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Abstract: Microfluidic chips are driven by microfluidic pumps and

controlled by microfluidic valves in microfluidic systems to

achieve accurate manipulation of microfluidics. With the
continuous improvement of microfluidic chip integration, liquid
channels have become more complex and have smaller volumes.
How to achieve fluid drive and control at the micro scale has
become a key focus in chip design. The paper elaborates on the
current research status, key technologies, and development
trends of micro pumps and micro valves both domestically and
internationally, aiming to provide reference and guidance for the
development of related industries and technological research.
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Figure 1  Concept diagram and working principle of piston-free microinjection pump proposed by ECF Jet Company
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Figure 2 Dual-unit gravity-driven overflow microfluidic system
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Figure 3  Fully assembled setup and its CAM

follower system
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Figure 6

Working principle of micropump and schematic diagram of GSCV
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Figure 7 Schematic diagram of a double diaphragm active polymer actuator
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Table 2 Classification of microvalves
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Figure 8 3D enlarged view of a microvalve

TEP A R ZS T3l i 58 4 B 56

BE 2688 | 2024 £ 2 B | RSG5V

25.320322.6 %0) MY FRAE Jy s, o iiE WY AT LR £ B B o M58
Fr s 2% E BAFI I PDMS A 3 38 35t B 108 Bl T % A €4 7K i
B S M HEAT UG L B0 IF 15 T 0 T T8 A LA U R B % 7 I
BETR sl , A 9 s,

4 P, flC IR P AT T PR R 51 R B SRR L A
T8 {ofF 5 K ) 149 o7 % £ 15 72 JLAOK , 38 T B 9 O =
S PR AR O A5 R A I O . T R F BK 2h 1 B R
BN BE A8 7= AR AR K 7 (— 8 R BB D L AR /N B
ONEAE/NT 0.1 %) 5 BE W6 il 2 T8 It 2 90 1) 0% Mtk 8% 55 4 i
MfE Sl . FEF LA EE R, Durasiewicz 57 Fil 2B 99 H 4
AR T — BB A1 AY R AR 3R 3h 4 R 2R R DL R
BEIF RN A TRk . MR as EE S0 (D50
DB m A C L MEEH I E V), SEERE V)
T 0 7 R L R R R )R (VDD 45 A A6 TR B, DL IE B 25
A WA RS () I B T A AR i aE O

Air Vent

A T A AT ALY R R L L VAR O B

B9 #HwIKhedw i T AE R A

Figure 9 Electrostatic actuated normally closed microvalve working principle diagram

) A He E LB A B 3 G ) 1Y N 2
Jia) s FEL A58 I0E 68 I 0T Ak T O S bR A5 b N T L 3 (2 8D R
4 ) I O 5% R D2 L BRI T PR B R T R R T IR
B 7 7 T F 22 4 AR GO R B g B, R 10 R,
JE HL 3R Bl R R DL P o R B 4 S F AR R T Bl T A, TE Sk
Jnes V8 R 27 AR LN 7 5% A g Sk 3K Bl 4 g
G o 51 AL RS Al Bl B R A PR AR B .

A 10

IHRETFTER

Figure 10 Schematic diagram of working principle

AR G T At 28 B A% 8K Bl 5 2, A3 B T AR A R
R R SR AN =, DR N P S B BT, b T D P R
PG LER ST Z T MR ERS.
Kaminaga 457 48 H T — #p B A5 B T2 4 #5195 3h IK 3h
T, FH ok P UK S GE . BT 4R A BRI T DL SG R
VR ) R T8 L 38 T A BHECE ROK RN T
120 R A B A = U2 R O R AU ) B L R RS OE
VAR B )2 Hﬁ*ﬂmﬂb_ B )2 2R, B RS B 8 G 7 T A
T 6 4K T W 3 T 7 i IR 58 Xfwzﬁ:_ H AR
JIHREEAEHERSE b DA By 1k VR0 2R k. e n 9 A
0 kPa i}, B4k 200 pm E@Y&YﬁTULLWﬁK%%%,(m
BE A7 350 pem FABRIE K AR T AT DA 3E 5 3% Wi i 300 kPa
FEJT R W 11 FroR . AR T 1% G AL 3 20 30 i
T R FH I RE T A R BK 2 AR AR 22 Bl B AR AR XA B L B

350 pm IR



&M | Vol.40, No.2

1) Liquid channel laver

A 11

f iR B IF & A

Schematic diagram of microvalve deployment

Figure 11

AN W O N i~ £ T SN B ol
Selvaganapathy 4517 H i AHAE 18] v 5 21 388 38 % A 00
X VR R I L T A B % AL IR T R B
VB FH Ao W e 1 I 2 T Ao 30 T e i R 0 /N T A 5

Tl I B39 10 P XE 7 N B ) B S 3 2 A Ak i U B
) A 4R L ke 8 22 19 T Sl IR B N T A LAYR T
995, T OCIR AIRYT . MIAZ S8 A ML K 3 i = S iR i T
IS TR £ O 5 WU AR R G0 5 A R N 5 BU I
P30 5 5 0 ) s, JELAT AN E K 20 2k 1Y) S B0 G L e R AT
R 2 [T, S8 SR 2y 2R T B A I A 5 Wi i 1 RE N
R . PRI T 3 — 20 38 32 gl RO 0 1 B R 1
A2 LN T2 J5 W IR BIF 9T T e R e Y o R R
2.2 Wi

F= 3 o R K S e e s o O A 9 3 ek i
B AT LA o R R SO A . R 2 B 3 i sk ]
ERAE S ML I B AR e e AR A A RS TS Y A LRI A 1
R R R BRI AR 1
VR A T 7 R Sl A R v A S R BT AT A A
T HEAT RS A0 I A o A ORI T 8 5 R R BLAR 1 B
Rt RS W E 2, Zhang U HEH T — Rl
PR B Bl 8 AT A7 AT (T 0 T S B ORI R
[F) A 7 0% 2 R T AH 56 2% 78 TR 00 3K IR 1T 04 9 R
R 1A ER R E M 1A 2 A BFL A Bk
2 TR AL 2 AL I R AR AR T AL 2 i e LA e s
P 2 0 i SR AT PR AR R B B SRR R AN
FEJ3 Ry g2, i 12 TR

(a) WIS

(b) ZEMERAAAF T
T 19K S 7n 2

B AE A Fh 8 T AE R 2R

K 12
Figure 12 Working principle of the microfluidic

passive valve

XM R B G P R R B B 5T S B

B RN B AR YA T A0 v B 4 1 5 AN BE X1 T
BUARIE T Bl A RRS AR 0K . R FIBEE , B H03s ol
Tesla JCAF55 TC 187 AR A4 2 W A4 il sh 42 0 1 ) — ik 42 . 78
T3 38 N R U ARD TR 4R B 3% T R ik 8 B A iR R
G, 2o SO S S P VR 1 i T BRI R B L 4 A
BITANT . Azizian BT — B MG Y BB A48 1K
1) A 2 R R A BRI B S 96 E TR T R AT
vk sl 5 . 32 R TR N 09 SO0 B AN I 1)
Bt SRR L e ST R e i R AN N B S
G5 I CRL W 4 152 Bk i) AR L 32 B SS BR T A3 T RE
) 1] o I 0 020 T A ke A5 TR v B IR A R
e 13 fims .

Stop &
1 2 3 olat

o

5 6 7 8

Activation by suction here
mE e TAERERA

Figure 13 Working principle diagram of capillary valve

A 13

Wesh i RAEIE [ R TR . 5 E 3 R L, 78
S5 11 i O L 3RE S ST AR L A W AR A M AR R AR
SO TSRS B A T K B T R 4R Ak TR (5
JEAE TR B A b B R R R OR Y S PR L T 6
T 1R S LR LA AR 9 1 1] T 3 9 A8 T AR 1) T g 5K A B
FAE R R

TR L BRI BT RE L B R RO R R Y PR
R BT R AR B AL OB B R T B R T B
A TR B AR T RO R Y A L TR R T AR R
FEIX 42 i 7 ) N R A A A (E R R e
4 BACHE A S 2 9 HE— P Rl A A BOR = 6] )
W 4 187 ) X 78 A B 0 B S 36 2 A Al M iV T R B £
HA TR 58 A P b B AEL L R AR TR A N Wl E
A O T TR FE O3 A — UK M S e A L SR B
B L e 42 2 9 R =2 A o TR o AR D — b e e Y
IO AT 15 5 el ok AT T 40 B B BIF 5 B 2 W 1 R
B BEAh L BORDRS i A 25 B RO MR R Y L R R
R KBRS, HR L TE AR AR OR i AR Y
TR B A5 4 RO B8 — e %,

3 S e
AE B AR T 2 4 T RS 5 B 25 B

17



18

BB M A FRONTIER VIEW

PR AR ZOCE AR . e R TG
PR SR S92 6 2 A b 2 A 1) G AU 450 e T 4 L R
LR elR RSPt AN R A 8T o e NI RV SN 57 e N e
R ETT W IZ KR

SCEEARA T T RO Rz 5 4 ) B0 4 i R R A
TR, B AR TR R I 0 ol R O ) R 9 AT s A R B
brvfE B A 26 R B BT ETE D AR SR B R BUAS L B T Al
T EHEE A Wy A A AT A A R O TR A AR R 2
5o AELBE Do T 4 B Al B R T Y 4 R R DG IS A
AR R I R P R I A S 0 = A AR A3 AT 1) R
b 22 IO FH AU R A R L LR W b B S o8 0 A
PR ROR M B2 AW e RSS2 K
J . TR B AR 2 T S i TR TR S B
P R S TR 5 TR A B 15 T A R B L K 2 4% 2R
TR YL SR AL TS 2 AL

&%

[1] CHOI C H, KIM J, NAM J O. Microfluidic design of complex
emulsions[J]. Chemphyschem, 2014, 15(1): 21-29.

[2] ULLAKKO K, WENDELL L, SMITH A, et al. A magnetic shape
memory micropump: Contact-free, and compatible with PCR and
human DNA profiling[J]. Smart Materials and Structures, 2012, 21
(11): 115020.

[3] DUAN B, GUO T H, LUO M Q, et al. A mechanical micropump for
electronic cooling [ C ]/ Fourteenth Intersociety Conference on
Thermal and Thermomechanical Phenomena in Electronic Systems.
Orlando: IEEE, 2014: 1 038-1 042.

[4] MAHNAMA A, NOURBAKHSH A, GHORBANIASL G. A survey
on the applications of implantable micropump systems in drug
delivery[J]. Current Drug Delivery, 2014, 11(1): 123-131.

[5] K#p, pha W], B v b A #5500 O 2 B 5 0
[7]. R E B 1b2, 2023, 53(8): 1 472-1 493.

SONG Y, LIN J M. Research progress of single-cell manipulation
and analysis methods on microfluidic chips [J]. Science in China:
Chemistry, 2023, 53(8): 1 472-1 493.

[6] A2, B A . GO P 4 R 50 S5 56 = 3], K2# 4k 2%, 2011, 26
(3): 1-8.

ZHAO L, HUANG Y Y. Microfluidic technology and lab-on-a-chip
[J]. University Chemistry, 2011, 26(3): 1-8.

[70 4255, JRI IR0, w Ak die . ok 280 S R A28 IR 1 TR (D). AR AR A 3R %
Hiz, 1996(1): 56-60.

LIY,ZHOU Z Y, YE X Y. Progress of micro-pump and micro-valve
[J]. Chinese Journal of Scientific Instrument, 1996(1): 56-60.

[8] AE 7 . T Gl 280 2 0K 5l 04 U 455 2R G R T [D]. KB B MK
%, 2021: 15.

CONG Y L. Design of microfluidic system based on micro pump
drive[D]. Zhengzhou: Zhengzhou University, 2021: 15.
[91 MOHITH S, KARANTH P N, KULKARNIS M. Recent trends in

BE 268 H | 2024 £ 2 B | RASHM

mechanical micropumps and their applications, A review [J].
Mechatronics, 2019, 60: 34-55.

[10] LASER D J, SANTIAGO J G. A review of micropumps[J]. Journal
of Micromechanics & Microengineering, 2004, 14(6): R35-R64.

[11] LUDWIGS A. Micropumps-past, progress and future prospects[J].
Sensors and Actuators, 2005, 105(1): 28-38.

[12] &G T 0t 42 85 400 0 43 A7 19 8 % 42 1) 2R 4 #F 5% D],
TR ARAER 2, 2012: 23.

YANG C G. Research on fluid control system for microfluidic chip
cell analysis[D]. Shenyang: Northeastern University, 2012: 23.

[13] LECLERC E, DAVID B, GRISCOM L, et al. Study of osteoblastic
cells in a microfluidic environment[J]. Biomaterials, 2006, 27(4):
586-595.

[14] ZEHF. JE TR 10 1 2 0 L 1 & v &2 50 3K 3l 3% 456 014 T 5
[D]. #5 5% AR K%, 2017: 20.

MO D. Research on multi-reagent driving system in continuous
reaction system based on air pump [D]. Nanjing: Southeast
University, 2017: 20.

[15] &, XAR, B5E, 55 BOREEE R & D] WES S

L%, 2023, 43(1): 99-102.
WANG Y F, LIU W, ZHAO L, et al. Improvement of
comprehensive performance of centrifugal pump [J]. Hydraulics
Pneumatics & Seals, 2023, 43(1): 99-102.
[16] BECKERS G, DEHEZ B. Design and modeling of an

electromagnetic  peristaltic micropump [ C ]/ International
Conference on Advanced Intelligent Mechatronics. Newyork:
1EEE, 2014: 180-185.

[17] LAZAR M L, KARGERB L. Multiple open-channel electroosmotic
pumpingsystem for microfluidic sample handling[J]. Anal Chem,
2002, 74: 6 259-6 269.

[18] LIU S R, PUQ S, LU J J. Electric field-decoupled electroosmotic
pump formicrofluidic devices[J]. Journal of Chromatography A,
2003, 1 013: 57-64.

[19] B EEFE . Sl 3R 3 i 5 HE AR BOR B ST [D]. 1 A0: 19 At BT K
2, 2019: 55.

DUAN Y T. Research on pneumatic driven microfluidic injection
technology [D]. Nanjing: Nanjing University of Science and
Technology, 2019: 55.

[20] BERTHIER E, DOSTIE A M, LEE U N, et al. Open microfluidic
capillary systems[J]. Analytical Chemistry, 2019, 91(14): 8 739-
8 750.

[21] KHEIRI S, CHEN Z, YAKAVETS 1, et al. Integrating spheroid-on-
a-chip with tubeless rocker platform: A high-throughput biological
screening platform [ J].
(10): 2200621.

[22] #hwiii, JRE/aHe, A, S5 ) RSl /N B R AL B BIF SR ().
ARAE K223 CHARFA R, 2008(3): 449-452, 149.

XU Z R, TANG X Y, WANG J H, et al. Research on small drop

Biotechnology Journal, 2023, 18

mercury pump driven by gravity [J]. Journal of Northeastern



F&M | Vol.40, No.2

University (Natural Science Edition), 2008(3): 449-452, 149.

[23) XUAZR, Phaf Fa), (5 45 M8, 4% . P00 OB 14 3K 3l 4% 1y BF 52
BERE[I]. LR Tk R 2224, 2016, 42(8): 1 129-1 137.

LIU B D, SUN J C, HOU Y P, et al. Research progress of hot-gas
bubble microfluidic actuator[J]. Journal of Beijing University of
Technology, 2016, 42(8): 1 129-1 137.

[24] TSENG L Y, YANG A S, LEEC Y, et al. Investigation of a
piezoelectric valveless micropump with an integrated stainless-
steel diffuser/nozzle bulge-piece design [J]. Smart Materials &
Structures, 2013, 22(8): 085023.

[25] LEE S C, HUR S, KANG D, et al. The performance of bioinspired
valveless piezoelectric micropump with respect to viscosity change
[J]. Bioinspiration & Biomimetics, 2016, 11(3): 036006.

[26] KIM H, ASTLE AA, NAJAFI K, et al. An integrated electrostatic
peristaltic 18-Stage gas micropump with active microvalves [J].
Journal of Microelectromechanical Systems, 2015, 24(1): 192-206.

[27] PICCINI M E, TOWEB C. A shape memory alloy microvalve with
flow sensing[J]. Sensors & Actuators A Physical, 2006, 128(2):
344-349.

[28] CHEN M, XING X, LIU Z, et al. Photodeformable polymer
material: Towards light-driven micropump applications[J]. Applied
Physics A, 2010, 100(1): 39-43.

[29]JUN D H, SIM W Y, YANG S S. A novel constant delivery
thermopneumatic micropump using surface tensions[J]. Sensors
and Actuators A: Physical, 2007, 139(1/2): 210-215.

[30] IAKOVLEV A P, EROFEEV A S, GORELKIN P V. Novel
pumping methods for microfluidic devices: A comprehensive
review[J]. Biosensors, 2022, 12(11): 956.

[31] MATSUBARA T, CHOI J S, KIM D H, et al. A microfabricated
pistonless syringe pump driven by electro-conjugate fluid with
leakless on/off microvalves[J]. Small, 2022, 18(15): 2106221.

[32] ZHANG X J, XIA K, JI A M. A portable plug-and-play syringe
pump using passive valves for microfluidic applications[J]. Sensors
and Actuators B: Chemical, 2020, 304: 127331.

[33] GAO W, LIU M, CHEN S, et al. Droplet microfluidics with
gravity-driven overflow system[J]. Chemical Engineering Journal,
2019, 362: 169-175.

[34] MA T, SUN S, LI B, et al. Piezoelectric peristaltic micropump
integrated on a microfluidicchip [J]. Sensors and Actuators A:
Physical, 2019, 292: 90-96.

[35] XIANG J, CAI Z, ZHANG Y, et al. A micro-cam actuated linear
peristaltic pump for microfluidic applications [J]. Sensors and
Actuators A: Physical, 2016, 251: 20-25.

[36] SIN A, REARDON C F, SHULER M L. A selfpriming
microfluidic diaphragm pump capable of recirculation fabricated
by combining soft lithography and traditional machining [J].
Biotechnology and Bioengineering, 2004, 85(3): 359-363.

[37] JI J, QIAN C, CHEN S, et al. A serial piezoelectric gas pump with

variable chamber height[J]. Sensors and Actuators A: Physical,

XM R B G P R R B B 5T S B

2021, 331: 112912.

[38] ZHOU M, QI Z, YANG Z, et al. Miniaturized soft centrifugal
pumps with magnetic levitation for fluid handling [J]. Science
Advances, 2021, 7(44): 7 203.

[39] MATAR M, AL-HALHOULI A T, DIETZEL A, et al

Microfabricated centrifugal pump driven by an integrated
synchronous micromotor[J]. Microsystem Technologies, 2017, 23:
2 475-2 483.

[40] LI H, WANG W, XU T, et al. High performance electromagnetic
micropump with bio-inspired synchronous valves for integrated
microfluidics [ J ].
360: 114568.

[41] RUSLI M Q A, CHEE P S, ARSAT R, et al. Electromagnetic

Sensors and Actuators A: Physical, 2023,

actuation dual-chamber bidirectional flowmicropump [J]. Sensors
and Actuators A: Physical, 2018, 282: 17-27.

[42] 2 IR % 10 2 55 fb b B A B0 O 48 0 R I T T R 1 A
W15 WF5E[D). R K K2, 2021: 25.

LIANG Z. Preliminary study on centrifugal microfluidic chip with
differentiated surface treatment and its application in protein
detection[D]. Chongqing: Chongqing University, 2021: 25.

[43] NAKA'Y, FUCHIWAKI M, TANAKA K. Amicropump driven by a
polypyrrole-based conducting polymer soft actuator [J]. Polymer
international, 2010, 59(3): 352-356.

[44] ZHONG Y, FILIPPINI D, JAGER E W H. A versatile flexible
polymer actuator system for pumps, valves, and injectors enabling
fully disposable active microfluidics [J]. Advanced Materials
Technologies, 2021, 6(1): 2000769.

[45] LEMOFFA V, LEEA P. An AC magnetobydrodynamic micropump
[J]. Sens Actuators B, 2000, 63: 178-185.

[46] AHNS H, KIMY K. Fabrication and experiment of a planar micro
ion drag pump[J]. Sens Actuators A, 1998, 70: 1-5.

[47] SILVERIO V, CANANE P A G, MARTINS T A, et al
Development of a microfluidicelectroosmosis pump on a chip for
steady and continuous fluid delivery[J]. Biomedical Engineering/
Biomedizinische Technik, 2023, 68(1): 79-90.

[48] LIU J, CHEN J, DAI J, et al.Simple electroosmotic pump and
active microfluidics with asymmetrically coated microelectrodes
[J]. Small Science, 2023, 3(9): 2300026.

[49] UVAROV 1 V, LEMEKHOV SS, MELENEV A E, et al. Exploding
microbubbles driving a simple electrochemical micropump [J].
Journal of Micromechanics and Microengineering, 2017, 27
(10): 105009.

[50] GUO G, WU X Y, LIU D M, et al. A selfregulated microfluidic
device with thermal bubble micropumps[J]. Micromachines, 2022,
13(10): 1 620.

[511] YE W Q, LIU X P, MA R F, et al. Open-channel microfluidic chip
based on shape memory polymer for controllable liquid transport
[J]. Lab on a Chip, 2023, 23(8): 2 068-2 074.

[52] XING Y, NOURMOHAMMADZADEH M, ELIAS J E M, et al. A

19



20

BB M A FRONTIER VIEW

pumpless microfluidic device driven by surface tension for
pancreatic islet analysis [J]. Biomedical Microdevices, 2016, 18:
1-9.

[53] REIBUA. kT 0t 75 3L WORE AR 19 A P 22 FL R R ) o5 BF 5
[D]. B A K2, 2017: 33.
TANG S Y. Preparation of ordered porous materials based on
microfluidic emulsion template[D]. Nanjing: Southeast University,
2017: 33.

[54] XI55, GIUSEPPINA S. 3 [R K6 M #3037 2 65 - BB 58 L 02 T 45 %
JE). FEIRER SR 4, 2022, 41(7): 1-4, 20.
LIU Y, GIUSEPPINA S. Research, application and development of
microfluidic chip for factor Sensors and
Microsystems, 2022, 41(7): 1-4, 20.

[55] 7. T ot #2600 v v A 31K 3y 14 £ i 45 44§45 F 5 (D). K
W RIEH T K2, 2017: 34-35.

detection [J].

WANG L. Research on vane structure micropump for liquid driven
microfluidic chip [D]. Dalian: Dalian University of Technology,
2017: 34-35.

[56] #AA L. ot #5005 A b i 9K 2l SOBL AR 1 i) & R T B 58 (D). &
HE: o B2 B R OK 2, 2019: 21
HU Z J. Research on preparation and application of magnetic-
driven micromachinery in microfluidic chips[D]. Hefei: University
of Science and Technology of China, 2019: 21.

[57] CHEN X J, LIAN H S, MO DY, et al. Self-supporting 3D printed
flexible liquid metal electrodes for electrostatically microfluidic
valves[J]. Journal of Micromechanics and Microengineering, 2021,
31C11D): 115005.

[581 ZHOU Y, YU Z, WU M, et al. Single-cell sorting using integrated
pneumatic valve droplet microfluidic chip [J]. Talanta, 2023,
253: 124044.

[59] CHIESA E, DORATI R, MODENA T, et al. Multivariate analysis
for the optimization of microfluidics-assisted nanoprecipitation
method intended for the loading of small hydrophilic drugs into
PLGA nanoparticles[J]. Int J Pharm, 2018, 536(1): 165-177.

[60] ZHONG R T, WANG M Y, LIN B C. Automated and parallel

DNA  extraction with

microfluidic integrated  pneumatic

microvalves/pumps and reusable open-channel columns [J].
Electrophoresis, 2023, 44(9/10): 825-834.

[61] AGNIHOTRI S N, UGOLINI G S, SULLIVANM R, et al. Droplet
microfluidics for functional temporal analysis and cell recovery on
demand using microvalves: Application in immunotherapies for
cancer[J]. Lab on a Chip, 2022, 22(17): 3 258-3 267.

[62] QIAN T Y, WU J Y, GAO Z X, et al. Hydrogen decompression
analysis by multi-stage Tesla valves for hydrogen fuel cell[J]. Int J
Hydrogen Energy, 2019, 44: 13 666-13 674.

[63] PEREIRA 1 C F, VAN MECHELEN R J S, WYSSH M, et al.

Magnetically actuated glaucoma drainage device for regulating

intraocular pressure after implantation [J]. Microsystems &

BE 268 H | 2024 £ 2 B | RASHM

Nanoengineering, 2023, 9(1): 92.

[64] ANJEWIERDEN D, LIDDIARD G A, GALE B K. An
electrostaticmicrovalve for pneumatic control of microfluidic
systems [J]. Journal of Micromechanics and Microengineering,
2012, 22(2): 025019.

[65] ATIK A C, OZKAN M D, OZGUR E, et al. Modeling and
fabrication of electrostatically actuated diaphragms for on-chip
valving of MEMS-compatible microfluidic systems[J]. Journal of
Micromechanics and Microengineering, 2020, 30(11): 115001.

[66] CHEN S, LU S, LIU Y, et al. A normally-closed piezoelectric
micro-valve with flexible stopper [J]. Aip Advances, 2016, 6
(4): 045112.

[67] DURASIEWICZ C P, GUNTNER S T, MAIER P K, et al
Piezoelectric normally open microvalve with multiple valve seat
trenches for medical applications[J]. Applied Sciences, 2021, 11
(19): 9 252.

[68] CHEN Y C, TIAN Y, XU Z, et al. Microfluidic droplet sorting
using integrated bilayer micro-valves[J]. Applied Physics Letters,
2016, 109(14): 143510.

[69] KOHL M, SKROBANEK K D, MIYAZAKI S. Development of
stress-optimised shape memory microvalves [J]. Sensors and
Actuators A: Physical, 1999, 72(3): 243-250.

[70] LIU Y, RAUCH C B, STEVENS R L, et al. DNA amplification and
hybridization assays in integrated plastic monolithic devices[J].
Analytical Chemistry, 2002, 74(13): 3 063-3 070.

[71] SELVAGANAPATHY P, CARLEN E T, MASTRANGELOC H.
Electrothermally actuated inline microfluidic valve[J]. Sensors and
Actuators A: Physical, 2003, 104(3): 275-282.

[72] KAMINAGA M, ISHIDA T, OMATA T. Microvalve with
trapezoid-shaped cross-section for deep microchannels [J].
Micromachines, 2021, 12C11): 1 403.

[73] NITI S M A. Characteristics and fabrication of NiTi/Si diaphragm
micropump[J]. Biomaterials, 2001, 22(18): 2 475-2 480.

[74] NGUYEN N T, TRUONG T Q, WONG K K, et al. Micro check
valves for integration into polymeric microfluidic devices [J].
Journal of Micromechanics and Microengineering, 2003, 14
(D: 69.

[75] GOTT V L, ALEJO D E, CAMERON D E. Mechanical heart
valves: 50 years of evolution[J]. The Annals of Thoracic Surgery,
2003, 76(6): S2 230-S2 239.

[76] ZHANG X, OSEYEMI A E. Microfluidic passive valve with ultra-
low threshold pressure for high-throughput liquid delivery [J].
Micromachines, 2019, 10(12): 798.

[77] AZIZIAN P, CASALS-TERRE I, RICARTJ, et al. Diffusion-free
valve for preprogrammed immunoassay with capillary

microfluidics [J]. Microsystems & Nanoengineering, 2023, 9

(D: 91,
(F#% 27 )



F&M | Vol.40, No.2

ionization-ion mobility spectrometry[J]. Science and Technology of
Food Industry, 2020, 41(14): 228-233.
[6] JAIROUN A A, AL-HEMYARI S S, SHAHWAN M, et al.
Adulteration of weight loss supplements by the illegal addition of
synthetic pharmaceuticals[J]. Molecules, 2021, 26(22): 690-701.
(7] X, R, . A 38— T B i vk ) i 0 s s A 2
PRAg B AR RN Y 12 A Al 2 25 W (D). £ 4 4 J5T o A
2F4, 2021, 12€18): 7 286-7 292.
LIU J, WU Q, WANG C. Simultaneous determination of 12 kinds of
chemical drugs illegally mixed into slimming health foods by liquid
chromatography-ion trap mass spectrometry [J]. Journal of Food
Safety and Quality, 2021, 12(18): 7 286-7 292.
[8) Phie, w2, WA, . B R ACIRORH €3 — DO AR R AT I ] 5
TR S M AT 52 bl AL S AR B S R N (7], b3 T B
2022, 34(6): 519-525.
SUN J, ZHU Y R, HU Q, et al. Qualitative screening of 52 illegally
adulterated weight-losing compounds in foods by ultra high
performance liquid chromatography-quadrupole time-of-flight mass
spectrometry[J]. Shanghai Journal of Preventive Medicine, 2022, 34
(6): 519-525.
[9] #h, 284, F o, 4F. PUIE B T PR O A L E R o B fR
B R 73 B BSR4 (9] & S LA, 2019, 35(7): 74-79.
HAN Z, GONG L, WANG H X, et al. Rapid screening and
quantitative analysis of 73 kinds of chemicals illegally added in the
healthy foods by Orbitrap mass spectrometry[J]. Food & Machinery,
2019, 35(7): 74-79.
[10] ¥ %4, £ %%, K. UPLC-MS/MS % [l B s v T €3 58 o 55
FrE v A ). o B £ 5 TR 24K, 2023, 35(1): 38-48.
HU Z Y, JIN X, ZHANG L. Simultaneous determination of 55
kinds of chemicals illegally added into diet foods by UPLC-MS/
MS[J]. Chinese Journal of Food Hygiene, 2023, 35(1): 38-48.

[11] A&, BEURTE, Wi, £0 hh %2 4 U 0 311 S 2 i S R
HAY[I]. 5 5P, 2023, 39CD: 67-72, 178.
LIN K L, MO C Y, YANG H. The reflection and reconstruction of

the penalty exemption list system in the field of food safety[J].

BeFE REARPNUNER THEYNELRN . AREEE

Food & Machinery, 2023, 39(1): 67-72, 178.

[12] MANS D J, GUCINSKI A C, DUNN J D, et al. Rapid screening and
structural elucidation of a novel sibutramine analogue in a weight loss
supplement: Journal of

Pharmaceutical and Biomedical Analysis, 2013, 83(1): 122-128.

[13] WANG M, HAIDER S, CHITTIBOYINA A G, et al 1, 5

11-Desisobutyl-11-benzylsibutramine [J ].

Dimethylhexylamine ( octodrine ) in sports and weight loss
supplements: Natural constituent or synthetic chemical[J]. Journal
of Pharmaceutical and Biomedical Analysis, 2018, 152: 298-305.

[14] LEE J H, YANG Y J, MIN AY, et al. Screening and elucidation of
fragmentations of 23 diuretics in dietary supplements using
UHPLC-Q-Orbitrap[J]. Science & Justice: Journal of the Forensic
Science Society, 2021, 61(5): 451-458.

[15] TR, E KT, 2840, 5. R P aREEme v )
i A5 AV IR [J]. £ S S AILBE, 2017, 33(1D): 52-56.

ZHANG F, WANG M L, LI R J, et al. Rapid screening and
confirmation of weight-loss illegally added drugs in health foods
[J]. Food & Machinery, 2017, 33(11): 52-56.

[16] 2K B, Bl e, D fr iy, &5 . 8 v 280 R0AH 8 3% — BB I6 I3 335 2k R
00 7 £ i 4 e oA 2K R 1 U n 25 9 [J]. 43 BT AR %, 2020
(5): 36-41.

ZHU L, LU C Y, LI C H, et al. Simultaneous determination of 4
compounds illegally added in foods and losing weight health foods
by HPLC-MS/MSJ[J]. Analytical Instrumentation, 2020(5): 36-41.

[17] B, WA, i R, 4% 4> A 3) QUEChERS-# =i %0 A €
T S IR BT 9 0 2 e R PR B b 58 AR AR VR i 25 4 (0],
iR, 2022, 47(12): 299-306.
HUANG Q, YE M W, FENG L F, et al. Determination of 58
illegally added chemical drugs in functional leisure food by
automatic QuEChERS-UPLC-MS/MS [J].
Technology, 2022, 47(12): 299-306.

[18] JABIR K, APARNA T, NAVEEN Y, et al. Lambert salt-initiated

Food Science and

development of friedel-crafts reaction on isatin to access distinct
derivatives of oxindoles[J]. The Journal of Organic Chemistry,

2021, 86: 17 833-17 847.

(k3% 20 1)

(78] P . ik Ji5e A i1 2R S0 78 Tl R oy ) 50 B L7 BT 48 8 v Y
S [D]. 1R IR 22, 2020 17.
CHEN M. Construction of silica gel surface crack strain
microvalve and its application in microfluidic chip[D]. Xiangtan:
Xiangtan University, 2020: 17.

[79] BEARZE . LT ot #2508 1% 20 B 5% 4 1 &R S F 5E (D). BIL:
LR KA, 2019: 45.

HUANG L K. Research on cell culture control system based on
microfluidic chip[D]. Zhenjiang: Jiangsu University, 2019: 45.
[80] X &, TR AR, £ B BR, 5. SO T R 3l M e i 503t 5
5 HERED]. BLeEH AR 5 THE, 2020, 20033): 13 667-13 672.

ZHAO W, ZHANG D X, WANG Q C, et al, Design,

implementation and performance of universal microvalve with

microfluidic chip[J]. Science Technology and Engineering, 2019,
20(33): 13 667-13 672.

(817 X 8. U428y LR e % S i iy e 1 H 5 S BL D). T
1R, 2020: 47.

ZHAO W. Design and implementation of mechanical rotary
microvalve with microfluidic chip[D]. Xiamen: Xiamen University,
2020: 47.

[82] BURDO-MASFERRER M, DIAZ-GONZALEZ M, SANCHIS A,
et al. Compact microfluidic platform with LED light-actuated
valves for enzyme-linked immunosorbent assay automation [J].
Biosensors, 2022, 12(5): 280.

[83]1 JIN S H, LEE B, KIMJ S, et al. Improvement strategy of a
microfluidic sorter using a pneumatic bilayer valve[J]. Chemical

Engineering Science, 2021, 245: 116834.

27



