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Abstract

Objective: This study aims to explore the influencing factors of polymer microsphere preparation
by microfluidic simulation, optimize the structural dimensions of microfluidic control, provide a
theoretical basis for experimental operation and reduce experimental costs and time. Methods: A
2D microfluidic structure was established using COMSOL Multiphysics 6.2 simulation software. The
two-phase level set method was adopted to investigate the effects of flow focusing structure and
coaxial microfluidic channel structure on the generation of polymer microspheres. By establishing
a numerical model of polymer microsphere generation in a flow focusing microchannel, the gener-
ation of microdroplets and the effects of different control parameters on the size, frequency and
stability of microspheres were systematically studied. Results: In the focusing microchannel, the
generation of droplets is mainly due to the squeezing and shearing of the continuous phase on the
dispersed phase. Keeping other factors constant, when the interfacial tension increases, the size of
the polymer microspheres increases and the frequency decreases; when the viscosity of the dis-
persed phase increases, the size of the polymer microspheres decreases but the generation fre-
quency increases, and the faster the viscosity of the droplets increases, the longer the generation
time of the polymer microspheres; when the viscosity of the continuous phase increases, the size of
the polymer microspheres increases, the boundaries of the microspheres are clear and the stability
increases; when the flow rate of the continuous phase increases, the size of the polymer micro-
spheres decreases but the generation frequency increases by nearly 2.1 times. When the droplet
size is small, the size and frequency of polymer microsphere generation can be changed by appro-
priately increasing the interfacial tension and the flow rate of the continuous phase. Conclusion:
The use of COMSOL software to study the generation and manipulation mechanisms of polymer mi-
crospheres in different microchannels of microfluidic control, revealing the flow mechanism and
laws of microfluidic droplets, meets the different generation requirements of polymer micro-
spheres and overcomes the limitations of real experiments. It has important practical significance
for the preparation of polymer microspheres used for adsorbing dye wastewater.
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Figure 1. Geometric model design of flow-focusing microchannels
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Figure 2. Geometric model design of the expanded flow focusing microchannel
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Figure 3. Geometric design of coaxial microchannel
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Figure 4. Comparison of simulation results for three types of microchannels
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Figure S. Variation of effective droplet diameter in three different microchannels over time
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Figure 6. Physics controls mesh localization
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Figure 7. The stage of polymer microsphere formation

B 7. BEYIIKZ AR B

T I B R 43 34 /& COMSOL BEME A s 2 B, x4 Bh T F A1 T8 4 M R AR SO 4% 14T, 9F
JFeA] COMSOL H UL B 5 () S 50 18] ¥ B [27]. A COMSOL /i, w2244, 1
FLIN R, DL R0 B 7R ARG I (] o AR ST iR 22 BRI 7(0)~(d) 7R 1540 8
AN AE SR K RS D IR EE R, A BUE e e b, ERARIR A RS E, SREH G
Vs, BRI B R — AN, BT RERA TR 0.084 s A BETE K

3.2. IIREE RS RERT AL IR0

S U T 43 BAORE RO SR AR PR I ) DA BN T B R SRR R g, @I ) Sk
J&E AN FHTH K 70 0T LA £ A8 B R B MR o (H & SEBR S U0 RBUE AL & — B 2R, TRk
GAFE R, R AR S0 T 10, JARS) SR e TR ER T o SRR IR B RS A — e T FE
SRR 0 i E LG 1, FLASEOR (R IR AA 50 71 RS T 2 40 1) 32 S8 A I A RN 20 BEORE Ak S T PR AN B M. 3R
BVHERIERR RS N4, sh BB MOEE £ 22 SR M Bk A A 1R S I DAR T iR 2wt SR
RAEAE, I G VITROR IR A FaE, Ok RS R/NES) . BEE 73 SR B S SR AH (1 30 70 4k FE 3
I, eI AR E M A e G 5, (RO B R s 2 (AR VR ME AE o DR, BRIk, ZETSER Y Bl A2
R R SR T SRR KRG PR )

TE AR HR i S50 Y 1) ) 700k FEE SRATE O R RS B B2 o 7RI 3 AL, 1 B A BN
RN 2.31x107 m/h, ELMMANDREN 231107 m*/h , FHETK M N 2x102 N/m . B
[ 58 SELLAHZN JIREEE N 8% 107> Pa-s » K BUHBIB JIREE N 5x107° Pa-s3EME] 2x107 Pa-s . WK 8
Fior, VLK 8(a)hZ75, [ 8(b)HIn/r BB Joki B, T8I P 45 SRR b, sk )RS (R e 386
HERAVHERIIAFAEMWT, 380 2 BOHE I RIS AR T 00 AR A o LB R RAbL 45 SR mT DAAS H 386 n
B 22 AR SR AT AR B, R 2 WO BE 38 = A AR VRO R, A BIEDZ R . LLEA 8(a). (b)F]
En, BEI BONRGFE 2 G B SR, R AR R K B2, BN R AELE S 0.11 s A e85, Hor

DOI: 10.12677/ms.2025.153051 461 PR R


https://doi.org/10.12677/ms.2025.153051

HKAH, TR

HIOHRG BERL K MM RDETCVE D 8, N RER AWK GEAT 0 1 MERZL . I ELI K 7 BEORH ARG E Ak
PR L AN R, 5 BT RE 2 A7 AR R AR A 1 0 o

IR 8] 7 BB JIRBE N 5% 107 Pa-s » FEESAHIN B TR E M 8x107 Pa-s 8 1m#] 0.15 Pa-s .
WP ()RR ESARBN IR EERE R, 518 8(a) b, FEEWIRERA RS BR8N . HEIESAIRGE , 0
SEREIN S I T AR E] 0.041 s, MRABBIILE RS LL T &N, HEUMIEBATRE R, WO RO AL SRR 15 B4R
RIS, 0T R AW ERIIAE A DR AE BE -

ll%%ﬂll:ll:ll.: 0.8

0.7
0.6
(@) =8 X 107?Pa x5, juyy =5 X 107°Pa x s
0.5
0.4

’h-_ 03

0.2

0.1

(b) ‘uﬁ:S X 1072Pa * s, My =1.5X 1072Pa * s (¢) ﬂj§=1-5 X 107 1Pa * s, Ky =5x10"3Paxs
0

Figure 8. Simulation results of the effect of increasing the viscosity of the dispersed phase and the continuous phase on
droplet size

Bl 8. 7RI 2 BARFE SRR E XRE R T R BRI R

X B RO R SRS SRR N, S ORGE T, S A e R AR R R . JF B
EELLARI SN S RGEESG N, PABREI AR S, GORR 0 A2 B S0 . RS B 1R B AN R & W R
HARRMS, FER RO BMAFEETEUN . B UL A B E VAL s e 5 R LA AR
JR R I B L B2 o i AR S S A 1A 30 7R P52 A F 1) SR WD ARk /N R Al A 3 1) — i ] A
I INE o

3.3. EEHERENR AWK R R

3 HEURH RITOZE 4852 1D L e B A1 72 52 i 3R A W A BR 2B il R~ AR AR I B B K 2 — . S8 R A
COMSOL A1 B5C28 7 HAAH R I SR AH () S0 SR AT 70 %5 00 RS R AR R R 5 o ZE AT A0, [ 5 4%
B B3R I8, SESAH R A 2.31x107° m®/h 305 4.62x10° m*/h » WL 9(a)~(e)Rm R AWHIR N
FAE AR R R L9 R, & O(a) BB ONAREME, LIS B /N 7 Sl A B S Y <1 R AT 6 )
WA o MBS SR Hh m 2R B SR AR IR B RO A A LA — BV B N R LG, 3 I AR R, IR
Wb, REVWERIEEARR DN, SRS, E—@ e N, ESARR R A V)6 ) e L,
5 23t S AR [ AR AR AR SR L o B SR AR B N, VRO B AN R A AR O, MRS AR
HMANE 9(d) 1.16x107° m*/h I, A M ERR K, SELMHFFELE KR E 9(e) 4.62x107° m’/h B,

DOI: 10.12677/ms.2025.153051 462 PR R


https://doi.org/10.12677/ms.2025.153051

SR, TR

TR RO Rk, HEEBE 9D 2 RA N XA RESHERIE A R b 2 25k, ahR

FESCAEIE T 2 T R AR BRI (IR0 T DAL B LUt A S0 S5 WD IRk RS A RO (1) B B2 A 3%

e — |

0.9
(a) Q#=2.31x 10"5m3/h (b) Q=2.31 x 10~8m3/h 08

10.7

L 106

I—=-|—_ ) | }—:_-_c-_m i °-5
L1 0.4

(¢) Q=231 x10""m3/h (d) Q==1.16 x 10~%m3/h =103

0.2

PR ¢

(e) Q=462 x 10~5m3/h (f) Q=9.24 X 10~5m3/h

Figure 9. The schematic simulation results of increasing continuous phase flow on droplet size
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Figure 10. The variation of effective droplet diameter with time for different continuous phase flow rates
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Figure 11. The schematic simulation results of the effect of increased interfacial tension on droplet size
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Figure 12. The variation of effective droplet diameter with time under different interfacial tensions
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