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Passivation Behavior of Steel Bar in Sea Sand Ultra-high Performance Cement Evaluated
Using Electrochemical Method
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(1. College of Civil Engineering, Fuzhou University, Fuzhou 350116, China;
2. College of Civil Engineering, Fujian University of Technology, Fuzhou 350108, China)

Abstract: Ultra-high performance concrete (UHPC) and common mortar were prepared using simulated sea sand at different chloride
ion contents. The electrochemical indexes of the internal reinforcement during passivation period were measured by linear
polarization resistance (LPR), electrochemical impedance spectroscopy (EIS) and cyclic polarization. The passivation evolution of
reinforcement and the effect of chloride ion on the growth of passivation film were investigated, and the passivation behavior
difference between UHPC and ordinary mortar was compared. The experiment results show that the corrosion rate of reinforcement in
UHPC decreases with the increase of age. The corrosion rate is accelerated, but its effect is limited, and it has no effect on the density
of passive film when chloride ion content in sea sand is increased. When the content of chloride ion in the sea sand is below 0.448%,
the steel bars could be passivated within 10 d, and the corrosion rate is the similar after passivation.

Keywords: sea sand; ultra high performance concrete; steel bar; electrochemistry; passivation behavior

Bl B AR A e, TR A R R
SKEEAFEZET 4R 2017 F TR E R A RHE P2 5
FI| 184.43 14 to WIWPRIHRMDOGHT . 2 TIFRAE)™
N AR TR . SR, T KR IR E R
HO RN S8 A R0 B4 T 9 T B RS R SRR, B3R

WA H 1 2020-03-23. BITH Y] 2020-04-14.

FEETH . E R EAHR HRIH (2018YFC0705400); [H 5K [ 4R %} 2%
H4:(51878172); A HARRFFH4:(2018)01772); YL Ik
4 AR T RER R T 2 S0 % TP 42 (CM2018-04); 4R (a2
UM R 5K T A S0 % PO 4 (YA-612): AR K22 A
JABNHE4(XRC-17051),

P—EE: BRRIA97T1I—), B, [t #F9R.

WEEE: ¥ H1987—), B, fid, DR G.

BRI T KBV ER A 2, T E S AR AR
PR e SR BEIRBEZ IR T E T, RN
— MR S T RS R AR R R RE N AT
PRET, e 5 2 H 78 73 A P i B8 U5 o i 4
BRI

Received date: 2020-03-23. Revised date: 2020-04-14.

First author: WEI Jiangang (1971-), male, Ph.D., Researcher.

E-mail: weijg@fzu.edu.cn

Correspondent author: HUANG Wei (1987-), male, Ph.D., Assistant
Researcher.

E-mail: WeiHuang@fzu.edu.cn



. 1224 - CREMR £R 27 4R

J Chin Ceram Soc, 2020, 48(8): 1223-1232

2020 4F

YA 9 20 T VR o L PN S v P P 5 v e AR B
BB, A RS2 AR . Huet 25100 pH
KT 10 B, BALBE AT RS e A7 AE, HATAIE 3= 2 i
Fe,0; fll FeOOH #Lp; #Rifi, Lamburt Z5PHA Jydli
PRBERS E AR B 1 pH M TE KT 11.5. JRURigERb 4%
A PR 2~ R A0 A7 A B A A B A FH 525
TRAN ARl AT TR T A R R A R AR K
P& o G A B I B T LR T ) CT AR A 3 3
—IR A, LS i, KEFR
FEUTUFRO TR B 1 P RV A — MRS S AR PR R A 7 LA
TS 2 Ke) 22 A, R R TS0 70 U Y R A
RER I FEEAE A N S T, K APEIRAE A Tt
Fephrb, AETHAN AR TR - IR AR i R P AN T 32 381 5
g, OROK AR Ao DRI (I VR e
- PP i SRS VAR AE Y R T AN
R T AR IR S T B E AR 0.06%.
SR, ALGE AP AL B 1A 2 B OK R T
FRIE M Bt T 2 SR o 7R BRI P8 1) S e
TR, BT Z R K B R R K R, IR
KW TE = HERY , RSN B 78 0 IR A AR B
PRIt R R 0 0 FF R — b ] N FH T A A5 1
i ERE TREMPRE, SR AR IR 7820 R 5 T R R
JREI D5 H 2 1% o

e P BE VR BE T (UHPC) A& — it A 1 /K U 2
TREMEL, HAERG W, myuR s mt
VLR Ah, 3 BAT 0 R AP 2ol
KL UHPC JL T Er it th, HEE TBE R
42,0610 m¥/s, BB N 1x107°° m/s,
239 kv B 1/55 A1 1/100. 1) UHPC
K I LR AR, B8 R i i K e 20kt ek 2K
W DL SE A Al B B A R, PR RE AL S5 1) UHPC
FeAk, KK ER S 5 T KU 14 7K Ak At
Rk R A2 O wFgr R It UHPC ok
Zx 5T A J N 1R KA oy B A AR T R (1) 5% A0
i, FHFHETRLL C-S-H B Z K XA LE,
A DB B 7K, KL 1 d 2 J5 B4l
LKA LT e 4 k. Ikl L, AhFIK
SRR/ HMELLBES UHPC MR, I H I P 66k
Z BAHBAILK, FECEE ] LUk DR 4
TR s B AE K 43 FA S0 AE UHPC ] AN 2
PR ARLEAE, itk UHPC b N B AN 424 T Fa e
HAGMMHEE, XHFT UHPC RN 5
VLR R H

HAT, & AR R % UHPC HIBFS

Werb o F PR AR AL HERD 4 T VR R A AT %
MY UHPC. ol il s st 5 & i
X} UHPC $UH 3 52 /N, b4 UHPC 14 1
s HAMIHER, 28 d PUEBREG TG D
UHPC BA WP B @& e, D451 H il
N I AR RS UHPC A RAN
PR PEA TR, RILERD UHPC (47 Mk REGE
TR YA S T E RIA F] 0.636% 1,
TR T KA 120 d 1858 2 Y UHPC FF i 1489 713
hsb TR B . WEFCR B, AT BIR B T R
HORHEAD 02 T B i R E AR AN IE T UHPC.
HHT, XI T UHPC il S &8 1 5 2 M e
FEANTE 2, P 0N A7 1 Bl e % 1 3 A R A A
LI A R WA . Bl R A PR HL
R M A2 B, 2 VR A A P S R 7 1 DG B
I, BRIVAN I 48 RS UHPC I sitkdT A,
b G 2 17 1 AR s B A B DA R LR e P AR
SHPS I E i

i, DO SR T o8 FEM R S,
b 2 MR AT L AT I BT RN PR AR A0 v 03 Vi e
P AN A B A I P WAk 2E dR AR, B S D
UHPC Py 340 7 i Sl 4 i 72, Stk i T Fn ik
JETE B R e RS v, S s A TR B .

1.1 Bk

WFUERR PIL52.5 GAERR 67KV A (P 7 R
], RifEHN 0.1~0.2 pm, SiO; & =90%); A1k
Ay EERT BET HLRIAM 0 2 700 kg/m® Fil
0.80 m*/g, TEKI> N CaCOs, JREIIHL 97.6%:;
SRS N B 2,51, FMBELE 2 591 kg/m’ (A
YR, WD AT SR A R . SRIRIR Y
BOHOKFRIREZ A, KR 40%): MLTHEh Lt
BLRA T WA AT 4E, KA 13 mm, HF
0.2 mm; AN HPB235 Y470, HA4% 6 mm,
KJE 150 mm; #ERIZKH 2285 17K . UHPC 5% i@ mb
B A LR 1 FoR .

#1 AHESE

Table 1 Formulation of specimens kg/m’
Silica . o Steel

Type Cement Limestone Sand Superplasticizer Water
ume ibre

OPC  450.0 1350.0 225.0
UHPC 580.6 138.7 720.2 597.9 30.8 184.3 191.3

OPC is ordinary Portland concrete; UHPC is ultra high performance

concrete.
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Table 2 Compressive strength of specimens at 28§ d Mpa

U-S0 U-S1 U-S3 U-S5 U-87 OPC-SO OPC-S1 OPC-S7

1264 1269 128.7 130.6 132.0 394 43.1 44.2

The front part of codes represents type of specimens, U is UHPC, OPC is
common mortar; the back part represents the sand used in the mixes, SO is

ordinary quartz sand.

Epoxy 40 mmx40 mmx160 mm mold

Copper wire

} 30mm

;| 30 mm

K1 AR ERE

Fig. 1 Schematic of specimen mold
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Table 3 Tafel constant of different specimens mV
Constance U-SO0 U-S1 U-S3 U-S5 U-S7 OPC-SO OPC-S1 OPC-S7

B 299 304 30.7 306 313 33.6 354 52.8
Bio 203 205 21.2 213 21.7 223 23.0 43.1
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Table 4 Relevant electrochemical parameters obtained
from cyclic polarization curves
Sample ) N . )

No. Ecorr MV icore /((WA-cm ™) Epie/mV iy /(pA-cm 7)) Erep /mV AE/mV
U-S0 -183.6 0.012 5 35.2 0.0535 43.8 8.6
U-S1 -241.3 0.0129 -13.9 0.054 6 -22.3 8.4
U-S3 -308.9 0.0139 —66.9 0.054 3 -41.5 254
U-S5 -357.1 0.0170 -104.1  0.049 6 -79.1  25.0
U-S7 -299.1 0.012 8 -101.1  0.0595 -86.0 15.1
OPC-SO0 2044 0.0252 -10.9 0.091 8 -262 153
OPC-S1 2544 0.026 9 -14.5 03472 -1439 1294
OPC-S7 -394.0 0.540 6 663.3 173.1  490.2
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