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Abstract; the mineralization effects of

ureolytic type microorganism were employed in the surface

In this paper,

treatment of concrete after carbonation. The capillary water
absorption, resistance to water permeation, and rapid chloride
permeation (RCP) of concrete were tested after treatment.
The contact angle of the surfaces was measured. The
composition of the deposits were
The results show that both

carbonation and microbial surface treatment can increase the

morphology and

comprehensively studied.

resistance to permeability while reducing the water absorption
of concrete. Large calcite crystals, which tightly adhered to
the concrete surfaces, are formed by microbial treatment.
Carbonation has no impact on the crystalline and morphology
of microbial precipitates. However, after microbial surface
treatment, different effects are observed on the water

absorption and permeation of concrete with or without
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carbonation. When microbial surface treatment is performed
after carbonation, the range of further reduction in terms of
water absorption coefficient is higher compared with the
reduction by the treatment on uncarbonated concrete. The
main reason for this phenomenon is that the degree of
hydrophilicity of concrete after carbonation decreases after

microbial surface treatment.
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treatment; durability
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1.1 AEREEFEAN

MR 2 2 R H B R ZFE#AT B (Sporosarcina
pasteurii). BHEEH 5 g« LT EHK,3 g L1 4
REM 20 g « LT RRIREEFRBI K THIE M,
FE s K AR 120 'CRTE 20 min. #EHK L 1%
R H0 #EATHM S  ZEIRBE 30 °C IR GHIE 100
r+ min ' FERE R PR EE 7 d BEJRLL 4 000
r « min~ (B0 10 min, B 3 R T TE A T L
IR T o A6 B A0 B B A 1k A e RUBURL Uk BE Sy
L 7X10°4 « mL7 WEEWOIFE T 4 COkAE T IRAF
.

1.2 BRIHEREE

KJEH P o 1152, 5 7KU8; 408 Bk F R A2 A
0. 075~5 mm, HEERECH 2. 6 1> B R
5~10 mm FELERECL A X A BA. K oKVE: 7b: 1
FH1.00:2.09:3. 20:5. 17 (R H). BEFHF R [F]
Rt M BERTE R LT A R E B (R D. 3K
el 1 d 5 RIEL, F 25 ‘CHEMAN Ca(OHD,
WY 28 d FEPERGET 70 CHMFE N T
24 h, B 5 AE RN TE R R 3R AR BR 2 B KRR s
St A 55 AERR AL P A, Bk T 4 i B v o i VR
T I RR AN A M RE RIS ) (GB / T50082—
2009) HEAT IR AL. KR E F CO, B4R (20
+3) % AN RREE R (7045) % FIBRALEE o i s
1k 3 d JE B AR T B4 8 3 3, FUHE )
B X i Bt 1) B8 M Y T A2 R LA O e A TR
BE. S0, BT A SR LR 2R 1. 6 mm.

F1 BREIEHRRST FRELEARXURNATH
Tab.1 Size of concrete specimens, method of surface treatment, and items of testing
20 51 R B/ mm R ER/mm JnEEmRE WA REIIRAE pl§r ety =]
N-C1 50 100 & il BHPK PR AE T B S
N-S1 50 100 g 2 BHWK PEAE T BB
N-C2 100 46 g & HiKBE
N-S2 100 46 & 2 kB E
c-C1 50 100 P il BHPK PR AE T B S
C-s1 50 100 b= 2 BHRK EEAE TBE
Cc-C2 100 46 2 & YiokBiE
C-S2 100 46 2 2 HikBE

1.3 MEYREINRLGE

FEHEA 100 mm F1 46 mm F3R R 2 T 43513 in
10. 0 mL F0 2. 0 mL JBURige R 3 X108 « mL '
WIS P H R TG A 120 CRIEZERK
B 20 min J5RHIZE 55 CHIIEEEFM 5K
WIIREZE IR G, SR RWEE N 40 g« LR
EHg L'EHK.3 g L4 HWE.0.5 mol -
L& fk85.20 g« LB ERW R EER
100 mm 1 46 mm Xk FRE KT 15. 0 mL Fl
3.2 mL BRI R HEERE. Kol g T =\ AT
HAYITIR. S BCH 40 g « LT RE 0.5 mol « L71&
A TCHETR AW BT 3 d &:R% 6 h % 1. 0 mL JREF
FAHRAW . Z 5 4 d R 12 h %5Hn 1. 0 mL B
B TTRSERE R 60 “CHUKE W IF sk L%
BRATIREFEADFR AR - S5 AR R A UTAASR.
1.4 FRAEWK
1.4.1 B4AR KM

WEAR 100 mm FRHRREAIE, BT 70
CHEFN T4 3 d, BUEIFFR BRI IR B &. A5 Kk

BT REFKH, 23R A B AT 8 R, IR IEK
WA B 2/3. 9 Fe— Bt [ B i, 47
T8 T 1R A T 5 S HE K 8 LSS AR
SR G T L. Ma34E 36 h, it B4Rk R 5L kW]
HUTARITE
_Q
k= VG (D

KA Q AR WK &, g5 A il ok 3= R,
em” 5 AR ROK R hy b iR A B 40T K R B
gecm 2 eh™®®,
1.4.2 HKBBEMR

R Mg AR LA IR R 257 BR A R AE F= It
KBB (RIS SS-1. 5). WK S bri IR
B K BRI A R T E)GB /T
50082—2009) , ¥4t T /5 Y AR 46 mm X E FHi
BAL L Bt 1 MPa ZKEI-RFE 24 h jFEUE. FIH
FE FIWUR e Bl ) B F L B S FHIE 5 28 R S K
TR, BRI 6 p I KB BV, AT
BBRE S, @ FARIKE .
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KA S AIRAMAEX B &R E mm « h™' ;m HIREE
+ K, —EL 0. 03; Dy IR T8 K E B,
mm; T AR EEK R B B, hs H 7K 7, LK RS
JER/R ,mm.,
1.4.3 PoREAEFBEHK

TR S BE s o 2 TR B8 1 < 300 1 BB R TS K
REIXI 7 1) (GB / T 50082—2009) , %f B #& 100
mm RS AT R A T8 B, WK R EE 6
h, #Ef% 10 min JCSRAEREIF SR EZ 2L, 5T
(NSRRI
1.4. 4 TOWTES X AE5 1

BB, OB & UL = M /N B, 43 5]
X H B W BE F B 4 (scanning electron
microscopy, SEM) | %1 (energy dispersive X-ray
spectrometer, EDS) # 47T 4 F G 2 43 4. 7] B 1 B
RETIR =Y, R X H LA 5 4 (X-ray
diffraction, XRD) BET #1443
1.4.5  FREEA AN

FE A B )X R R TR SR 8 A 1 1 SR VBT
FES [ = AHAE R AL 2280 PR 2 SR T Y e
£ 0, LA £ VE Ay 2R THT 2 fik £ , SR FH AR 43 B S 44
AT HTIH A

2 HWER

2.1 WokFyrettae

TRBE + WK Fbo s e A 48 6 4 oK Bk
BB UK PR AR FBE = . 5 IR iR
L 40K MG LE R A E 1 R, REEM AL
PR PR K R B K, 36 hiKE| T 0. 013 g »
em™? « h% RGN AR W 3R T AL B3 RE A [R) AR B
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“Ualls
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A5

a PUKBEEAE
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R R TR B A Wk 2R 25, L DAG A W0 Ak BRASCR B
B ARG BARAL IR RAE Sy v,
PEAT IR AR ) 2 T b B, VR 7K 2R TS o ) i E a1 T
i5 35200 70%. A UL, kAL 5 FERHEAT I A W R T Ab
B, HRARTR B 1 30 2 WK MR BEAE HUR IR AL B 3
PEAT I A MR T AL B A D AR T
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Fig.1 Performance of capillary water absorption

E 2a AHKBBENIRLEF , H R ST T2
R HIXHE 5 R B K, 328 2. 1X107° mm -
h™'. BT MR AN S A B B R T
RET A7%F0 81%. # Kt Ak J5 Wi B Sk 3L, T
T A YA B S A X2 B R R RE T 57%. A
b B AL FEEAT A M e T Ak B, AR IR BT
IKIB 35 R BE A L AR B Ak B B AT 1ok A 0 2 i &b B
AP RE B 2b e E RIS R, HEARp 6 h
BB RIAE T 3 463 C, M RAL T AE By 2 1w b 2
J P R AR X B AERR AR T 11200 10%. AR,
DABR AL S5 B R o e v , BT ol 0 A B S AR X
TR 9%, S5HiKB BELERAN, Ak i
it pREAHE, KB RE AR FBEN
FEPE AR bL R B Ak BB R AT AR Y R b E A BT
FEALK.
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Fig.2 Performance of resistance to water and chloride ions permeation
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2.2 REMUHERKZWBEZH

R SEM FRAE T 24 [F) 77 3K i 2% i Ak 25 TR
Bt RZHVEHL. B 3a 2R EAE (4 B B ZE AR
it » T 2 BURDIR =4 » LLITCRE FE KA1 C-S-
H B8 £, R B G L AL, B 3b REpkAt
PR R i, A PR R A R I B M U R R L AL
BRAENS 4E 4k, I BAF TR RORIARTE 1 pm ZEH HINTH
Ak CaCO; ERIARURL. B 3c.3d ¥ & ME Y FRTE
AbBR R B SR TETE A, 7T TGI8 Z R A 2l Ak » i

a N-C1

AP TIRRERRS T RE RN HE AR CaCO; &k, B
AR RIS I R T B AL BT 7= A B4 b kL, HOREARAE 10
pm DAL R s SR B S B s fe R i [
BB — PR THR B+ REBUR L.

FEE R ORS00 SEM BB | b 38 X 47 RE 1%
TER AT LK 3a~3d 7 EAERX), RHTR F &
A Ca.C.O 2B, i XRD 734 e 4MIESE T LR
Yy 2 AR T A B CaCO;, FRiA, IN3R 2. 4
B

b C-C1

d C-S1

B3 RBEtRESEMRH

Fig.3 SEM images of concrete surfaces

%2 EDS TEHSWER
Tab.2 Results of EDS element analysis

HA  wO/Y% w(O)/% wCa)/% w(SD/% w(AD/%
N-Cl1 43.75 49. 09 4,54 0.93
c-Cl1 3.50 23.50 68. 65 2.77 0.01
N-S1 11. 23 39. 94 48.02 0.71 0.08
C-S1 18. 85 49. 56 31. 34 0. 26

2.3 REEMMA

# 3 RAAAFRMAL B 5 BT I R HOAE A =
TS A iR 3 AT L, BRAL 5 TR BE 1 2 T4 fu /A B
I B K P 3 o  75 TR 05 o 3R T 5E 5 W K.
T 28 A= W 2 I A B i T RE AR BE T AN 2.
SR PERR A P IEA T AU ) 2 T A L, R T 2 fih £
M P BRAL SR 1 2 B R 3R, BRBR/K PR RBARAS T 1R M.

0 10 20 30 40 50 60 70 80
20/(°)

B4 RERELETYR XRD 45
Fig.4 XRD analysis of deposits after microbial

surface treatment
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Tab.3 Analysis of contact angle of concrete surfaces

A )
3 THE Tl
N-C1 86. 00 0.07
N-S1 79. 50 0.08
Cc-C1 58.00 0.10
C-S1 70. 25 0.11

3 i

38 XA SR R . B SR R B, kA
A AR TE — E R E L UGE IR L iiE i, R
SRR R B KNS 3 R B S T L BT R
B SEM 2047 BT UL, B AL 5 TR 0+ 56 T B A T 4R
w. T EmALE RS SRR CO, & hiRE + R
[ ERPEATY 8L, 5 EEKAEY Ca(OHD, R
A, CaCO; » X — i3 2 REASEE ZE LI, DT AR TR it
TR REE Y. BRI R B AL E IR S PR
BYEIRE, W FLER R T M, HL IR0 5 F B 7K K e
(BREE L) AR A5 AR B+ 0 B B0 Rag
A SCIR] B & B, B Ak JE TR B+ RO e TE B kAR T R,
13117 F 36 35K, X AT RB A2 1 PR ALl TIRSE 3%
T F9 4 B AL 22 R 25 AN FL 45 #4. Johannesson 4521 i
IR AL R T SILBR R AR E T 2~7
nm 12 Bl P A AR FLAAR AR, 330 Ks i AR 3 T PR REAR .
Smarzewski 2 MESE , 7 R T fE & S 2R %+
R EAKMEARR.

L B AL DT AR A A XHR B 1 2% i A7 Ak
L, RO s v T S RE RIS S AL SRR
I HIIREE B2, SHARFE R, M4 et
U P=AE ) CaCO;y R R T K, BEARFE 1~10 pm
TR IR CaCOs fib ik — 7 T fE A UT R B0
Hh7E S5 7R TR B R, 5 — 7 RS ER R R AT
FIB YL , B AT LA R s v, BEA 1
W o TAE B R T I BB ™). Wi iRl & B,
AE LT B CaCO, JLRJE 3R B B i 2
R+ R ERIE R, X5 De Muynck 267 (BT
25 Rt B —B.

ARSCRRFTSE TR W WAL AR I R ma i A=
B PR SR ELRIE B 1 2 S B AL E S A R
T A B TR EE 1 K TP AT B R IR AR F AL
. #5 U ARBRAC ARG S5 TR BE 1R o 3
e Bl G FEA T AE Wy R T AR B, BT DL R IR - R Ak L1
1 BB AT A 2 T A B, LR K 2R B R AR 1
T B4k 5 T BE AT 2R ) 2 A B 3R T 5 22

HE L » B2 KRB 18 125 2R ORI S8 88 1 HL T B 7R A
YRR T REIR S TR . X MR
FE B R W TR FYLE B i HLHI A R Pk —
fEemi = L IREE - PTB T EEBUR T LR AL A6
DA B2 L0 8 1 I VR K A U 3 55 2 T 4 SR K A R
FHSR. P fil A A SR R BR AL R PR AT AR
FRMAL T, JREE -+ BRI 4 Ak £ 75 2 D B4R 5. 613
WAL 2 )5 HIR BE L, A W SR AL B (LR B T 3R
T B FE » AR T FLBR SR iR B RARBE b A T ki
Ja B i B SR K AR B » Do/ N T SRS W K BE T 4R
THTIREE L BT A, SR, SRR SCE I A
B R EE L LA R, R X HKE BHIHTR
BT B BERERFA L.

4 Zig

BRAL R AE M T A B BE B s YR 5+ SR THI 3
W T AR 8 1 K PO SR e p s . Bk AL AR
IR WA Y R 7= i i B AR 5 (HR S
AL E XA W) 3R T AL B VR B 1 R OK RpLB AT
A AN R VR R AR fod A 2 T Ak BE R B AL AT
BiRATREE 1 B 2 2 W K 2R B R B2 2 313K B 3506
7096, MK AHXTIE 5 2T W 0R 0 23531 8106
F 579, HE R FEIR A2 10900 906, BIARLL
RBACTREE T BT A WAL B, AL )R P AT
AR W Kb B U K 2R B AR IR BE O, T8 18 AR 4K
Ree AT R BE M7 . 12 22 v 2 R T IR K M (R 2R
FAUAR & SR EE LR FRACREH K, MMEY
R Ak T A BE A5 B35 e L BTty S B 31K [R) AL

&% 30K :

[1] NOLANE, BASHEER P A M, LONG A E. Effects of three
durability enhancing products on some physical properties of
near surface concrete[J]. Construction and Building Materials,
1995, 9(5). 267.

[27] QIAN C, WANG J, WANG R, et al. Corrosion protection of
cement-based building materials by surface deposition of CaCO;
by bacillus pasteurii J]. Materials Science & Engineering C,
2009, 29(4); 1273.

[3] AGUIAR]J B. Coatings for concrete protection against
aggressive environments [ J]. Journal of Advanced Concrete
Technology, 2008, 6(1): 243.

[4] IBRAHIM M, AL-GAHTANI A S, MASLEHUDDIN M, et al.
Use of surface treatment materials to improve concrete
durability[ J]. Journal of Materials in Civil Engineering, 1999,
11(1): 36.

[5] MUYNCK WD, DEBROUWER D, BELIE N D, et al.



EoH &

Al S RAGVE T IR BE L IR Y R TAR 2R

233

L6]

L7]

£8]

L9

[10]

[11]

[12]

[13]

[14]

[15]

[16]

Bacterial carbonate precipitation improves the durability of
cementitious materials[J]. Cement and Concrete Research,
2008, 38(7): 1005.

PAN X, SHI Z, SHI C, et al. A review on concrete surface
treatment. Part | : types and mechanisms[]J]. Construction
and Building Materials, 2017, 132(8): 578.

PAN X, SHI Z, SHI C, et al. A review on surface treatment
for concrete. Part 2: Performance [J]. Construction and
Building Materials, 2017, 133(2): 81.

B, W HEWAERRAE A SRR TR ], W
TrRAEAR CHARBERD , 2013, 41(10): 1542.

XU Jing, YAO Wu.
calcium carbonate precipitation [ J ]. Journal
University (Natural Science), 2013, 41(10): 103.
MTAYER-LEVREL G L, CASTANIER S, ORIAL G, et al.

Applications of bacterial carbonatogenesis to the protection and

Non-ureolytic microbiologically-induced
of Tongji

regeneration of limestones in buildings and historic patrimony
[J]. Sedimentary Geology, 1999, 126(1/4): 25.

DICK J, DE WINDT W, DE GRAEF B, et al. Bio-deposition
of a calcium carbonate layer on degraded limestone by bacillus
species[J]. Biodegradation, 2006, 17(4); 357.

CHEN H, QIAN C, HUANG H. Self-healing cementitious
materials based on bacteria and nutrients immobilized
respectively[ J]. Construction and Building Materials, 2016,
126(3): 297.

WILLIAMS S L, KIRISITS M J, FERRON R D. Influence of
concrete-related environmental stressors on biomineralizing
bacteria used in self-healing concrete[[J]. Construction and
Building Materials, 2017, 139(SC); 611.

MUYNCK WD, COX K, BELIE N D, Bacterial
carbonate precipitation as an alternative surface treatment for
concrete[ J]. Construction and Building Materials, 2008, 22
(5): 875.

NEMATI M, VOORDOUW G. Modification of porous media
permeability, using calcium carbonate produced enzymatically
in situ [J]. Enzyme & Microbial Technology, 2003, 33
(5): 635.

WANG R. Study on microbiological precipitation of CaCO3[J].
Journal of Southeast University, 2005, 35(S1): 191.

XU J, YAO W, JIANG Z W. Non-ureolytic bacterial carbonate
precipitation as a surface treatment strategy on cementitious

et al.

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

materials[J]. Journal of Materials in Civil Engineering, 2014,
26(5): 983.

DE MUYNCK W, COX K, BELIE N D,
carbonate precipitation as an alternative surface treatment for

et al. Bacterial
concrete[ J]. Construction and Building Materials, 2008, 22
(5): 875.

EHN, BEFR. WEWTURIKIR TS & S /K 8 2018l 3R T
BaLT]. mEEsEL2AHL, 2008, 36(4): 37.

WANG Ruixing, QIAN Chunxiang. Restoration of defects on
the surface of cement-based materials by microbiologically
precipitated CaCO; [J]. Journal of the Chinese Ceramic
Society, 2008, 36(4); 37.

CLAISSE P A, EL-SAYAD H, SHAABAN I G. Permeability and
pore volume of carbonated concrete[J]. ACI Materials Journal,
1999, 96(3): 378.

SONG HW, KWON S J. Permeability characteristics of
carbonated concrete considering capillary pore structure[]J].
Cement and Concrete Research, 2007, 37(6): 909.
JOHANNESSON B, UTGENANNT P. Microstructural changes
caused by carbonation of cement mortar [J]. Cement and
Concrete Research, 2001, 31(6): 925.

SMARZEWSKI P, BARNAT-HUNEK D. Mechanical

durability related properties of high performance concrete made

and

with coal cinder and waste foundry sand[J]. Construction and
Building Materials, 2016, 121(5); 9.

DE MUYNCK W, DEBROUWER D, DE BELIE N, et al.
Bacterial carbonate precipitation improves the durability of
cementitious materials[J]. Cement and Concrete Research,
2008, 38(7): 1005.

CHUNXIANG Q, JIANYUN W, RUIXING W, et al. Corrosion
protection of cement-based building materials by surface
deposition of CaCOs by Bacillus pasteurii[ J]. Materials Science
and Engineering, 2009, 29(4);: 1273.

WANG R X, QIAN C X, WANG ] Y. Bio-deposition of a calcite
layer on cement-based materials by brushing with agar-
immobilised bacteria[J]. Advances in Cement Research, 2011,
23(4). 185.

DE MUYNCK W, COX K, DE BELIE N, et al.

carbonate precipitation as an alternative surface treatment for

Bacterial

concrete[ J]. Construction and Building Materials, 2008, 22
(10) . 875.





