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3D-inertia Valve Component for Centrifugal Force-based Micro Fluid Control

Dong Hee Kang”, Na Kyong Kim  and Hyun Wook Kang"

Abstract A three-dimensional slope valve component is used for controlling micro volume of liquid
on a centrifugal force-based microfluidic disk platform, also called a lab-on-a-disk. The modeling
factor of the slope valve component is determined to centrifugal force for liquid passing the crest of
a slope valve via variation of slope length and angle as well as the radius to start point of slope
valve. The centrifugal force is calculated by the equilibrium equation of the capillary and gravitational
forces according to the microchannel surface roughness and the liquid volume, respectively. As a
result, the slope valve is analyzed by the minimum angular velocity for liquid passing at crest point
and the ratio between the length of micro liquid and slope length to obtain the factors for optimal
slope angle modeling.
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Fig. 1. (a) Graphical images of microfluidic
modules on disk and (b, ¢) Microfluidic
modules including slope valve with angles
to 6=60° and 0° (scale bar = 10 mm)
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Fig. 2. Modeling of slope angle (0) by length of
slope (L; = 10, 15, 20 and 25 mm)
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Fig. 3. Microscopic images of the straight
microchannel (a) cross-sectional and (b)
side view. (c) a schematic and (d) a
microscopic image of liquid (DI water)
curvature in the microchannel.
(scale bar = 100 pm)
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Fig. 4. Liquid switching frequency at L, = 10 mm
via R, and liquid volume variation

Table 1. Coverage slope angle by the liquid
volume, L, and R, variation

Coverage slope valve angle, A6

L R Liquid volume (uL

(mm) | (mm) 15 20 25 30

40 - - - -

10 30 - - - -
20 7.97 - - -
40 9.46 - - -

15 30 18.09 - - -
20 31.24 17.40 10.20 10.20
40 19.37 9.65 - -

20 30 23.69 | 1774 | 4.86 -
20 29.01 29.47 21.06 16.96
40 20.38 18.83 9.76 -

25 30 2249 | 2420 17.54 8.42
20 27.25 29.02 28.19 2.98
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500 g I |I £ )
= % i E —_ == e I5uL
E \ i S -=- et 204
400 - \ i E o T oo 25uL
E A & — m—— m-
= \ ! S0 w w0
: P
C Y \
= 3001 \
g F Vi AP, <AP,
= E AT
= SPGB N U W Centrilugal force dominant reglon
2 £ . K Capillary force dominant region
200 | \ N\
E \ R\X AP,,, > AP,
A
w5 f
£ = = <
E Q £ -+
F &N o
ok 1 L
0 30 60 90

R, (mm)
Fig. 6. Liquid switching frequency at L, = 20 mm
via R, and liquid volume variation

BAYE 5% A vAAA] 15

Fig. 5 olME L= 15 mm & wj9] w2 HolFE
ok R7F 30, 40 mm <1 730l o] 15 uL & o
Wep O80T 12U} A 0] 20 L o]/ dd wf &
T 2R EA S ek Ktk RIF 20
mm¢&l 7-F-oll= AF o] AAlel Agle] MHE
7les Y Ao 25 €430 pL AA L] o
Aol M= =] 7} gt

Fig. 6 oA+ L, =20 mm & W] w.& HolF
th BE ROl AF o] 15 uL o o, R =R 7
5 a3k s)dYo] TshgrAeR STk,
Fig. 7 3 2] 20 kipm o] 2330tk R, 7} 20
mm A= HAe] H Aol ufe} S| Fajel I
83 3] A|Ael wE Ajolrt FornR AA
of W& A AlolE EHA R Fast = Qe
Ly 2148 HojFr)

o
30k [ o o oiniAIQ 23
0 OIOiATOH 7
20k - 8 oigiAO L E
L QIiDIAIO 10
= 15120425130
1600 o Liquid volume (L)
B o
& 1100t u]
= 8
= 4001 Centrifugal force
r 2 <Y dominant region
300 w, @ a AP, <AP,
R AR -
200 g Capillary foree
L dominant region
L APy > AP,
100 |
20 30 40
R,=R.(mm)

500

g HBH R, (mm)
E ! H g — === e ISl
£ \ i £
E \ H T T Tt vt 204l
400 | Vi g — = - 25uL
£ i g —
E [ S0 m w0
£ \ i
- £ Voo
E Vit AP,,, <AP,
I E N cap
= F A
‘-‘: . Wep K Centrifugal force dominant reglon
= 200 = Capillary force dominant region
E A, AP,,,> AP,
TIS
F = = )
r Q by <+
B & & &
0 C | |
0 30 60 90

R (mm)

Fig. 8. Liquid switching frequency at L, = 25 mm
via R, and liquid volume variation



16 ARSI

46 ()

T L/L,

Fig. 9. Coverage of slope angle by the length of
slope and liquid column ratio

Fig. 8 oA L, =25 mm ¥ wjo] w2 Hols
th EE R oA R ol AEgle] A% o] 15 9} 20
uLd ® 500 pm ©Ja} Il A= Rl TE o]
2lol= Ht 2.04 % = 2] T, Fig 7 3}
2ol Ry =20 mm 1A w. = 217t 334, 1.56 krpm
o= zto|7} wHgsISitk

ANA o7 wakdste], Rell wheba] A Aol o}
2 Azl Zo](Llc, length of liquid column)®} L,
ool u-&= vl uj Fig 99} o] YeRdt) 7
AF ZEe] Alo7E fFast M9l (A) A =
L | L7} 19l 7PFe55 7% FoH, o]= R, 7}
HagaE SRtk Bk, L / L7t 57
e, A = Fhaste] 73/\} Z}izol| upE Ao}
frash] Sas HoErh

4.

uy

g2

2 7o) ool E
Fl4 32190 m} 28 20 Wy 940 A4
Sl slgich el 30 7] gl Aifree
o), 74w 0 sk e Fg wask A1) A

oBL
>

5 0] Aol ol ARAVE U 5
BRI 2 S R, W P
A A i el e 3, el

ERREE ! Lﬂaﬂ—A ;n; sl o sl
g o o}oq azme] e BB
AT, o), L, R, ZM A4 ol o,

AA Zws] R WS TRk A WekE 50w
She Qs Bl ARiE BeiFn
53], olxe] o ErllNe] B 2ol R7
A o JEl €A wnlelsle] 73

A} Zee t’éHﬂ dsbal Bk w9 L, 7L
o 22900, 0 = 90 o] fATE W
ol §4) Aol7k Brsahe, 1
=& BYeINE Ko o)t &
o A wonz Ao shsd
O Fo5A €t o]5 7NteE,
A1) A2} Aatrae] dole] vlE FEf Ale]
7} 7],‘_—.‘ anug] 1—5 }_7434 FAXR z‘sﬂ/\myjﬂ e}
£ AT A 0w, 7)ol GIRIH pasive
%“—H 379 AAbre] wug AR on,
Akl WA F]are] A o] me o A
S Mol P, ol PLolEI A EAE
S 7ko.R SR AU Al2EE} o), of
Mol B 0 AY B4 5 vl Pole] ulAl

A3 Rolol S-go] 7F5d Zloz s|dH

>,

< JE
o

0,
ﬁ

=

>
m
Lo
)
ax

0

2

olo

==

ot

7|

o] A= 20199 % AF(ETHY AP
Sl AThe] QS ol aiE 7] 2AFAL
%J(No.NRF-2019R1A6A3A13096916)3} 2019 I
AN REAT e AldeR g
XHDP AGUEY o3l AAFEIADAIIL A

8- wrol = @1779)(No.2019HID8A1109673).

REFERENCE

1) Steigert, J., Brenner, T., Grumann, M., Riegger, L.,
Lutz, S., Zengerle, R, and Ducrée, J., 2007,
“Integrated siphon-based metering and sedimentation
of whole blood on a hydrophilic lab-on-a-disk,”
Biomedical microdevices, Vol. 9(5), pp. 675-679.

2) Riegger, L., Grumann, M., Nann, T., Riegler, J.,
Ehlert, O., Bessler, W., Mittenbuehler, K., Urban,
G., Pastewka, L., Brenner. T., and Zengerle, R.,
2006, “Read-out concepts for multiplexed bead-based



fluorescence immumoassays on centrifugal microfluidic
platforms,” Sensors and Actuators A: Physical,
Vol. 126(2), pp. 455-462.

3) Miyazaki, C. M., Kinahan, D. J., Mishra, R,
Mangwanya, F., Kilcawley, N., Ferreira, M., and
Ducrée, J., 2018, “Label-free, spatially multiplexed
SPR detection of imnmumnoassays on a highly
integrated centrifugal Lab-on-a-Disc platform,”
Biosensors and Bioelectronics, Vol. 119, pp. 86-93.

4) Clime, L., Brassard, D., Geissler, M., and Veres,
T., 2015, “Active pneumatic control of centrifugal
microfluidic flows for lab-on-a-chip applications,”
Lab on a Chip, Vol. 15(11), pp. 2400-2411.

5) La, M,, Park, S. J., Kim, H. W., Park, J. J., Ahn,
K. T, Ryew, S. M,, and Kim, D. S., 2013, “A
centrifugal force-based serpentine micromixer
(CSM) on a plastic lab-on-a-disk for biochemical
assays,” Microfluidics and nanofluidics, Vol. 15(1),
pp. 87-98.

6) Gorkin III, R., Nwankire, C. E., Gaughran, J.,
Zhang, X., Donohoe, G. G., Rook, M., O'Kennedy,
R., and Ducrée, J., 2012, “Centrifugo-pneumatic
valving utilizing dissolvable films,” Lab on a Chip,
Vol. 12(16), pp. 2894-2902.

7) Mark, D., Metz, T., Haeberle, S., Lutz, S., Ducrée,
J., Zengerle, R, and von Stetten, F., 2009,
“Centrifugo-pneumatic valve for metering of highly
wetting liquids on centrifugal microfluidic
platforms,” Lab on a Chip, Vol. 9(24), pp.
3599-3603.

8) Lee, B. S, Lee, J. N, Park, J. M,, Lee, J. G., Kim,
S., Cho, Y. K, and Ko, C, 2009, “A fully
automated immunoassay from whole blood on a
disc,” Lab on a Chip, Vol. 9(11), pp. 1548-1555.

9) Park, J. M,, Cho, Y. K, Lee, B. S, Lee, J. G,
and Ko, C., 2007, “Multifunctional microvalves
control by optical illumination on nanoheaters and
its application in centrifugal microfluidic devices,”
Lab on a Chip, Vol. 7(5), pp. 557-564.

10) Kang, D. H., Kim, N. K., Park, S. W., Lee, W,
and Kang, H W., 2020, “A microfluidic circuit

BAYE 5% A vAAA] 17

consisting of individualized components with a 3D
slope valve for automation of sequential liquid
control,” Lab on a Chip, Advanced article.





