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Experimental and mechanism exploration of alkali-silica reaction inhibition

by microbial mineralization
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(Faculty of Civil Engineering Mechanics, Jiangsu University, Zhenjiang 212013, China)

Abstract: Alkali-silica reaction (ASR) is a reaction between alkaline pore solutions in concrete and reactive non-
crystalline SiO, in aggregates, which leads to expansion and cracking of the concrete, and degradation of mechani-
cal properties. In this study, based on the microbial induced calcium carbonate precipitation (MICP) technique of
Bacillus pasteurus, various treatment frequencies and methods, including surface treatments of potentially active
aggregates and mortar bars made by them, to comprehensively evaluate the inhibition law and mechanism of MICP
on ASR. The results showed that the MICP treatment could form a dense CaCO; layer with adhesive effect on the
surface of aggregates and mortar bars, thus preventing the intrusion of alkaline ions and water, and the inhibiting
effect became stronger with the treatment numbers. Compared with the control group, the maximum increase in
mechanical properties of 13.8%, and the decrease in expansion rate of 35% were observed when the mortar bars
were treated. When treating the aggregate, the mechanical properties were improved by 25.3% and the expansion
rate was reduced by 59.6% with a better inhibition effect, as the surface CaCOj; layer could simultaneously block the
alkaline ions and water existing in the pore solution and invading from outside. Microstructural and compositional
analyses showed that the proportion of Si and Na atoms on the aggregate surface decreased by 69.6% and 88.9%,

respectively, after treatment, indicating a significant reduction in the ASR gel.
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Table 1 Grain size distribution of aggregates used

Size/mm 2.5-5 1.25-2.5 0.63-1.25 0.315-0.63 0.16-0.315
Mass/wt% 10 25 25 25 15
F2 HERREGHE
Table 2 Design of mortar proportion for specimen
A t .
Cement/g Water/g (]fegfr;rgealngp) Size/(mm®) Purpose
450 225 1350 40x40x160 Measuring mechanical properties
400 188 900 25.4x25.4x285 Measuring expansion rate

Notes: The total CaCO; deposition on the aggregate surface increased by approximately 1.9% per two treatments; MICP—Microbial

induced calcium carbonate precipitation.
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Fig.1 Schematic diagram of specimen preparing, testing and analysis procedure
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Table 3 Details of specimens

No. Number of processes MICP processing objects Processing time point ~ Curing method Content of analysis
Control 0 — —
Bl 1 ..
Mortar bars made from original . X X
B2 2 . After pouring o s Mechanical properties,
B3 3 reactive aggregates 80°C in 1 mol/L expansion rate
NaOH solution p o
A2 9 microanalysis
A4 4 Reactive aggregates Before pouring
A6 6

Notes: Control is the untreated standard group; B represents the MICP treatment of mortar bar surface; A represents the treatment of
aggregate surface, and the number of processes represents the treatment times.

K. SHWPIEHEER CaCO; UIRE 1L (%); So M PRSI SR E R A, Mk, M 1mol/L )
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S PRAE S I 6] P R Ak B R U T B R VA R CaCO, 15 )2 )5 1 H ki & (g).

x4 WEDENLZERS (Wt%)

Table 4 Chemical composition of Jinping sandstone (wt%)

Materials SiO, AlL,O4 CaO Fe,04 K,0 Na,O Others
Jinping sandstone 63.62 16.55 7.93 4.41 2.81 2.49 2.19
1.4 NFEHERBHKENE B, A8 20°~70° (26) 11 A LL 5°/min (83 B8 X R i
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B AR (3) HE IR . AR IET 3 4P ATIR 2.1.1 MICP 4b B B B0 H # K T CaCO4 VTR

Ko, 45RECTHIE. MR
_LLooon ) 5 FE 2 53 Bl R T 48 MICP £ Ak B )5 b
o= To—24 0 e T 1) CaCO, 5 i L HFE WL AR . pi e 2 7]

K. g WA ¢ RIZIK R (%); LA A, AR Control AAAH L, % MICP Ab##
IR ¢t KK E (mm); Ly MEP AR Je o AT RAFE X 4 2 T I O b UL 2R 31 1 {5 CaCO4 1R

AUFEMERC B (mm); A9 B Sk B9 1K (mm). 2, HIRZ RO A A BB 1S 22 A8 A5 B E
L5 Wik W HAREE 3 iy, PR AR LT 2 4 CaCO, TL

% F} BRUKER “: 7 D8 ADVANCE %! X 5 £k 117 WIEZEEETE . HILEE, R Pab K ik
SHY (XRD) 43 Mok & 28 K5 B k2% 1 09 Y AH 20 1 CaCO; &1 iZ S AL PR B VIAHC . 5



HE T, 55 BUEY T A ) -k 1 Sz A K S LR PR R

- 4229 -

F5 CaCo; AW REREMR=E

Table 5 Mass ratio of CaCOj; on the surface of mortar bar

No. Processingtimes  Sy/g S\/g S,/g S/%

Bl 1 601.86 617.45 1559  2.59
B2 2 603.52  632.67 29.15 4.83
B3 3 601.31 644.84 43.53 7.24

Notes: S,—Initial mass of specimen; S,—Mass of specimen after
treatment; S,—Calculated content of CaCOj; S—Percentage of
CaCOj; deposits in mortar bars. The data in the table are the
average values obtained from three parallel specimens.

Control B1 B2 B3
2 MAEYIESERFRESTIRE (MICP) AbHS Wbk e 19 CaCO, TR
Fig.2 CaCO; deposition on the surface of mortar bars after microbial

induced calcium carbonate precipitation (MICP) treatment
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Fig.3 Variations in expansion rate and mechanical properties of mortar bars after MICP treatment
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Table 6 Mass proportion of CaCOj; on the aggregate surface

No. Processing times ~ My/g  M,/g M,/g  M/%

A2 2 9.89 10.08 0.19 1.94
A4 4 9.70 10.06 0.36 3.80
A6 6 9.58 10.13 0.55 5.74

Notes: My—Mass of aggregate after acid washing; M;,—Mass of
aggregate after MICP treatment; M,—Calculated content of
CaCOg3 M—Percentage of CaCOj; deposited in the aggregate. The
data in the table are the average values obtained from three
parallel samples.

Control

1 mm

4 MICP MBS kL (HRBFID4) I CaCO5 JIR
Fig.4 CaCOj; deposition on the aggregate (Jinping sandstone) surface
after MICP treatment
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Fig.5 Variations in expansion rate and mechanical properties of mortar bars with MICP-treated aggregates
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Fig.8 XRD patterns of aggregate surface at 28 days of alkali activation: (a) Control group; (b) Aggregate treated 6 times
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