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Magneticdrugdelivery systems(MDDS) cangathermagneticdrugsto specificareasthroughanexternal

magneticfield, increasedrug concentrationand improve efficiency, while reducingside effectson healthy

tissues. To understandthe motion of the magneticdrugsundermagneticfield, this studyestablisheda multi-

physicssimulationmodel(including: magneticforce,dragforce,andbuoyancy-gravity), andverified with the

trajectory of magneticparticles in the microfluidic channel. Nd-Fe-B permanentmagnetsand Y-Ba-Cu-O

superconductorswere placed under the microfluidic channelsas magneticsources,and their maximum

magneticfield strengthsare0.247 T and0.662 T, respectively. In the microfluidic validationexperiment,the

flow rate(1.5-7.1 cm/sec),channelwidth (0.8-1.8 mm), andviscosity(3.2 cP) referredto thevein conditions

wereconsidered. Theresultsshowthat in thevalidationexperimentunderexternalmagneticfield, theparticle

trajectoryerror is lessthan1.72 um for every1mm of flow distance,which meansthat our modelhasa high

degreeof reliability. In addition,we alsostudiedthe influenceof differentmagneticfield sourceson different

particlesizesin thevein environment. Thesimulationresultsshowthatwhenthemagneticsourceis placedat

z = -11 mm andthe flow ratewas1 mm/s,theattractingparticlesizerangeof permanentmagnetsis 1-7 μm,

andthe attractingsizerangeof Y-Ba-Cu-O superconductorsis 0.5-7 μm, showingthat the strongermagnetic

field strengthandgradientcanattractsmallermagneticparticles.

Fig. 4. (a) The schematic diagram of the validation

experimentincludesa syringepump,themicrofluidic channel,

and a digital microscope. The solution is extrudedfrom the

syringethroughthe syringepump,flows throughthe catheter

to themicrofluidic channelon top of a magneticsource. (b) A

digital microscopeis usedto recordimageson thespecificXZ

plane from the Y-axis. (c) The SEM image of the magnetic

particles(iron particleswith sizerangefrom 1-7 μm) usedin

thevalidationexperiment.

Magnetic Source

No. Type
Diameter 

(m)

Thickness 

(m)

Temperature 

(K)

Magnetic field 

(T)

Surface current 

density (A/m)

Volume current 

density (A/m2)

PM Nd2Fe14B 0.25 0.5 298 0.247 1.00*106 0

HTS YBCO 0.462 0.1461 77 0.662 3.54*104 1.73*108

Magnetic Particle Fluid

Material
Diameter 

(μm)

Density 

(kg/m3)

Saturation 

Magnetic Strength 

(A/m)

liquid
Density 

(kg/m3)

Viscosity 

(g/m*sec)

Flow rate 

(mm/s)

Channel width 

(mm)

Iron <10 7450 1.34*106

Glucose 

Solution
1223.5 8.75 0.5, 1, 2 1.8

Blood 1000 3.2 1 2

TABLE I. parametersusedin thisarticle. (PM = PermanentMagnet,HTS= High TemperatureSuperconductor)

Fig. 5. A setof laminarflow experimentphotosmodifiedby thetrainableWekaSegmentationprocessingof

imageJ, showingthe trajectoryof magneticparticleson theXZ planeobservedwith a digital microscope. The

centerof the microfluidic channel(red cross)is the origin of this research. And information suchas particle

velocity canbeobtainedfrom thetrajectoriescorrespondingto different times. Thewidth of a singlegrid is 0.5

mm.

Fig. 6. The trajectoriesof particlesunderdifferent flow rateandpermanentmagnet. The particlesize is

fitted by theBBO equation,andthecalculatedparticlesizeis consistentwith thesizeobservedby SEM in Fig.

4c. Comparingwith experimentdataandsimulationresult,theaverageerroris 1.72ʈm (z axis)/mm (x axis).

Theparameters: magneticsource(PM), iron particles(sizeis lessthan10 μm), liquid (glucoseSolution), and

channelwidth (1.8 mm).

Fig. 7. Thesimulationresultsof differentmagneticsourcesattractingparticlesof differentsizes. (a) When

themagneticsourceat thepositionz = -11 mm, theattractingparticlesizeof Y-Ba-Cu-O superconductorand

permanentmagnetis largerthan0.5 μmand1 μm, respectively. (b) Whenthemagneticsourceat thepositionz

= -6 mm. Theparticlesizeattractedby thesuperconductorandpermanentmagnetis largerthan0.3 μmand1

μm, respectively. The parameters: magneticsource(HTS), liquid (blood), flow rate (1 mm/s), and channel

width (2 mm).

Abstract

The MagneticDrug Delivery System(MDDS)

hasbeenproposedin cancerandgenetherapysince

its developmentin 1980. Themainmechanismis to

attract magneticdrugs (carriers) injected into the

human body through an external magneticfield.

Comparedwith traditional treatment,MDDS can

concentratesthe drug to the target affectedarea,

minimize the side effects on other tissues,and

increasedthe doseconcentrationin the targetarea.

Thereby,the dosageof the drug can be reduced,

and better therapeuticeffect can be obtainedwith

thetraditionalmethod.
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The velocitiesof the magneticparticlesin a fluid along the flow direction can be describedby the

BBO equation,whichcanbesimplifiedasfollows:
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Whereu is velocity of particles(m/s),m is massof particle(kg), m is themassof particle,g is accelerationof gravity, t is

time,R is theradiusof theparticle,ὅ is aconstant.

B. Simulationof particle trajectoryunderdifferentcondition
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Introduction

Fig. 3. Laminar flow velocity distribution diagram shows that the

fartherawayfrom the center,the lower the velocity will be. The flow rate

of thelaminarflow in thecylindricalchannelis givenby:

ὺ ςὺ ρ
ὖώ

ὒ

ὖᾀ

ὒ

Whereὺ is the flow rateof laminarflow, ὺ is theaverageflow rate,ὖώandPzare

distancesbetweenparticleandcenterof channelon they andz axis.

Fig. 1. diagramdepictsthemodeof action

of Magneticdrugdeliverysystem[1].

(a) (b)

Fig. 2. Schematicdiagramof the force of magneticparticlesattractedby the magnetin the fluid [2]. (a)

three sets of parameters(magneticparticle, fluid in vessel,magneticsource)were mainly concernedto

describethe motion behaviorof magneticparticle. (b) The force actingon magneticparticlescanbe divided

into two direction(X andZ axis)in themathematicalmodel.

This studyexploretheinfluenceof themagneticfield on themotionof magneticparticlesin thefluid

at laminarstate. To be noticed,the boundaryconditionandparameterusingin this studyreferredto the

real situationof magneticparticlesin a vein, e.g. the blood flow rate(1.5-7.1 cm/sec),the vein diameter

(0.8-1.8 mm),andthebloodviscosity(3.2 cP) [3].

Result and discussion

A. Validationof particle trajectoryundermagneticfield

Conclusion
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Å In validationexperimentunderexternalmagneticfield, the theoreticalparticlesizeof 1-2 μmcanbe

obtainedby modelfitting andtheaverageerroris 1.72μm(z axis)/mm(x axis).

üShowgoodagreementwith thecalculatedresults,whichmeansthatourmodelis trustworthy.

ÅCalculate the trajectory of different particle diametersin the vein environmentunder different

magnetic field sourcesto estimatethe limiting sizes of attracting magneticparticles. When the

magneticsourceat thepositionz = -11 mm, permanentmagnetscanattractparticleslargerthan1 um,

while superconductorscan attract particles larger than 0.5 um. When the magneticsourceat the

position z = -6 mm, the permanentmagnet can attract particles larger than 1 um, while the

superconductorcanattractparticleslargerthan0.3 um.

ÅDueto thestrongmagneticfield strengthandgradientat thecenterof thesuperconductor,theparticles

canbe capturedmoreeffectively nearthe center. The upperlimit of the magneticfield strengthof a

superconductoris severaltimesthatof a permanentmagnet,soit cancapturesmallerparticles(suchas

nanoparticles).

ÅTo sumup, the potentialof superconductorsusingin MDDS applicationsis muchhigherthanthat of

permanentmagnets.
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