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Chloride Ion Diffusion in Cement Mortar in Multi-Ion Solutions with Various Ions

ZOU Dujian', QIN Shanshan', LIU Tiejun', GONG Hao', ZHOU Ao", PEI Huafi*
(1. School of Civil and Environmental Engineering, Harbin Institute of Technology ,Shenzhen, Shenzhen 518055, Guangdong, China;
2. School of Civil Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China)

Abstract: Immersion solutions at different salt ratios and concentrations were prepared based on the seawater salt composition in
Shenzhen ports, China. The effect of immersion solution on the deterioration of the mortar and the chloride diffusion coefficient were
investigated. The results show that the influence of sulfate ions on the diffusion of chloride ions is related to the salt concentration in
multi-ion solutions. The diffusion of chloride ions is inhibited by high-concentrated sulfate and magnesium ions in the early stage and
promoted in the later stage. This phenomenon is not consistent with the effect of multi-ion interactions in the marine environment.
The low concentration of sulfate and magnesium ions in seawater does not inhibit and even slightly promote the diffusion of chloride

ions in the mortar.
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Table 1 Chemical compositions of cement materials

Composition Mass fraction/%
Na,O 0.13
MgO 1.07
AL Os 5.21
SiO, 21.10
CaO 65.65
Fe;0;3 4.18
K,O 0.58
SO; 1.02
others 1.06

x2 KEMEHNFSH
Table 2 Cement physical and mechanical parameters

Mass fraction/% Setting time/min Flexural strength/MPa ~ Compressive strength/MPa
Standard consistency L.OI 80 um sieve residue Initial Final 3d 28d 3d 28d
26.3 3.23 0.23 165 263 5.7 8.7 28.8 49.8

R3 WRESL

Table 3 Mix proportions of mortar kg/m’
Cement River sand Water
500 1350 300

x4 RBPBASRABKES

Table 4 Solution combination and test number

Sample No.  Solution combination

CI3 3.0% NaCl

CI3S3 3.0% NaCl+3.0% Na,SO4
CI3S8 3.0% NaCl+8.0% Na,SO4
CI3MS3 3.0% NaCl+3.0% MgSO4

SEA 2.42% NaCl+0.16% Na;SO04+0.12% MgS0,4+0.4% MgCl,
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Fig. 5 Distribution of free chloride ion along concrete depth under different immersion times



. 1822 - CHEMR Eh 22410

J Chin Ceram Soc, 2020, 48(11): 1817-1823

2020 4F

S10F —=—60d —a—180d

E of —e—120d—v—240d

= 8.12
2 8F 760

S

§ T \ 6 656
§ 6 ! —

=

o Sr

]

<

g 4

&3

g 2t

5y

E 1 C 1 1 1

Cl13 CI3S3 CI3S8  CI3MS3 SEA
Solution combination

6 S TIRERR T AR

Fig. 6 Integration area of chloride

FIRIRIE I G O — SRS R TR R T R
MBS, AR 2 B R 2 T A3
LRI S 2 & PR P A IR R
PR AR 25 IR A M, A A HEGE T
I g 7K AR PR S5 v G AR TR e L AR R . 1K
7w, 5 CI3S3. CI3S8 Al CI3MS3 440 1A/ 1
FUEGAE B BRA S, AN AR ]~ SEA 2145 174
SR ELAE B A KT 1, XU HA A iR B v L
TR AR 2 0 U A A R LT A A
SEA R ILHK AR SEA P &4 3 5 &0
T AT &, S T IR R IR AR 2 IR 1
8.6 ffr, BEEITIY 141 f5, LTI 176 fi5. &
TR I I = T e SN TR, S
fr, HoAth B3 S AR AR s . Him
WP FAE— C R LS BRI & T 5K 1L
PEIRR S Y, AR R 5 1 A AR el
STLBREE R 5. P 8 R LI HY, SEA 415
C13 41 2 20 S 2A2 b = W PR AT S 06 i P S Al B
X5 SCHk[22]H &l R AR .

1.1k —=— 60 —~— 180
—o— 120 —v—240

1.0 |

09

0.8

0.7 F

0.6 -

Ratio of chloride integrated area

0.5 1 1 1 1 1
CI3 CI3S3 CI3S8  CI3MS3 SEA

Solution combination

K7 Byt

Fig. 7 Ratio of chloride integration area

—C3 2 CI3S3 Q
3——CI388 4——CI3MS3 @
5~ SEA o

i

Intensity

5 10 15 20 25 30 35

26/(°)
E—Ettringite; F—Friedel’s salt; Q—Quartz; CH—Portlandite.
Kl 8 WIRAEAFE IR M 120 d J5 1) XRD %
Fig. 8 XRD patterns of mortar after immersing in different
solutions for 120 d

3 4

) ST BRI 755 2 B TR AR i h
BN, WRRBUE . PRI s R B B A 4R ki R
B R BRI, R R AT BB, ST
AT s EREN N B

2) ARV, e B ST R R AR
TRVEE 1 I A7 AR 20 S I i A2 1)
FHIVE T, AEAEAR v 1V Y el TR R AR 2
TRV AR ik 3 SO L A B4 0 PR e 3
BEAR, Ml 1 R U e 2 S 19 TR 2
et o

3) WEAKIAE TR T B IR I
AR T 5B TR, AER A A R T AER IR
P R IR 32 B 258 o DR v
FER A5 2 45 RO HHGE F TR e A AR A
e SR AR P AL AR .

SH 3R

[1] A NRILFNE AR5 FI 2 @i, GB/T 50476-2019 ikt + 4544
i APEBEFRAELS]. bt o @A Tl AL

[2] CAZENAVE F, BERNADA P, COUTURE F, et al. Modelling of solid
formation by heterogeneous reactions through a multicomponent
transport model of diluted ionic species: Simulation of barite fouling in
a geothermal heat exchanger[J]. Can J Chem Eng, 2020, 98: 979-997.

[3] VR T2 B LA IR VR R L A oW e 2 A ). i
T #2441, 2018, 46(8): 1074-1080.

LIU Qingfeng. J Chin Ceram Soc, 2018, 46(8): 1074-1080.

[4] LIU QF, FENG G L, XIA J, et al. Ionic transport features in concrete
composites containing various shaped aggregates: a numerical study[J].
Compos Struct, 2018, 183: 371-380.

[5] LIU Q F, EASTERBROOK D, YANG J, et al. A three-phase,



48 B 11

AR A BT HBSIIASE T R T AR I P Y R e .

1823 -

(6]

(71

(8]

(9]

[10]

(1]

[12]

[13]

[14]

multi-component ionic transport model for simulation of chloride
penetration in concrete[J]. Eng Struct, 2015, 86: 122—133.

JIN Z Q, GAO S, ZHAO X, et al. Corrosive crack and its 3D defects
identification of reinforced concrete subjected to coupled effect of
Chloride ions and sulfate ions[J]. Int J Electrochem, 2015, 10(1):
625-636.

JIN Z, ZHAO X, ZHAO T, et al. Effect of Ca(OH),, NaCl, and Na,SO4
on the corrosion and electrochemical behavior of rebar[J]. Chin J
Oceanol Limnol, 2017, 35(3): 681-692.

XUFLBR. SR B R AR A2 T R VRE L A9 S AL HL B A 5T [D].
M P EER, 2017

LIU Qiyue. Research on damage deterioration mechanism of concrete
under chloride-sulfate attack (in Chinese, dissertation). Xuzhou: China
University of Mining and Technology, 2017.

BRI, FH i, AR, M VR T A AR IR £k K SR il
APESERR[T). H R AR (A R RERR), 2012, 43(7): 2803-2812.
CHEN Xiaobin, TANG Mengxiong, MA Kunlin. J Centr South Univ
(in Chinese), 2012, 43(7): 2803-2812.

STROH J, MENG B, EMMERLING F. Deterioration of hardened
cement paste under combined sulphate-chloride attack investigated by
synchrotron XRD[J]. Solid State Sci, 2016, 56: 29-44.

AR, WhE, EF. SR TR BRBREES A R R )], R R
4R, 2011, 39(1): 25-29.

LI Changcheng, YAO Yan, WANG Ling. J Chin Ceram Soc, 2011,
39(1): 25-29

GUERRERO A, GONI S, ALLEGRO V R, et al. Effect of temperature
on the durability of class C fly ash belite cement in simulated
radioactive liquid waste: Synergy of chloride and sulphate ions[J]. J
Hazard Mater, 2009, 165(1): 903-908.

LOSER R, LOTHENBACH B, LEEMANN A, et al. Chloride
resistance of concrete and its binding capacity—Comparison between
experimental results and thermodynamic modeling[J]. Cem Concr
Compos, 2010, 32(1): 34-42.

CHEN Y J, GAO J M, TANG L P, et al. Resistance of concrete against

[15]

(16

(17

(18]

[19

[20]

[21]

[22]

combined attack of chloride and sulfate under drying-wetting cycles [J].
Constr Build Mater, 2016, 106: 650-658.

MAES M, DE B N. Resistance of concrete and mortar against
combined attack of chloride and sodium sulphate[J]. Cem Concr
Compos, 2014, 53: 59-72.

SOTIRIADIS K, RAKANTA E, MITZITHRA M E, et al. Influence of
sulfates on chloride diffusion and chloride-induced reinforcement
corrosion in limestone cement materials at low temperature[J]. J Mater
Civ Eng, 2017, 29(8): 04017060.

W T A R DI 5 AR KR 2 3 K K SO ER 24 [D].
I b iR 24 (AE YD), 2009.

YANG Qiaofeng. Hydrogeochemistry of surface water and shallow
groundwater in coastal area of Shenzhen (in Chinese, dissertation).
Beijing: China university of geosciences (Beijing), 2009.

3. GB/T 17671-1999 JKYE A 5k K 4877 12:(ISO V) St )
FT R[], 7K, 2000(7): 1-3.

WANG Wenyi. Cement (in Chinese), 2000(7): 1-3.

S AL PG b X7 s PR TR TR - TR AP S A A T (D). AR
B2, 2006.

JIN Zuquan. Durability and service life prediction of concrete exposed
to harsh environment in West of China (in Chinese, dissertation).
Nanjing: Southeast University, 2006.

TSGR 5 4 4 5 PR IR S VT T TR o S T AR AT D S
RFSE[D]. K2 K2, 2017.

YU Demei. Research on chloride ion transport behaviour and model of
concrete under coupling of fatigue load and environment (in Chinese,
dissertation). Xi’an: Chang’an University, 2017.

JIN Z Q, SUN W, ZHANG Y S, et al. Interaction between sulfate and
chloride solution attack of concretes with and without fly ash[J]. Cem
Concr Res, 2007, 37(8): 1223-1232.

JENSEN M M, WEERDT B, JOHANNESSON M R, et al. Use of a
multi-species reactive transport model to simulate chloride ingress in
mortar exposed to NaCl solution or sea-water[J]. Comput Mater Sci,
2015, 105: 75-82.



