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Electrospray is a method used to create droplets from a liquid sample by providing a 
strong electric field, which are formed by splitting the liquid droplet into charged 
droplets. The characteristics of the electrospray are influenced by voltage, distance and 
inner diameter of ionization ring (IDIR). Thus, this paper focuses on the effects of range 
of voltage, ranges of inner diameter of ionization ring (IDIR) and position of ionization 
ring (IR). The electrospray was generated by a high voltage generator and syringe pump. 
By varying the output voltage within 4kV to 10kV, IDIR (10.3 mm, 15.3 mm and 21.2 
mm) and distance of 5mm needle to the IR, the generation of Taylor cone were 
explored. Then, a digital microscope camera was used to capture the phenomenon. The 
results were evaluated based on the angle generated by the Taylor cone. The results 
show that the Taylor cone starts to develop at the voltage of 4 kV regardless of the 
position and IDIR. And at certain voltage the angle of the Taylor cone starts to become 
constant. This paper offers an initial understanding of the electrospray characters that 
has potential for vast applications. However, further analysis and experimentation on 
the factors that affect the character of Taylor cone is needed in optimizing this 
technique. 
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1. Introduction 
 

Electrospray technology, which is differentiated by its ability to regulate droplet characteristics 
through precise electric field applications, is critical in a wide range of commercial and research 
applications. Due to its capacity to produce liquid or solid aerosol particles by evaporating bulk 
liquids, electrospray is widely used in a variety of industries, including multiarticulate drug delivery 
[1], food processing [2], plant nutrition [3], surface coatings [4,5] and many more [6-8]. In brief the 
concept of electrospray was define as an electro-hydrodynamic (EHD) atomization process that 
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utilized an electric field to turn liquid droplets into Taylor cone, overcoming surface tension of the 
liquid (medium) by electrostatic forces [9]. A strong electric field is applied to the tip of a capillary or 
nozzle [10], causing a thin jet to emerge which is widely known as Taylor cone. This jet is continuously 
fragmented into smaller droplets, providing substantial flexibility in altering droplet size and charge 
composition during the electrospray process [11]. 

William Gilbert, the first to see and document the effects of an electric field on a liquid surface, 
made significant contributions to EHD. His main work, "The Magnete," published in 1600, gave crucial 
insights into how electric fields influence the behavior of liquid droplets. Gilbert's pioneering 
discoveries established the framework for further research on electrospray phenomena [12]. In 2005, 
Yeo et al., [13] conducted a rigorous examination of the impacts of electric fields on droplet size, 
distribution, and charge, shedding light on the complex link between electric fields and droplet 
characteristics. Furthermore, on 2017, Ondimu et al., [14] conducted a comprehensive study that 
corroborated and built on Gilbert's findings, underlining its long-term importance in current 
electrospray research. Their discoveries highlighted the dynamic nature of electrospray events and 
their numerous applications. The behavior of droplets during electrospraying changes based on the 
properties of the applied electric field, resulting in different electrospray modes [15]. 

The electrospray system allows for easy control over droplet size and movement by manipulating 
the external environment [11,16]. Its construction is simpler than other spray systems and may be 
customized based on voltage. Droplets repel each other when sprayed into an electric field between 
a nozzle and a substrate [17], as they are charged with negative (-) ions on their surface [18]. As a 
result, droplets seldom combine or polymerize [18]. Compared to conventional spray systems, this 
method produces homogenous and small droplets with minimum dispersion due to their charged 
properties [19,20]. The voltage applied has a noticeable effect on the production and behavior of the 
Taylor cone [21]. It controls the strength of the electric field, which influences the creation of the 
Taylor cone and subsequent jets [22]. Lower voltages produce bigger liquid droplets because the 
electric force may be insufficient to maintain a continuous jet formation [23]. As the voltage 
increases, the jet becomes steadier and produces smaller, more uniform droplets. Another crucial 
component is the ionization ring (IR), which influences spatial distribution and droplet size [24]. The 
position and size of the IR can have a substantial impact on the electric field distribution surrounding 
the jet, impacting Taylor cone breakage and creation [25].  

Hartman et al., [26] provide the physical numerical model that properly calculates the geometry 
of the liquid cone and jet, as well as the current and surface charge distribution. Electrohydrodynamic 
atomization in the cone-jet mode produces a size distribution that varies based on the jet's diameter 
and droplet formation [27]. A stable cone-jet mode requires a minimum flow rate for each liquid. At 
this minimal flow rate, the jet breaks apart due to axisymmetric instabilities which are also known as 
varicose instabilities [28]. Higher flow rates result in increased current through the liquid cone [29]. 
As the current increases, so does the jet's surface charge. Jet break-up above a particular surface 
charge and can be affected by lateral or azimuthal instabilities. These instabilities are also known as 
kink instabilities. When the effect of these kink instabilities rises, the size distribution of major 
droplets widens [30]. 

Fundamentally, to creates Taylor Cone, a high voltage potential is applied to the liquid either 
directly to the feeding capillary or to an immersed electrode in relation to a grounded electrode 
located downstream [12]. An electric field forms around the liquid drop pouring from the capillary 
tube, causing it to deform into a cone-like shape and discharge a jet from its vertex [31]. A steady 
state occurs when the flow rate from the capillary needle to the conical meniscus equals that of the 
jet [32]. The careful handling of many parameters is critical for optimizing the electrospray process 
in diverse applications [33]. This precise control over droplet generation yields more consistent and 
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reproducible results, which is critical for sensitive equipment [34]. Furthermore, recent studies have 
looked at the innovative usage of electrospray-generated jets for micropower production. This 
includes converting the kinetic energy of Taylor cones into electrical energy, providing a novel 
technique of energy collecting [35]. Thus, based on past studies that highlight the influences of the 
parameters, it is understood that a clear insight on the electrospray parameters to generate the 
Taylor cone is crucial for future study. 

Several investigations have been done on electrospray in the past, that utilizes cold spray 
ionization highlight by Yamaguchi [36], sub-ambient pressure develop by Huang et al., [37] and 
Ouyang and Cooks [38], in field nano-electrospray ionization has been conducted by Zhong et al., 
[39] and many more [32,33,40,41]. To the best of the author’s knowledge, the Taylor cone is 
determined based on factors such as size, diameter and position of the IR. However, based on past 
investigations it is found that clearly insight on these parameters especially the position and 
dimension of the IR that help in determining the best Taylor cone is less numerous. As understood 
from literature, understanding and optimizing of these variables are crucial for maximizing the 
effectiveness of electrospray in diverse applications. Thus, in this paper the distance of the ring 
ionization, diameter and positioning of the IR will be investigated to give clear insight of the factors 
that largely influence the Taylor cone behaviors. 
 
2. Methodology  
2.1 Material and Setup 
 

A schematic depiction of the experimental apparatus is shown in Figure 1. A high voltage power 
supply 71030 Series, DC electric field generated 0 to 10 kV output with output current 3.0 mA which 
was developed by Genvolt. Set the voltage output to the desired level (typically between 4 kV to 10 
kV for electrospray production) using the control interface provided. Prepare the syringe pump (NE-
1000 series) used to control flow rates of liquid by loading the desired solution into a 60 mL syringe 
that has an inside diameter of 29.7 mm with infusion maximum rates of 35.33 mL/min. This syringe 
pump operated from a 12 VDC power supply. Standard needle (model FU-3-6 Tomix) with an 
appropriate gauge 20 G with outer diameter 0.88 mm and inner diameter 0.55 mm and needle length 
tip 80 mm was connect to the output of the syringe. Position the IR downstream from the needle tip 
at a suitable distance to facilitate droplet desolation and ionization. The ring is connected to the 
electrode to the ground of the power supply to establish the necessary electric field. 

Turn on the power supply and set the voltage to the predetermined value required for 
electrospray ionization (4 kV-10 kV). Initiate the syringe pump to start delivering the solution at a 
controlled flow rate of 0.10 mL/min through the electrospray needle. Throughout the study, the flow 
rate of the solution through the electrospray needle was maintained at a constant rate which is 0.1 
mL/min. However, adjustments were made to both the power supply settings, the position and 
dimension of the ionization ring. The dimensions of the ionization ring are the inner diameter of the 
ionization ring (IDIR) which are set at approximately 10.3 mm, 15.3 mm and 21.2 mm. The thickness 
of the IR is constant at 1.9 mm. These modifications were undertaken to evaluate their impact on the 
stability and formation of the Taylor cones.  
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Fig. 1. Schematic of the experimental setup 

 
Another parameter concern in this investigation is the position of the needle. A schematic of 

positioning the needle tip relation to IR is shown in Figure 2. Position A setup is the tip of the needle 
above the IR and position B, the needle tip is placed passes IR. This setup is to determine the voltage 
level that will sustain the stability and endurance of the Taylor cones. The IDIR is also considered 
since it contributes to the formation of stable Taylor cones. 
 

  
(a) (b) 

Fig. 2. Schematic positioning needle tip to ionization ring (a) Position A: above 
ionization ring (b) Position B: passes ionization ring 

 
2.2 Digital Microscope Camera Setup 
 

The U500X model digital microscope camera is utilized to capture the generation of Taylor cone. 
The microscope camera has a video capture resolution of 0.3 Megapixel and image capture resolution 
of 640 x 480 pixels per inch. They accompany sensors of substantial resolution in such cameras, which 
can portray the movement of the Taylor cone and generation of the electrospray. moreover. The 
camera has a focus range of 15 mm to 40 mm, thus, the shape of beads or the size of the spread, can 
be recorded clearly. Additionally, with a Frame rate of 30 frame per second under 600 illuminance 
(LUX) brightness refers to how many times the image is flashed on the screen during a certain second 
to give the illusion of real movement. However, it should concentrate on points akin to the specific 
area where the Taylor cone appears and the electrospray needle. Tracing its progression becomes 
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simple as the camera records delayed pictures and films under numerous experimental conditions. 
To assure exactness in assessment and imaging, a meticulously detailed positioning and calibration 
procedure is needed before the commencement of the trial for organizing the camera. The alignment 
procedure, ensuring the optimal data accumulation, requires having the cardinal position of the 
electrospray needle as well as the zone apparent in the camera's field of view. 

 
2.3 Data Collection and Analysis 
 

In the field of electrospray experiment, the angle of Taylor cones plays a crucial role in 
determining the effectiveness of the process. In this experiment, the reliable computer-aided design 
and drafting programme AutoCAD will be used to record and examine the Taylor cone angles 
produced by experimental setup. The electrospray Taylor cones are first capture using a digital 
microscope camera. After they are taken, these pictures must be imported into the AutoCAD 
programme. The comprehensive measuring and annotation capabilities in AutoCAD are then used to 
enable a thorough examination of the bead angles shown in Figure 3. 
 

 
Fig. 3. Positioning of angle that has been measured 

 
A line is drawn approximately on both sides of the needle moving toward the tip of the needle. 

Then, the end of the line becomes the reference point to draw straight lines along the electrospray 
Taylor cone. To guarantee accurate measurement of the orientation of each bead, these lines are 
precisely aligned with its longitudinal axis. Next, an angle measurement tool in AutoCAD is used to 
figure out the angle between the line drawn along the Taylor cone's as shown in Figure 3. This 
capability allows you to precisely estimate bead angles, which is critical when analyzing the stability 
and direction of the electrospray jet. 
 
3. Results 
 

In this part the observation of the electrospray pattern is observed using the microscope camera. 
And then the picture has been analyzed by using AutoCAD to calculate and identify the angle 
generated from the Taylor cone. Then the correlation between the changes in the parameter and 
angle of the jet beat generated will be elaborated here. 

 
3.1 Modes of Electrospray 
 

Figure 4 shows the results observed in the experimental setup. Based on past studies and current 
observations, it is understood that the electrospray pattern can be categories in 5 modes which are 
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dripping mode (DM), spindle mode (SM), Taylor cones or cone jet (JB), titled jet (TJ) and flying current 
(FC). The same kind of results can be observed in past investigations by Kim et al., [18] and Panahi et 
al., [31]. The dripping mode is shown in Figure 4(a), based on the observation it is understood that 
the electric current had no effect on the water, and droplets produced with the same diameter as 
the nozzle due to gravity. Figure 4(b) exemplifies the spindle mode. A motion where the nozzle tip 
discharges a division of cone and a jet, ultimately permeating into droplets at consistent intervals. 
The cone from the spindle mode can remain for extended periods, and the jet emitted is rather more 
pervasive than in cone jet mode. Looking more incisively, the lasting cone formation from the spindle 
mode at the nozzle's tip insinuates a stable and enduring phase before droplet genesis, in contrast 
to other modes. This spindle’s jet, which is notably much broader than typical cone jets ripples over 
the ensuing droplets. As anticipated, it leads to a more meticulous and uniform liquid fragmentation. 
 

   
(a) (b) (c) 

  

 

(d) (e)  

Fig. 4. Modes of electrospray (a) Dripping mode (DM) (b) Spindle Mode (SM) (c) Taylor cone or cone jet (JB) 
(d) Tilted jet (TJ) (e) Flying current (FC) 

 
Implicitly, this logic results in dribbles of consistent gestation. The Taylor cones mode or similar 

called cone jet mode exhibited the most stable spray, and the length of the cone increased with the 
increasing voltage that can be observed on Figure 4(c). In the tilted jet shown in Figure 4(d), the jet 
at the tip of the cone was tilted to one side during spraying after the cone jet was formed. This 
occurred because of the influence of the electric field when the jet was broken up due to the surface 
shear stress from the tip of the cone. Finally, Figure 4(e) shows the development of a flying current 
in electrospray systems when a specific voltage threshold is reached. The intensity of the electric field 
near the electrospray emitter's tip, typically a capillary, is directly influenced by the applied voltage 
and the electrode geometry of the ionization ring. As the applied voltage approaches certain levels 
the electric field intensity may reach sufficient levels to ionize solvent molecules. This ionization 
process releases charged particles, thereby generating a flying current. At higher voltages, 
particularly around 10 kV, the electric field strength may exceed the dielectric breakdown threshold 
of the surrounding air or solvent vapor. This phenomenon can induce corona discharge, resulting in 
the emission of ions from the surfaces of the electrodes or the electrospray emitter's tip [42]. These 
processes collectively contribute to the occurrence of a flying current as charged particles are 
dispersed into the surrounding environment [43]. 
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Figure 5 shows the multi-jet mode (MT) which are the effects of low and middle flow rates in 
relations to the voltage applied to the liquid medium [18]. Flow rates exhibit three distinct bands of 
fluctuation which are low, medium, and high. Each of these bands often achieves certain objectives. 
For electrospray and similar applications, the low flow rate is typically between 0.01 mL/min and 0.05 
mL/min, with a relatively narrow range. The droplets at that location are minuscule, resulting in a 
heightened level of precision. A middle range of flow rates, ranging from 0.05 to 2.00 mL/min, 
achieves a harmonious balance between droplet size and flow rate. In this context, consistent 
operations can achieve efficiency. Industrial applications need a high flow rate, ranging from 2.00 
mL/min to 50.00 mL/min. Larger volumes of liquid are necessary for versatile applications such as 
spraying and coating.  

 

  
(a) 

 
(b) 

Fig. 5 Difference mode electrospray based on flow rate (a) Multi-jet (MT) 
(b) Pulsed jet (PT) 

 
Furthermore, the accuracy of the flow rate measurement significantly influences the results. 

Particularly small, aerosolized particles require a consistent electrospray. MT is an effect that 
happens when the liquid medium is sprayed in two or three directions as shown in Figure 5(a) and 
Figure 5(b). As observed in our results, MT occurs when the needle is placed in a position past the IR, 
or the experimental setup are in the position B. Based on our results as shown in Figure 5(a) and 
Figure 5(b), in the MT’s two and three directions of sprays occur, this kind of effects happen when 
the flowrates of the liquid medium are set approximately 0.1 mL/min and it’s called pulse jet mode 
(PT). And whenever the flowrates are increased up to approximately 1.0 mL/min, the three directions 
of spray occur. For both cases of flowrates, the voltage is set constant at 5.5 kV to 6.6 kV. Thus, based 
on the influence it is safe to state that these two conditions show an effect of manipulating the flow 
rate of the mediums that influences the Taylor cones formation or characteristics.  
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The MT represents a significant breakthrough in electrospraying techniques, since it causes the 
production of a weak cone, which commences the simultaneous growth of numerous jet branches. 
This phenomenon happens when many jets are created at the same time under high voltage and low 
flow rate circumstances. The interplay of these factors, namely the applied voltage and flow rate, has 
a significant impact on the features of the jet generated. It has been discovered that raising the flow 
rate increases the thickness of the jet, most likely because more solvent is evacuated per unit time. 
On the other hand, raising the applied voltage lowers the thickness of the jet, which is due to the 
increased electrostatic force that encourages the jet's spreading and elongation. This delicate 
interplay between voltage and flow rate demonstrates the complex dynamics that regulate the multi-
jet mode in electrosprays, emphasizing their importance in maximizing ionization efficiency and 
performance in analytical applications. 
 
3.2 Data Analysis 
 

Tables 1 and 2 show the results observed during the experimentation of the electrospray modes 
respectively for needle in position A and position B. The table tabulated the voltage applied in kV, 
IDIR, mode of electrospray and angle generated from the cone developed at the tip of the needle. In 
general, for both cases (position A and position B) the electric current starts to give an effect at the 
voltage of 4.5 kV applied to the water. The larger the IDIR, the wider the range of voltage can be used 
to generate the modes of electrospray. 

Based on the data tabulated in Tables 1 and 2, the analysis of the electrospray mode and the 
corresponding voltage and angle variations of the Taylor cone will reveal various patterns and 
transition. To explain the results, the voltage of the collected data is grouped in a category of low 
voltage, mid-voltage and high voltage. The low voltage is assumed within the range of 3.0 kV to 4.0 
kV, mid-range voltage is within the range of 4.5 kV to 6.0 kV and finally the high voltage is more than 
6.0 kV. At the lower voltage 3.0 kV and 3.5 kV, both setup of position A and position B consistently 
shows the DM regardless the ID of the IR (10.3 mm, 15.3 mm, and 21.2 mm). However, at 4.0 kV, the 
mode remains predominantly DM, except for setup of position A and the use of 10.3 mm for IDIR 
where the mode transitions to the SM. As the voltage increases beyond 4.0 kV, more complex 
behaviors emerge. Regardless the IDIR, and position of the experimental setup, the JB occurs at 4.5 
kV, however the TJ, MT and Intermittent JB modes emerge at transition of voltage between mid-
range and higher voltages of approximately in the range of 5.5 kV to 6.0 kV, showing a transition 
toward more dynamic spray modes. In particular, the transition from DM to JB occurs at 
approximately 4.5 kV for both position A and position B setup, indicating a similar voltage threshold 
for this transformation. Developing TJ, MT and Intermittent JB modes between 5.5 and 6.0 kV shows 
another threshold during which electrospray behavior becomes more intermittent and jet-like. 

The Intermittent JB (Intermittent Jetting-Breakup) mode in electrospray occurs when the liquid 
flow from the nozzle or capillary is unstable, fluctuating between jetting and breaking up into 
droplets. Voltage, speed of flow, and IR influence can all have an impact on this mode. At some 
voltages, the electric field may be strong enough to start jetting but insufficiently stable to sustain a 
steady jet, resulting in intermittent jet formation and breakdown. If the fluid's flow rate is 
inconsistent, it can result in intermittent jetting, with higher flow rates driving the liquid into a 
continuous jet and lower flow rates splitting it into droplets. Furthermore, the design and direction 
of the IR can influence jet stability since non-uniform electric fields induced by electrode shape or 
location result in intermittent jetting. The physical qualities of the liquid, such as its tension on the 
surface and consistency, also affect jet stability, with higher surface tension leading the jet to break 
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apart more easily. Capillary instability, caused by the electric field's interaction with the liquid's 
surface tension, can also cause the jet to oscillate between steady jetting and droplet formation. 
 

Table 1 
The data collection is based on spray pattern and angle between the needle and the ionization ring for 
position A 
IDIR (mm) 10.3 15.3 21.2 

Voltage (kV) Mode Angle (°) Mode Angle (°) Mode Angle (°) 

3.0 DM 0 DM 0 DM 0 
3.5 DM 0 DM 0 DM 0 
4.0 SM 0 DM 0 DM 0 
4.5 JB 64 JB 38 JB 38 
5.0 JB 68 JB 37 JB 61 
5.5 Intermittent JB 70 JB 37 JB 61 
6.0 TJ 77 Intermittent JB 42 Intermittent JB 65 
6.5 FC 0 Spray 42 Intermittent JB 65 
7.0   Intermittent JB 43 JB 67 
7.5   Intermittent JB 43 JB 71 
8.0   Spray 43 Intermittent JB 65 
8.5   Intermittent JB 43 Intermittent JB 65 
9.0   JB 43 JB 71 
9.5   FC 0 JB 71 
10.0     FC 0 

 
Table 2 
The data collection based on spray pattern and angle due needle passes the ionization ring for position B 
IDIR (mm) 10.3 15.3 21.2 

Voltage (kV) Mode Angle (°) Mode Angle (°) Mode Angle (°) 

3.0 DM 0 DM 0 DM 0 
3.5 DM 0 DM 0 DM 0 
4.0 DM 0 DM 0 DM 0 
4.5 JB 62 JB 47 DM 0 
5.0 JB 84 JB 46 DM 0 
5.5 MT 80 MT 38 JB 25 
6.0 Intermittent JB 65 JB 50 MT 27 
6.5 FC 0 JB 54 MT 27 
7.0   JB 54 Intermittent JB 30 
7.5   JB 54 JB 31 
8.0   JB 54 JB 35 
8.5   JB 54 JB 35 
9.0   FC 0 JB 35 
9.5     JB 35 
10.0     JB 35 

 
Subsequently, when a liquid is electrosprayed, the electric field creates a charge on the liquid's 

surface, forming a Taylor cone and emitting a narrow jet of liquid. The jet's stability is regulated by a 
balance of electrostatic forces that push the liquid out and surface tension that pulls it back. If this 
balance is lost, the jet becomes unstable. The electric field may not generate a continuous jet at some 
voltage levels, resulting in intermittent jetting. If the liquid flow rate does not remain constant, the 
amount of liquid available to generate the jet changes, resulting in intermittent behavior. 

In the provided datasets, intermittent JB appears at different voltages for different IDIRs, at 5.5 
kV and 6.0 kV for the 10.3 mm ionization ring, at 6.0 kV, 6.5 kV, and higher voltages for the 15.3 mm 
ionization ring, and at 6.0 kV for the 21.2 mm ionization ring, indicating that both voltage and 
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electrode geometry influence this mode. The jet's intermittent behavior is most likely caused by a 
delicate balance of forces under these conditions, which causes it to develop and dissipate on a 
frequent basis. 

Overall, both setup of position A and position B shows a clear and constant pattern of mode 
transitions with increasing voltage, revealing an important aspect of the electrospray process. The 
IDIR influences the angle of the Taylor cone, with bigger IDIR will produces smaller angle. The more 
consistent angle readings are observed for setup of position B, where the angle of the Taylor cone 
started to give constant value regardless of the voltage given. Such behavior is not observed in the 
setup of position A. In summary, increasing voltage consistently results in the shift from DM to more 
complicated modes such as JB, TJ and MT, with the IDIR having a substantial impact on angle of the 
Taylor cone. However, for setup in position B, the angle of Taylor cone becomes stable and constant 
at certain voltage. 
 
3.3 Correlation Between Voltage, and Taylor Cones in Relation to the Parameter Changes 
 

To further understand the characteristics of the electrospray modes, the voltage versus angle of 
Taylor cone is plotted in Figure 6 and Figure 7 for position A and position B, respectively. In Position 
A, as shown in Figure 6, the 10.3 mm IDIR exhibits a clear correlation between increasing voltage and 
spray angle, which ranges from approximately 60° at 4.5 kV to nearly 80° at 9.5 kV. This steady rise 
implies that wider spray angles, which are a sign of more distributed Taylor cone formations, are 
encouraged by higher voltages. The 15.3 mm IDIR exhibits a consistent spray angle, with slight 
variations around 40° up to 10 kV, beginning at roughly 38° at 4.5 kV and reaching about 43° at 5.5 
kV. For this IDIR, the relative stability of the spray angle suggests that voltage variations have a less 
noticeable impact on Taylor cone dispersion. For the 21.2 mm IDIR, the spray angle increases rapidly 
from about 42° at 4.5 kV to approximately 60° at 5.5 kV, followed by a gradual rise, stabilizing 
approximately 65-70° between 6 kV and 10 kV. This pattern suggests a strong initial impact of voltage 
on Taylor cone dispersion, which becomes more stable at higher voltages. The spray angle for the 
21.2 mm IDIR rises quickly from around 42° at 4.5 kV to about 60° at 5.5 kV. After that, it rises more 
gradually and stabilizes at 65–70° between 6 kV and 10 kV. This pattern suggests that voltage initially 
has a significant effect on Taylor cone dispersion and then stabilizes at higher values. 

On the other hand, the 10.3 mm IR in Position B, as seen in Figure 7, exhibits a peak spray angle 
that rises dramatically from around 65° at 4.5 kV to 85° at 5 kV, then drops to approximately 60° at 
6.5 kV before stabilizing up to 10 kV. Triangle symbols indicate a slanted jet phenomenon at 5 kV, 
which is shown by a dip that follows this peak. This behavior suggests that there is an imbalance in 
the electrostatic forces influencing the Taylor cone's stability. The spray angle of the 15.3 mm IR is 
constant, beginning at around 50° at 4.5 kV, gradually falling to about 45° at 5.5 kV, and staying at 
about 50° until 10 kV. Taylor cone production is constant due to stability, which exhibits low 
susceptibility to voltage variations. The spray angle for the 21.2 mm IR steadily rises from around 35° 
at 4.5 kV to roughly 45° at 6 kV before stabilizing at 10 kV. Like Position A, this trend shows steady 
Taylor cone development as voltage rises. The data points with circles indicate the intermittent spray 
behavior that happens at specific voltages for the 10.3 mm and 21.2 mm sizes of IDIR. For the 10.3 
mm IR, MT behavior was seen at 5 kV and 5.5 kV. This indicates instability in Taylor cone production 
at these voltages, most likely because of transitional spray regimes. 

On overall the results show that the Taylor cone started to develop at the voltage of 4 kV. 
Increasing the voltage helps in stabilizing the Taylor cone, however after certain value of voltage FC 
starts to occur and Taylor cone will be destroyed since as a safety measure the current will 
automatically be cut off. It is understood from those results for both positions of the needle, the 
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Taylor cone will become constant after certain voltage. And it is safe to state that the position B setup 
develops a more stable Taylor cone and has wider voltage range as compared to position A. 
 

 
Fig. 6. Analysis of Taylor cone patterns through the ionization ring in position A 

 

 
Fig. 7. Analysis of Taylor cone patterns through the ionization ring in position 

 
4. Conclusions 
 

In this study the effects of inner diameter and position of ionization ring were evaluated in 
relation to the effects of voltage applied and Taylor cone generated. It was found that the Taylor 
cone starts to develop at 4 kV and depends on the needle position and inner diameter of Ionization 
Ring (IDIR), flying current start to occurs that cut off the current. Additionally, for IDIR of 15.3 mm 
and 21.2 mm, a constant angle of Taylor cone starts to develop at certain voltage. It also found that 
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for position B, the generated Taylor cone is more stable and has a larger voltage range to generate 
Taylor cone. 

Future study should look at extensive quantitative analysis to determine the precise impacts of 
different voltage and ionization ring parameters on Taylor cone production. Furthermore, it would 
be advantageous to investigate the long-term stability and consistency of the electrospray process 
under various operational settings, as well as the effect of diverse liquid sample parameters, such as 
viscosity and conductivity, on electrospray performance. It is also encouraged to investigate external 
environmental parameters such as temperature and humidity and how these affect the electrospray 
process and Taylor cone properties, as well as to use modern imaging techniques for high-resolution, 
real-time data acquisition. 
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