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Development of droplet microfluidic system and regime of biomineralization

ZHANG Jinxuan, LIU Hanlong, XIAO Yang
(School of Civil Engineering, Chongging University, Chongging 400045, China)

Abstract: The microbially induced calcium carbonate precipitation (MICP) is a novel technique for soil reinforcement based on
biomineralization. The MICP regime has not been fully explored due to the complexity of biomineralization process with so
many factors affecting nucleation and growth of minerals. Recently, biomineralization evolution can be visually observed at
microscale by using the microfluidic system, whereas the magnification for observation of crystal growth is still limited. In this
study, a droplet microfluidic chip is designed to generate oblate droplet cells with 450um in diameter by adjusting the flow
velocities of two immiscible liquids, which can be used for MICP microreactor, i.e., the droplet microfluidic system for
biomineralization with high precision. With the help of the system, it is found that the distribution of bacteria around CaCO3
crystals is almost unchanged with the CaCOs crystals growing proportionally, and the crystal morphology remains the same.
Some bacterial cells nearby the crystal are adsorbed on the crystal surface during the crystal growth with no obvious bacterial
aggregation around the crystal. In addition, with the help of SEM, some caves on the crystal surface are found to be the sites
that bacterial cells are adsorbed. Consequently, the droplet microfluidic system can provide a precise microreactor for
biomineralization and an effective method for exploring nucleation regimes in MICP.
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0 3l

HE T A S — Pl LI AR S A R
RIS, — e A T DS Jof 5 PR 48 PR
W17 K2 15 Hu Bk R G0 026 T H BRAL SEAB 3R, i
KA IR B e, 3 AR SR SR AL 4
PR e BRI TR, AT LA 78 AR FLER
UL R A FE RS B BB 5 7 — e, 52
“CRRAEHD” MR, PRI TR M. M
G ABRL, BT R ER BRI N S R

it

WAL, BEREMG. TREHLEN/N, BB RN AR
2R W0 3 K R 45 T A (microbially  induced
calcium carbonate precipitation, fijFX MICP)H; A& —
TV AR R B AR mE e SRR, &
DL MICP # A= 9 CLAH TR D P, A4 O A A B 1)

EemE: ExaRREEESH LIH (52078085); EX HARRIEEE
SHAIH (41831282); HERATHRIA HAARIERITH (KJ-2021048)
Wis B 2023-03-24

*@E(5/E# (B-mail: hhuxyanson@163.com)



% 6

SRIENE, S5, WMWOR I i R G A S AV LB T 1237

Fe(IDSE LA FREKMAME IS, Hdr, JREK
SR IR R Fede 5, IR SR A 0 WA IR A 7K A
PRE, AR B T AR 1, SRR pH
{8, FERREEBRIR IR AR E PR oy, BRI A W] A% UL
AL,

EEXE MICP e M S04, T2 =
RN IRV E SR Y PR WS RE15'¢ PR CPS
T2 B AT T B R B A A S ST H R IE AN
WA, AR N R, A Sl i ARHE B 5
AL S BRI AN, SRR P AR AL 2 IR h B
Prit RIS OUANEL,  SCEYI Y R E A L Tk
K% JE SIS Al i - I R .
VAT 0 3 A Bk BR 45 R S 6 7 R ) 4 o 40 ff
J&P, {H Zhang ST B AT VR A HEAT SIS IR AL
SEIRF LI AL, BRIR S A DURAEGE L UTAR,  thoR7E
RIS R RO SRR LI sk B AR K. BRIRFSTTE T LA
RALETHUEARI, VRSP A L s R,
R LR AEAEA M U8, Wang S5O 7 SEE - IR -
JIEL I A 2 o BB, T A R, IR
BUR > FAEW R b AR, % T RRIERES
FR AL AL 15 I8 R T

FERIRA R TT T, AN I AEM R G =
BRI % it A T2 25 AN 5 R 36 RS2 201, 338 7 5 i [
AERISREE . Rui SEPRIL, BRIRES B SN R = 5
FRIEF R TAH . G MG fEah
2 Bl AN 28 HE R AT LU BRI AR 45 1) A ;- Kumari
SERVRHL, 2 B IR (NN AT LA S S hT
HLWIRES, Wy LR, Bbhh, T DA AT
Pt ST ANRER I SREEAR . R, WF FC4H 1R 7E ik
PRSP RE T, T DU ZE LA £
FERTE A TERE, AR TE, e AR, B
RS BA, KRS iz BRI AR

MICP A RO W it e ) e VR FA 2
SHY, SR AE NG TR A 0 ] A ) e 2R AT
ST IAIPRERAL, AR IR 75 B RA
BT REAT, BUA 5 AR T BOHE DU A
PEREAT A 18] v 73 923 0 JEL AL S U o 240 B RST /0
TEVIR LR G A SR B S AT RE R I B 2 A
%, TPREEREE . B Hr il J7 20 45 5T
MICP LB B A BB o AR I 4k
B — P TUAEIE . SN 2R AE S5 A AR A FE RS
OF BRI HR, BARANERER D, #581E
FEEA S AP SRy 00, FERT T e BRIR 5 IR s
T AT 228 T T AR AR, (R o A A U
YR, HAT U BRI T S i R R
KAF O,

BRSPS R AE 2 R GE I Atk ) 45
HOBR IR, Rl P AR il
E AN, REBHRABRE LR e, 170k,
VRUG NS NI A T E o YRR A FROTVA TR B, K
PO A AN RS SCEE RN, AR A%
fi e A ST 5K T P — AR — AREEE, BT A
BHURIGR . Herh e AN 7 B, B TE N
WOELEA . WA E N AEREES . AR R
H, AEAEVEARI . AUKORE T BRAE U R AT R
L FH T 35

FHELT MICP A& GE KR R BT TT, 0GR Y LA
LN RO TE, W N L A D, W R
WL E] B 45 8 BRSNS R BRSBTS TT,
WEEMI IR T — N HSL A ROR R R B, 7T LA
SIS N B ARG HE R, e I A S UL e
5 PR A A 175 1O SR PR 0 4 T 0 A AR AR, AE
MICP X I S AR Z AT 7T B A Al
SRS

FERLIALE MICP R RGEHEA B, Bt 1
1 FBOR R P P, SR AN VA P A SRR IR
L AT RS AR RO REERR 9 MICP %
JSEe%, AN S 1A P B e ROl A ™ R Tt 4
OH R G . W Z RGN I T 40 B 72800 ) 7
A1 LR BRI Y B R R A R, WBRTT T A S Tk
PREG S IR A, SR T 00 RO R AR S B
WA IT FE P R AT AT VERI R RCR , BF R4 RO R
7 MICP LB (it T — R R b s i

1 HEYY REMRIETITES

TR e SN T & 5 A EE MICP ml AL,
R G ™ B A ME, WE 1 () Fr, B
HHHEFEIR . VRS ERE AR R 5K
TR SRR T [X73 5603 B R, Fm .
FIYEIEIR 2GR ) SER I R S s DAL
& F NRZ O MICP SN R 5.

wE 1 (b FoR, s Sh ER A A &
R, VORI R SR R AR S
FHAEIETE P HEAT MICP [, 55 Ji AN T8 A uify (1) HE R
O EBEHE o I IR I EEA S Nk R ¥ T i
T S AR AT AR ATLLE U SR RN . S B R R S B
F AR MICP J 28 1E F I e 428 Fr d@ad it
O T E TE BT BN INTh RESE B, AT DASE IR
(P48 DA R 25 28 A T E (1o RSB IR 1
WO B RNRRS RS WA REE, DK
FH 1A= 0 A R 00 () ol s =5 AR R 4 3 34



1238 Hs

2024 4E

BIEBME
(a) BB SER I &

wa | T >

| il A\a

BB REW REWRREA RS BUEEANRL

4
" tﬁy

,,,,,,,,, (b) MICPRZ 8%
bt
| i
f o
N ==
ml Q 0
W
O

(c) SR EELH

1 RS RS

Fig.1 Schematic diagram of droplet microfluidic system
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Fig. 2 Droplet generation process
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Fig. 5 Process of single crystal growth of calcium carbonate
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Fig. 7 SEM images of calcium carbonate and its surface bacteria in different horizontal planes of droplet
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