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Abstract: Surface protection is an important supplementary strategy to improve the durability of concrete, but there
are issues to be addressed for traditional way of surface protection, such as poor interface compatibility and
environmentally unfriendly. In recent years, the schemes of using microbial induced carbonate precipitation (MCIP)
for surface coating protection of concrete can be break through in the limitations of traditional surface protection
methods and has attracted wide attentions. The mineralization mechanisms of MICP for surface coating were first
introduced. Then several common surface coating methods and their effects on the durability and mechanical properties
of concrete were discussed. Moreover, the microscopic characteristics of the surface coating layer were analyzed.
Finally, the future perspectives of microbial surface coating for surface protection of concrete were discussed based
on a summary of the research outcomes to date.
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Je, 4l A IR (urease) , f#E 4k IR Z K i 7= A NH,
5 CO,; 85 ,NH, 5 CO, % T/KIFIE M NH, " \OH |
HCO, M1 CO; &+, FBOME pHE L F+ & e,
CO? TETRPEIFEE T 5 Ca® 454 42 i CaCO, FH R It
R L (1) ~(6).

CO(NH,),+ H,0—> NH,COOH + NH; (1)

NH,COOH + H,0 ==NH, + H,CO, (2)
NH, + H, O=—=NH/ + OH" (3)
H,CO,—=——HCO, + H" (4)

HCO, + H'" + 2NH, + 20H = C0O: —+
2NH, + 2H,O (5)
Cell — Ca*" + CO? == Cell — CaCO, (6)
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FF# (bacillus sphaericus) W H UL G 3 Fhok IR
ANIAR A R A A AL T MICP - fE ALl 58 42— 3K .
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H,CO;=H" +HCO; (10)  JBMW. 5 S LR T FA  BsE 2, HAER %

TERMEZR T HCO, #— PB4 COZ FIH,O:
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Fig.1 Flow chart of brushing method"*"!
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Specimen )

(a) Agar immobilized method®!

P22 (2210 cell /mL) T Rl 72 1A 22 10, 48 5 J
TR KON 206 WO TRE SR A VR WO R Tl R (W)
IR 30397 0 DR 2R R A TR AU 0L 4% R T B A
oL, BRI E 2(b) s

Urea and Ca(NOsy),:

1 mol/L,6 h interval

Sodium alginate:

\ DMass fraction 2%
L

Centrifuged bacteria:
2x10' cell/mL

(b) Sodium alginate immobilized method*?

B2 [k MICP i i 1.2
Fig. 2 Surface coating with MICP by immobilization method
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JIL VAT VR TGV D I 3R TET R G b B

TE 2 10 B T 25 J7 i, Wang 25 5% FH BOIG %] 4%
AN, A4 d K Te AR R R T 12 B0
LI T A2 R 290 100.0 pm. AW 45 44
A BT B O g A AR R B A TR
BT B2 T CaC O, BURE 22 0] AH B 45, )2 AN AL
B b B S AR TR AU A T R A B A AL, A
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Table 1 Techniques and mechanisms of MICP surface coating and durability of concrete after treatment
Durability of concrete after treatment
Concentration
Coating method Mechanism  Strain type of bacteria/ Treatment time Water Chloride . . Ref.
-1 . . . Carbonation
(cellomL ™) Water absorption  permeation — permeation )
. . resistance
resistance resistance
Sy sarct I se b
parmarc?na 3.0 10° 7d Decrease by 45% ferease by [25]
pasteurii 81%
. . . . Reduction related
Hydrolysis Bacillus . 3 d immersing+
) 10 R to water—cement [42]
by urease sphaericus 7 d drying .
ratio
Immersing
Bacillus 5 Decrease by Increase by
o 4.9X10” 28-210d [33]
subtilis 12.14% 12.51%
Organic .
Bacillus Y Increase by
carbon B 10° 14d Decrease by 50% [41]
o cohnii 50%
oxidation
Decrease by Increase by
3.0x10° 7d 34
55.7% 10.5% e
Brushing Hydrolysis Sporosarc?na 10° 48 h coati'ng+7 d Decrease by (32]
by urease pasteurti drying 58.0%
Brushing coatings Decrease by
2.0x10" 39
till solidification 60%-85% (321
3.0x10° 7d Decrease by 35% [25]
Hydrolysis  Sporosarcina
Agar -
by urease pasteur 30X 10° 74 Decrease by 35%/ Increase by [26]
70% 24%
Diatomaceous Hydrolysis  Sporosarcina 100 48 h coating+7 d Decrease by (32]
earth by urease pasteurii drying 58.0%
ilizati D se b
Immobilization 5 0% 10° 7d €Cureaie Dy [38]
Sodium Hydrolysis ~ Sporosarcina 7526-90%
alginate by urease pasteurti . Immobilization till
2.0X 10 o Decrease by 15% [36]
solidification
Hydrolysis 3 d brushing
Agar by carbonic CA 2.3%10° coatingst+4d  Decrease by 86% [46]
anhydrase drying

ST, G 3 BT 7R AN TR 5 T 4 2 A 28 22 L (D)
258K, DL pm 2L E pm A, AR TR T8 1k
ZH 43 AT 2550509 De Muynck 259 W € 31 MICP
2 T B Ak B RS YRR A 2 K o B w2 R R
10.0~40.0 pm B UTEL)Z 3 A R K1) CaCO, 4
e 2 Horh (B A A 4 110.0 pm). Xu 28 [l 98 = 01
5 R SR A 2 R B B R AR K LR A 15 S
AR B B JEJEE 9 100.0~140.0 pm, i A 2 B 5575 571k
I 9 J5E 1 > 260.0~360.0 pum, B @R FFLERES . X &
TR TR A RS, Ca™ #5725 CaCO, IRUR
TR H 2L AR H T R I N U T ) R
(5, & BRR PR 3 I B A A CaC O, 5 J2 TR
24 280.0~330.0 pm, T Wi V4% 125 19 4 £ (R (18 1 37 PR

D:116.550 1 um |

D:112.212 1 pm

Deposited layer

&3 MICP K 1 2 )58 B 1 6 2 A 7
Fig. 3 Thickness of the MICP surface coating
analyzed by optical microscope™”’
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