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Abstract: The biomineralization technology that becomes an emerging research topic has attracted wide attentions in recent
years. However, it is hard to quantify the reaction process of biomineralization on temporal and spatial scales due to its
complicated reactive mechanisms. Based on the principle of microbially induced carbonate precipitation, considering the
adsorption and straining of bacteria, adopting the kinetic model for urea hydrolysis and precipitation, a reactive kinetic theory of
biomineralization is investigated. Finally, based on the biomineralization experiments on a pore scale, a finite element software
is adopted for multi-physics coupling. The results show that the adsorption and straining effects lead to the differences in
distribution of bacteria, and then further influence the spatial distribution of calcium carbonate. The transverse distribution of
CaCOs content during the initial mixing stage is not uniform, while the longitudinal distribution shows an increasing trend. The
permeability shows an 80% reduction after 40 hours of reaction. The rate of CaCOs precipitation is limited by the rate of urea
hydrolysis when calcium ions are abundant. The decay rate of bacteria due to CaCO3 encapsulation is the combined effect of
amounts of adsorbed bacteria and precipitation rate. The model can reflect the evolution of biomineralization-induced
precipitation during reaction process, further enrich the theory of biomineralization reaction. This study is expected to provide
reference in predicting the effect for the field-scale geotechnical engineering.
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Fig. 2 Comparative analysis of reactive model for biomineralization and experimental results
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Table 1 Parameters used in reaction model for biomineralization

ZH IE ZH IE

6, 0.5 23] Dy, 0.4x107 cm¥s 123
ol 1325 kg/m*® D... 1.34x107° cm?/s 23]
d. 75 um” D.. 0.79x107° cm?/s B34
v, 0.95x10* m/s &3 | Dl 9.23x10° cm¥/s 134
Cgac 1x10° cells/mL” D;H} 1.96x107° cm?/s 134]
C)..  0.5mol/L® a, 2x10™*m 19
Co.  0.5mol/L a, 1x10™ m B
K, 0.3 min '® ug, 0.167mol/m?/s/OD°
K, 0.008 min™'” - 0.305 mol/L 32!
K, 0.03 min '® K., 0.6 mol/L [1]
K, 0.005 min '* A, 292 m?%/L B¢l

B -0.6 Kpree 1.0x10°® mol/m?/s (36!
s 5cmi/gCP” n, 1 57

s 25am¥gCy Y | Moo, 100.1 g/mol B3
n, 1.5 Pcico, 2710 kg/m? 33

T O SCHR[23 15 3L A B BEAT AL . @2 % SCHR[29,
30NRIE KR A 1S, HEEESZAN TGS OX
BR[321HeEIMAS, o OD 6%, 1 OD % T 4.0X 108
cells/mLi21,

H A A R AL 2 FLA B, LT R
Mzl TR

V'V=O ’ (3)
1 (ov 1 Ho o M
—p|l—+= Wy |=-Vp+=WVv" -—v, 4
ep[at 0 J PV @

A, 0 AL, vIORTE, ¢ ARE, p NETT,

P u NI LS IR, BRRHAEE /K
HESGRE, kNBER,
2.2 BRBEBYTHAGE

BT — OB

Q%?QZV-QWVQ)—V(qQ)+Q O

b, CONEIREE, @ MBI TEE T, B3R
E9F. NH). Ca” kCOY, Q NXNIEI, DA
IKENFTRER R g =v0 NIETEIRSE .

VRN 2 AL R I B 3 BRI DR B
THHE, HfinrAe:

® 0 .
Dzm,ﬂgﬁqhﬂ4m+;D . (6

X, o, NEEBIRTREE, o, NKPEIRTREUE,
D NBEHD TV ERE, ¢ NEZINTFUTHE. A
K Millington-Quirk A5 7Y iR 3T i 5 484k«

=03 . (7)
2.3 HEITH

KT LT, A5 BN A Y i
Uk AREE , PR -0 R F PR 200 T B 1 9 A SR PRI %
RENSAAR S sV N T GNP S TRy RS2
A Ko dIEIE A LI Z AL I, 25 5 W B ERD R0k
FIH, HAEFLMEAE 2% SR T 2 B T (S,
WK1 (b (¢) fizr. Bb4h, MICP Jo oA BRI S
SR, TR,

ELINRA T, W LB ARS: BT
TR (C,, ). WEEN R LM (S, ),

F B P RN DE . RETRSEAT Ty kA i 40
W R R, ASCIERLRRA B, R KU ®



%6 1 B H, S R E ) B S A 1099

FMETH Sy, BT
a(9(?bac) +a(prbac)

=V-(D,OVC, )-V-(qC, )
at at ( bac bac ) (q bac )
3
APySu) _ 0P,Si) | 0(pySis) 9)
ot ot ot

X, p, NEANTRT# L, HhIEMERE SRR
NS TR BT R . Sy, NP AH IR,

bac

Seue NTHIEAHBER L, E R 1 PR 00 FE 3 Y

#, HEESWEME SUEA X, HFBREFENT

M CaCO; , (1 0)
Pcaco, 0

b, r NTURRBIER, Moo, poco, IR
B UTVE I R /R o s A B o AR R R S D TE 22 51
Z AL T R A AR,

Py = pl? +Cico, (11)
SO, Cogo, IR IR BT

FEATE B BN 0 2P R b, 2 R AT 4 T
BT FRIE, SR — B R B T B R -

O(PyShe) .
% = eKattgoatt Cbac - pbKdetrle::c ’ (12)

X, K, WRPER R, K, NIEIER R, 7
DNRCEEN A BEAAER BT ARRE M B
Wt I TR HERS - 240 T W A7 e I T B A 1 P 3 22
TMEk/> , K H Langmuir 30T 408K @, HEAT R ALP):
1 S
@mJ—Eg : (13)
X, S, NGO BIREZ . X T us i, [H
FER A — B8l 1 B
0Py Shac)
ot
Hep, K, ATIEERELL K, WREBOERRH R
WO INEL @, P T 10 W B 4 1 1) 2 18] 7 AP0

-p
A d +x
CE)E e

Horp, Son NG R KIIEIREL, d, 90k TR,
x NEILEARIEEE, B O A A K& S 4.

O A LR B TR 2 R R 41
W B 51 357 BRI RE . Ebigbo S5EP425 R8T s Jf A= P
fE B EOREIE, Minto SR F 73 A1 R BRI T I E00
AT B I RE I . IR ACR I, B AR LA 4H
VRS 5 S A, A SCR TR EOR & np Ui W .

n{1) : (16)
Vo

A, n, AP A R . RS RS 4L

— att str
E= pb(Sbac + Sbac) : rprec

= QKsugowCM — oK1 S (14)

2.4 FREKBENHE

AR (1) TR SR 2K R
EE 1 mol MIRZ, BB 1 mol FOBRRIRA 2 mol
HORHR =4, TR % SRR =1 S LV

O =0y (17)
Oy =207y - (18)
Rt o MIRE AR,

Whiffin SCURF SR, (EMEHRR T, Bl
Rt R HE RO B, AT, 24 pH 75 5~
10 SN, JR B AR TE D 2 R0, SR S
T R 2 KR SR AT FEAE, R R4 7
S TRBES PE (R0, T K i R ik ok

— Curea CCaZ’ 1 9
Tirea = usp (Cbac + Sbac)ﬁexp - K ’ ( )

i,Ca

A, U, AR I IREE IS TELL, K NIRERIE
WAEE, K, 98 8T 5 .
2.5 $EEFIEM AR IRERSSIUE
PRE KA S S RSB B AR 1 1 F] 5495 8 1 J L
A R R S TV, DR T 52 5 B8 1 i N2 Tk 3R ) 2 2 [
FONUIIEET, 555 11 S SR T «
O =07, o (20)
—RAB LU BRIERES DTS E R i T IR R K 5,
TMAEEYID R R, TR R AR 128 1 R T FE 32 /1) T JR
BRI S FR) A B S R 7 T A5 B AR P S5 S5
Qcog’ =0T ~Toree)  © (21)
TP B R Hh R B R 15 T e i 3 R F 4k
Y AL Sl L NA SRS i ey i
r.o=k AW-D" W>1) , (22

prec prec ‘s

A, ke FIBRIRES SN AR, A, IRIRES M

prec

bR, QORI ) RN

T R R EE ST SR TR

Year CCaz* ycoi’ Ccoi’ 23
Q= K, ) (23)
R, s Toor P BN BS FAIBRRM I 8 751

FH, K, ABRERAS IR, 25 CH Dy 10 348201,
MR CA 7 PYR A, & FIREN 0.5 mol/L
I, 5 B AR R AR B 3% B R 200 0.25, 0.15.
LR AR AL, PTUE SN ) LU AR T AR B
A, RAZE A R RN R TR AR A2

o)
A4 =4, {Q_OJ ’ (24)
X, A, TG IR B LR TR .
2.6 FLERRGBERXA
MICP [ 8225 B R BR 5 TR FE D kL 18], 3K



Ly

1100 b

+ T O

¥ 2022 4

FEFLBRARAR, M S EARB BV, BRBAESR N
I TR A0 2 1) RUBE L, BRI AW 5 P DR AN AW R 5,
U T 45 38 Bk R S T UE AN LB 2 BE I TR1 AR AL 1R O R D)

6CCaCO
— = r ’ 25
6t CaCO3 prec ( )
90_ %0 ___ 1 Lo, o
o B Ppeco, O

X, 0, RBRESDTE I R .
[}, #&F Kozeny-Carman/y #2127, 7] IS 3| %
AP BB RS LR RN K R

2 3
=t O (27)
180 (1-0)
3 VRY
k__ 0 U=6) | (28)
L (=07 6,

K,k RVIESLBRZR 0, X B IIWIARIBIER, AL
RN Q7)) EIEBE N 210" m?,

3 HRE5Sh
3.1 1RBEIES iR

AR AT 0 B3O U 00 3] i TR S i 5 A AN R 22
TAA, BE A ) SRR BNy A2y BN b )
TESBAEAALS, B S AR 5T S A N
m=pV=p~3?(%j -h=0.65ph’ (29)

(BCSCBRIR S A RFAE RE B 20 pm, FFARYE
SN R A 2 SLA AR, 25 it e out
I FR B RS AR H B I TR AR A, 7T DA B ik
PRAGFFAE R o FieJm MR ARAI S5 s &) 73 DX R R

EEHTHE BT, AT LA E] 0~150 min FRK BRES & 4 A=
K, g R 2 (b) Fiw. fslgh SRR,
Z AL B R BN 7 R ERAS AR IR £, X
OS50 WL R AR — S (HE R IAS R
TIAET s SO EGAE AP S5 SR IR A 77 R DR BR A dn
PR A NANIES], SR O AL BRI d A4 2 B B
REZ TN, WA, BEBNT AL B. C X
TR E 2 &t v T OSSN, i D X 385 30 DU A 2 o
PEARAE 22 e R RIAE T, A0 ) 2 FL A 3 LT A
AU I W B S RO RO T SR AN R e v, DA R 43
A I S T BRI AR HE LARAIE, a3 1T 5 1 2 95
BB A& A0, AR SCHERH 2 500 AT 16
WEER RN T T E A ST E & . b,
BT RO ROk TSR AU, 3870 DUAR FE D R 2R T
(R TR 5 AN 5 DA K ZR R4 o2 T4 S s B Wl
SEG T RIBRIRES S D TS bR AR o
3.2 HWEIRETUSHWIFIE

HEELEN b S B A 32 B et 43 W R 5 | R 7K A
S, 2 RIS O B A0 TR AR BT A DU 2 ik
=, MRTHE IR . K Peclet 1 (Pe)
i BV IS I R RS BOSN, THEAN

Pe=vL/D" , (30)

X, L ANZAHNRERRE, ASCHFLE RS
EHN S pm, RIS T Peclet 04 1.2, MR
Bear ™t a5, HUMRORELS 7073 B B A [
R HIA T 20 .

SN2 h IS ZI A B A AR R B 3 (a) T,
RN = BT LA, ZRIKSN1oREGEm, B

0 02 04 060810 A 4 -y
’ ’ " % 108 cells/mL 'é ''''''''''''''''' E , !," e \‘;N:-%gggg
T 04 Z 7 e
o 3] i
t Q2 —n
< hg (Al T S,
® 02 S BRME R e
= =3 "{ .............
1 2 % o
x 10° cells/g i) =
o T i m A
W A SR R] /h R EH ] h
(b) BPPAMBBASBI A (o) W MRS R IS
05 10 L3 s celly T 0.60 ?4-5 ________________
; 5 .é o | e
= 054 i - ] ?33.0 / R
A z 2 e
c Mo =2 o
® 048} 7T ’g 15k pimim i meme e
0.5 1.0 1.52.02.53.0 & wmo|f - i B
x 10% cells/g  %b = g - U R A
| " o2l . . . . ., , - = SRR
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
sl x/ (10> um) x/ (10° um)
(a) SN2 h4IE 54 == & (d) PR AN s 1L (e) Hrxihfh 4 2s 1k

3 WESHHMESRELHL

Fig. 3 Characteristics of bacteria distribution and concentration variation of bacteria
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