. . . . . . -d Velocity=0.5mm/s Velocity=1mm/s ® L2 exp Velocity=2mm/s
0.2 = = -L2 mod 0.2
. Simulation of the particle trajectory under laminar flow for MDDS application 251N hm o o
12 ~ 017 —: -Iljg_lifgd 0.1 TTETt e o ~ -;— . 017 bl N -: -tgjﬁd
7 JyunRongHuang 1,Chia-Ming Yang 1 WetrHsuanChang 1)n-GannChen 1 § N g E ; Teeel
] | -2 _o_ . N 0 &~»o_ | .
N o -~ e | * - _ o ~e .
Yy : : : : : : : : : kS - _s_e 5 - . g el
¥ ety T 1. Department of Materials Science and Engineering, National GKemg University, Tainan, Taiwan 2 ol me 2 e F L
~ --._______.__‘.-.. D? bl o} .
Experiment M. 08 w04 00 o4 o8 12 T T T o0 oa o5 1b M T 08 04 00 o4 08 12
| n o f N N Position X (mm) Position_X (mm) Position_X (mm)
Magneticdrug delivery systemgMDDS) cangathermagneticdrugsto specificareashroughan externa ! ! _ _ _ _ , _ o
g. . .g ySY , . ) -g g. . J . P . I (a) _ ! (b) L Digital OM detection area ]: Fig. 6. The trajectoriesof particlesunderdifferent flow rate and permanenmagnet The particle sizeis
magneticfield, increasedrug concentratiorand improve efficiency, while reducingside effectson health syringe Maeonetic field line , , . . T . . . -
. . . . . . . g . . fitted by the BBO equationandthe calculatedparticlesizeis consistentith the sizeobservedy SEMin Fig.
tissues To understandhe motion of the magneticdrugsundermagneticfield, this study established multi- ! ! L . . . . . .
. . . . . . . . Push }4 4‘\ - Flow - 4c. Comparingwith experimentataandsimulationresult,theaverageerroris 1.72t m (z axis)/mm (x axis).
physicssimulationmodel(including magneticforce, dragforce, andbuoyancygravity), andverified with the — / | \ ! S ! _ _ _ . o _
. . . . . . [\ | | ! ! The parametersmagneticsource(PM), iron particles(sizeis lessthan10 ym), liquid (glucoseSolution, and
trajectory of magneticparticlesin the microfluidic channel Nd-Fe-B permanentmagnetsand Y-Ba-Cu-O * . | o \ ! channelidth (1.8 mm)
superconductorsvere placed under the microfluidic channelsas magnetic sources,and their maximum)| ‘:‘l * Microfluidic ! - : ' |
magneticfield strengthsare0.247 T and0.662 T, respectivelyIn the microfluidic validationexperimentthe -' | !/ channel E E [B. Simulationof particletrajectoryunderdifferentcondition}
flow rate(1.5-7.1 cm/sec) channelwidth (0.8-1.8 mm), andviscosity (3.2 cP) referredto the vein conditiong ' o N , ' 7, axis !

(. ) . ( L ) . Y i _ . Z axis Digital OM » Y L4 : : : (a) 1.0- HTS. 7 = -11 1.0 - PM 7= -11
wereconsideredThe resultsshowthatin the validationexperimentunderexternalmagneticfield, the particle 5 axis| detection area | ol | e Y axis Magnetic , | , Z mm , Z mm
trajectoryerroris lessthan1.72 um for every 1Imm of flow distancewhich meansthat our modelhasa high _ axis I\;Ia elticlsourée E><X _ source E @ 05, — 0.5
degreeof reliability. In addition,we alsostudiedthe influenceof different magneticfield sourceson different Y axis st ; axIs | = ' g |
particlesizesin the vein environment The simulationresultsshowthatwhenthe magneticsourcels placedat N 0.0- 0.3 um < o00- 0.7 pm
z = -11 mm andthe flow ratewas1 mm/s,the attractingparticle sizerangeof permanenmagnetss 1-7 4 m| / Fig. 4. (@) The schematic diagram of the vaIidati} gl | g|
andthe attractingsizerangeof Y-Ba-Cu-O superconductors 0.5-7 g mshowingthat the strongermagnetiq experimenincludesa syringepump,the microfluidic channel, = 0.5 N -§ 0.5 I pm

W =U. D4 » y— =\J.
field strengthandgradientcanattractsmallermagnetigoarticles and a digital microscope The solution is extrudedfrom the S | | pm \ 0.7 un} 0.5 um é | |5um 3 pm
= syringethroughthe syringepump, flows throughthe catheter 10N \ o 1040\
Introduction _g?’ to the microfluidic channelon top of a magneticsource (b) A 15 -18 -5 @ 5 10 15 -5 100 -5 0 5 10 15
. —— f‘jl” digital microscopds usedto recordimageson the specificXZ position X (mm) position X (mm)
agnetic I | | ; 19 planefrom the Y-axis (c) The SEM image of the magnetic (b) 10- ~ Lo —
The MagneticDrug Delivery System(MDF)S) = LR particles(iron particleswith sizerangefrom 1-7 y husedin HTS, z= -6 mm o PM, z= -6 mm
hasbeenproposedn cancerandgenetherapysince L thevalidationexperiment = —
Body Its developmenin 198Q The mainmechanisms to ’ | & 0.51 g 0.5
Surtece attract magneticdrugs (carriers) injected into the - : £ 0.1 é
o TABLE |. parametersisedin this article (PM = PermanenMagnet,HTS = High Temperaturéuperconductor) < o0- il N 04
human body through an external magneticfield. v = NP g| -
Comparedwith traditional treatment,MDDS can _ : e = _g ' 2
concentrateghe drug to the target affected area, No. Tvoe Diameter Thickness Temperature Magnetic field Surfa(_:e current Volume current = -0.54 0.5um| |03 um Z -0.5
L . . yP (m) (m) (K) (T) density &/m)  density A/m?) Q _ 0.7 um\ N Q. 15 ,.u:n\
minimize the side effects on other tissues,and — \ \
, . . PM Nd,Fe B 0.25 0.5 298 0.247 1.00*10¢ 0 [ N S I — 1 —
- Increasedhe doseconcentrationn the targetarea 0TS YBCO 0462 01461 77 0.662 3. E4%1 0 1 73%1(F 15 -10 -5 0 s 10 15 15 -10 -5 0 5 10 15
' - Thereby,the dosageof the drug can be reduced, ' ' : : ' sre
gt R it osition_x (mm
Tissue / Organs MTC and bettertherapeuticeffect can be obtainedwith MEQTEIE FEIEE Al position_x (mm) : X )
Fig. 1. diagramdepictsthe modeof action thetraditionalmethod Materiag Diameter Density " Sattl_lfastltOH A Density Viscosity Flow rate Channel widtt Fig. 7. The simulationresultsof different magneticsourcesattractingparticlesof differentsizes (a) When
of Magneticdrug deliverysystenid]. A wm  (kg/md) agn(eAllcm) rengtt At (kgim®) (g/m*sec) (mmis) (mm) the magneticsourceat the positionz = -11 mm, the attractingparticle size of Y-Ba-Cu-O superconductoand
permanenmagnets largerthan0.5 y mand1l p mrespectively(b) Whenthe magneticsourceat the positionz
(a) Fluid in vesse (b) Blood flow - A s 1 34%1 (P Scl)lillj:tci)c?r? 1223.5 8.75 05 1,2 1.8 = -6 mm. The particlesizeattractedby the superconductoand permanentagnetis largerthan0.3 y nandl1
Blood flow / \ Buoyancy Drag resistance | Blood 1000 39 1 5 U mrespectively The parametersmagneticsource(HTS), liquid (blood), flow rate (1 mm/s), and channe
| width (2 mm).
® —> ' Drag i / The velocitiesof the magneticparticlesin a fluid alongthe flow direction can be describedoy tIfD
Magnetic resistance Magnetic
|_:__| ’ force \/ force / BBO equationwhich canbe simplified asfollows: Conclusion
S Gravit o~ . o~
| J 4 Qo U & "f(p _) P. @Y) "6 (6 0) P cy Qo U A In validation experimentunderexternalmagneticfield, the theoreticalparticle size of 1-2 y ncanbe
Magnetic Z axis Q0 " W PG Qo obtainedoy modelfitting andtheaverageerroris 1.72 y n{z axis)/mm(x axis).
particle Magnetic | Magnetic | Wh.ereu IS v§locity of par.ticlef(rrT/s), m is massof particle(kg), m is the massof particle,g is acceleratiorof gravity, t is i Showgoodagreemenwith the calculatedesults which meanshatour modelis trustworthy
source . X axis source Qme,Rls theradiusof the particle,0 is aconstant / _ _ _ _ _ _ _ _
Y axis A Calculate the trajectory of different particle diametersin the vein environmentunder different
Fig. 2. Schematiadiagramof the force of magneticparticlesattractedby the magnetin the fluid [2]. (a) magneticfield sourcesto estimatethe limiting sizes of attracting magnetic particles When the
three setsof parametergmagneticparticle, fluid in vessel, magneticsource)were mainly concernedto| N=l=Y81idz1ats Mol e bi3ile]a magneticsourceat the positionz = -11 mm, permanentmagnetanattractparticleslargerthan1 um,
describethe motion behaviorof magneticparticle (b) The force actingon magneticparticlescan be divided —— _ _ — while superconductorgan attract particles larger than 0.5 um. When the magneticsourceat the
into two direction(X andZ axis)in the mathematicainodel [A. Validation of partlcletrajectoryundermagnetlcfleld/ position z = -6 mm, the permanentmagnet can attract particles larger than 1 um, while the
Z axis superconductocanattractparticleslargerthan0.3 um.
This studyexploretheinfluenceof the magneticfield on the motion of magneticparticlesin the fluid t=X (8) t=x+1 (S)! Y s X i _—t:X+2 (s) _MZXH (S) A Dueto the strongmagnetidield strengthandgradientat the centerof the superconductothe particles
at laminar state To be noticed,the boundaryconditionand parametewusingin this study referredto the ° | o o | - o can be capturedmore effectively nearthe center The upperlimit of the magneticfield strengthof a
real situationof magneticparticlesin a vein, e.g. the blood flow rate (1.5-7.1 cm/sec) the vein diameter NP1 AV | Pl | _, | Pl . superconductois severatimesthatof a permanentagnetsoit cancapturesmallerparticles(suchas
(0.8-1.8 mm), andthe bloodviscosity(3.2 cP) [3]. o | | __ | | o | oy nanoparticleps
1.0 _ _ _ o _ B — 5 = . - ‘ g S | — T~ A To sumup, the potentialof superconductorasingin MDDS applicationsis much higherthanthat of
~~ T e e . - ®
= | e, Fig. 3. Laminar flow velocity distribution diagram shows that the - | \ , | | P | o I
S 05 e , _ 0.5mm ’ 0.5mm P2 - 0.5mm _ ; - 0.5mm N permanenmagnets
= | ~., fartherawayfrom the center,the lower the velocity will be The flow rate — 1 : e I
';'| 0.0 of thelaminarflow in thecylindrical channels givenby: Fig. 5. A setof laminarflow experimenfphotosmodified by the trainableWekaSegmentatiomprocessingf
2 .05 ././-” ‘ ‘ O 0 ¢ imageJ, showingthe trajectoryof magneticparticleson the XZ planeobservedwith a digital microscopeThe| ERSEIEIEIA[o=]
é -1.0.'./}'/'./'. - R (Tw) (Tj centerof the microfluidic channel(red cross)is the origin of this researchAnd information suchas particle 1] Wilson, M. W. et al., 2004Radiology.230(1),287-293
00 05 1.0 15 20 | Where0 is thefI(?W rateof laminarflow, U is theaverageflow rate,0@andPzare| |velocity canbe obtainedfrom the trajectoriescorrespondingo differenttimes The width of a singlegrid is 0.5 2] Yang, C. M et al., 2021). IEEE Transactions on Applied Superconductivity. 31(5), 6800304.
Flow rate (mm/sec) distancedetweerparticleandcenterof channebn they andz axis mm. 3] Klarhofer, M. et al., 2001. Magnetic Resonance in Medicine. 45(4),7185




