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(1. PR R BE K SOK SR 5K TR = M A S S0 %, V0I5 R AT 210029; 2. Wl K24 T4 581
BB, 1175 B AT 210098)

FHEE: B TR 5 Tk b i (0 BRI 2 AT, TESS BT 4ED N, o TR 2 1O 4 2 RV i AN BE R
HL AL AR it . R s A AL, A BRI AR R AT el | B proh s SRR, DUK RS IE b
TSI, B BRI A Sl ORI 7521 5 e B okt . AR AR T B DR TR AR 2 1
S50, AT T UR)ZE B SR R B Bl AL, FRINR T 5 R R 2N S TR - AR S R L T BR AR R M R
PrasvERe . IS R 2 T MR T A By e s B 3 000 Q/sq A, TR 2 R VRR U, AR
CURWH 21 d LIWREAHEHL, AL, P M CIVAW R 21 d DL EAE. 14d M., A8 S5 HASH
HURHEAB A REA5 21 T B M 07 B Dl B0 52 VR 2, AV PR B 3 el T R B . bR SR AN Btk e SRk
Z VBT (R AH EL A il A S L - A TS i, R FH AT B 0 T A R A T 198 5 B T DT B TR 2 (9 B 8 T P e
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HL B RAE 5 AL ORI I AR RN 2 O 2540, 20 WU 2 1) 3 o RN ISS JE e /I BIL AR, 003 e rl O )2 010 5 TR
AR HEPERE

1 RE AR R

PRI Al FH R K IR R N S AT L 2SRRI A SRl R FORE . 20 S B DR R S T A
1.1 GREEAHIE

A SR A8 SETE TR AR NINAUK, SR A A 8808 00, TEAS R HE T, B0 A A 5506
WK, AR SE 2 A G T 20 min DL_ESEF 700538, B0 o3 B0 % B8 2R 7 3 BRs rh kTR R 2
60 min DL I, fuE 45 H .

JEORFIR R 1 £ < B OB OR B35 A 8806 ) L 3040 B3R L 3B 43 3 S8 B B A0 K 7 i T8 3 HIOML B o e
30 min &, A BEPEENL D TREES, EBIAHE AR T 50 um JE 25 oS, i ug RS H .

VOB L 1 76 5 A A TSI AR I EM AR . BIFIRUK, Shfie P @48 n ASURE, SR 5 5 mA
A BRI, B 60 min LA_EIAT A EUS, HORMEZRED g A 45 ZEREARFRI T A BRI ST R0
B 44, A #4501 B 504 — & LR A, MBS Hedk 2 345), #E 15 min 5 TR WORHBLEE T K
PEATRR RS, B B FH /K B i B AN K Tk BB 1 10% .

1.2 iR HRIHIE

R GB 1727—1992 (B BE— il £ 35 VHE AT IR JZ 10 45 o BT H] 120 mmx50 mmx0.28 mm 55 2k
He. 150 mmx70 mmx1 mm ## . @10 mm SR . P20 mm AN PTEE ¥R, B0 s 800 4T R R
B ORFET 125 H . PTFE SRR 11 FHIC /K BB T35 T8 F o B =UmT DR R R |« VR AN
Wi HMAR A FIELET] BOTHR ) —E R0 LUK B 453 A A 443 i PER 21 e 2k 15 min 2247 06T
Wk, WERTIRETHHTRERE, —ERZNTRIEERRE 30~40 pm. WRZLTRAEZR TE 144
J& AT TUR I 3R | VAR IR I B Tl BE AR SR AN M e DU

TR BE 4 D8 SUIE FH /K Ve 3 B S5 90 42.5 538 Ak R Eh 7K Ue, i KM B BHRLAZ 28 20 mm, b, Bb 3k
33%. REELBCA LR L) M mOK) © mOKIE) : m(HP) + m(£1F)=0.410 : 1.000 : 1.045 : 2.121, )5
AT, 2 d JEYFEE, ARELhrifizidr, 28 d J5 AT Dkt rhr kil .

1.3 RKEHE

WIZE R GB/T 13452.2—2008 ., [l 35 /1% GB/T 9286—1998., ifif iM% GB/T 1732—1993 F1ZEH)
PEH GB/T 1731—1993 FRAHSER I 5E

W E T R, TR A T PTFE AR L, [0k B fe B FL 58 B S, T BT UIAL 2 em=2 em A9 5 TE
VARG FH 000 JEEA SN S e VR BB, et P 450 Sk s R R L A S0 £ O R 1 2R T e L B . AR =X
() AR A B

o=1/p=1/RgXxWxD (1)
AP o MIRIEBTHE TR (S/m); p HIRARETHFEAR (Q-m); Req A URMEZ 7 B AL BHAE (Q/sq), LT AR B
W R T I R BESF-3JEEBE (m); D ORI BB IRAE IE R 5L, SIRBIEARA KA I, IR BN 2 emx2 em 1EJ7
JE, Xt R4k 0.931 2,

TR 2 BV TR I 0 977 3 e K v 2 1 A e R U R A T s i A B, SR R A L SR B 1)
VIR, IS, IE L 7 d R R 1 R IR B0 BRI S . TRV Y U VR IC 2 3% NaCl
(3% MB350, 0.3 mol/L KOH+0.05 mol/L NaOH, 0.3 mol/L KOH+0.05 mol/L NaOH + 3% NaCl, 43 /%
RS CUMRER, Sl A, Bt CIERER .

B AN RR IR I S AR E DL/T 5150—2017 K TIREE i AR Y47 .
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PRAURIR VLI R 5 7 BB P B s SR AN B S5 O s )2 W o KPRV LUK O 51, B
HEETRBCIAEE | WRERMA RO SR, TRV & LR B DL, SRR PERR B RV Tkt
F14 = BB i
2.1 SIHEGTIX A= TR

AR AR TR IR G, SRIE K PESR, 2 T IR, F AT A s Rk R & A 0 2800 2R AR
CEAR m B AR TG PERNEA T 2018, ATEANBIA A SRR LR s M po Sk L, A S M ek ih R 20, (5
SO P A SR R BRI, — UK T 50 mg/mL. ASSCHESE 3 Fh - HIGHI X 22 J2 A s BEA T 0 A, 245
R 1o IFR 1T, 15 b 1 S8 9 0 HUTOR M B, B K 9 mg/mL, HoA7 880 7 FS-1 F1 FS-2 43
BRI TR 22 A O BB , G B e (] e el s A 2 DT

x1 SEFIAERHT AR
Tab. 1 Effect of dispersant on dispersion of graphene

MR A B TR/ (mg-mL ) Il o

FS-1 5 AT RRIAE S O T B, T AR A URLAE AR BER G, 82 R LT 52 2 UE.
FS-2 4 A SIHAE D BB A 950, 2400 SRR TEMRTAEE, B2 AR R I0E, LR A o SR
FS-3 9 ARG BT AR 50, 2400 BRI TR VR, V2 AR IR

22 SHIERIREMERENRME

FIRG R 2 00 S i BOR AR 5 . B8 RS B AMM R0 L, £ BEIR R PPORAE, S
Blhr. Aty RS E A YRR E VLS, (B B S L, D3 S SR L B A = Bk
FIER RS S5 A RA AR, EIN TASE PEEC2E T it — B, #4025 HUBRTR IR I & IR B AR AE A R A7 A2 B I
Sl b AR R AR LB TR A B R BRI ™ ), 2 2 MRLRE BB L RO R R, 45 LU Bk P 1) < S A 2 i DRk 1 e,
Pt LA 22 R 2 T A BETE T 2 Jm S UKL . ASCHERR A1 28 R SRR SR O S EORL, SR
WL A A BIPAR i ] 28 T HRIRZ

N T AR HAT Fe U S A R R N R SECRI L A, EAT T IO R IE SIS . AR L SRR
A AR R R A T, ORI B Es

BT S K20, e Las(5°) TF A 0T TE 4S80, %2 EXRBESEES
DL R 1 B F PR R R b 25 S 2 49 b, HEAT Tab. 2 Conductivity statistical table of orthogonal test
L BEURH 7 i, DRI AE S L2 2, P— RS

i3 2 W] OL: S H R SR S L PR RS I J oK, HL I B B
TEUSIN N 50.0% W el s CHRA B, 8k, A8 Kl 275 438 124 300
A8 S MR R /)N 1 38065 I L R SR8 LA /b (i T K2 23 146 385 327
I X 2 08 3 L P R S o AS Y K3 39.9 23.0 333 04
B D244 4.0% 17 A BHEH50.0% L 5 B+ ” wo s o5 w0

15.0% 2 He i Ja+20.0% A1 5%, F2 S IEURFH A U8 I
BRI [ Ab A A AR R 2, o 3258 120.00 S/m, J7
Heda BHAE 90 Q/sq.
23 AEISHBIERITRERE R
G3 VS AN R DR G 0 TR A 58 R T O A . e & CLI ORI P 2 CHs i, ok
RS ANER 3 R,

K5 442 78.0 52.8 30.8

2= 21.9 73.2 40.4 12.4
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M2 3 ATLUE H, RIMEAT SR TR 2 14 d FRUAASHE, 7 d FFERA45, ULIHBA BRI IR 2 5
SyiBiEE &R . (RO B IV IR, KR 2 o] AR B R (0t 2, Hoh 22
FIAL IR 4.0% £ 88 H5+12.5% HHBA60.0% 155, A1 880 o oty RVAPERE T (A SOk = 1Y Lo 5]
AR BB A M JC R R . DR AT BB A SR b R L0 SR W VR, BELAS T CLABE, TR )2 AL IR
b BIEY BRI, SRR A A B DGR o SRR R TR 2 M B A R S CLUI RS,
T CURIEREE . il Ab TRk e PR B A, 16 B N 28 R IR A 4B B, ZEBiME & CLEfss T, K&
BOR A 5 39 BB T ey, e A CURREE o, KR BGR AR R0 30 BN F 4R 85 1, 150G A3

AT AR5 .
*3 SHERMRERR MR
Tab. 3 Effect of conductive fillers on corrosion resistance of coating
WIREURE /% TFUAE L H]/d FHIG A E)/d
HLEH/(Q-sq )
A SRR CHURE A IR BUECIAIR ACHER WA MECHER ACIEW
0 0 0 0 >10° >21 21 14 >21 >21 7
4.0 37.0 18.5 60.0 181 >21 14 21 >21 21 7
4.0 12.5 0 60.0 805 >21 >21 >21 >21 >21 14
4.0 0 15.0 60.0 471 >21 >21 >21 >21 21 7
4.0 24.7 11.1 60.0 130 >21 21 21 >21 21 7
4.0 50.0 12.0 20.0 130 7 21 14 >21 21 7
3.0 12.5 15.0 20.0 348 >21 7 14 >21 21 14
3.0 25.0 0 30.0 1302 >21 >21 >21 >21 21 7
0.5 25.0 9.0 20.0 234 14 7 14 >21 21 7
0.5 50.0 15.0 40.0 126 14 >21 21 >21 21 7

24 AERKBSHEIGRECHER R EREIER

2ok Kt e 7 AL I 2B 100, 256 % I8 2
(1) L BE N 997 18 ok e B 100 S A7, e 24 3] A AR
A S IR R Ty (3R 4) o #I S T7 HIAS 1Y
W2, RS (RO, AR EERLF, 7d 4
B Jotgde; ByE 1ok 1 9%, it vp s 50 kgrem,
FEIMEA 1 mm, FRIE LB <3 000 Q/sq.

T4 BARELHSBEHBMAHES

Tab.4 Formulation of conductive anticorrosive coating by

adding graphene
A5y B4y

JEA L /g JEA R Fit/g
I RFLI 18.0~32.0 [ 4551 70.0~79.0

B 0.5~2.0 R Gl 0.5~4.5
R SORE 21.0~30.0 K 2.5~29.0
SRR 34.0~45.0

B 0.3~3.3

3 RESEMFRAT KA E T R ALE AT

Bl 1R AR e, PRGBSIV SR . HE 1 al R, SR R A LR SRR SR BRR
WL, 5L B SRR R A — IBEAE 44 nm Zi Ay, AW EROR; LHRICIRAIARZZ0HER, 18 35~65 nm, HIRHE
W L R RN T S 5 A BOIRES A, b B R RG22 80K, OF HABCR A 28 5 EAEZ/PRSTRZ
BEE, NS 2 ATBE K R W EUE s £ S8 M 2 g W1 IBCAR AR, A 908 F1 R JZ2 B A
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(a) SFHLA I (20 T35, A HRED) (b) ZHeH IR (20 T3 65, FH AR

() FRAS GBS

BT bR B

Fig. 1 Electron micrograph photos of conductive fillers

URIZ T R PR RES T A BURHE R P i A1 2
DM 5300, ANRTEAR A/ 5 f BURE TR 2
HLPE BN A 225 o [ 2 e A 28/ 0 20
A FHRIRZNWIE SEM(10K) JESIR o £ 8 7E
WRIZ AT DAE AR FE (18] 2 v 1 XCH0), ab w] AL
FRORE 22 (B Jo ¢ - A 25 B JB- P S - £ 2B A i 42
fio TRIZ A SRR R R, WIE AN BESE 4
EBEHURE, 05 MR 77 A5 T P LI R
(P 2 2 ), X R ZATE— B B . 1B | PR
PRSI B ORHR AR, BT LS 5 1 i 3 .
GHAE R PR (28 3 0, TEATBIE g, o gm0 SEM T
BAT KR ARV, 3 (A7 830 bRHEAR I A0 I Fig.2 SEM photos of conductive coating with carbon black
ek rbal LA AT i S J, DA T 42 AN [R] X I ) 5 and graphite and graphene
FLIFOR}, {3 i 28 N T AR I 22 0 BT, 5 A BORLE o B AR A O 2 10 5 FiL I 45 il F
TAER RS I T3, IE R RT3 = L
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4 RBAIR G U £ 2 I R B

5 R R TR Z B S TR BE L BRSO 5 O R JE A E AT X L, 45 AR L A 5 BE L4
x5 AREBREHSRELHMERE

Tab. 5 Bonding strength of coated steel bar to concrete
R TS BT AT /KN

LT =S IR a7 280/ KN H425 B /MPa ARXF T TCIRJZ AT A 43 L/ %
0.01 mm 0.05 mm 0.10 mm
TR 63 90 104 132.0 12.99 -
AORJZ 30 68 86 92.0 9.30 71.6
AGIEZ 49 77 91 114.0 10.97 84.4
AGCH)Z 51 73 95 106.7 11.07 85.2

TE: A ARIRIN T HL BURL, AGITRINAT 82465, AGCRAINAT Sdf A T HL R 2R

HH e 5 AT, 4B PR AR 2 (TOIEURL) R H2 5 FE R R 40 (28.4% ), HAA TR UK Uk 2 R s JE R A e
W, 2N 15%, BN EIRIZ R MG, BEEE /0N, B BIRE 328 /0N, 8 T Gh e B I Bl far 280084 i i &%
SR INAK, TP & A B SREIR, T TR 2 I A AT BRI R AR S, SR TEDHLRE BESE I LB iR, 5
TR BE T QR 15 242 TF . MEHRAR ME GB/T 25826—2010 R, B 48 14 J2 89 57 (040 Kl 12 0 B85 43 2 AR T
15% J5 I ffi .

5 % iE

DA i U SR B T R A T B DR A 75 B T AN R A R
A5 FL 7 ek o4 ek, S 7 B BEAE FTAIR T 3 000 Q/sq, 7EBRE B CIIEN 21 d VA AT AIAA: S, 76
PES CUVRWT 21 d DL EAEHIA 14 d AAE . 30 10 f 4 A0 S r B X EDRD AR SR R S5 ik AT T
FAE, K BT v o RN 2 e JE A BRARIORE, A7 58 0 B Bk, A B8 A R AR R . ARIEIR 21T
FL PR BRI VA RV R, 20T T VR 2 19 5 R J8 D A AL, 75 4R U 2 il it S R OB 2 [ (R B i A
ST, B A SRR R T A PR S R SR E IR e . BRI TR 2 N S R+
ARG EE T, R EE IR IR AT G SR . (HURJZ B A T T 2 2R R J2 D [ A i 8 | 5T ke Fn
e ARG TR Z R R A KR AR IR ZR, 1A BE S 2P [ 10 A 2R, T ARG Bk iR J2 7 (R & 0
BRI T T — 258 3%

2 £ X W
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Study on the water-based conductive anticorrosive coating by

adding graphene applied on the surface of steel bar

SUN Hongyao', ZHANG Xingduo', DU Heng"?, XU Xuefeng', XU Ning', PU Pengpeng'

(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Nanjing Hydraulic Research Institute, Nanjing
210029, China; 2. College of Mechanics and Material, Hohai University, Nanjing 210098, China)

Abstract: Epoxy coated reinforcement is one of the anti-corrosion measures for reinforced concrete. Due to the
insulation characteristics of epoxy coating, electrochemical protection measures can not be used in the later
maintenance of reinforced concrete structure, but this problem may be solved by using conductive anti-corrosion
coating on the surface of reinforcement. Graphene has special properties of conductivity, corrosion resistance and
impact resistance. In this paper, a conductive anticorrosive coating composed of water-based epoxy resin, graphene and
other conductive fillers is studied. The shape of the conductive filler and the structure of the coating are characterized
by electron microscope. The acting mechanisms of conductive and anticorrosive of the coating are analyzed, and the
adhesion strength to concrete of the conductive coated reinforcement is tested. The results show that the conductivity of
the coating can be less than the square resistance value of 3000 Q/sq. The coating is alkali resistant while soaked in
alkaline solution, and the coating does not blister or rust for more than 21 days in alkaline solution containing Cl, and
does not blister for more than 21 days and does not rust for 14 days in Cl” solution. The coating must be obtained by
mixing different conductive fillers including graphene. The conductive mechanism may be that conducts electricity is
obtained through the mutual contact among film graphene, flake graphite and spherical carbon black particles. The
corrosion resistance of the coating is improved by using the film characteristics of graphene to extend the permeability
channel of the medium. The bond strength of coated steel to concrete is about 15% lower than that of uncoated steel,
and the result meets the requirements of national standard GB/T 25826—2010.
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