 R TCTEIS B T A A UL, AR 2200
JHAL M b T EIE B, (2) #2522 5 R il & PAN-CNFs 5%
Wi PRI 3R AR 22 , 52 L3 22 SO T i)y W LA A 31 5 4 B v 1
S CNFs [, FECHARARVERE TR (3) HHTHI# 1Y CNFs
FRIMERAR, BN AR SE I AR 2%, KRB T/IMAR LT
FRIPEBRON S 18 b, — e AR BRI 1 IR Y6
I, BRI AT i 2t R BEAR T L BRI 3 A R T Y
CNFs BT FE N 5155 3 0 5 1], [a] I 1 A 4™ Jee 3 1) okt
FHAB, R R ORAAK LT A = AR 2 R A sh AR o

2 & 3t

(] TH, 4 #iB g2 S0k e 4 M. b5t P E 780 i,

2014.

Ding Bin, et al. Electrospining and nanofibers[M]. Beijing:China

Textile and Apparel Press,2014.
[2] BFRH . U SRR 2003,48(4):48-50.

Zhao Jiaxiang. Fiber Composites, 2003 ,48(4):48—50.
[3]1 FeHE, % HR5134,2010,17(6):13-14.

Qiao Hui, et al. Technology and Market,2010, 17(6):13—14.
[4] Collins S, et al. Carbon,2002,40:1 089—1 100.
[5] JinLC, etal. Chem Phys Lett,2001,340(5-6):178-180.
[6] Merkulov V1, et al. Appl Phys Lett,2002,80(25):4 8164 818.
(7] TRIE . ISR LA SR TORRR AR R BN AR ST [D].

KL RHER,2012.

(8]

(9]

[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

Zhang Hu. In situ growth of carbon nano materials on copper
substrates by chemical vapor deposition[D]. Tianjin:Tianjin
University,2012.
P AR A R LiFePO, / C IEBBTEHYATSE [D]. & « tiZR
PHER, 2011,
Lu Cheng. Stuty on solid-phase synthesis of LiFePO, / C cathode
materials[D]. Qingdao:Shandong University of Science and
Technology,2011.
Chung G S, et al. Journal of Applied Polymer Science, 2005,
97:165-170.
TR 2 A RS R L 2019,48(5):127-131.
Wang Xinkun, et al. Synthetic Materials Aging and Application,
2019,48(5):127-131.
Subbiah T, et al. Journal of Applied Polymer Science, 2005,
96:557-569
Nayak R, et al. Textile Research Journal,2012,82:129-147.
ZE 55 M EFTR,2011,25(9):84.
Li Yan, et al. Materials Reports,2011,25(9):84.
R AE . MPRERS, 2019,33:89-93.
LiLin, et al. Materials Reports,2019,33:89-93.
IR . BT R VIRIE (B AOK EF 452 & ORI 48 55 0 [D].
M - M, 2018,
Song Xin. Preparation and application of PAN-based carbon
nanofiber composites[D]. Yangzhou: Yangzhou University,2018.
XUFRLT, % . #244,2020,57(12):1-8.
Liu Weihong, et al. Journal of Silk,2020,57(12):1-8.
PiRADT . HLZ PAN JEi 40 K 27 41 1) 2% i 0 A0 Seide M R
¢ [D]. L EREABER, 2016.
Chen Yongfang. Surface modification and electrocatalytic reduction
properties of electrospun PAN-based carbon nanofibers[D].
Shanghai:University of Chinese Academy of Sciences, 2016.
F/INAT 5 IRAEREE 2 - FLARBLAE R, 2008, 34(5):522-528.
Qin Xiaohong, et al. Journal of Donghua University:Natural
Science, 2008 ,34(5):522-528.
T, A A T, 2005, 28(6):5-8.
Yang Maoguo, et al. China Synthetic Fiber Industry,2005,
28(6):5-8.
Xpgese A5 RHEERAE S I, 2006,2(1):31-35.
Liu Huanzhang, et al. Hi-Tech Fiber and Application, 2006,
2(1):31-35.
Song C, et al. Journal of Porous Materials, 2009, 16(2):197-203.
EVEEAL . H G A RGN / K e 2R IR 2 AL eb R B e
SAPEREDIST [D]. KN - KRR, 2017.
Yan Guihua. Preparation of Cellulose / PAN based porous carbon
nanofibers by electrospinning and electrochemical properties[D].
Zhengzhou:Zhengzhou University ,2017.
IE1¥, 45 . 254147, 2017,38(2):34-36.
Yan Tao, et al. Journal of Textile Research,2017,38(2):34-36.



FAHAE 55« ST F ALY 223 R PAN SEORAURET2E N BE Ko FHRIFS T 1 F

173

[24]

[25]

[26]

[27]

[28]
[29]
[30]
[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

TRIEAE, &5 A AR KW, 2008, 23(2):11-13.

Zhang Wangxi, et al. Synthetic Technology and Application, 2008,
23(2):11-13.

XN, 5 A ETF4E,2007(12):16-20.

Zhao Congtao, et al. Synthetic Fiber in China,2007(12):16-20.
P LY 22k A R ARG £T 4 S U AL BT SE (D] i
IR MR R TR, 2000.

Zhong Jing. Preparation of PAN fiber by electrospining and
preoxidization[D]. Harbin:Harbin University of Science and
Technology ,2009.

HELL . RGI LT A AR AL T 28158 [D]. 13
AT T R, 2000.

Yuan Yuhong. Study on the process of preoxidization and
carbonization of PAN-based carbon fiber[D]. Shanghai:East China
University of Science and Technology,2009.

Zhou Zhengping, et al. Polymer,2009,50(13):2 999-3 006.

Kim C, et al. Journal of Raman Spectroscopy,2004,35:928-933.
Arshad SN, et al, Carbon,2011,49:1 710-1719.

RN . L LRI (PAN) YUK LT B R ALIFSE (D). I
I - RAEREE, 2007

Zhao Congtao. Electrospun PAN-based nanofibers and
carbonization[D]. Shanghai:Donghua University,2007.

TR . L g 22 A DR BRET Ak 1) T2 M HERBRI 5T [D]. WA 7K
I R Tl R4, 2013,

Hao Yuting. Process and properties of carbon nanofibers by
electrospinning[D]. Harbin:Harbin University of Science and
Technology,2013.

Lian F, et al. Carbon,2012,50(2):488-499.

Papircr E, et al. European Polymerjournal,, 1988 ,24(8):783-790.
Saint F C, et al. Industrial & Engineering Chemistry Product
Research and Development, 1982,21(2):337-341.

Saint F C, et al. Industrial & Engineering Chemistry Product
Research and Development, 1982,21(4):666—669.

Nardin M, et al. Journal of Colloid and Interface Science, 1990,
137(2):534-545.

RN, 55 . 2R ,2000(2):1-5.

Li Liya, et al. Carbon,2000(2):1-5.

FBA . WIRIE BT A A AL T 20 5T (D). et - b
TR, 2006.

Qin Zhiquan. Study on the oxidation and carbonization peocess
of PAN-based carbon fiber[D]. Beijing:Beijing University of
Chemical Technology,2006.

PN . A A A 200 i 2 PAN SR £T e S5 4 ML RE 1Y 52
M [D]. ALt : Jbafb T K2, 2016.

Qu Meimei. Effect of Preoxidation carbonization precess
on structure and properties of PAN-based carbon fiber[D].
Beijing:Beijing University of Chemical Technology,2016.

P . R PR A I B0 K AR 1) i B M HE A PR RE RO WS

[42]

[43]

[44]

[45]
[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[D]. KL« WrTHL TR, 2014

Ye Jing. Fabrication and electrical properties of PAN aligned
carbon nanofibers[D]. Hangzhou:Zhejiang Sci-Tech University,
2014.

WHRZE . BRI DR e K £ 2k 1Y) 7 1) HEA A S RE AL
P [D]. ¥ : ARAERA=,2009.

Chang Zhenjun. Alig nment and functionalization of
polyaerylonitrile and polyimide nanofibers[D]. Shanghai:Donghua
University,2009.

KU i 222 PAN/ CNT £F4E IR 4544 5 ) =M g I F 5T
[D]. dbxt - JEntfl TR, 2009.

Zhang Feng. Study on the orientation and mechanical properties of
electrospun polyacrylonitrile nanofiber sheet[D]. Beijing:Beijing
University of Chemical Technology,2009.

TR, 55 . 9521, 2017,28(11):168-176.

Kang Weimin, et al. Journal of Textile Research,2017,
28(11):168-176.

Abeykoon N C, et al. RSC Advances,2015,5(26):19 865-19 873.
B . B YAL A BRI A LT LA BT 5SS B L T
AEABFLIZ R [D]. L « ZRAE K%, 2018,

Mao Fangyi. Application of carbon nanofibers with multistage
pore strueture in proton exchange membrane fuel cell catalyst and
microporous layer[D]. Shanghai:Donghua University,2018.
Tk, A5 . G2, 2021,42(1):22-29.

Wang He, et al. Journal of Textile Research,2021,42(1):22-29.
PRI, 4 AL T2, 2020, 71(6):2 760-2 768.

Gao Lijun, et al. Journal of Chemical,2020,71(6) ; 2 760-2 768.
T, % Y8R, 2020,41(17):10-18.

Wang Zixi, et al. Journal of Textile Research,2020,41(17):10-18.
A5 BPRES, 2020,34(10):20 159-20 165.

Wang Guiping, et al. Materials Reports,2020,34(10):20 159—
20 165.

Trunghieu L , et al. Journal of Applied Polymer Science,2016,
133(19):1-7.

PINRLZE, A 0TI, 2009(1):64-65.

Sun Liangkui, et al. Acta Polymerica Sinica,2009(1):64-65.
KUBEE 45 . FHLEROR ,2015,41(2):403-409.

Liu Yingyan, et al. High-Voltage Technology,2015,41(2):403—
409.

TR, 55 BPRLT, 2014, 28(4):42-46.

Wang Manyi, et al. Materials Reports,2014,28(4):42-46.
ZEWEE L AF | Y2, 2019,40(10):1-6.

Li Shufeng, et al. Journal of Textile Research,2019,40(10):1-6.
XK, 45 E Bk, 2021, 35(2):34-40.

Liu Yuan, et al. China Plastics,2021,35(2):34-40.

T A5 . G5, 2021, 42(3):36-43.

Xing Yusheng, et al. Journal of Textile Research,2021,42(3):36—
43.



174

TSR

2021 4F 45 49 35 45 10 1

[58]

[59]

[60]

[61]

[62]

[63]

THE . e m S ) / BRAKET AR RHI T 5 S ERERIFST [D].
Jeat - et TR, 2018,

Lei Yan. Preparation and properties of transition metal oxide /
carbon nanofiber material[D]. Beijing:Beijing University of
Chemical Technology,2018.

WK, S R U R 2R AR B EERL 2019,32(3):237-
242.

Xie Hui, et al. Journal of Hainan Normal University:Natural
Science,2019,32(3):237-242.

ARG . FET R0 I 22 I TR 2T AR 4 MO 2l 25408
FH [D]. R R T R4, 2018.

Wang Weiyan. Research on carbon nanofibers based on electrostatic
spinning and its application of supercapacitor[D]. Tianjin:Tianjin
University of Technology,2018.

T, 45 JohL bR, 2020, 36(1):31-39.

Wang Jingjing, et al. Chinese Journal of Inorganic Chemistry,
2020,36(1):31-39.

ARG P R 205 2 ] 5 ) B AR ST 4R LR L 1 TP A B [D).
M IR, 2016.

Zhu Hongfan. Synthesis of carbon nanofiber by electrospinning
method for lithium-sulfur batteries[D]. Suzhou:Soochow
University,2016.

M REE . FETRRANAK LT eI 5 X v S g e Ak K B
REFEI [D]. fRoE : ITJLREE,2017.

Xiao Junying. Composite counter electrode materials based on

[64]

[65]

[66]
[67]

[68]

[69]

[70]

carbon nanofibers for efficiency dye-sensitized solar cell[D].
Baoding:Hebei University,2017.

EEJY, 4 KPR R 2018 ,44(3):21-26.

Han Yufang, et al. Technology of Water Treatment, 2018,
44(3):21-26.

WOHTRL 45 WA R AT RS TR, 2020,49(2):567-571.

Pan Xinying, et al. Rare Metal Materials and Engineering,2020,
49(2):567-571.

Zhao Yijing, et al. Carbon, 2020, 171:474-483.

SR, 2 RPRET AR, 2019,47(12):118-123.

Zhang Sa, et al. Journal of Materials Engineering,2019,
47(12):118-123.

2R, 5 L AL IR, 2021,40(5):393-399.

Li Huimin, et al. Electroplating and Finishing,2021,40(5):393—
399.

TIABH . BRIEIN AR LT A S B 25 VK 2R AR ST 0 PML TSR RE Y
5T [D]. KM H 27, 2019.

Wan Dongyang. The construction and PM remove performance
of carbon-based nanofiber heterojunction system[D].
Zhengzhou:Zhengzhou University,2019.

FIRIM - BRAPREF L 5B 1 A8 RIS A5 8 £ R
REWSE [D]. K : JGEBE T R24,2019.

Wang Yongshuai. Strain and damage evolution self-sensing
properties of composites modified by carbon nanofibers[D].

Dalian:Dalian University of Technology,2019.



