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Effect of surfactants on the motion of magnetic microparticles across
liquid—liquid interface
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Abstract: This study employed high-speed camera technology to observe the kinetic behaviour
of micrometre-sized FesO, particles traversing the oil-water interface under the influence of a
non-uniform magnetic field. The experimental results show that the mass fraction of Span 80
surfactant alters interfacial properties (interfacial tension, viscosity, and oil-water—solid contact
angle). As Span 80 mass fraction increases, the Ohnesorge number (Oh) rises while the magnetic
Bond number (Bo,,) decreases. Particles exhibit five distinct motion modes at the interface:
encapsulation and detachment, interfacial jet formation, cluster ejection, suspension ejection, and
steady-state stretching. At low mass fractions (<< 0.42%), the Marangoni effect predominates,
enveloping particles within the oil phase to form magnetic emulsions; near the critical micelle
concentration (= 0.42%), particle aggregation intensifies, enabling them to overcome the
interfacial energy barrier and traverse the interface; at high mass fractions (> 0.63%), liquid
column necking is suppressed, with only deformation occurring. This study systematically reveals
the mechanism by which surfactant mass fraction influences particle distribution and interfacial
mechanical response through regulation of the Oh and Bo,,, providing theoretical foundations for
the application of magnetic particles in multiphase flow and interfacial manipulation.
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Fig. 1 Experimental schematic of magnetic micro-particle movement
at liquid—liquid interface
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Fig. 3 Magnetic field characteristics of the N52 grade NdFeB
permanent magnet
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AR 259 53 T 37 0 B Ak JURSE P % 3 2 BIX 51 BT S5 9
ZBA B S Sy WKL S 3 3 5 i A 2R AR IR
FSBRE, 1E T BN T Fyy oo PTRR M:

Fon ool = gd%pﬂoMVB 4

e e, R N AR R A SO A B 23 30, MO AL
%, VBRI

Bt A F AT, UKL ) VA 2R i SR 4R, R TN
P R — e R R, T BT 5K ) PR AR
Ty 2% S JB Uit R ST 5K 0 B B BK B, S sh U7 A A ST
5K 77 %52 R (3 T 3t A 7 5 A o B A X 4 4 1) L T
5K 77 AR (3% T3 1 ) R 0 R D IX 3, RS B R
JE S W R PIER . AREFEERLE, $2X)e
T R 5 3R T 9 R R R 43 R ) I R B i
48 56 2, K HE AR Frumkin Wb 7 F2 29, R
5K 11y, 5 T B T % R R R RN

r
Vo = oy + RoT T In (1 _ F) 5

sy, o AR TG VE I 1) ST 5K 775 R, A FLAR
SARCE S 8.314 J/(mol K)s T AL XTI E; [ N T
T Ak 2 T V& 14 770 43 1 19 55 KR B B, mol/m®e 4 5
LV 4R i A K FE ARk Az I, ST 2 THT g B
BHNAW,, =my, dAz, M FLHE )] F, 0] 4 58
AW,
Az
A A FAERORL b (0 8% 77/ T 380 g, D) R0k
TR P R AT A . A Gt 1B 6 T B0RL 1 R
TR oy A, FH DO AU SR AE SR AR R 2 B, an i 9 B
No AT LU B, W35 FOR AR AR 2 BOR BR AR, i
B B A2 1B 4

F,=-

=—my,.d (6)



82 S OO S s B 3 http://www.syltlx.com
o, —A— WA LR T v
—v— BRI TR)E 08F v
35 v
) 4
307 0.6 4
e 25T % + g
~ =
© 20 F =04}
& 3 :
i 0-21
5 ¢
. . . . 0 s s s \
0 0.1 0.2 0.3 0 0.21 0.42 0.63

Span 80773 #1 /%

B9 REiHPEIEBRERS TN
Fig. 9 Changes in the volume fraction of magnetic micro-particles in
mixed oils
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