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Aiwscix, TERLERK (ECF) B#E~A 70 Vo URy7OR%E] LEL, 26 ENOHRESNLTH5.

1= g T, AFEOERBLOEREZRXTWS. bFERE~A V a ik F v 7 ETITS FRAF
v TRMREROMEE R T > 7 LICHBT 24— A A F o 71, KISEE DR L, 3oV TV BEOKHE & Off
REHETDH—HT, Fo7 MR TIRKBEDOL Y VIR TR AT ARERO/NEALEZ T TWD LIRRTWn 5.
F, VU UURUTOHEMNEAGIE, BERAO R TEERIC S T B A RIS K DR R BB OB RO =D, 0
EHIIRBETHD L LTWD. ZORBERROTD, KEKERS SR VEREZRGIA (ECF, Electro-Conjugate
Fluid) ICEKEEZEML TV =y M2 RAESE S 2 & T, # ul/min OB 2R TKERZ XK TE % 25 mm
X25 mm YA XD~ A7 as ) PRV TOEREAFEOBHE LTINS,

2% [ ZMIEBEMIEE ECF ~A 7 uRr 7ORF] ik, ko v UR 7 LRk ECF 2/ J7hIC
MBS &2 MEMENS, —HaOAOFENZE B E L6k =falk— AV v MNEEM OBMEE 2 EEL, AU
v NEMAZ A LR S o0 = MIEM A 5 S8 5T = AR EETE ECF ~A 7Ry 72BRELTH
L. ZORTTIE, dET L EMEERA~OHNEBEELAA vF 74526 T ECF Y=y MiDmE 280 %%
ZDZENARETHY, WMEALICERITHD EBRTCVWD. ZD ECF ~A 7l 7% 7% IV ITT77 4 BIWR
BN A FHWCRIEL, RAETF B LOES EROICIHGT 2 2 & CRiFH~OREBAFRLEDOMREE 35 2 &
EFHOLMICL TS, £, AT v 7ISEEREB L OEEREERBREZITV, ZOEFEEZHRICL TV,

W3 [ ) AN—F 4 7 2a—VRFHEKEZH W ECFREE~A 7 as V) U ORCTOMZE] T, B EE)
WOV~ 7 a ) Ry T EERT L0, (1) ZAREEEIOE ECF~A 7 uRr 7, (2) ) o oi
T B KER E ECF OREB LB~ A 7 i, (3) EEHEALRWSNLTEREL LT/ AN—T 47 2a—V%
UoF o AER LU ECFEREE~A 7 as ) VIORVTHRBRLCWD. BIELTZT 231 2 TlE, ECF BKIEK
& ORE ZHERF U722 SIS A ES &8, ¥ pL/min ORXEICHKII L TW5E. —FH T, /J AV—F 4 7 a—F
OFEFAHFE DR S L BERREDORBOREZ I0D, WIEE « MAIROKRIIIBARH D Z L2 LML TV,
ZORERDG, EHOREE LR EN LS R0, MAOA A THIEZIT Y T 7T 4 TSNV T OB R
LTWa.

F 4% TECFBEEE T 7 7« 7V 7 OB% ) CTiE, o4 47 HIHOEZ O o, PDMS (KU VAT
vuxty) i ECF ~A 7 uRr TOREENTERSE, R— 2T L CTHEET S ECFERESET 77 47
SNUTEREL TS, (1) KEIEA PDMS i, (2) PDMS [, (3) ECF fH PDMS Ji#, (4) ECF Y= v
BB 2 AT B0 T AERD DR SN DT A, ARG RERMATICESERFH L, TORECHKIIL TS,
ELTET S ADFHIERICE Y, KL 7225 PDMS [z +5IC AR SE D OB EREN L ZOHINEESE
oML TWDS. £72, 2SIV THSEEOMES & ECFEREE T 77 4 73V 7 ~OHINEEDBFZEZBH S i L
ZTORBMEEITFEL TS,

BB [T/ T 47NNV TEEF LI ECFH#E~A 70 ) U ORCTOR%E] Tk, KEE - (KROERK
ThHhoTn ) AN—FT 4 7 a—TORDLVIZEAETHE LT 774 7 \V 7 28A Lz ECF HEhE~A( 7l
VIURVTEREL TS, BIELIET AN RITIE, 2NV TEREN & KIBIE OB A » H O 2 FEEO ECF ~ A 7
aRTNHY, KR TICHEREMEE EZORMEEZH LI LTS, ERAARE L TEAKEHWZERIC
BWTC, 2L T ORI EKBROWAN « HHODOENEELZRY S5 2 LT, MR OKERZ BN
OENRICER TEDLZLZRL, BELE~A 70y VU URVTOEHMEEEEL TN 5.

HeE [hi Tk, AMECHONIEERERIET S L EHICABOBHEHIZONTRITNS,

DL EBF A IC AR ST, BRI O~ A 7 as ) Vv ORy FEERTA-D, (1) BEEE LT oM
FEEmSEE ECEF~A 7 aRr 7, (2) YU P LTECF LKBIEORELZATH~A 7 il (3) g
FELTCECFEET 7T 4 7N TEMAET D E2BEL, 2nbaETF v EICER L ECF B#E~A 7 1
VUV URUTERBL, TOEMEEZHLMMIL TS,

% FSCE R, 32000 F & 3L 300 35 % 1 HTORNT 22, & L<IIFEILB800 354 1 #RH L T 7EE W,
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This thesis, entitled “Development of Microsyringe pumps Actuated by ECF (Electro Conjugate
Fluid),” is composed of the following six chapters.

In chapter 1, the background and purpose of this research were described. In the lab-on-a-chip field,
it is required to downsize a bulky syringe pump connected to functional devices. However, to realize
the miniaturized syringe pump is challenging because the frictional force in the mechanically sliding
part increases due to the scale effect. Therefore, this research aims to develop a novel microsyringe
pump actuated by ECF (Electro conjugate fluid) with no mechanical sliding parts. The ECF can
generate a jet flow when the high DC voltage is applied to the electrodes. The microsyringe pump is
conceptually composed of three parts: (a) ECF micropump as a driving source; (b) microchannel
having a boundary between ECF (oil) and aqueous solution as a syringe; (c) a valve element.

In chapter 2, an ECF micropump with a triangular prism electrode facing to a slit electrode is newly
proposed to generate a bidirectional fluid flow by switching the electrodes applied voltage. Through
several experiments, its static and dynamic performance is confirmed.

In chapter 3, as a prototype, a microsyringe pump with the nozzle shape channel as a valve is
developed. It is experimentally confirmed that the liquid interface reciprocates in the microchannel
by the flow from the ECF pump and functions as a micro-piston and a micro-cylinder. Also, the
necessity of an active valve is suggested to improve the diodicity.

In chapter 4, the ECF-driven active valve is proposed to control the fluid flow precisely. The
working principle of closing the valve by deforming the PDMS (poly(dimethylsiloxane)) membrane
by the ECF flow is described. The fabricated valve can tolerate the backpressure up to 50 kPa at the
applied voltage of 2.0 kV.

In chapter 5, the microsyringe pump integrated with two ECF pumps, which is to withdraw/infuse
an aqueous solution and to actuate active valves, is developed (25 mm X 25 mm). Experimental results
show that pumping can be performed at various flow rates (uL/min) without pulsating flow by merely
changing the applied voltage.

In chapter 6, summary and future work are described.
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