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ABSTRACT

Verification of measurement method for determination of melting temperature and enthalpy
changes using Differential Scanning Calorimeter has been carried out. This study was done to
ensure that the method used can be applied in the laboratory with valid results and uncertainty.
The verification method in this research consists of accuracy and precision. Accuracy was done
by comparing measurement results with reference values using the t-student test. Precision can be
seen in its repeatability and reproducibility. In this study, method verification of melting
temperature measurement was carried out by thermal analysis using Differential Scanning
Calorimeter (DSC) based on ISO 11357-3: 2018 method concerning determining temperature and
enthalpy changes in melting and crystallization. The results showed that the method used to
determine melting temperature and enthalpy changes (AH) had met the repeatability and
reproducibility requirements. The RSD (Relative Standard Deviation) value was less than 2%, and
the accuracy met the acceptance requirements with a t-count smaller than the t-table in a 95%
confidence level. It means that the results are not significantly different from reference values, so
the method can be used in the laboratory.
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INTRODUCTION

Differential Scanning Calorimetry
(DSC) is a measurement technique of the
difference between the heat flow rate to the
sample and the reference vessel. It is
derived as a function of temperature and
time while the specimen and reference are
subjected to the same controlled
temperature program at a given atmosphere
using a symmetric measurement system
(Menczel et al., 2023). Metals, alloys, and
ceramics can be analyzed for heat capacity
and enthalpy using DSC (Szécsényi &
Menczel, 2023). A known mass sample is
heated or cooled. The changes in heat
capacity are shown as changes in heat flow.
This method implies some parameters, such
as melting point, glass transitions, and
curing. In material processing, an enthalpy
value can be used to estimate the process
efficiency (Sedov et al., 2016; Szécsényi &
Hollo, 2023). It is the reason why the DSC
become the most common thermal analysis
in laboratories.

Method verification must be carried
out to confirm that the method used in the
laboratory has valid results (Duong &
Wang, 2007). Method verification is one of
the requirements for implementing the ISO
17025: 2005 quality assurance system in
testing laboratories. It shows that the
laboratory has standards competency to
testing a sample. Verification of the right
method will produce the right analysis
result, thereby increasing consumer
confidence in laboratory performance
(Riyanto, 2019). In laboratories that
regularly employ a standard procedure to
track the levels of an analytical substance in
a specific product, the method's precision,

uncertainty are
assessed at  critical

accuracy, and
predominantly

concentrations. This is because the

decision-making process can present

certain difficulties, leading to a focus on
crucial concentration ranges for evaluation

(Aliakbarzadeh et al., 2023)

Verification of a test method can be
seen from the accuracy results and its
precision  (repeatability and  repro-
ducibility), based on standard method of
ISO 17025: 2005. Accuracy itself is an
agreement between the test result and the
acceptable reference value. The reference
value comes from Certificate Reference
Material (CRM) or Standard Reference
Material (SRM). Some ways can be used to
determine the accuracy of an analytical
method, namely,

1. Comparing the analysis results with the
CRM or SRM

2. Recoverability test by adding the
analyte into the blank matrix (spiked
placebo)

3. Standard addition to the sample matrix
containing analytes (standard addition
method)

Accuracy test can be done by at least
10 repetitions of reading of the standard
material. Repeatability is the accuracy of
the method if it is carried out repeatedly by
the same analyst under the same conditions
and in a short time interval
Reproducibility is the exactness of the
method if carried out under different
conditions. These differences include
equipment, solvents, analyzers, and time
intervals (Riyanto, 2019).

The aim of this research is to ensure
that the method used in laboratory can be
applied with valid results, based on its
accuracy and reproducibility.
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METHOD

Materials

This study uses equipment such as
Differential Scanning Calorimeter (Perkin
Elmer DSC 4000), analytical balance,
chiller, crimper, scissors, and tweezers. The
materials used are standard alum pans and
covers, SRM Indium standard with lot
number BD147, and nitrogen gas (UHP).

Procedures

Instrument Conditioning

Nitrogen flowed at a 19.8 ml/min
flow rate, then the instrument and the
computer were turned on. After 30 minutes,
the chiller was turned on and set at + 20 °C.

Figure 1. Differential Scanning
Calorimeter (DSC 4000)

Instrument Operating

The indium standard was weighed
in the range of 5 — 10 mg. Then, put the
indium and the pressed empty pan (as a
reference) into the DSC for analysis. SRM
indium was analyzed at a temperature rise
rate of 10 °C/min from 100 °C to 180 °C.
This research method refers to ISO 11357 —
3: 2018  concerning  determining
temperature and enthalpy changes of
melting and crystallization.

RESULT AND DISCUSSION

This verification method was
standard based on ISO 17025: 2005.

Accuracy test

The accuracy test was performed by
10 repetitions of reading of the indium
standard. After that, the accuracy value was
determined by comparing the reference
value with the result analysis using the t-
test. It is accepted if t count < t-test.

Precision test

Repeatability

The  repeatability test was
determined by repeating the test 10 times at
the same interval of time, by the same
analyst, and in the same laboratory. The
Relative Standard Deviation (RSD) percent
value expresses the repeatability value. If
the RSD value of the test is less than or
equal to 2%, this repeatability test is
accepted.

Reproducibility

The reproducibility test measured
the melting and enthalpy values 10 times at
random intervals over a long period. The
Relative Standard Deviation (RSD) percent
value expresses the reproducibility value. If
the RSD value of the test is less than or
equal to 2%, this reproducibility test is
accepted.
The RSD wvalue in repeatability and
reproducibility can be calculated by:

Standard deviation of average value

% RSD =

x 100%

average value

Differential Scanning Calorimeter is used
to determine melting point, transition glass,
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enthalphy changes, and curing. This
instrument was the most common thermal
analysis because it could be provided
specific results. Some of the sample
requirements for analysis using DSC were
as follows: the sample should be dry and
free from water, with an amount of 5 — 10
miligrams, and should not react with the
alumunium pan. The indium standard was
used in this study as a standard material.
The indium standard thermogram provided
melting point and enthalpy changes (AH),
as shown below in Figure 2 below. Figure
2 showed that the melting point of indium
was 156,54 °C meanwhile, the reference
value of indium was 156,6 °C. It means that
the test value is similar to the reference
value. Based on standard indium
thermogram measurement results, an
endothermic reaction occurs in the standard
indium material during the heating process.
An endothermic reaction is indicated by a
positive value of enthalpy changes (AH).
The system’s temperature (sample
material) generally decreases in an
endothermic reaction. This decrease in
temperature causes the system to absorb
heat from the surroundings. The reaction
indicates the melting process of the sample
material (Hidayanti et al., 2016).
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Figure 2. The thermogram of indium standard

Accuracy test

Accuracy refers to the degree of
agreement between the test results
produced by a particular method and the
actual value. There are various means to
determine the true value for assessing
accuracy. A possible option involves
comparing the outcomes of the method
with those obtained from a well-established
reference method. This method assumes
that we know the uncertainty associated
with the reference method(Mark &
Workman, 2007). The accuracy test and
repeatability are done by reading 10 times
of indium standard. The results are shown
in Figure 3 below.

Aecuracy & Repeatstitiog

Figure 3. Thermogram of indium standard
for accuracy and repeatability test

Figure 3 and Table 1 below show no
significant differences in each
measurement, or it gives a similar value of
melting temperature.

Table 1. Accuracy test

Melting

No Standard (°C) AH

1 indium 1 156.46 28.47
2 indium 2 156.46 28.46
3 indium 3 156.43 28.20
4 indium 4 156.67 28.07
5 indium 5 156.54 28.43
6 indium 6 156.62 28.46
7 indium 7 156.61 28.56
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Melting

No Standard (°C) AH

8 indium 8 156.63 28.49
9 indium 9 156.66 28.52
10 indium 10 156.68 28.33
Total 1565.76 283.97
Average 156.58 28.40
Reference Value 156.60 28.45
SD 0.10 0.15

t count 0.6643 0.9024
t table n-1 (u95%) 2.2620 2.2620

The accuracy test shows the
similarity between the test value and
reference value. Based on Table 1, the t-
count value in melting point is 0.6643, and
the t-count in enthalpy change is 0.9024.
The t table (n-1) in confidence level 95% is
2.2620, so both the t count in melting and
enthalpy change are accepted because the t
count <t table. It means the test value is not
significantly different from the reference
value.

Precision test

Repeatability

Repeatability, also known as intra-
assay precision, refers to the level of
precision achieved when performing the
same procedure under consistent operating
conditions within a brief time interval
(Mark &  Workman, 2007). The
thermogram of the repeatability test is
shown in Figure 3 above. It shows that there
are no significant differences for each
measurement.

The repeatability test in this study
was done by repeated measurement of the
indium standard in a short period. Based on
Table 2, the %RSD wvalue is 0.06 for
melting and 0.54 for enthalpy change. The
results indicate % that the RSD test is <2%,
so both of the test values are acceptable in
the repeatability test.

Table 2. Repeatability test

Melting

No Standard °C) AH

1 Ind. 1 156.46 28.47
2 Ind. 2 156.46 28.46
3 Ind. 3 156.43 28.20
4 Ind. 4 156.67 28.07
5 Ind. 5 156.54 28.43
6 Ind. 6 156.62 28.46
7 Ind. 7 156.61 28.56
8 Ind. 8 156.63 28.49
9 Ind. 9 156.66 28.52
10 Ind. 10 156.68 28.33
Total 1565.76  283.97
Average 156.58 28.40
Reference Value 156.60 28.45
SD 0.10 0.15
%RSD 0.06 0.54

Reproducibility

The reproducibility test measured
the melting and enthalpy values 10 times at
random intervals over a long period. The
result is shown in Figure 4 and Table 3. The
reproducibility test in this study was done
by repeated measurement of the indium
standard over a long period. Based on Table
3, the %RSD value is 0.04 for melting and
0.63 for enthalpy change. The results
indicate % the RSD test is < 2%, so both
test values are acceptable in the
reproducibility test.

Figure 4. Thermogram of indium standard
for reproducibility test
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Table 3. Reproducibility test

Melting

No Sample ©0) AH

1 Rep indium 1 156,64 28,70
2 Rep indium 2 156,51 28,13
3 Rep indium 3 156,55 28,50
4 Rep indium 4 156,45 28,27
5 Rep indium 5 156,54 28.30
6 Rep indium 6 156,60 28.26
7 Rep indium 7 156,50 28,43
8 Rep indium 8 156,58 28.38
9 Rep indium 9 156,63 28,60

10 Rep indium 10 156,53 28,57
Reference values 156,60 28.45
Average value 156,55 28,42
SD 0,06 0,18
%RSD 0,04 0,63

These  genes, namely iron
superoxide dismutase (FeSOD) and
cytosolic copper/zinc superoxide dismutase
(SaCSD1), have an essential role in

CONCLUSION

The verification for melting and
enthalpy change measurement method
using Differential Scanning Calorimeter
has met the requirements of verification
parameters, namely accuracy, repeatability,
and reproducibility. The accuracy test
results imply that t count <t table in the
confidence level of 95%, so it has met the
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