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Seawater-ion-bound Self-healing Agents and the Working
Mechanism in Cracked Hardened Cement Paste

HUANG Haoliang"?, WU Xintong', LIU Hao', PENG Chuhan', HU Jie'?, YIN Suhong'?, WEI Jiangxiong"?*, YU Qijun'?
(1. School of Materials Science and Engineering, South China University of Technology, Guangzhou 510640, China;
2. Guangdong Low Carbon Technologies Engineering Centre for Building Materials, Guangzhou 510640, China)

Abstract: A self-healing agent that can bind aggressive seawater ions and accelerate the healing process was developed, which was
encapsulated as artificial aggregates. The closure ratio of a 400-um-wide crack is 80% after self-healing for 24 h in seawater by using
the self-healing agent, which is 4 times greater than that in referenced specimens. The reaction products formed at the crack mouth
are mainly brucite and calcite, while in the aggregates intersected by the crack there are portlandite, calcite, Friedel’s salt, ettringite
and hydrotalcite, indicating that the aggressive ions can be bound by the self-healing agent. The mineralogy and distribution
characteristic of the reaction products are dependent on the diffusion of the ions dissolving from the agents and the thermodynamic
equilibrium constants of the reaction products.
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Table 1 Chemical compositions of the developed self-healing

agents
. Ca/Al molar Mass fraction w/%
Composition . X

ratio CaO SiO, ALO3; NaO
Ca0O-NaAlO,I 3 62.24 0 20.38  17.38
CaO-NaAlO,II 5 77.38 0 14.07 8.55

CaO-metakaolinel 3 60.23  21.52  18.25 0

CaO-metakaolinell 5 71.63 15.14 13.23 0

R2 REKIHHFER

Table 2 Chemical compositions of metakaolin ~ w/%

Si0, ALO; Fe 03 CaO SO3 K,0 LOI Total
50.75 44.35 0.71 0.08 020 0.58 2.67 99.34

=3 Pl 425R /K ERIMLFLERK

Table 3 Chemical compositions of Portland cement (P II
42.5R) wi%

Ca0O  Si0, ALO; Fe,0; MgO SO; K,O LOI'" Total
60.21 19.15 643 3.55 095 235 0.69 3.03 99.36

“LOI is Loss on Ignition.
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Table 4 Tons concentrations in synthetic sea water™ g/L

cr Mg* SO Ca** Na* K"

19.36 1.266 2.69 0.40 1.34 0.39
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Fig. 1 Photos of crack surface of reference specimens at different periods
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Fig. 2 Photos of crack surface of specimens incorporated with CaO-metakaolin agent with a Ca/Al of 3 at different periods
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Fig. 3 Photos of crack surface of specimens incorporated with CaO-metakaolin agent with a Ca/Al ratio of 5 at different periods
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Fig. 4 Photos of crack surface of specimens incorporated with CaO-NaAlO, agent with a Ca/Al ratio of 3 at different periods
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Fig. 5 Photos of crack surface of specimens incorporated with CaO-NaAlO, agent with a Ca/Al ratio of 5 at different periods
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Fig. 6 Crack closure ratios as a function of healing time in
specimens with various self-healing agents
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(a) Products formed on the cracks surface

(b) Products formed inside the aritificial aggregates
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Fig. 7 BSE images and elemental distribution of self-healing products formed in the specimens incorporated with CaO-NaAlO,

agent with a Ca/Al ratio of 3 after healing in sea water for 7 d
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500 um

(a) Products formed on the cracks surface

(b) Products formed inside the aritificial aggregates
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Fig. 8 BSE images and elemental distribution of self-healing products formed in the specimens incorporated with CaO-NaAlO,
agent with a Ca/Al ratio of 5 after healing in sea water for 1 d
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(b) Products formed inside the aritificial aggregates

Ko BHMELEN 5 CaO-NaAlO, BRI ENRKTEE 7 d Jg HEE NI BSE EI& S e R oA

Fig. 9 BSE images and elemental distribution of self-healing products formed in the specimens incorporated with CaO-NaAlO,

agent with a Ca/Al ratio of 5 after healing in sea water for 7 d
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(b) Products formed inside the aritificial aggregates
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Fig. 10 BSE images and elemental distribution of self-healing products formed in the specimens incorporated with CaO-metakaolin
agent with a Ca/Al ratio of 5 after healing in sea water for 7 d
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B P: Portlandite P: Portlandite
B: Brucite C: Calcite
C: Calcite F: Friedel's salt
A: Aragonite E: Ettringite
B H: Hydrotalcite
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C/A ratio refers to Ca/Al molar ratio.

11 KN BB 7 d a5 B BB XRD 1
Fig. 11 XRD patterns of the self-healing products formed on

the cracks surface after 7 d
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K12
Fig. 12 XRD patterns of the self-healing products formed inside

KIS BER 7 d JEDUREE RN B4 XRD 1

artificial aggregates after 7 d
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Table S Chemical equations for the relevant reaction products of self-healing

Minerals

Chemical equations

Ettringite
Friedel’sSalt

6 Ca®™ + 2AI(OH), + 380,> +40H + 26H,0 & 3Ca0-Al,05-3CaS04-32H,0
4Ca% + 2A1(0H); + 2CI + 40H + 3H,0 & 3Ca0-Al,05-CaCly 10H,0
2A1(0H); + 4Mg” + 60H + 3H,0 & Mg;AlL,(OH),4-3H,0

Hydrotalcite
Csahg 3Ca% + 2A1(0H)s + 40H & Ca;Al(OH),,
Natrolite 2Na” + 2A1(OH), + 3Si02+ 2H,0 < NaAl,Si30,9-2H,0
Brucite Mg*" + 20H & Mg(OH),
Portlandite Ca*" +20H & Ca(OH),

MH refers to Mg(OH),. CH refers to Ca(OH), . E refers to ettringite. Fs refers to Friedel’s salt. H refers to hydrotalcite.

K13 B4 BBERRRFERRE A 2R R

Fig. 13 Schematic diagram for self-healing of cracks in cement paste with artificial aggregates under synthetic sea water
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