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Measurement of Dynamic Interfacial Tension with High Time Resolution by Shape Analysis of
Collided Microdroplets
Natsuki Yamaoka®, Ryohsuke Yokota®, Taichi Hirano", Shujiro Mitani®, and Keiji Sakai”

“Institute of Industrial Science, The University of Tokyo.

We developed a method for measurement of dynamic interfacial tension in the high-speed time range.
When two immiscible microdroplets collide in midair, two droplets satisfying incomplete wetting condition
will make a Daruma-shape. The shape is determined by only the ratio of surface and interfacial tension and
the volume of each droplet before collision. We use a stroboscopic method for analyzing the Daruma-shape
droplets with high time resolution so that the high-speed change of the interfacial tension by progress of
surfactants adsorption can be observed. In this work, the measurement of dynamic interfacial tension of
water or surfactant (SDS, SDBS) aqueous solutions with various concentration and hexadecane were
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successfully carried out.
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Fig.1 The equilibrium shape of a Daruma-shape
droplet.

3. AlEFE
2ODEERIA v Yy M6l EAWT, ERE
AUK EMOBUNEIR 2 ER L, ZEpCiiE s, %
DT IIR R LT,

ATy b RVATIEEENEZ 30 um D H T
A F AV, TR EE AN K & I CRITEE
RBHEDICHHELIEEN EZTH Z & TRIKZF L
HL, PV #HEAIT L - T50 kHz BREDE %2
Mz 52 & TRBINREES. ¥ FETOREE

BIIKEMTEICFECIZLTWD. EORFRE L
THWD A e RO, FEHEFEEDS 0. 4 ns
BREICRD X ITRE L.

HEICHNDHEELE LT, K—~FHTH R
O ETEVERIKEIR —~F T o R EBRHA LT
FEITAE U7z S s AR IE, SDS (R 2L
e+ F Y 7 h)aq(20 mM, 100 mM) 2 ONSDBS( K5
NN ANVE BT Y T A)aq(5 mM, 10 mM,
20 mM, 50 mM) TH 5. ZiHAFREO VR imiE )
Z B0 HE (Wilhelmy method) THIE L7-fESH &, B
TS TERI KR O A 2 VR EE (ONC) O SCHRE, 7K
—~F T RO PGSR ) O SCEE R VY >
ZETHRIE U7 TSR KR —~F% 7 5%
DA S E 3R ) % Table 1127”7

MO BAEIC L - T, FmiEMEAIKE R & ~F
VT oRENPER L TH, ~F VT 0 o REES)
ITHIZC—ETHDLZ LEMR L. 207D, K
JETIMr TR LN RmR S - FimkHHIC
Table 1 |ZFC#k L7o~FHT U Rk 2 RES
VoRat LK VAYE IS WAR

R LB o—pfl & LT, Fig. 2 2K &~
XV T AR L LT O Eig &R T Fig. 2
D LX) 7pfEE Ul EA% ORENIE 295 200 ps FEEE
TUIE > TWEDT, ZDOBROEG) T 21T -
7o Teds, MEZERTRE ORARE &K RIZENE
I, 8 m/s &30 mBEThHoT. FEBRTOIN
O OMEILFIIN B [9] 23PHFE L 72 e HELE 2 VTl
E LT, ZOREEOIEEPREEIL 0. 3%RETH Y,
MOBRRFIZRIE CE 5728, KRR Dk
B DI THTEEIRIT 21TV, RS SR
—ETHDHI LR L.

Table 1 Surface tension of water, surfactant aqueous
solutions and hexadecane (measured by Wilhelmy
method), interfacial tension of water — hexadecane
system (literature values) and surfactant aqueous
solutions — hexadecane system (measured by ring

method) and CMC of surfactant aqueous solutions
(literature values) at25°C

surface/interfacial
sample tension [mN/m] CHC  [mM]
water 71.9
SDSaq 35.7 8.16 [8]
SDBSaq 32.0 ~1
hexadecane 27.6
water —
53.3 [7
hexadecane 7]
SDSaq —
6. 94
hexadecane
SDBSaq —
6. 16
hexadecane
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Fig.2 The and

image of collision of water
hexadecane droplets. The upper droplet is water and
the lower is hexadecane.
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Fig.3 Dynamic surface and interfacial tension of
water - hexadecane system.
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Fig.4 Dynamic surface tension of SDSaq (20 mM,
100 mM) - hexadecane system.

09

3 ® e

0.8 ¢ 3 SDSaq + hexadecane =)

E @ :20mM 1 g

o 07EF ® 41100 mM 120 3

s oy

Dcf 06 =

E 115 >

3 05 2,

< E o

[0 E O'I/ O'o | = |

= 04t p 3

E 7,10 =

03¢ Equibrium(6.94/276) | 3
02—l
0 500 1000 1500 2000

Elapsed Time after Collision (us)

Fig.5 Dynamic interfacial tension of SDSaq (20 mM,
100 mM) - hexadecane system.
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Fig.6 Dynamic surface tension of SDSaq (100 mM)
measured by DOF method [10] and this method and
simulated one [11].
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Fig.7 Dynamic surface tension of SDBSaq (5 mM, 10
mM, 20 mM, 50 mM) - hexadecane system.
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Fig.8 Dynamic interfacial tension of SDBSaq (5 mM,
10 mM, 20 mM, 50 mM) - hexadecane system.
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