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Study on Electrochemical Chloride Extraction effect of

Reinforced Concrete after Freeze-thaw Cycle

QU Feng, HOU Hailong, HU Song, SHI Weithua, CHENG Huoyan, WANG Gongxun, JIN Hao
(School of Civil Engineering, Hunan University of Science and Technology, Xiangtan 411201, China)

Abstract: In order to explore the distribution of residual chloride ions in reinforced concrete structures
after electrochemical chlorine removal in the salt-frozen environment, a rapid freeze-thaw test was de-
signed and electrochemical chloride extraction tests of reinforced concrete after freeze-thaw cycles
were carried out. The influence of freeze-thaw cycles, chlorination time and fly ash content on the elec-
trochemical chloride extraction of the reinforced concrete was studied. Studies showed that the electro-
chemical chloride extraction efficiency of {ly ash concrete can be affected by the combined impact of
the freeze-thaw action and secondary hydration of fly ash. The deterioration of concrete performance
caused by freeze-thaw cycle can lead to the convex distribution of residual chloride ions in concrete af-
ter electrochemical chloride extraction. After electrochemical chlorine removal, the residual chloride
ions in concrete present a convex distribution trend and gathered in the depth of 15-25 mm from the

concrete surface. And the content of residual chloride ions near the reinforcement bar is the lowest.
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The results show that the freeze-thaw action leads to the increase of average dechlorination efficiency

of concrete. Compared with the specimens without freeze-thaw attacking, the average dechlorination

efficiency of concrete after 100 freeze-thaw cycles increases by about 12.5%. With the electrochemical

chlorine removal time increasing, the average chlorine removal efficiency increases, and the decrease

of residual chlorine ions content in concrete is positively correlated with the total amount of external

migration. With the fly ash content increasing, the dechlorination efficiency of concrete increases. The

28-day average dechlorination efficiency with fly ash content of 10%, 20% and 30% can reach

51.2%, 54.5% and 59.9% , respectively.

Keywords: reinforced concrete; freeze-thaw cycle; fly ash; electrochemical chloride extraction; dura-

bility

5l

[l

S AR I R 3 A A 5 ok A R 2 —
H S8 T 51 A A9 537 5 o 2 DR R I R A A7 TR O
SR 1A iR A S A Ao 6 T T M X 2
T Sk FEAT B M A 45 2R R B, R8> TR R i
TRl B DA S A R ok BT RS ) A 5T At %R B
TR, Bl oy sz Bl

R B S 3 o A R 37 B X TR B R
BT T AN A K R A A Ok . F AT X L AR
R EUSCR R W BT, 32 AR b TR T H AR R A
2 AL E S B BOR R S BIR BE A R0 B
A2 R R B I A 2 4 R S5 (AR il PR 358 ) xR Ak
FERABCR RN . © A BT R AR ] SOk
TR BE L ALBR A5, IR BE N I R AR bk, It
B PEREAR T 5 B B R U WRCAE I 3 R B 1
P IEDIR B L S5 R B . P SO AR BT R B4
WL AL S B U TR R 3R T 4 A BOR  (E A i
DA FL R 4 £ FLAR I K, N B 25 M AR AR A
Hu 55 X548 843 312 1026 .20 % .30 % B R 45 KR
BE L EAT T HAL S BR SR AT T, R W B AR
JRE B AT B e B UROR L 38 1206~153.1% , A4 2 1
10 S T R T A AL R A

AR SC LA T 45 4 i Ak AR ASE A 058 0 7 5 LD
VR B R 158 Dy A 3 o of A T 42 A K TR
AT AL A R S BT A [R] R RlOE B o B
A [5] [B SIRF T8] 1A [5]) 3 HEJK 45 6 v A =7 B Sl AR
AR, S W VT A R A 2 B SR P9 R B L T A
RS % .

348

1 KIe
1.1 HEHMBFE S

ARG 50 2R W 1E S M PLO42.5 7K i, Ho 40 i
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Table 1 Concrete mix ratio
AR/ (kgem ™) 1/
KU AEREOHLEORE BB K NaCl MPa
NFAC 357 642 1246 0 175 11  48.0
FAC-1 321 642 1246 36 175 11 46.3
FAC-2 285 642 1246 72 175 11 45,5
FAC-3 249 642 1246 108 175 11 44.2
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Fig.1 Schematic diagram of specimen
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Fig.2 Electrochemical chloride extraction device
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Table 2 Dechlorination efficiency at different depths after different freeze-thaw cycles

I B R TR /mm

LR e P& IR ERE /%
0~5 5~15 15~25  25~35  35~42

NFAC-0-0 YRR T = 0.153 0.157 0.159 0.157 0.159 —
NFAC-0-28 BRAERE /% 53.59 50.96 49.69 56.69 67.30 55.6
NFAC-25-28 BRERCE /% 56.86 54.14 51.57 58.60 69.81 58.2
NFAC-50-28 FRARCR /% 60.13 58.00 54.72 61.78 72.32 61.4
NFAC-75-28 BREsR /% 64.71 63.69 62.89 68.15 74.21 66.7
NFAC-100-28 i S /% 64.7 60.5 64.15 71.34 75.47 68.1
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Table 3 Dechlorination efficiency at different depths with different chlorination extraction time

I A5 BE A PF R T PR E /mm

LR e RN & IR ERE /%
0~5 5~15 15~25  25~35  35~42
NFAC-0-0 VIR BE o= 0.153 0.157 0.159 0.157 0.159 —
NFAC-75-7 BRARCR /% 34.64 29.94 28.93 33.76 42.14 33.9
NFAC-75-14 BRARCR /% 52.29 45.22 44.02 53.50 62.26 51.5
NFAC-75-28 FraE /% 64.71 63.69 62.89 68.15 74.21 66.7
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Table 4 Dechlorination efficiency of specimens without freezing at different depths with different chlorination time

I A R 2 TR /mm

o S ] /d b % - T BIBR AR /%
0~5 5~15 15~25 25~35 35~42
7 [ & W 26.7 12.4 3.8 7.2 14.9 13.0
14 B BOR /% 38.0 43.5 39.0 32.3 48.4 40.3
28 B AERCR /% 43.6 47.4 56.8 66.0 86.8 60.1
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Fig.5 Residual chloride ion distribution at different depths

for different fly ash contents
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Table 5 Dechlorination efficiency at different depths for different fly ash contents

I A5 BE A PF T PR JE /mm

NER R P& TR AR %
0~5 5~15 15~25  25~35  35~42
NFAC-0-0 WA o & 0.153 0.157 0.159 0.157 0.159 —
NFAC-50-28 BRERE/ % 60.13 58.00 54.72 61.78 72.32 61.4
FAC-1-50-28 BREE/ % 52.29 49.04 42.77 52.87 59.12 51.2
FAC-2-50-28 BrA R/ % 56.86 50.96 4465 57.96 62.26 54.5
FAC-3-50-28 BraE R/ % 59.48 56.69 54.09 62.42 66.67 59.9

351



IR IB B0 1R BE PR M AR R A, VR A
s ) 3 ST 5 L PN AR AR TR L I T H SRS
T HE AT B A% 2 TR BE S Rl BR SRR B P 1
FrESCR FAC-3>FAC-2>FAC-1,

VT4 A7 R B R OGP VE R S R Ak 2 BR S
I, IR AN [R] R Rl A 24 B0 AN [R) 53 SIS ] F A
[Fi) 3 O 45 ik % H A 2% B U AR 19 5% e F 5, 45 8
mr.

(1) Br&Ja R EE %4 &3 T 20 A 4y
i, AL AR IR IR B+ R 1 15~25 mm VL BN,
A fif7 9 T R T A A S A AR

(2) 07 1R 5t + 2 VR A 20 5, B 5 R Uk B
38N, HOF BB SRR TG

(3) 76— & WY R A A FE FH T, b I IR TR 6 +
B % H A 27 % SR I TA] G 18 A, S 4 I SR Rk R 4
KBRS 28 d 1 P BR A ACR Z PR 7 d 1 1.97 £ .

(4) BR8N BT Ak 22 B S % 1
Bl 5 oy LK 45 i Y 1 R, 2% TR BE Y TR AR A Il
T N B AR A TR .

Sk

[1] Song Y P, Song L. Y, Zhao G F. Factors affecting cor-
rosion and approaches for improving durability of ocean
reinforced concrete structures [J]. Ocean Engineering,
2004, 31(5-6): 789-799.

(2] PO, 28, TRIBUR , 45 HOA TR BE LS AT 5T 25k
[T, BB, 2000, 14(5): 27-28.

Sun C, Li H X, Zhang S Q, et al. Review of research
on corrosion of reinforced concrete [J]. Materials Re-
view, 2000, 14(5): 27-28.(in Chinese).

[3] Nguyen HY T, Pansu K W, Sancharoen P. The ef-
fects of electro-chemical chloride extraction on the mi-
gration of ions and the corrosion state of embedded steel
in reinforced concrete[J]. KSCE Journal of Civil Engi-
neering, 2018, 22(8): 2942-2950.

[4] Shan HY, Wang Z Y, XuJ X, et al. Influences of fly
ash, slag and silica fume on electrochemical chloride re-
moval treatment with simultaneous migration of silicate
ion [J].
ence, 2018, 13(6): 1120-1130.

International Journal of Electrochemical Sci-

352

(6]

[7]

[9]

[12]

[13]

Chang C C, Yeith W, Chang J J, et al. Effects of stir-
rups on electrochemical chloride removal efficiency [J].
Constru- ction and Building Materials, 2014, 68(10) :
692-700.

AR, TR, SRR, A5 B R B R R R Y
EWNRE A LT]. KA KiE TR 2%, 2001(3) :
35-40.

LiSL, Fan W G, Cai W C, et al. Laboratory tests of
electrochemical removal of chloride for anti-corrosion
[J]. Hydro-Science and Engineering, 2001(3) : 35-40.
(in Chinese)

2 SCHR , XX R RGBT IR BE A b S T R O
FEHERELT]. BERR R 244, 2020, 48(2): 258-272.

Jiang W Q, Liu Q F. Chloride transport in concrete sub-
jected to freeze-thaw cycles—A short review [J]. Jour-
nal of the Chinese Ceramic Society, 2020, 48(2) : 258~
272. (in Chinese)

Gk, R 8L, ks, S5 IR T R £ 4
PN A7 IR BE L AL &S [T]. TR BE L 5K Je il &,
2020,(6): 41-44,48.

QiulJ S, Xing M, Yang Z L., et al. Pore structure char-
acteristics of polypropylene fiber coal Gangue concrete
under freeze-thaw [J]. China Concrete and Cement
Products, 2020,(6): 41-44,48. (in Chinese)

F AR BRI L 5 VR Bl PR I T IR B b A e IR
AW B ST D). By K9 R TR 2= 4, 2017, 37(1)
148-153.

Jiang L, Niu D T. Study on damage failure criterion of
concrete under sulfate attack and freeze-thaw environm-
ent [J]. Journal of Disaster Prevention and Mitigation
Engineering, 2017,37(1):148-153.(in Chinese)
NS, i/, pdeiss, 45 A AL R AL S RYTR
BE L WOWES I BETE[T]. WS R TR R 227 i, 2009,
30(10): 1108-1112.

Sun W B, Gao X J, Yang Y Z, et al. Microstructure of
concrete after electrochemical chloride extraction treat-
ment [J].
2009, 30(10): 1108-1112. (in Chinese)

HulY, LiS, LuYY, etal. Efficiency of electrochem-

Journal of Harbin Engineering University,

ical extraction of chlorides in fly ash concrete using car-
bon fibre mesh anode [J]. Construction and Building
Materials, 2020, 249(7): 1-10.

o 30 TR B A I R RN AR T AR ME - GB/T
50082—2009[ S]. b ut: v B A 41 Toll i hiRdd:, 2009.

w /N, T, Y L S ETIR B L B
ORI R [T]. 3 B Tl K 2 2 4, 2010, 32(5)
579-584.



[14]

[15]

[16]

[17]

Gao X J, Zheng X M, Yang Y Z. Influence of electro-
chemical parameters on chloride extraction efficiency
[J]. Journal of Shenyang University of Technology,
2010,32(5): 579-584. (in Chinese)

TR EE L P S B T & A EOR BURE JGI/T 322—2013
(ST bt b g 5Tl th hiAt, 2013.

SRS, BILW, PN, SF ORI 5 ) R B AL 2R
A BAETFITBSERS O] @Ry,
2018, 34(1): 38-43.

Zhang W W, Mao J H, Sun Y, et al. Experimental re-
search on chloride migration featureduring electrochemi-
cal chloride extraction under different electric field direc-
tion [J]. Building Science, 2018, 34 (1) : 38-43. (in
Chinese)

U, EHTRE, BULME, 45 AL BRERAE A b 1 i
B b B (0 BUE 4y B [T ). sROD0H TR 2% 24 4k, 2011, 33
(5): 41-47.

Zhu P, Wang X X, Wei J X, et al. Model and numeri-
cal analysis of ions migration in concrete during the pro-
cess of electrochemical chloride extraction [J]. Journal
of Wuhan University of Technology, 2011,33(5): 41-
47. (in Chinese)

HOEL, ULk, RHER, L BAERIEPIRE S NA
BT IE g (1] D TR 2% 2 4, 2011,
33(2): 42-45.

Zheng L, WeiJ X, Yu QJ, et al. Research of the chlo-
ride ion migration in concrete during electrochemical
chloride extraction[J]. Journal of Wuhan University of

Technology, 2011,33 (2): 42-45. (in Chinese)

[18]

[19]

[21]

[22]

JE B, ISR, BRI, AR RN B R R R TR EE L
2 B RACERE R [T]. A= 5 R HoR, 2019,
31(5): 515-520.

Qu F, Sun H R, Lei Z H, et al. Effect of several pro-
cessing factors on electrochemical dechlorination effi-
ciency of reinforced concrete[J]. Corrosion Science and
Protection Technology, 2019, 31 (5) : 515-520. (in
Chinese)

LiuJ, LiuJ Y, Huang Z Y, et al. Effect of fly ash as
cement replacement on chloride diffusion, chloride bind-
ing capacity, and micro-properties of concrete in a water
soaking environment [ J]. Applied Sciences, 2020, 10
(18):1-16.

Geng Jian, DaveEasterbrook, Li L Y, et al. The stabil-
ity of bound chlorides in cement paste with sulfate attack
[J]. Cement and Concrete Research, 2015, 68 (2) :
211-222.

Ipavec A, Tomaz V U K, Gabrovsek, et al. Chloride
binding into hydrated blended cements: The influence
of limestone and alkalinity [J]. Cement and Concrete
Research. 2013, 48(6): 74-85.

R IR BE A R Al o B SOR R SR AT
URPEREDEIE (D] IR : 1 BRI, 2018.

Lei Z H. Study on effect of electrochemical chloride ex-
traction and frost resistance after extraction of reinforced
concrete components [ D]. Xiangtan: Hunan University
of Science and Technology, 2018. (in Chinese)

(AL 7 F=)

353



