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Abstract— In this study built an instrument capable of mixing
and controlling chemical pH of citrate solution and phosphate
solution as buffer solution. The problem often experienced in
mixing chemicals is a matter of safety and the accuracy of the
concentration of the mixing of the substance. The function of
this instrument is to mix and control the pH of the citrate and
phosphate solution. It is hoped that in the presence of this
instrument, the manufacture of citrate solutions and phosphate
solutions can be carried out electronically which does not
involve manual calculations to obtain the desired pH of the
solution, and is relatively safe from direct contact with
chemicals. This instrument is built using a pH sensor as the
sensing pH value of the solution to be made. And as a controller
used microcontroller. Results of pH control other than can be
stored in the database, can also be transmitted to the internet
(website) using a wifi interface device. Mixers and pH controls
of citrate and phosphate have been realized and resulted in good
pH control.
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L INTRODUCTION

Mixing of chemical substances for the purpose of
obtaining a certain pH is indispensable both on a laboratory
scale and in the pharmaceutical industry, pharmaceutical
industry and others. Mixing of chemical substances, apart
from requiring relatively complicated calculations to get a
certain solution concentration or pH value, also often requires
a lot of time, as well as the safety factor being exposed to
chemical splashes or spills.

This paper provides a time control fluid mixing system in
a tank with the application of a discrete fuzzy timing control
model. These systems are designed for a variety of industrial
applications. The control system simulation design has three
inputs: volume, viscosity, and product selection, along with
three external control adjustments for system calibration [1].
In this system, a temperature and volume based liquid mixing
system is designed using three low-cost microcontrollers.
The main function of this system is to mix different liquids
with the required ratio and temperature [2]. In this study, a
fiber-optic fluorosensor is presented that can be used to
measure changes in blood pH continuously and accurately.
Continuous intra-arterial blood pH monitoring is required in
clinical practice [3].

Use of a paired coil pH sensor for remote high-resolution
pH monitoring. This sensor uses a passive LC coil resonator
with a resonant frequency that is monitored remotely, which
measures the change in the impedance of the interrogator coil
integrated into the sensor coil. Remote pH monitoring in

various fields can be applied such as environmental
monitoring, biomedical sensing, structural health monitoring.
and industrial and chemical processing [4]. This tool is a
system development aimed at monitoring conductivity and
pH for 24 hours during the entire production cycle. In
addition, it is possible to automatically adjust variations in
dispensing acid / base solutions or nutrients [5]. Remote pH
monitoring provides an integrated wireless passive sensor
that uses temperature compensation. The sensor used is
calibrated at a temperature range of 25 ° C - 55 ° C and a pH
in the dynamic range of 1.5-12. Using temperature
compensation, a measurement accuracy of less than 0.1 pH is
achieved and a sensor response time of less than 1 second [6].

A cost-effective stand-alone automatic liquid mixer has
been constructed using chaotic PWM control. These liquid
mixers offer a potential alternative to liquid mixing in
industrial automation [7]. In another paper that has been made
in the style of automatic liquid mixing and bottle filling, this
system proposes an automated industrial application of
mixing and filling management. Its controls and monitoring
are easily accessible and the operator will be alerted by the
system if something goes wrong [8]. This tool controls
various environmental conditions, the speed and duration of
shaking the semi-solid liquid required for the
microbiology/chemical research laboratory using a
microcontroller. The microcontroller monitors and controls
environmental conditions, namely humidity, temperature and
provides a choice of speed and duration of orbital movement
shaking [9].

The design of a ratiometric fluorescent chemical probe
was carried out to monitor and image mitochondrial pH in
living cells using a modified conco-red double emission
semiconductor point polymer via a competitive fluorescence
resonance energy transfer (FRET) mechanism [10]. A mixer
designed with CAD/CAM tools has been created. This tool
uses a microcontroller which functions to control the speed
of mixing chemicals [11]. A device design that can mix three
different liquids wirelessly using raspberry pi has been
proposed. The mixing of the three liquids is carried out
automatically using an ultrasonic sensor [12].

From this background, in this study a way out to answer
this problem was considered by designing an instrument
capable of mixing chemical substances as well as
determining the pH of the solution and its control. The
chemical substances to be made and pH controlled are citrate
and phosphate buffer solutions. Both of these substances can
be made and pH controlled simultaneously using a pH sensor
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[13]-[17], flow sensor and controlled wusing a
microcontroller. The results can not only be stored in a
database, but can also be transmitted via the internet (website)
[18]-[22].

The benefit that can be obtained from this instrument is
that it can overcome the mixing time and control of the pH of
the solution which is relatively long, no more expertise or
chemical knowledge is needed to mix and get the desired pH.

IL METHODS

The system design that is carried out includes hardware
and software design. In the hardware design section, a system
that combines a pH sensor with a microcontroller controller is
built [23]-[27]. The system is also equipped with an interface
in the form of an ethernet shield that connects to the website.
The block diagram of the hardware system design is shown in
Figure 1.
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Fig. 1. Block diagram of the system design

A. Hardware Design

From the block diagram of the system design shown in
Figure 1, there is a smartphone device that is used by the user
to select the buffer solution or substance to be made or pH
controlled. The parameters entered are the volume of the
chemical liquid and the desired pH value. From the pH value
entered by the user, this is what then activates the pH sensor
to sense and take the pH value of the solution being mixed or
controlled. The parameters obtained from the pH sensor are
then carried out by the communication process to send data
from the smartphone to the ESP8266 Wi-Fi module and will
be directly forwarded to the microcontroller. In the
microcontroller, the water volume and pH values are
processed and matched to a pH parameter procedure. Then
the microcontroller will activate the two pumps from one of
the buffer solutions to be made. As long as the pump is active,
the flow sensor continues to read and maintain the solution
flow value until the solution values that have been removed
from pumps 1.A and 1.B for Solution 1, and pumps 2.A and
2.B for Solution 2 are appropriate. When the digital value
through the ADC contained in the microcontroller has been
obtained, the value is sent v'ia the ESP8266 Wifi module
wirelessly and will be received by the smartphone to be
displayed and stored as an activity log. In addition, the
microcontroller also forwards it to the website from the
Android application so that data can be forwarded to the

database to be displayed on the website as activity log data
on the website.

Table 1 provides an explanation of the block diagram
shown in Figure 1.

TABLE 1. EXPLANATION OF THE BLOCK DIAGRAM

No Device Function

Serves to provide wireless data
communication that will receive data
from a smartphone, then the data is
forwarded to the microcontroller.
Serves for bidirectional
communication with the wifi module.
The data sent is in the form of liquid
volume, while the data received is the
pH value.

Serves to process input from the wifi
Microcontrolle | module, pH sensor and flow sensor. In
r addition, the microcontroller also
controls the motor driver.

ESP8266 wifi
module

2 Smartphone

The motor driver used is the Arduino
L298P which functions to drive and
stop the pump motor.

4 Motor Driver

Serves to pump the solution from the
two solution containers. This pump is
activated by a signal coming from the
motor driver. This pump is specially
used for citric acid and sodium citrate
solutions.

Serves to pump the solution from the
two solution containers. This pump is
activated by a signal coming from the
motor driver. This pump is specifically
used for other buffer solutions.

Flow sensor is a digital sensor which
functions to read the liquid flow
continuously as long as the pump is
active.

This pH sensor is still an analog signal
that is converted to digital by the ADC
contained in the microcontroller.

Pump 1A and
pump 1B

Pump 2A and
pump 2B

7 Flow sensor

8 pH sensor

The microcontroller used is the Arduino Uno Atmega
328P-PU. The microcontroller ports or pins used in this
design can be seen in Table 1.

TABLE 2. MICROCONTROLLER PINS USED

No Sensor and component Pin of Arduino

1 pH Sensor A0

2 Wifi module ESP8266 Rx 2 and Tx 3

3 Flow sensor 4,5,6,7

4 Relay Al, A2, A3, A4,9,8
5 Motor driver Vin, 10, 11, 12, 13

Figure 2 is a microcontroller based system device connected
to I/ O (input / output). There is a wifi module ESP8266, this
device is used to provide wireless data communication. This
wifi module will receive data from the smartphone and then
forward it to the Arduino Uno microcontroller on the Rx 2
and Tx 3 pins, then the data obtained from the sensor sent
from the microcontroller is returned to the smartphone and
website. The pH sensor is used as a pH sensor obtained in the
solution container. This pH sensor is connected to Pin A0 of
the Arduino Uno microcontroller [16]-[18] [28]-[30]. After
the pH value has been obtained, the results will be processed
on the Arduino Uno microcontroller and sent back to the
smartphone and website. The flow sensor is used for
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monitoring the volume of water that comes out of the mixing
container. This flow sensor is connected to Pin 4,5,6,7 of the
Arduino Uno microcontroller (there are 4 flow sensors).

Microcontroller
ATmega 328

pH sensor 58 —
i ] Flow sénsor

Wifi module
ESP8266

Fig. 2. Connection of microcontroller and I/O systems

B. Software Design

In this software design, two flow diagrams that play a role
in controlling the system will be explained, namely the
android application program flow chart, and the website
interface flow chart. Figure 3 describes the interface on the
Android side, namely:

a. Button (A): Input IP and Port used.

b. Button (B): Activation, to connect to wifi.

c. Button (C): Input volume and pH options for the solution

to be made.

d. Button (D): If you have selected the solution to be made,

the tool will work as entered in Button (C)

e. Button (E): The button on the datalogger corresponds to

the label on the button.

- Add Data: used to ask whether the data will be saved or not

- Update: if there is the same data, the data will not overlap

- Delete: deleting data from the datalogger

- View AlL: to see all data that has been created and saved.
Each button in this application can run according to its

function if the button is executed in the order above.

Fig. 3. Display of the android program interface

Figure 4 shows the flow chart of the android program.
This flowchart contains an outline of an input from the user
and an output from the microcontroller.
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Fig. 4. Flow diagram of the android application program

Figure 4 shows the flow chart of the android program.
This flowchart contains an outline of an input from the user
and an output from the microcontroller.

111, IMPLEMENTATION

The testing process is carried out to find out whether the
system created is able to function as expected. Tool testing is
carried out on each sub module independently and after that
the whole system is tested.

A. Testing of Flow Sensor

Figure 5 shows a sample taken from measurements. The
output test on the flow sensor is done by measuring the
volume of the substance (using liters). This test is carried out
in an independent way which is monitored directly using the
serial monitor on the Arduino program.

Figure 5 shows the volume output in liters obtained from
the equation.

volume = (pulse / 63) / 60 ()

So if the smallest pulse data is taken, which is 873 (see
line 1 in figure 5), then the volume output = (873/63) / 60 =
0.23009 liters is obtained. Meanwhile, if the largest pulse data
is taken, namely 898 (see the last line in figure 5), then the
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volume output = (898/63) / 60 = 0.2375 liters is obtained.
This means that there is a difference of 0.0066 liters = 6.6
milliliters from the two values.

- ~
[&] comis = | B
33.33 Pulses: 873 0.23 Liters i
34.48 Pulses: 275 0.23 Liters
33.33 Pulaes: 877 0.23 Liters
33.33 Pulses: 879 0.23 Liters
33.33 Pulses: 881 0.23 Liters
535.71 Pulses: 882 0.23 Liters
37.04 FPulses: 284 0.23 Liters
35.71 Pulaes: 886 0.23 Liters
35.71 Pulses: 888 0.23 Liters
35.71 Pulses: &30 0.24 Liters
33.33 Pulses: 892 0.24 Liters
34.48 Pulaes: 894 0.24 Liters
33.33 Pulses: 898 0.24 Liters
34.458 Pulses: 898 0.24 Liters =

T 3
:Carriage return v: :9600 baud v:
L J

Fig. 5. Flow sensor measurements

B. Testing of pH Sensor

Testing on the pH sensor is carried out on both citrate and
phosphate solutions by comparing it with standard pH digital
measuring instruments and litmus paper. This test is also
carried out repeatedly which aims to determine changes in the
reading of the pH value with time.

TABLE 2. PH MEASUREMENT USING COMPARISON TOOLS

pH on pH on pH on the
No Type' of p.H Volume litmus standard design
solution desired (ml) . .
paper equipment equipment
1 citrate 3 100 3 2.99 3.10
2 citrate 3 100 3 2.98 3.11
3 citrate 6 500 6 6.10 6.12
4 citrate 6 500 6 6.18 6.14
5 | Phosph 4 200 4 4.60 445
ate
6 | Phoseh |y 200 4 473 457
ate
7 | phosph 8 400 11 11.09 11.12
ate
g | Phosph 8 400 11 11.01 11.11
ate

For the pH of the citrate solution, there was no significant
difference when compared with the comparator (standard pH
digital measuring instrument and litmus paper).
Measurements at pH 7 and 8 for phosphate solutions did not
produce the desired results on either a standard digital pH
meter or using litmus paper. This is because the material used
has a high level of corrosion value, where if it is enforced
with this pH value, damage to the tool will occur because the
material used cannot be polyester plastic, because it will melt
easily. For this reason, the phosphate in this tool can only be
made of pH 4.5 and 6.

C. Website Testing

Website testing is done in several ways, first the list menu,
login, and whether the database is stored is appropriate or not.
And also whether the user can log in and view the datalogger
according to android or not.

The registration page is created on a separate form, by
filling in the form directly on the registration page. Figure 6
shows the results of the page display for registration
purposes.

INSTRUMEN BUFFER SOLUTION BERBASIS WEBSITE

Fivail 1
Tonal ot Beriimn 1
Mgy brslmn g

Blemal :
[TH
P :

Figure 6. Display of the menu for registration page

Figure 7 shows the results of the page display for login
purposes.

INSTRUMEN BUFFER SOLUTION BERBASIS WEBSITE

Homwe: Tentang Larstan Buffer Dty logger Login

Menu Utams e bikam Login

Nama : Thham Komarujaman
Nim  : 10216702

Figure 7. Display for the login page

Figure 8 shows the results of the page display for
datalogger storage purposes.

INSTRUMEN BUFFER SOLUTION BERBASLS WEBSITE

Mome  Tentaw Londtan Bubfer  Dobslsgger  Login

1 teagan
srumark Babfe

LETRER R

Fig. 8. Display for datalogger storage.
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IV. CONCLUSION

Testing on the Android application has functioned

properly from 2 types of buffer solutions, namely citrate and
phosphate. The pH value of the citrate buffer solution that
was successfully prepared and controlled was pH 3 to 6.
Meanwhile, the pH value of the phosphate buffer solution that
was successfully prepared and controlled was pH 4 to 8. The
datalogger for android applications and websites used in this
system after testing, has succeeded in storing the volume
value and pH value of the solution in each process.
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