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Abstract— Present and future point of care in biomedical area 
delves the essentiality and sustenance role of flexibility in 
microfluidics design. Proteins are vital in understanding complex 
biological systems through metabolic processes, and influences 
DNA and RNA. Portable device, to identify proteins in real time, 
combined with isolation, as separated proteins offers 
understanding of specified biological activity in altered 
dimension. Existing methods sometimes takes chances to 
denature proteins chemically. This paper discusses separation 
behavior and focal points for blood protein sample, in response to 
ampholytes, temperatures and potentials influencing the 
microfluidic device design with application of isoelectric focusing. 
This study aids in predefining the condition for designers offering 
economic advantage in reducing fabrication cycle. 

Index Terms— Microfluidics, blood protein separation, 
isoelectric focusing, lab on chip. 

 

I. INTRODUCTION 

 Technological developments are leading towards the 
pocket sized devices penetrating in every part of the life. 
Modern microfluidics [1]can be traced back to the 
development of a sil icon chip based gas chromatograph at 
Stanford University [2]and the ink-jet printer at IBM.[3][4]. 
It is hoped that many of the large, expensive chemical and 
biological analyses that are currently being performed can 
be replaced by integrated microfluidic devices [5][6][7] 
often called labs-on-chip, resulting in a similar revolution. 
Simulation allows researchers to rapidly determine how 
design changes will  affect chip performance, thereby 
reducing the number of prototyping 
iterations.[5]Development of such devices are competitive 
and are interdependent in terms of multiphysical variates. 
This paper discusses multiphysical model of one such 
microfluidic device applied for blood protein separation. 

II. LITERATURE STUDY 

A. Blood Protein 

Blood plays vital role as one among the significant bio 
specimen in medical field. Blood composed mostly of 
water, dissipated proteins, mineral ions and hormones  
and Blood plasma occupies most part of the blood. 
Through circulatory system blood adapts to the needs of 
the body. Typical blood cells include red blood cells 
(RBCs), white  blood cells (WBCs) and platelets [8] Given the 
diversity of blood, it is not surprising that blood plays an 
important role in homeostatic regulation while providing a 
good source for markers useful in clinical 
diagnosis[9].Identification of blood biomarkers are 
increasingly becoming a great resource for present 

 

 
 

microfluidic research with translational research in the 
areas of neurology [10], [11],cancer 
[12]–[14],cardiovascular [15][16]areas. Plasma 
constitutes blood proteins with albumin making up of 
larger proportions added to globulin and fibrinogen. 
Proteins are structural elements within and outside the 
cell  and serve as intracellular signaling components and 
are involved in manipulation of DNA and RNA through 
processes l ike DNA replication, DNA recombination, RNA 
splicing etc. Protein .purification followed by isolation and 
detailed study on it enzymology and signaling capacity is 
much valued in biochemistry. Isolated protein study 
dissect the ability of protein to catalyze enzymatic 
reactions leading to understanding of biological molecules 
as catalysts in metabolic processes or as transducers 
converting chemical energy into ionic gradients or 
mechanic forces. 
 

Plasma proteins are highly crude and are functional and 
its obvious to maximize the yield and functionality. The 
conditions that proteins are subjected to during 
processing will  affect the functionality of the recovered 
protein [17]Numerous methods have been reported for 
plasma fractionation and can be classified in a number of 
ways: (i) differential solubility where a precipitant 
decreases the attraction between protein surface and 
solvent, resulting in increased protein–protein interactions 
and ultimately precipitation; examples include alcohol 
fractionation[18]), polyethylene glycol (PEG) fractionation 
(Lee and others 1987), or salting-out [19]; (i i) different 
interaction with solid media or chromatographic methods  
[20] and (i i i) differential interaction with physical  
parameters such as temperature or membrane fi ltration. 
[21][22] Conventional approaches of blood cell  separation 
are on the macroscale level, and the methods are largely 
l imited by factors such as required blood sample volume, 
component purity, cell  quality, processing time and 
operation efficiency.[23] Separation and sorting of 
different populations or subpopulations of blood cells 
from unprocessed or minimally processed blood 
specimens are of prime interest to both clinical and 
biomedical applications leading  key  role in microfluidics. 
Further in this paper recent microfluidic techniques for 
separation methods are  
 
discussed and simulation is performed for microfluidic 
design using Multiphysics tool. 

III. METHODS OF SEPARATION 

Separation of proteins has been a major concern among 
analytical chemists especially for human cell  type as it 
expresses upto 20,000 proteins at any time [24] with 
predicted dynamic range of upto five orders of magnitude. 
Complications are owing to the fact that given proteome is 
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not static but rather dynamic, defined by a combination of 
the cell’s genome, environment, and even its history.[25] 
Analytical chemists have attempted to develop sample 
fractionation, separation, concentration, and detection 
methods that possess suffi cient resolution to separate 
large numbers of proteins, as well as be sensitive enough 
and with the dynamic range to detect those proteins in low 
abundance. Many attempts have been made using different 
electrophoretic, chromatographic and a combination of 
hyphenated techniques, off-l ine and on-line, to separate 
such complex protein mixtures [26] at microfluidic level 
,physical properties of the blood cells are exploited and 
sometimes aided with externally applied properties and 
responses.  

Fractionation methods of proteins differ with their 
physical  and chemical properties of proteins according to 
size, charge and isoelectric point. Proteins with ampholyte 
carrier on subjecting to electric field, proteins will  migrate 
to a position in the established pH gradient equi valent to 
their respective isoelectric point (pI). If a protein diffuses 
away from this pH region, its net charge will  change and 
the resulting electrophoretic forces will  influence its 
migration back to its pI  The net result is the “focusing” of 
proteins into narrow bands at their pI values [27]. 

With isoelectric focusing it is possible to resolve protein 
isoforms using their different isoelectric points in 
presence of ampholyte carrier. Microfluidics add 
advantage to IEF by combining electrophoresis and 
capillary effect.  

IV. COMPUTATIONAL METHODOLOGIES   

Microfluidics devices demand interplay of multiphysical 
aspects referring to industrial and scientific variants of 
temperature, pressure, fluid flow, capillarity, electro 
kinetics. Computational tools allows researchers to 
rapidly determine the effect of design changes related to 
their performances, thereby reducing the number of 
prototyping iterations in practical situations. 
Complications in terms of miniaturization are studied 
elaborately using numerical  techniques and tools. By 
Finite difference (FD) technique [28], partial derivatives in 
the governing differential equations are replaced with 
Taylor series approximations based on the values of 

neighboring nodes [29].By finite volume (FV) methods [30]. 
The simulation domain is divided into a series of control 
volumes, each corresponding to a single grid point (node), 
over which the differential equation is integrated. In finite 
element (FE) method [31] enjoys many of the same 
advantages of the FV method, most importantly the ability 
to handle unstructured grids and irregular geometries. In 
this tool we apply the user controlled adaptive meshing of 
extremely fine size is chosen for the finite element 
analysis. 

 

 

 
Fig 01:User-controlled meshing to device geometry 

 

Governing equations in all  elements of domain are 
satisfied through minimization of certain integrals over the 
boundary explained by Boundary element methods [32]. 
Other microfluidics tools l ike Fluent, FEM- LAB, Coventor 
and COMSOL facil itates capabilities of coupling 
simultaneous solution of different fundamental equations 
along with its points, interfaces and boundary conditions. 

V. DESIGN OF EXPERIMENTATION (DOE) 

With reduction in dimension the relative importance of 
surface to volume forces increases l ike pressure gradients, 
capillary effects, electric, magnetic and acoustic effects 
that subsequently control the micro flows. Objective of 
modelling device structure with applied physical effects 
was to enhance the design of portable device with behavior 
understandability prospecting to measure in real time. To 
introspect performance respective to fluid flow it’s  
essential applying versatile Multiphysics tool  capable of 
simulating every aspect of device design and response 
behavior incorporating stipulated conditions over the 
physical effects predominating the microfluidic flow and 
geometry.   

 

  
Fig 02:Schematic represenattion of device structure with 

inlet outlets and Applied  Electric potential 

  
Geometrical design considered the facts to model with 
applied single input and three output ends considering the 
length to width ratio as independent parameter. Design 
geometry and parameters that control PH distribution in 
the channel was identified on broader scope for separating 
the proteins on the flow for real time applications. 
Individual external parametric study for external factors 
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affecting the separation on broad scope was studied 
experimentally using COMSOL Multiphysics tool.  
 
 The models were setup with governing equations of 
incompressible Navier-Stokes equation for ion transport 
due to convective fluid flow in the channel, Electrostatics 
equation for ion migration due to external applied 
potential on the electrodes embedded in the channel and 
Nernst -Plank equation for ionic transport in 
incompressible fluids due to diffusion and concentration 
gradients in the channel [33]. These three equations when 
coupled and solved using Multiphysics domain applying 
the boundary conditions provide informative solutions 
towards fluid flow and separated behavior with optimized 
focus towards a single inlet and three outlets. 

VI. RESULT AND DISCUSSION  

Behavior study analyzed for protein separations 
recommends for high overall  recovery of activity with 
degree of purity of the end product to the mark and 
Reproducibil ity within the laboratory and scaled up or 
down, in other laboratories, economical use of reagents 
and implementations, convenience for mass usage for 
commercial with simpler designs. In terms of the 
parameters accessed, observations for temperature 
variations, potential variations are discussed below. 
Response of the coupled equations implementing Navier  
Stokes Equation ,Nernst Plank Equation is shown in the 
below results ranging from 400 K to 1000 K offering 
insignificant changes in separation behavior. 
 

 
Fig 03: Modelling for varied teperatures 400 K and 800 K 

 
Since Isoelectric focusing uses a pH gradient and an 
electric field to focus proteins at their isoelectric points by 
applying voltage to a solution of carrier ampholyte that 
forms the pH gradient. Further in parametric study 
response to the change in potential from minimal 10 V to 
70 V is simulated and tabulated for the comparative study 
of individually separated proteins showing changes in 
their separation behavior at values of higher potential. 
 
Table 01: Response of individual proteins with varied 
potentials 
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Effects of ionic strengths and dependence behavior of 
isoelectric points responsive to carrier fluids are also 
presented. Initially isoelectric separation of proteins, is 
carried out in carrier fluid of water. Different organic 
solvents with almost neutral ph. values are used to 
understand the effect of change in properties of the carrier 
fluid. Results show that the neutral carriers present with 
insignificant changes in isoelectric points towards  the 
Carrier Fluid. 
Table 02: Response of combined proteins to carrier fluids  
 
Carrier Fluid  Result  
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Ethanol   
Properties  
Dens i ty: 789 kg/m3  
Relative permittivi ty: 
24.55 
Dynamic viscos i ty: 
1.084 Pa.s  
 

 
Carbon Tetrachloride 
Properties : 
Dens i ty: 1584 kg/m3 
Relative permittivi ty: 
2.3 
Dynamic viscos i ty: 
0.912 Pa.s  
 

 
Diethyl  ether  
Properties  
Dens i ty: 713 kg/m3 
Relative permittivi ty: 
4.32 
Dynamic viscos i ty: 
0.288 mPa.s  

 
 

VII.  CONCLUSION  

Behavior of specified protein particles under electrostatic  
conditions are experimented for their external parametric 
boundaries. Device modelling at micro level ease 
fabrication issues and therefore address expected 
challenges in device structure design. Investigation 
performed for design on varied levels of concentrations, 
varied potentials and other parameters that influence 
biological sample with isoelectric focusing provides 
opportunities for further investigative studies for well 
refinement towards real time parametric measurements. 
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