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Abstract—Electrospinning is a method of making nanomaterials that has a fairly easy and flexible process that can
produce nanofiber continuously. Nanofiber morphology from the electrospinning process is influenced by several
parameters, one of them is temperature as an environmental parameter. If there is no temperature control system
in the electrospinning system, it will be difficult to maintain the consistency of the morphology nanofiber and at
certain temperatures, nanofibers are not formed. Therefore, this study aims to develop a temperature control system
for electrospinning called the electrospinning temperature control (ETC) system and connect it with an internet-
of-things (IoT) platform to understand the dynamics of the temperature control process, upload temperature data
to the cloud, and remote monitoring. The method used by designing and building system hardware and software,
calibrating DHT21 as a temperature sensor and testing system performance. The results show that the calibration of
the DHT21 sensor has an accuracy rate of 94.95% and a precision rate of 98.93%, while the results of the performance
test show that the system can raise, maintain, and lower the temperature. Further performance testing reveals that
the ETC system can operate within a temperature range of 20—40°C. The IoT system using the Blynk App allows
users to remote and monitor easily, and using Google Sheets as a cloud database. The ETC system was successfully
built and can be applied to electrospinning experiments.
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I.  INTRODUCTION

Nanotechnology holds immense potential to
revolutionize human life by pushing the frontiers of
technology across diverse fields. This includes applications
in chemistry for investigating carbon structures at the
nanoscale, in computer science where nanotechnology
contributes to increasingly compact computer designs for
information storage, in biology for innovative bio-cell
manipulation through nanostructures, and in physics as
a technique for characterizing materials and evaluating
the properties of nanomaterials [1]. Nanomaterials
have nanometer sizes ranging from 1—-100 nm, thus
nanomaterials have superior structures and are effective
for their application or use in various fields [2]-[4]. One
method of nanomaterials production is electrospinning,
a fairly easy and flexible process that can continuously
produce nanomaterials [5], [6].

The temperature during the electrospinning process
should be kept stable. Significant temperature changes
can affect the flow of solution through the spinneret
and the formation of the resulting materials [7]-[10]
research groups around the globe are focusing more on
the preparation of nanomaterials for various applications.
Among the various techniques reported in the literature,
electrospinning has gathered significant interest because of
its ability to fabricate nanostructures with unique properties

such as a high surface area and inter/intra fibrous porosity.
Electrospinning has been the most widely used technique in
the late 20th (1990). In 2017, Yang et al. said that increased
temperature during electrospinning can accelerate solvent
evaporation [11]. Each polymer solution requires specific
temperature settings to optimize nanofiber production,
ensuring structures without beads and consistent fiber
diameters. Huang et al. [12] used a PVDF solution and
showed that beads were nearly nonexistent within the
temperature range of 25—35°C. Hardick et al. in 2011[13],
stated that 25°C is the optimal temperature for producing
cellulose acetate nanofibers with high diameter uniformity.
In 2020, Thuy et al. [14] indicated that uniform chitosan
nanofibers could be obtained at solution and chamber
temperatures of 32°C. These studies showed that the
optimal temperature is in the range of 25-35°C. Although
it may still be possible to perform electrospinning without a
temperature controller, if a temperature control system is in
place, the consistency and finish of the nanofibers produced
will be better maintained. Therefore, a temperature
control device is needed to control the temperature in the
electrospinning system to keep it stable.

In previous studies, Chen & Yu in 2010 [15] made
temperature control for electrospinning by wrapping the
syringe pump with a heater film, then Lara-Padilla et al. in
2017 made a cooling system using Peltier thermopiles [16].
Besides that, Thuy et al. [ 14] also made temperature control
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Figure 1. Research methodology

using a coil surrounding the syringe pump and installed
electric heaters on both sides of the electrospinning room.
Further, Abbas et al. [17] made a syringe pump jacket
that was connected to a commercial thermostatic bath
Then, in the following year, Lv et al. in [18] diameter,
crystallinity, thickness, and mechanical characteristics.
The experimental results showed that the combined effect
of two parameters, the temperature of the receiver plate
and the magnetic field generated by the magnetic lens let to
the production of fibers with a smaller diameter (308 nm)
made temperature control using a silicone rubber heating
plate placed behind the collector plate. These researches
mostly focus on heating the solution, while there is
limited research on adjusting the room temperature, and
remote monitoring and controlling Internet-of-Things
(IoT)-based has never been applied. Therefore, this study
aims to develop a temperature control for electrospinning
called electrospinning temperature control (ETC) system
by adjusting the room temperature to regulate the solvent
evaporation rate. Regarding temperature sensors, the ETC
system uses DHT21 because this sensor has high precision
and is resistant to corrosion [19]. The ETC system is
connected to the [oT platform to learn the dynamics of the
temperature control process, export temperature data to
the cloud, also remote and monitor easily.

II. METHOD
A. Research Design

In this work, an experimental method is used which
includes design, assembly, data collection, sensor

Table 1. ETC system components

No. Compo- Function

nents

Hardware

1. NodeMCU  NodeMCU is equipped with an ESP8266 chip
and features digital and analog /O pins to
connect various sensors and actuators. This
module has Wi-Fi integrated capabilities,
allowing the device to communicate with other
devices wirelessly [20].

2. Relay 2 Relay 2 channels as a switch to regulate heat

channel components and cold components.

3. Heat The heat component is a nichrome wire

component  mounted on a PCB plate, connected to a
positive cable and a negative cable so that it
functions to generate heat.

4, Cold The cold component is a Peltier connected with

component the heatsink and coldsink, where the heatsink
is used to remove heat from the Peltier, and the
cold sink is used to accommodate the cold from
the Peltier.

5. Power Power supply is used to supply power that can

supply supply 12 volt 10 Ampere.

6. DHT21 DHT21 or AM2301 is a temperature and
humidity sensor. This sensor can precisely
provide environmental temperature data and is
susceptible to corrosion [21].

7. DC fan The DC fan is a wind-producing device used in
this project to carry wind through heat and cold
components.

8. 4x4 matrix A keypad is a series of buttons used in this

keypad project to enter the desired temperature.
9 LCDI2C The LCD is used to display temperature
information.

Software

1. Blynk App  Blynk App can create mobile apps that connect
with hardware such as microcontrollers,
sensors, and actuators and control them through
the internet network [22].

2. Arduino The Arduino IDE supports the C/C++

IDE programming language, a common language
used in hardware development [23].
3. Google Google Sheets is a cloud application in the form

sheets of tables used to process data, store data, create
graphs, etc. This application can be shared by

many people [24].

calibration, and testing, as shown in Figure 1. The design
begins with a literature study also designing hardware
and software, then assembling all components according
to the schematic, then uploading the code in the Arduino
IDE and creating software such as Blynk and Google
Sheets applications, and data collecting was carried out for
DHT?21 sensor calibration and testing system performance.

B. Design Temperature Control

The design begins with a literature component,
circuit, system, and controller design. The ETC system
components consist of hardware and software, as shown
in Table 1.

The circuit design is achieved by synthesizing software,
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Figure 2. Schematic showing the connection between components

PCF8574
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(247
Figure 3. Hardware circuit
Table 2. Pin configuration of NodeMCU Table 3. Pin configuration of power supply and relay
Series NodeMCU pins Series Power Supply Relay
PCF 8574 - V+ L
SCL D1 - V+ L
SDA D2 Cold Component
GND GND Peltier + - Outputl
VvCC \A% Peltier - V- -
DHT11 Fan CPU + - Outputl
Inp D5 Fan CPU - V- -
GND GND Heat Component
vCC 3V Positive - Output2
Relay Negative V- -
vCC \'AY% Fan DC
IN1 D5 Positive V+ -
IN2 D6 Negative V- -
GND GND Steker
L L -
hardware, and control area as depicted in a schematic N N )

diagram as shown in Figure 2. Figure 3 shows a hardware
circuit interconnecting the hardware components.

The pin configuration of the hardware circuit i.e. The design of the ETC system consists of a main
NodeMCU and power supply and relay (Figure 3) are  display (Figure 4) that contains a heat component in Figure
tabulated in Table 2 and Table 3, respectively. 5a and a cold component in Figure 5b.
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(e)

s

Figure 4. The design of the ETC system: (a) main view, (b) side view, and (c) corner view
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Figure 5. The component of ETC system (a) heat component, (b) cold
component

The controller design is in the form of a box as shown
in Figure 6. A monitoring system uses a [2C LCD and a
controlling system uses a keypad.

C. Sensor Calibration

The DHT21 sensor is used as a temperature-measuring
instrument. The calibration data of the DHT21 sensor
is obtained by comparing the DHT21 sensor with a
standardized temperature sensor (Elitech RC-4HC).
Accuracy and precision analysis was carried out to validate
the DHT21 sensor.

Celcius:
Parameter:

Figure 6. Controller design

Accuracy is the difference between the calculated
value and actual values of a measurement. So that the
measurement results can be said to be valid and objective.
The error and accuracy of the DHT21 sensor can calculated
using (1) and (2), respectively [25].

n n

%UError =

x100% )

n

Accuracy =100% —%Error. 2)

Precision analysis is used to see the level of closeness
of data from repeated measurements under the same
conditions. Precision analysis is done by calculating the
standard deviation (SD). SD is a precision instrument used
to measure how each data point is grouped around the
average [26]. The SD value is calculated as in the (3) [27].

> (x-x)

N-1

SD = 3
where x, is sensor reading results in the i-th experiment
and A is the number of experiments.

Then, the precision results are reported in a manner
such as (5) [26]:

%RSD = STDX 100% (4)
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(b)

Figure 7. The result of hardware design (a) heat component, (b) cold
component

Precission, =100%—RSD, . %)

Relative standard deviation (RSD), also called
coefficient of variation (CV), is a measure of dispersion
that is relative (independent of the unit of measure used),
so RSD can be used to compare the density of two groups.
The RSD equation is used to convert the SD value into a
percentage value. A good RSD value is < 2% [26].

D. Performance Test

Testing the performance of the ETC system involves
operating the system as a temperature regulator that can be
adjusted to raise, maintain and lower the temperature. The
DHT?21 sensor was placed inside a semi-vacuum electrical
spinning box in the test. Then, an Elitech RC-4HC was
used to measure the temperature outside the box. A graph
was then created showing the x-axis representing the
DHT?21 and the y-axis representing the Elitech RC-4HC.

III. RESULT AND DISCUSSION
A. Result of Hardware Design

The hardware has been finished, which includes the
heat component (Figure 7a), the cold component (Figure
7(b)), the circuit ETC system (Figure 8a), the view of the
ETC system (Figure 8b), and the controller box (Figure
8c).

The heat component is shown in Figure 7a, with
nichrome wire as the main component to generate hot
wind. The nichrome wire used is 24 American Wire
Gauge (AWG), connected with two iron wires stuck on
different printed circuit board (PCB) lines. While the cold
component is shown in Figure 7b with Peltier as the main
component to produce cold wind, the Peltier used has a
voltage specification of 12 volts and a maximum current
of 6 amperes. Peltier has a side that produces cold and the
reverse side produces heat.

Figure 8 is the realization of the hardware, including
Figure 8a, which depicts the circuit of ETC system,
enclosed in a black box with dimensions of (11 X 7 X 18)
cm® and equipped with a power outlet on the side. Figure
8b presents the primary display interface of the ETC
system. Then Figure 8c shows the controller box with a
keypad used to request the desired temperature and an
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(b)

Figure 8. Overview of hardware design (a) the circuit of ETC system,
(b) the front view of ETC system, (c) the controller box

LCD used to monitor the temperature of DHT21 placed in
the electrospinning box.

B. Result of Software Design

The software has been finished, which includes the
Blynk App (Figure 9) and Google Sheets. The Blynk
display is set using features that can still be used freely, so
it is shown in Figure 9 on the left there is a display of the
temperature of the DHT?21 that is read at that time, and on
the right is a request for a temperature that can be set by
swiping right or left.

Data temperature is stored in the cloud database
to understand the dynamics of the temperature control
process, facilitated by Google Sheets. The Google Sheets
display shows column A as date data, column B as time
data, column C as parameter data or the temperature to be
targeted, column D as relay condition data, and column E as
temperature data from the DHT21 sensor can be accessed
using the following link: uns.id/GoogleSheetsLabfisDella.

C. Result of DHT21 Sensor Calibration

Testing the DHT21 sensor involves collecting
calibration data for each sensor condition, comparing it
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Congratulations!

Your first device is online, now you can
control it from anywhere in the world

Figure 9. Result of Blynk App design

Table 4. . Data before calibration

00 Graph Before Calibration
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Figure 10. Graph comparing DHT21 with Elitech before calibration

Celcius 0.9881l*event.temperature+0.9191;

Figure 11. Display of entering regression formula in coding

Table 5. . Data after calibration

Elitech (°C) ~ DHT21 (°C)

No, Temp P

O x s x s ey e @
1 0 0.62 0.06 -0.13 0.13 9628 3.72 121 -21.00
2 10 1075 0.13 9.69 020 209 9791 986 90.14
3 20 2030 0.07 19.61 0.07 038 99.62 340 96.60
4 30 30.68 0.10 3028 0.13 043 99.57 130 98.70
5 40 40.57 032 4007 029 0.73 9927 123 98.77
6 50 50.11  0.17 49.72 020 040 99.60 0.78 99.22
7 60 60.33 031 6023 0.18 029 99.71 0.17 99.83

8 70 70.52 020 7037 031 044 9956 021 99.79

9 30 80.30 031 80.37 024 030 99.70 0.09 9991
Average (%) 11.26 88.74 1533  84.67

o oy RO PR ey e e

X sp X sp OO ey oy @)
1 0 0.64 0.05 091 0.05 579 9421 4200 58.00
2 10 10.37  0.13 10.56 0.13 1.24 9876 1.82 98.18
3 20 20.45 0.12 2048 0.14 067 9933 0.15 99.85
4 30 30.36 022 3047 0.17 055 9945 036 99.64
5 40 4042 024 4053 020 049 9951 0.27 99.73
6 50 50.35 0.14 5045 0.08 0.17 99.83 0.20 99.80
7 60 60.44 024 6055 0.15 024 99.76 0.18 99.82

8 70 7038  0.19 70.44 022 031 99.69 0.08 99.92

9 80 80.10 022 8027 0.14 0.18 99.82 0.21  99.79
Average (%) 1.18 9893 505 9495

with the Elitech RC-4HC, and acquiring data as presented
in Table 4.

Table 4 shows that the error obtained at a temperature
of 0°C is 121%. This is because the difference between
the temperature from DHT21 and Elitech at 0°C is 0.75°C,
while the temperature from Elitech is 0.62°C, resulting in
a %Error of 121%. This shows that the error value is 121%
of the temperature value from Elitech.

Subsequently, the acquired data is processed to generate
a graph to derive the linear regression equation. The data
graph before calibration is illustrated in Figure 10.

The regression equation obtained from processing
the graph is . Then, calibration is done by entering the
regression formula into the coding uploaded using the
Arduino IDE, as shown in Figure 11.

Once the successful upload is completed, the test is
conducted again, and the data acquired post-calibration is
displayed in Table 5.

After the calibration is obtained, the error value
decreases from 15.33% to 5.05%, so the accuracy value
increases from 84.67% to 94.95%. The RSD value
decreased from 11.26% to 1.18%, so the precision value
increased from 88.74% to 98.93%. The RSD value is
smaller than 2%. Based on theory, a good RSD value is
less than 2%, and the average RSD value obtained after
calibration is 1.18%. Therefore, the data obtained has
proven to be good.

After calibration, the data is processed in graphical
form to determine the linear regression equation. The data
graph after calibration is shown in Figure 12.

Based on Figure 12, the data processing results,
the measurement result is R?>= 1. This shows that the
calibration results on DHT21 have a high level of linearity
[28]. From the graph before and after calibration, it is
found that the intercept data decreases from 0.9191
to 0.1713. The intercept value shows where a curve
intersects the y-axis [29]. In addition, if the gradient value
is close to 1, then the slope of the curve will be straight
up, forming an angle of 45° to the x-axis [26]. Before and
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Figure 12. Graph comparing DHT21 with Elitech after calibration

Graph of Performance
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Figure 13. ETC system performance test chart

after calibration, the difference between the gradient and 1
decreases from 0.0119 to 0.0011. From the results of data
and theory, it can be concluded that the curve has a high
level of linearity, the intercept value is getting closer to 0,
the gradient value is getting closer to 1, and the x value is
getting closer to the y value.

D. Result of ETC System Performance

The ETC system test performance was carried out in
several steps. The first step is the temperature is raised
to 40°C, resulting in the heat component turning on for
13 minutes to raise the temperature from 24.04°C (initial
temperature in the chamber) to 40°C (Condition 1). Next,
the temperature is maintained at 40°C for 10 minutes,
showing the heat and cold components turn on and off
alternately (Condition 2). Next, the temperature is lowered
to 20°C, which shows the cold component turning on
(Condition 3). A graph displays time on the x-axis and
temperature from DHT21 and Elitech on the y-axis, as
shown in Figure 13.

Figure 13 proves that the performance of the ETC
system is effective for raising the temperature but less
effective for lowering the temperature. Although it can
reduce about 3°C from the room temperature, the cooler
still takes a long time.

E. Discussion

The results showed that the ETC system was
successfully designed and built to regulate the temperature
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Figure 14. ETC system placement

inside the electrospinning box. This system is placed on
top of a semi-vacuum box measuring (100 x 100 x 40) cm®,
as shown in Figure 14, and it can raise the temperature,
maintaining temperature stability and lowering the
temperature in the range of 20—40°C as shown in Figure
13. The ability of the ETC system to maintain a stable and
controlled temperature can optimize the electrospinning
process in producing nanofiber. This is in line with the
research of G. Z Yang et al., 2017, which shows that the
room temperature of the electrospinning box will affect the
solvent evaporation rate [11].

In previous studies, the manufacture of temperature
control for electrospinning has focused on heating the
solution in the syringe pump [14], [15], [17]. At the
same time, there is limited research on adjusting the
room temperature, and few utilize cooling components.
Therefore, the ETC system is set to flow hot or cold air
according to the target temperature, as shown in Figure 4.
The wind enters the ETC system through a heat component
and a cold component, then is output through a funnel
connected with the electrospinning box.

The controlling principle of the ETC system is divided
into two types: close-range controlling by pressing the
number on the keypad as the requested temperature (Figure
15) and remote controlling by sliding the temperature
parameter on the display of the Blynk App available, as
shown in Figure 16.

Besides remote control, IoT is also used to get cloud
data using the Google Sheets platform. Every 30 seconds,
data from the DHT21 sensor is sent to Google Sheets in
real-time.

The ETC system has high accuracy in reading and
regulating temperature, as evidenced by the calibration
analysis of the DHT21 sensor which has an accuracy rate
of 94.95% and a precision rate of 98.93%. These results
indicate that the sensor reliably reflects actual temperature
conditions and is well-suited for electrospinning.

Further performance testing reveals that the ETC
system can operate within a 20—40°C temperature range,
exceeding the optimal temperature range of 25-35°C
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Figure 15. Close-range controlling

typically recommended for the electrospinning process
[12]-[14]. Despite this broader range, Figure 13 shows
that the ETC system is effective for raising the temperature
but less effective for lowering the temperature. Although
it can reduce about 3°C from the room temperature, the
cooler still takes a long time. This may be due to the
improper treatment of the Peltier. Based on the paper Hebei
I.T. (Shanghai) Co., when the Peltier is given a current of
1.5 A, the temperature difference between the two sides is
around 20—30°C, therefore the more the hot side is cooled,
the cool side will be cooler [30]. Hence, improvisation
is needed to treat the hot side of the Peltier. Afshari
investigated Peltier’s heat management by comparing it
with a water-cooling system and an air-cooling system,
and it was found that water-cooling management was more
effective [31]. Therefore, it is recommended to improve
the cold component using water cooling for managing the
Peltier hot side

IV. CONCLUSIONS

Based on the research, loT-based electrospinning
temperature control (ETC) system with a DHT21
sensor for controlling and monitoring temperature in an
electrospinning box was successfully made. The DHT21
sensor has an accuracy rate of 94.95% and a precision rate
of 98.93%. Three conditions are successfully applied to
test the performance of the ETC system, including raising
the temperature, maintaining temperature stability, and
lowering the temperature. The ETC system performance
data collection also proves that the system can control
and monitor temperature. The ETC system is effective for
raising the temperature but less effective for lowering the
temperature, so it is recommended to improve the cold
component using water cooling to manage the Peltier hot
side.
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