Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

ETRUBHIRNRERRAEZREFEMR

RAFR RIK FWW B ARER

Microbubble oscillation induced acoustic micromixing in microfluidic device

Zhao Zhang-Feng Zhang Wen-Jun Niu Li-Li Meng Long Zheng Hai-Rong

5| 115 & Citation: Acta Physica Sinica, 67, 194302 (2018) DOI: 10.7498/aps.67.20180705

TE£817%)13% View online: http://dx.doi.org/10.7498/aps.67.20180705
A 2% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2018/V67/119

AT RE RSB E A L&
Articles you may be interested in

K Fh RSl A O R RS S T T
Vibro-acoustic stimulating ultrasonic guided waves in long bone
PP A%, 2017, 66(15): 154303  http://dx.doi.org/10.7498/aps.66.154303

I Z MR BT B UK VLA 22 FL AT S5 75 A 36 1Y) 5
Effect of linear bubble vibration on wave propagation in unsaturated porous medium containing air bubbles
VP27 4%.2016, 65(23): 234301  http://dx.doi.org/10.7498/aps.65.234301

T 7 3 S AR IR AR 2 1tk 8 7 S 3 AL R A 5 v
Mecanism and applications of the nonlinear dynamic response to ultrasound contrast agent microbubbles
YE 22 4.2015, 64(9): 094306  http://dx.doi.org/10.7498/aps.64.094306

—ME Y S AR RSO HURIR R ST B AR SR 96 T 7T
Simulation and experimental study of a metamaterial panel for mechanical wave absorption
YEZ4.2012, 61(15): 154302  http://dx.doi.org/10.7498/aps.61.154302


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.67.20180705
http://dx.doi.org/10.7498/aps.67.20180705
http://wulixb.iphy.ac.cn/CN/Y2018/V67/I19
http://wulixb.iphy.ac.cn/CN/abstract/abstract70572.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract68917.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract64174.shtml
http://wulixb.iphy.ac.cn/CN/abstract/abstract49541.shtml

3 % R  Acta Phys. Sin. Vol. 67, No. 19 (2018) 194302

ETHBEIRNRERREEFERE R EMR
RERD KXKVD AWWD EAD

1) (AT TR 2, R s 3G 5 e b I THORZF 8 /T A B A SR, B 310014)
2) (PEFBFEBEEIIE AR T, LR S @R TR AT, 7R 2 AR T oL, BRI 518055)

HgEE?

(201844 A 16 HU&H; 2018 4 7 A 12 HYZ R 2h )

TR AR AR 22 A 2 TRESF SN2, R BT HORRO AL H A, AR & thg s RN
WERIHTFT. O3 7 3% m R I T8 IR B IR, AR SR Y 2 T S IR B 1 7R SR 5 4%, B Rt
IR, ARG, AT BT BT UL PR AR AR e AR S, SRR RS B TR EAR O 40 pm )
ffLaita, AR E K S I i, fERAIR N 165 kHz (19 Ik e S5l T, iR B SRR
PR, 0 s LR BE AR A A [ R, SREUGR SR iR L2, AT AE 37.5 ms WSEBLIR & 3CR, IREHY
SIREIEEN 92.7%. AL A IR SR & 88 A5 M 1 L R A RCR RS I R N BERAK, AN

AT T I SR SR T RS

KHRIR): ARV AR, AL, HRE)), P
PACS: 43.35.Ei, 43.80.Vj

15 =

PRI B 2 IR A AR A Sl 42 R e i T
ORI B B U, R TR TE R A 2%
W, AR AR S AR AR ELROK, Tl 42 Ml T A
PR AEAE B VBB KRR, BB R PR
HIGENRA AR5 3 00,

N T SRR VBRI R R DL T TR TR A R
BRI, BT FEN AL E SRS A SR & J7 w1k
BT, LIsahiR G 1 ERAT AN R K,
i3 181, Hudgy 10101 i D3 012D R dgy (104
BR A 2 EAR B 45 R A B B IR xR AT s
gy U1 FERSBRIRAR & I LT, SN 5
HL 7 2 SR VMR ) i AR 580 pHLAEL A U S
Jo 71t S 4 SR A R AT RO R S P
iR AR, RS i T, ETE N TR
JRAEE L, RN A SR G, AT 3 B 4 4
RAHER. SNES P 3 RS TR PR AR AR i g

DOI: 10.7498/aps.67.20180705

IR RS R, HH R BT U) AR IR SRR, XA
R J7 170 7 O AR B R A R R, AR B ] .
SR, IRLAA IR WA 7 W R 2 A R LI, R 7 I 3
VR B VRAARATAT TR B ROKRE B, T 5 S B AL
VA eyl g SVAE

ARG T O SRR IR S TR A Y
Brorik, 1z07 B HIAE AR fEVEE K. TR
P R S N RE AR IR . SR POLZ
BORBIVE LGS RO 2 s T8, A8 4 5
AT F 48 (passive cavitation detector, PCD) I
MRS, W AEETE NEANEAE Y 2 pm B3R
KT/ NER, WLERAE AR H 4 BE 4% (piezoelectric
transducers, PZT) WUl ~ ol Rz ™ A i, F
FHEUZ KT IE (particle image velocimetry, PIV)
T AL, R AIE Y 165 kHz I, 7
B E N PZT RS8N 4.04, 6.32818.08 V, £
151 B 2 't BRSSO F T P A 2 IR A
HIVR A 5O, 51 AAHXHE & 45 2 (relative mixing

* B ERRHFEHE S (MU 11674347) p E R} % 5 5 F 00 F M 2E 2 (5. 2018393). |7 ARA B ARG (HHE S
2017B030306011) FNVRIITH HAHH 78 2R 7 (H#ES: JCYJ20160429184552717) B B i1 .

T #{E/E#H. E-mail: long.meng@siat.ac.cn

© 2018 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

194302-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180705
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 19 (2018) 194302

index, RMI) 5& &/ BTl A VR A 2850%. il 5258
AN [F) 4 N R B X VR R (VR & ORI, SN
RET v 8.08 Vpp I, BiFMRMARSEIL T iR &, TR
ERRIEFN 92.7%.

2 WALEM IRt

AR LR R R T AL AR, AL ELAR
40 pm, ERAERE 2 )5, m R R T 5K 711
YRR, B AERFLEE A7 AL 0, e EAR S5 1
FLEARHIFE.

IR R 7 3 7P B 2 B0 5% T 3P T 42
PR HARIIRSD. FEX A LNEE N, R rIRs)
AT AT B R B -5 3 -FHLJE R 4, P
IREARNI S At F B A P o & FHJE 2%
(IR P i S AR U500 S TR R Rk
ARG, 1 (1> 1) BB EIRE BRI f, BRI
FAA T (— AR T) TN A 2 B 8 2l B 3L AR A
H fo, WHRNEM IR 20,

1 [—Da+Di+2)0
pmR3

fi=

C2m

(1>1), (1)

fo= QRlem%k(Po + 2 Pv> -X 4R,
(2)
$oob o RTINS, pu ALK E, RERIE
S RT3, RSB S IR, Py R
SRV A, Py ORI UV )
s R A, FLURA ST, 2%
I (25 °C) Tt A7 9650, BRI B V1 2
SR, N T R, B K AT AL
b, PSRRI, L PZT BN, WA MR
SRS, R sk PR 1240,
&S BILIE 1 A )

#1 KRS HHESH

Table 1. Experiment and calculation parameters.
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Fig. 1. Schematic of the fabrication process of mi-

crostructure and micro-channel.

-

Single bubble

PDMS
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Fig. 2. Schematic of the generation of microbubbles.
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Fig. 3. PCD recording the microbubble oscillation.
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Fig. 4. Schematic of liquid mixing.
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Before the liquid flows

Microstructure

After the liquid flows

Microbubble
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K5 S EMEWE  (a) WEGEHT; (b) BRI A (10x)
Fig. 5. Microscopic structure of microbubbles: (a) Before
the liquid flows; (b) after the liquid flows (10x).
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Fig. 6. The frequency spectrum of the PCD signal

generated by microbubble oscillation.
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Fig. 7. Microbubble oscillation induced microstreaming: (a) Trajectory of the PS fluorescent particles in the
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microstreaming; (b) streaming line of the microstreaming.
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40 pm

K8 WiRRELFE (a) PZT K TAE; (b) PZT T1E
2.5 ms; (c) PZT T.4£5.0 ms; (d) PZT T.1E 37.5 ms;
(e) PZT T.4E 40.0 ms; (f) EIEERA UL, MIEREES

Fig. 8. Mixing process of liquid in the microchannel:
(a) Without PZT excitation; (b) PZT excitation after
(b) 2.5 ms, (c) 5.0 ms, (d) 37.5 ms, (e) 40.0 ms; (f) no

mixing effects were observed without microbubble.
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b H B, IR IREN S R IR A, £ PZT
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W TEAR RIR A I LR, 2 B Qe il i €

WA R @A VE OO &, RILPZT 1
FH T i o9 VR T LT 8 AR A, SR A R
TR AT IR IR T EOR A 1 e 3

WARRR G R SN = X, AL
T 165 kHz AR T, PZT M Re =0 5N
4.40, 6.32 F118.08 VN, TR BNMEFEA R, A
IRENRAFEEEAE. B 10 MR EE R
R HIR A FEE Al 2k, @ 5| N RM T, $i9
TRRIR A B EIFEE ) AR SCE U [F B 2R AR TR A
Ja K FEAEAE N RAE AR IR B3 SR 24, @it
B 10 AT AAF 0, Remblok, MRRTR & 1Ry 5.

4000 =
== 0ms ' T .
——40 ms ' \
- I
3500 | === Horizontal @40 ms, 3
240 pm: L
' i
3000 I I

2500
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Gray value/arb. units

1500

1000
0 50 100 150 200 250 300

Width/pm
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Fig. 9. Gray value of liquid in microchannel before

and after microbubble oscillation.
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0.9l 4.04 V D
A 632V
0.8} =©-8.08V

0.7 f
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Time/ms
Fl10 AN R R A HIXHR & HR 4K
Fig. 10. The relationship between the RMI and input

power as a function of time.
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5 & W

ASCHFFE T B RS R S LR S T
BT A O AE F IO R A R A Ay, I L 4G
fFIRMGH, PIETE PZT ISR T 51 = S -k 2
FR = AR 3h, J8 B R AR 5, ATk 2
IR A HRCR. I PS/NERTE SRt 12 i 8 1 iz
BN R O] FIBEL R 20 5| RS R A R B A Y 2
T AR 1 20—25 £, B 800—1000 pm, EH
K. I8 b AT R R B P A AL 5 ms
O P e B HE AN I iE, 37.5 ms IO 7 A ) i
MEZ5EaE, FILAE 165 kHz, 8.08 V A fE
T, BIRLE 5 ms B 248 AT DL U MUV A IR Bl A,
1E 37.5 ms B, AT DASE 4 70 4 MR S iR sl i, SE3
T RS APGE RO IR A B AN F g
BN RSIIR IR G AR, i€ T 165 kHz B,
ARERENS.08 VNRHEIRASH. ZMIARA A
R RA A VG BB K TR A 30K AN RE R RS
B, TEIRAARIR A A & BB R L 3 —0 1Ht
FTAE H R AE O THDWE S 0 3R T AR B0 1 L, 5K
I TSR PR B 7E 2 8] L FE R .
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Abstract

Microfluidic is of great significance for biomedical research and chemical engineering. The mixing of liquids is
an essential and necessary procedure for the sample preparation. Due to the low Reynolds number, laminar flow is
dominant in a microfluidic channel and it is difficult to mix the fluids in the microchannel quickly and effectively. To
improve the mixing efficiency of the liquids in microfluidic channels, we develop an acoustic mixer based on single
microbubble oscillation. By designing the cylinder structure on the bottom surface, when the fluid flows through
cylinder structure with a diameter of 40 pum, the microbubble can be generated by the surface tension of the liquid.
The device is fabricated by using standard soft lithography and the replica moulding technique, ensuring the stability
and repeatability of the mixing. A piezoelectric transducer (PZT) with a resonant frequency of 165 kHz is attached to
the polydimethylsiloxane microfluidic device on the glass substrate by ultrasound coupling gel. When the microbubble
is excited by the PZT at a resonant frequency of 165 kHz, microbubble oscillates immediately. To verify whether
ultrasound can induce microbubble cavitation, a passive cavitation detection system is established. The results show
that the higher harmonics can be detected, indicating that the stable cavitation occurs. The microstreaming induced by
the oscillating microbubble disturbs the fluid dramatically, achieving the mixture of liquids. Particle image velocimetry
method is utilized to characterize the microstreaming, and a pair of counter-rotating vortices in the microchannel is
detected. Furthermore, to test the performance of the device, the deionized water and rhodamine B are injected into the
Y-shape microchannel. Relative mixing index is used to quantitatively analyze the mixing performance by measuring
the grayscale values of the optical images. The results indicate that with the increase of the input power, mixing time
can be shortened correspondingly. When the input power is 14.76 W, the mixing process is ultrafast, within 37.5 ms the
high mixing uniformity can be achieved to be 92.7%. With the advantages of simple design, high efficient and ultrafast
mixing, and low power consumption, this oscillating microbubble-based acoustic micromixer may provide a powerful tool

for various biochemical studies and applications.

Keywords: biomedical ultrasound, single microbubble, oscillation, microstreaming

PACS: 43.35.Ei, 43.80.Vj DOI: 10.7498 /aps.67.20180705

* Project supported by the National Natural Science Foundation of China (Grant No. 11674347), the Youth Innovation
Promotion Association, Chinese Academy of Sciences (Grant No. 2018393), the Natural Science Foundation of Guang-
dong Province, China (Grant No. 2017B030306011), and the Shenzhen Basic Research Program, China (Grant No.
JCYJ20160429184552717).

Corresponding author. E-mail: long.meng@siat.ac.cn
p g (=] (=]

194302-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20180705

	1引    言
	2微孔结构设计
	Table 1

	3材料和方法
	3.1 微流控腔道的制备
	Fig 1
	Fig 2

	3.2 微泡振动频谱测量
	Fig 3

	3.3 PS小球观察微泡振动
	3.4 液体混合
	Fig 4


	4结果与讨论
	4.1 微泡振动频谱
	Fig 5
	Fig 6

	4.2 超声作用下PS小球运动轨迹
	Fig 7

	4.3 液体混合
	Fig 8
	Fig 9
	Fig 10


	5结    论
	References
	Abstract

