HEGLEAHENRAEESHRERER
F)%éHf)—\;]l 3 {%{%4—*—1 3

)rbl i rfE'I 2,3,4, é*ﬂ*XZ

FRILT ¢ |7
H@A RTICLE

HigFfhRtee

(1. EPBAGE WEMR I WA S AP s M E SR E, IR F5 266071; 2. AR E AL

X TR S 2 e PR AT L, BT R,

266071)

FE: thRFETURANE AR EF AAENILRFMEL, FRJERBIRESN . AN

7R H 5 266033; 3. H S HER A SRS ERLKE
WEPERSrh 5B TAEZ, 1WA FH5 266237, 4. T EPFEBEEEDIIET e BT,

AR 7 5,

T —H A

R #ed o v 57 ik E Q235 BRAR A B B S ARG 4, S5 A MR EMRE B4, P MR SR8 B E Mk e 1

K. #& T LA 4 4 47 & (PAN-NFs/EP), K @it kvl & 25
LRFHABNT ARG LKA ISRE, LA FHRREZTANMRETA, B/EMEEEHA

7T & AE,

FRE A H AR R ikt

EREG. AR HOLG LBEARERFGE AT — e 5H 1A,

KERIR: SR, Ry Q235 AN, AARE; R M

FESZES: TL2147° 6
DOI: 10.11759/hykx20200308001

J& bR —Fh H AR A AL S, X R 2B
Tl &R T3 58 T A B AR A2, 6] B id 2
FEOSE N Z ERR LIRSS TG Y o 3R E A4 LS 1h
WA 2.1 J42TT, o B R EER 3.34%", H
o, MR R AR I R R E A X, R TTREK
HAW O EE, TR, &4 8HEER&EN
BEFAET), FItEm e g h il sz
FEE A IR BRI h T R AR 2

BB AR R Y 17301, B L4 0 R R LA R 1 A,

B PR LM R 2R Rl . &R k. FERTA B
JERRTE R, RO T HATE T B kAR
WIS . PR SO A, TR B A5 21 R
BN SRR T, AHLRZAENA | 2

FAEE AR, AN ATk A2 B NI AR B SO
ZUS R B AR, WK R T 2t o ik

BB AL 535, FEAR L B I ] PA) 280 < i AR SR T,
IMPRERIZR RO R . IR, T A B8 1R BE 45 A B 76
TEIE B iR =, BATEORRY PSR S, R Y
RETEN TEZ P,

PR B 6 U oRE LU ER SR IR Oy AR, 5
AL B BURSE R BT, B A H i
WEE 3 LLTERR | Bl S5 F R A0 BA B i AR e
A LR 4 Jm A 1 LR =, LB 18 f A
R A B f ik B0 5 f RO R AR IR

XHEkFRIRAD: A

X EHS: 1000-3096(2020)08-0231-08

2 TV 7 S S FH A B L R ) R B
JER R 2 —, AR L R, TR R
ST EVE 2 AL, R A B e A fof T IR A5 ot
e By e A e, WIss B P aE L B RS
T, EIR MG R gK R, gk et
e g oK B VORI BRIV TUR A 2, BT LU R
I EU i rh B GO e, AT 4 5 2R AR Al 4 14
it Jg ot U Hosseind 45 U513 5 4% A DK 6 2 1 )
CeO, FK BRI Jr ik, B 7m 3 o 2tk . ORG24
F ) = A OK AT E A A SR R, AR I A TR
SRR E] T RAF SRR, KRR T BB ke,
B33 b 52 3 W i 4 J2 7 0 P B 1Y O =Xt A A B
2017 4F L E VYL K 2% 8 5% X AE Nature Nanotech-
nology 7% I R RIFLE, 165 & A s Pt =
B PR B R B, 3 T A S8 0 B 40 oK IFDRF R AT i b
JFH S5 REWEMA R 2 X — 6, kA

Wi H#H: 2020-03-08; & 171 H #: 2020-05-19

AW H: ERARRERS (51678318, 41827805); ERKTE MBI L I
T H(2017YFB0903702); 1A% & A0F & 111 H (2018GGX102035)
[Foundation: Chinese National Natural Science Foundation (NSF)
Grant, No. 51678318, No. 41827805; the National key R&D projects,
No. 2017YFB0903702; the Key R&D projects in Shandong, No.
2018GGX102035]

EFH @A 221993+, JB, WWART B A, WU E, B Jrmh
TR 7 R P S B %, B-mail: ys520399@163.com; X EE,
fEE, RIBFSE 0L, 22 TR B 8 0ok A9 I 5 &, E-mail:

zx@qdio.ac.cn

Marine Sciences / Vol. 44, No. 8 / 2020 231



Bt

BRI K SR S TR VR 2 R A S I N o 4 JE 1
Phog E U R, AW SR R G KSR, DA
ANV 25 AT 4 T A4 R B JEE 5 oK, XV v B
HBAEHEREZE X,

YK L7 2R R ELAT B 77 2 BE SR T B,
7T FL 207 22 5 AR 28 0 AROK 27 2 B AT K AR L Al EE 3
AR K . FLBRR . 2R PR AR S S R i P02
Dong %521 % BRI FH % L 205 22 50 AR 1 45 19 B D — 9
IR (PVDR)JUK LT AE RS X Q235 Rk IL AR HEA T
A BB

AW 5% F) FH L 2 22 B R il 2% R TR I (PAN)
YKETYE, E R IR EM G A Bt bR A R AR E,
X Q235 Bl B FLAARTEAT Ik By o 38 3 L A
BExT IR S A M HE AT RAE, B T IRIEYi 4S8,
I3 o Ak 2E R D R AR T SR N A IR R R R Y
it B il AT T RIS
1.1 R

Q235 WA RINTERFF 4 R MR A R W
RN G (PAN, Mw=150 kDa)Hfl N, N — HI J& H ik
I (DMF, 4 #r4k, 99.8%): i3 e kA b A7 BR 2
Al MR AR MR T R B : B E W IR
FRAF .

1.2 #a44&
1.2.1  PAN 4R 4E B I 55

FREG—E R N, N S e/ Ry 2p— i 591,
[ ARBUR [ RS PAN IMAZNARH, 7EEIR T
(18~23C)BLIRIEFE: 24 h, 15 FIA[RIE B ML LS5 22
W, RSB 6%, 10 %, 15 %; iz s
G351k 20, 25, 28 kV; HEFEHEEEN 0.65~0.75 mm/min
W, IR N 15~18 cm, 435 DL — 15 4j 24
SHROE, BT AR AR ST b, B E T8
AL HAWS AT 17952, WY
LR R 5 5 22 L R XK EF YRR A s A
FERES, B TEAC D E R AT B /E SEM MLEZ
(FT
1.2.2 HFEEHE

AR SEIIALRE = FpialRE, ISR 15 mmx
30 mmx1 mm [ Q235 WRWAE N AL, BB LE(H FH A
PIEATI M, LA K SOO#RD AT (14T J% Ak 341

5 — PR AR IR 2, B AN, ek

) H@ART/CLE

Bare; 55 AR R T IR B AR IR B, iEh
EP; 2 = FikAE, e mrdN [ e e s Ay LAY
WL 22, [8E Y22, Y22 RIK 2920 30 min,
AT 27 2 35 50 7 S A s R 1w, SR (0 FH B s
555 — FhaURE R R L A B IR R 2 3 A1k 3K
TEBAT A YERE A AR & T, 128 PAN-NFs/EP; EP it
F 5 PAN-NFs/EP i 0% 2 2 BE Y 20~30 pm.

R ARIESE g0 AT P, A A AR 2 7 i 45 = A
TTRE . 28 52 B IRE BT 50 CHERE T #R97 4 h, SR
JEETERT 24 h,
1.3 Hath R4
1.3.1  HBALZHR

FIFH PARSTAT P4000+H: k2% TAERS, XF 3 FiR
] AR A3 S A T Al D, IR 7 o 1 0 4
h3.5% K rhitk S AR A R A E Ak 2= BTG A
RABGE =R R, Hr, Bk =ROR R A
R TAEAR, R-E IRy S i), A 8N
LA . PRIESR A 10 mV, SEHRIEE N 10°~10°
Hz, KIEEEEHITE 20~25 C, MREWH 15 d.
1.3.2 #HERAK

W5 3 PR AL T B AL BRS A CYP-90 3 iR
AL, AR5 R T 4081 5%I%) NaCl, pH {H7E
6.5~7.2, FLIRIEE N 35C+2°C., WiFEENTE 0.1~
0.15 MPa, iR N 450, NINHRszE FW), A
RS IR IO HLRT, FERE S50 T8 Y Hoc A 1 A Sk
PN TR, DRUERR AR A FEAR, S250 E 0150 168 h,
BEBE 24 h PEATMEHANGIC R 1 IR, TLRES R TH
T4 0 A R Tl 15
1.3.3 R IE

% Hitachi S-3400N (Japan)4$H i, 7 b {4,
W% i L 215 22 21 4 TR [a)IARE I SR TR 30
2 ER5R®
2.1 YR LT HR
2.1.1 PAN %7 22 vk B X 47 4 TE A0 A 52 1l

HI O A B B W, 97 22 10 27 4R T8 50 L3
S 4 0 B S PR RE . 2R 4R EAR R S), 15 B4k
e B, TR ARt e Al S A ]
TGS T, Hl8 TR 6%, 10%. 15%0 PAN
Yy LL W, A4 A5 B B A AR B B A oK £ 4317 SEM
FEARRAE, LA [R] e 8 X6 3R D9 0 I 21 44 JF 35 11 5%
M, B R A A 1 TR

232 TEPERLF 12020 4F / 5F 44 45 1 46 8 1Y)



Bl 1 AN B 5340 PAN 25 22 W40 K 7 4 SEM JE 30181 B 5 008 I 1) 2 WD 52 1]

Fig. 1
topography

Bl la NYTLLIRIER 6% RN, il H
L 27 22 5 AR BRI AN K T 4 SEM B, WA AT LU
F AR Y AR KRB 200~250 nm AYTE LN, &
P 27 YL A0 3 5 RS SRR R AR, R
SR PRGN RN G . H: 7 XA 2 1 - 4 HL
TG, B ARJELE H 5 R W AR A RLRS | B N R
B MY P B 10%0F, A 4EIF IR
MEARAR RIS, G 1 IR o 748 1 SURLAN AR 35 1)
e, HB SR BRI EAN RILG, L4 5T
200~400 nm AEE, HEREGH HAE FEH] 10 pm. X
St TR 25 2V WO BE W38N, 2 22 WEE JE 23 Bl
ZHM, o FAEZ A RS &, KA GG, T
WDV R EREE R o WL R E T B B R R,
PR VLZZ RN <227 IREEH, H <22 K& 5 %k
AR, (A5 5 R B TH G R N, SRR
JEEEREIS), MR . RS R IG A] AW g
2, YRR BN ERHE 15%I5E, WE 1 ¢ hRTLIE
W, SFYE HAREE LR 2, RN, 8L 4 HARHD
e 1 pm DAL, BREREGSHEEE (TR nE R

SEM topography of nanofibers under different PAN spinning fluid mass fractions and their corresponding macro-

RETE U R A BE SN L) o 22 W40 K 2T 4 g
B AT R, REMNURE, LT CRE YA
FELTCTE, ToTEIA RIR)E VA — 2R . O Tk
B R B R, M 95 22 2 7 vp 437 ] P
PG+, ST A AR R 2 K, H it
IR F AR ATE 20K R A& W W s A P, Bt
SRR R £ . FILT T RA YR E X —
SH, AW 6 %lE R T fE Y5 LW E S5
2.1.2 Y BESTAERRNEIE

M 2 T DL R, R R e AT A s B
RH AN /NG, (A HR R S5 H A Bt s 1,
S ARTE A o O i N Y R L S AME S,
SRS, BEE— R, R
(1% FEL 77 250 I =2 348 i AT S50 1 o sl 88 gl 5 bl . K
Y7 AL S N TR B R e, OB R &
WD, RS YH RS TR, AR
PEMK, ZF4EWr 2L 00 L3R e Ak 238 i, Bofdi 27 4k 25
P B BRES A B £ . WIS, 00 T BE Z RIAEAE
(2545 1, BB YR Z 18] (4 2T 4 7 i 20 0 B 4

Marine Sciences / Vol. 44, No. 8 / 2020 233



K2 952 g B XK ET 4 SEM IS5 2 WU A5 1) 5 il

Fig. 2 Effect of spinning voltage on the SEM morphology and macroform of nanofibers
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Fig. 5 SEM morphology and macrographs of each sample:
(a) original specimen; (b) specimen after 168 h salt

spray experiment
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Abstract: Nanofibers can fill pores and microcracks existing in organic coatings and improve their corrosion resis-
tance. This paper describes a technique for preparing nanofibers on the surface of Q235 carbon steel using electro-
static spinning and compounding them with organic epoxy resin to improve the corrosion resistance of the resin.
The spinning process was studied in detail, optimal spinning parameters were selected, and the epoxy-fiber com-
posite coatings (PAN-NFs/EP) were prepared. Electrochemical test methods and salt spray experiments were used to
characterize the anticorrosive properties of the composite coatings. The results showed that the electrochemical
resistance of the epoxy composite coatings embedded with nanofibers increased by two orders of magnitude and

that the anticorrosive properties were significantly improved.
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