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Abstract—The ability of solving complicated engineering 

problem is very important for undergraduate students who 

major in materials science and engineering and want to become 

excellent engineers. However, how to train them and develop 

their problem-solving ability poses a big challenge for their 

teachers. The key is to choose suitable teaching materials, which 

should be full of interesting but complex engineering problems. 

In this paper, an advanced nanotechnology-blending 

electrospraying is explored as a model. A series of complicated 

engineering problems are refined by implementing a whole 

electrospray process, which includes the preparation of working 

fluids, optimization of experimental parameters, systematic 

characterization of electrospray nanoparticles, and potential 

commercial applications. These problems not only act as the 

effective teaching materials to promote students to master this 

advanced nanotechnology, but also are developed to cultivate 

their capability of resolving complicated engineering problems.  

This means that one thing will kill two birds with one stone. This 

paper shows innovative ways for the applications of advanced 

technologies in engineering teaching in higher education.  
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I.  BACKGROUND 

Today, more and more attention has been drawn on the 

cultivation of undergraduate students’ capability of resolving 

complicated engineering problems, which should be a basic 

quality of them in future when they become an excellent 

engineer in the society. However, in China, the students often 

lack enough opportunities to be trained how to put forward a 

complicated engineering problem and how to resolve it all by 

themselves in their campus. When they go to work after 

graduation, they often need a relatively long time period to 

train their engineering ability, suggesting a step late than the 

anticipation.     

In the university, often their teachers are busy with their 

scientific researches, in which advanced technologies can be 

met here and there. It is a pity that these advanced techniques 

are only exploited in experimental laboratory. They can be 

excellent teaching materials for training the students’ 

capability of understanding and resolving complicated 

engineering problems. Particularly in the disciplines related 

with materials science and engineering, large-scale industrial 

production is only a magnified version of the experimental 

process in the scientific laboratory. This is to say that small as 

the sparrow is, it possesses all its internal organs for the 

laboratory material experiment.  
      An experiment about “Electrosprayed drug-loaded 

nanoparticles” is just an example for exhibiting the teaching 
strategy. Shown in Fig. 1 is a diagram about the whole 
procedure of a laboratory scientific experiment for creating 
electrosprayed drug-loaded nanoparticles using an advanced 
nanotechnology--blending electrospraying [1-4]. Apparently, 
the procedure includes several interrelated steps, i.e. (1) the 
preparation of suitable working fluid, (2) the reasonable 
process with the optimized experimental parameters, (3) the 
systematic characterization of the resulted nanoparticles, and 
(4) the potential commercial applications. Within each step, a 
series of complicated engineering problems can be refined 
from them, which can be utilized for both teaching the 
advanced technology to the college students and training their 
capability of  thinking and resolving complicated engineering 
issues.  
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Fig. 1 A diagram about the whole procedure of a laboratory scientific 

experiment with an advanced nanotechnology-blending electrospraying as a 
model, this procedure includes (1) the preparation of suitable working fluid, (2) 

the reasonable process with the optimized experimental parameters, (3) the 
systematic characterization of the resulted nanoparticles, and (4) the potential 

commercial applications. 

II. COMPLICATED ENGINEERING PROBLEM DURING THE 

PREPARATION OF WORKING FLUID 

Both electrospraying and electrospinning belong to 

electrohydrodynamic atomization processes, in which 

electrostatic energy is exploited to treat the working fluids [5-

9]. Often, solid nanoparticles or nanofibers are expected to be 

created after the treating processes [10-13]. However, the 

working fluids utilized in the electrospraying processes are 

totally different with those exploited in the electrospinning 

processes. Before the experiment about “Electrosprayed drug-

loaded nanoparticles” is carried out, the first thing is the 

preparation of drug-loaded working solution. Needless to say, 

the solution must contain active ingredient, drug carrier and 

also their co-dissolving solvent or solvent mixture (Fig. 2). 

This is a complicated engineering problem whose resolution 

needs to consider a series of mutual constraints. For example, 

in the selection of solvent for preparing working fluid, solvent 

with a high boiling point (such as N, N-dimethylacetamide 

(DMAc), who has a high boiling point of 168 oC ) is favorable  

for reducing the final solid nanoparticles’ size, but it may 

make the electrospraying a failure because it is very difficult 

to be evaporated during the electrospraying processes.  The 

solvent with a low boiling point (such as dichloromethane, 

who has a high boiling point of 38 oC) is favorable for 

solidification of the working fluid, but it may also make the 

electrospraying a failure because it is easy to clog the nozzle 

of spray head due to the formation of semi-solid substance 

[14-17]. No matter high or low boiling points the solvents 

have, they should have a good solubility of both the active 

ingredients and also the drug carriers. This determines that the 

drug and carrier can form a co-dissolving solution for being 

treated using the blending electrospraying process.  

 

 

 

 
 

Fig. 2 The convergent point of a series of factors needed to be considered 

for the preparation of working fluid for implementing the blending 
electrospraying processes.  

III. COMPLICATED ENGINEERING PROBLEM REFINED FROM 

THE OPTIMIZATION OF THE EXPERIMENTAL PARAMETERS 

Certainly, based on the concept of “electro-hydro-

dynamic”, the electrical and hydrodynamic properties of the 

working fluids are very important. Thus, the formation of a 

co-dissolved solution as working fluid is only the first step. 

The most important factor is that the preparation of working 

fluid should also take the following factors into consideration, 

such as conductivity, viscosity, and also surface tension [18-

21]. Meanwhile, these parameters of working fluid have a 

close relationship with the experimental conditions (Fig. 3).  

The association study of working fluid’s properties and the 

operational parameters comprises a complicated engineering 

problem. On one hand, the solution of this kind of complicated 

problem often needs to be considered in a comprehensive way. 

On the other hand, the solution of the problem should be 

beneficial to the increase of students' engineering creative 

ability.  

 
Fig. 3 A typical complicated engineering problem about the systematic 

optimization of experimental parameters for implementing the blending 

electrospraying processes.  

Among all the experimental parameters, the fluid low rate 

is one of the most important parameters in the 

electrohydrodynamic processes [22-25]. Besides it has a close 

relationship with the properties of the working fluid, the 

matchings between it and applied high voltage, between it and 

nozzle-to-collector particle accepted distance are also 
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complicated problems. For example, a large fluid flow rate 

may need a higher applied voltage and a smaller particle 

accepted distance for achieving solid nanoparticles with high 

quality. The solution of this kind of complicated problem 

should increase the students’ engineering practice abilities, 

endow them more powerful in resolving complicated 

engineering issues encountered in their future job.   

IV.  COMPLICATED ENGINEERING PROBLEM CAN BE DRAWN 

FROM THE SYSTEMATIC CHARACTERIZATION OF THE 

ELECTROSPRAYED NANOPARTICLES 

The education about advanced technologies comprises 

one of the most important tasks in high school, which can 

effectively serve as the foundation for engineering education. 

For materials science and engineering discipline, the advanced 

technologies can be divided into two categories [26-28]. One 

is for fabrication of advanced materials. And the other is for 

characterization of all kind unknown functional materials. 

Complicated engineering problems exist in both the 

fabrication processes and also the characterization processes. 

However, their patterns of manifestation are different. The 

former has a joint point, i.e. the generation of high quality 

nanoparticles, which requests all the considerations should 

center around this goal. And thus, the resolution of related 

complicated engineering problems is easy to be evaluated. In 

sharp contract, the later often comprises a series of parallel 

methods, which determines that the evaluation of 

measurement has no unified standard. However, these 

different characterization methods can be organized together 

to provide an evaluation closer to the objective fact. 

Correspondingly, the solution of this kind of complicated 

problem should increase the students’ comprehensive tradeoff 

ability abilities, endow them more powerful in resolving 

complicated engineering issues in a systematic manner.  

 
Fig. 4 Some complicated engineering problems can be drawn from the 

systematic characterization of the electrosprayed solid nanoparticles.   

For example, for characterization of the electrosprayed 

drug-loaded nanoparticles (Fig. 4), a series of properties and 

also functional performances of the nanoparticles should be 

considered systematically. As nano-scale products, the sizes 

and morphologies should be analyzed using the modern 

instruments, such as scanning electron microscope, 

transmission electron microscope, atomic force microscope 

and so on. As a drug-loaded nanoproducts, the compatibility 

between the drug and the carrier should be investigated using 

instruments such as Fourier Transform infrared spectroscopy, 

Raman spectroscopy, and X-ray diffraction. Certainly, as a 

functional materials, the functional performances of the 

electrosprayed nanoparticles should be evaluated in details, 

such as in vitro dissolution tests, ex vivo permeation tests. 

These systematic characterizations should provide an 

objective evaluations on the quality of resultant electrosprayed 

nanoparticles. 
 

V. COMPLICATED ENGINEERING PROBLEM RELATED WITH 

THE POTENTIAL COMMERCIAL APPLICATIONS  

The complicated engineering issues never exist in a 

separate manner within the engineering field. Being aimed to 

possible commercial applications, these medicated 

nanoparticles should have a series of complicated engineering 

problems that have a close relationship with the social factors 

and the patients. As an intermediate dosage form, these 

electrosprayed nanoparticles need to be transferred into final 

commercial products, such as tablet or capsule (Fig. 5). Then, 

a complicated engineering problem occurs, i.e. how to 

integrate the advanced electrospraying with the traditional 

pharmaceutical technologies (such as tableting and 

encapsulation methods). The resolution of this kind of 

engineering problems needs professional experiences on both 

materials engineering and also pharmaceutics, which should 

be useful to broaden the ken of college students.  Certainly, 

the complex engineering problems also include those have a 

close relationship with the issues of economic, environment 

and sustainable development. 

 

Fig. 5 There are some complicated engineering problems  related with the  

the potential commercial applications of the electrosprayed drug-loaded 

nanoparticles. 
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VI. SUMMARY  

In the present job, blending electrospraying is explored as 

an advanced nanotechnology model to explain how to 

cultivate the students' ability of resolving complicated 

engineering problems. During the implementation of blending 

electrospraying processes, there are often many complicated 

engineering problems that need to be solved. These problems, 

on one hand, are very useful for the college students to deepen 

the knowledge about this advanced nanotechnology. And on 

the other hand, these problems are also excellent teaching 

materials for training the students’ ability of resolving 

complicated engineering problems. 
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