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Electro—elasto—microfluidic precisely tuned manipulation of particles
regulated by polymer chain length
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Zhejiang University, Hangzhou 310027, China

Abstract: Electro—elasto—microfluidic technology integrates the high controllability of electric
fields with the viscoelasticity of non-Newtonian fluids, representing a frontier approach for precise
manipulation of particles at the micro- and nanoscale. However, existing studies have
predominantly focused on macroscopic rheological properties and particle size effects, while the
influence of microscopic rheological parameters— such as polymer chain length— on particle
migration behavior remains insufficiently understood. In particular, the coupling mechanism
between the polymer chain length and slip-velocity-induced lift has yet to be elucidated. In this
study, an electro—elasto-microfluidic system with tunable viscoelastic parameters was designed,
and a control strategy incorporating polymer chain-scale parameters was established to
systematically investigate the effects of polymer solutions with different chain lengths and
concentrations on the migration of nano- and microparticles. Experimental results demonstrate
that the polymer chain length plays a critical role in regulating the lift force balance in

electro—elasto—coupled systems. Numerical simulations further reveal that the polymer chain
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length significantly influences the particle slip velocity. The particle slip velocity U, exhibits an
approximately linear dependence on the ratio between the force acting on the particle and its
radius, F,/R. With increasing polymer chain length, the slip velocity U, decreases monotonically
under identical F,/R conditions. Theoretical analysis indicates that, as particle size decreases, the
flow-induced elastic lift decays much more rapidly than the slip-induced lift, causing the latter to
dominate nanoparticle manipulation. Based on these findings, efficient nanoparticle focusing at
prescribed flow velocities, as well as high-throughput continuous separation of particles spanning
the nano- to microscale, were achieved by appropriately matching polymer chain length and
concentration. This work not only elucidates the microscopic regulatory role of the polymer chain

length—a key microrheological parameter—on macroscopic particle dynamics, but also provides a

http://www.syltlx.com

new theoretical foundation and design

microfluidic sorting technologies.

strategy for

electro—elasto—synergistically driven
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Table 1 Calculation of relaxation times for PEO solutions at different concentrations
PEO%f# /kDa c c'/10° c/c A,/ms 2/ms
600 0.2% 1877 1.1 0.046 0.88
600 0.6% 1877 3.2 0.046 1.76
2000 0.2% 858 2.3 0.335 10.4
2000 0.6% 858 7.0 0.335 21.4
4000 0.2% 547 3.7 1.052 44.3
4000 0.6% 547 11.0 1.052 90.0
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HL 37 — 3L 1 IR 5 O VR AR R BRI B I AR
G W B RO O 2 H02 T e B s e S AR AT L
LN J1 % . B 5IFH T N = 5,10, 15 fl
20 X 4 MPEE KR SR TR R = 2.50 pm i
RLE W R T . 85 R, HM LT U5 F/R

0.025
p
0.020 -
/ A
;'VV/” v
7 0.015¢ -
- A
= 0.010 //, - N=5
7 —e N=10
0.005 ~ A N=15
/ v N=20
0 L L L L L L L
0 01 02 03 04 05 06 07
Le/(Nm)

B 5 AREHEKESWARTMIBHEEBERIIER
Fig. 5 Numerical simulation results of the particle slip velocity in
polymer solutions with different chain lengths

BX A

SRR, HEEE R SR MM, 4
F,/R %M T, BB U, AN .
24 AEHKEEWBERPHMMNBALER
EEMNIERITA

T, I8 IR O AR T IEE L T ROK K g
KR AE A R K RGP oW B %
PRI RAT N . ZLITE R~ 4.5 cm x 50 pm x
50 pm [ B 0 3E gk AT, L PEO WA TAE
A, 38 U R A B ORI 5Bk 7E AN [
RSN E R MBS RAERE. 6y
T AR5 T & (PEO i &2 $3°8 0.2%) F, hifz
N5 pm [ ORI FE TG B R R AT N E R
ME F A BUE B, 44 KB (600 kDa) B, 5 pm
POREMRMIE T — o RETEEFROME, 57
— 43 W R )G A B B L IX 2 KON 7R B
B FAE T, A O B R0 RE AL B AL I
I Ee /N o B A IR B B G, RORL ) 15 1 AR A



112 LW

%

http://www.syltlx.com

lem/s 5cm/s

10cm/s

20 cm/s 40 cm/s

(a) 0.2%PEO, 600kDa

E)um.-...

(b) 0.2%PEO, 2000 kDa

(¢) 0.2%PEO, 4000 kDa

E 6 5umBTEBEERMG TERREK PEO BiRPHEBITAER
Fig. 6 Differences in the migration behavior of 5 ym particles in PEO solutions with different chain lengths under the no-slip velocity condition
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Fig. 8 Differences in slip-induced focusing behavior of nanoparticles (100 nm) in PEO solutions with different chain lengths
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Fig. 9 Differences in slip-induced migration behavior of 5 um
particles in PEO solutions with different chain lengths

BWCR, BT s T AT 0 kT 0 LR
M 5 3 RGN =F 58 4 5 0 IR AF A
Tl K O 5 RE T 38 TR e 4 T 2 T AL, X
ol 50 R ON SOR BURE B SR £R 5 0 B B T R AF AR

FERCREAR . ik, ATE R A A F K K PEO %
W, MHAESERE P AR REREXE. HES
#N 0.6% 11 PEO i & ¥ (600 5 4000 kDa £ K
(1 PEO Jii & EE migog wpa: ™Mao00 kpa = 5-1) 49 K i ki
7E-800 V /cm [ L 37— 1 SR AR 5 06 45 S an 1 10 Fir
N o EH AT L, VR A VA T I R v R X sk ) 3R
ORI FAREE K 5 K PEO ¥ W2 18], 1 78
IR X I, IR AT RO T B SRR
DA ik, 38 VR A S [ BE K ) PEO W, T 7E A& 1)
TR T ST 0 R AR AR

0.6%PEO
Megokpa+ Maoookpa = O+ 1
>
Y —
=
Y P
0.6 —qz : 600 kwa~ .
= 30 Moo kDa * M g00kDa = 2+
10mm/s [N 0.4 3
E = —9—4000kDa _°
i _
22 = P
= o0t /
0 s o :
IS = g -
&$ s
20 & °
o L . . .
40mm/s _ 40‘&&O 0() 10 20 30 40

—20 0
Position/pm

20

T xm—

Ca) GRS B

(b)) GRFURL G5 EE 73 A1 Hh 24

Velocity /(mm-s™)

(o) GHRIIRLTE 60 FE 43 A1 I ZGFWHNMG EE ]

E 10 FRE#K PEO BKESHSR BN B EEMRERETRER
Fig. 10 Experimental results of electro—elasto—microfluidic focusing of nanoparticles in mixed PEO solutions with different chain lengths
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