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Abstract: This article discusses the application of data science techniques to the study of Environment
Stress Cracking (ESC) in materials science, specifically in high-density polyethylene. ESC is a
phenomenon where a slow and cumulative transfer of energy from a wetting agent or fluid applied to a
surface causes a fracture due to the inability of the structure to absorb the energy fully. This article argues
that data science techniques, particularly rule-based machine learning, can provide valuable insights into
the factors and patterns of interaction involved in ESC. The study used data collected from bodies of PEAD
subjected to the ASTM D1693 method, with fluids including Igepal CO-630, Monoethylene Glycol, neutral
commercial detergent, Sodium Hypochlorite, and Hydrogen Peroxide. The variables observed in the
experiment were fluid, pH, melting point, sample description, sample type, thickness, weight, absorption,
bottle area, start and end time, total time, and fracture. After data collection, the authors used Python
programming language and libraries such as Pandas, Numpy, Scikit-learn, MLxtend, Matplotlib, Plotly, and
Seaborn to preprocess and analyze the data. The rule-based machine learning technique was applied to
identify regular occurrences within the dataset, and the correlation between the variables was analyzed to
understand the influence of factors on ESC. The authors conclude that the use of data science techniques
provides a novel and replicable approach to analyzing ESC in polymers, which can help researchers gain a
deeper understanding of this phenomenon without spending excessive time on manual analysis.
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Introduction

The scientific investigation follows a systematic and methodical process for
observing and understanding a phenomenon, with the use of tools to assist in the
evaluation of the process and work with the data collected in the experimental phase. Data
science is essential for exploratory data analysis and consolidation, but its application is
still strongly linked to the fields of computing and statistics. It is important to use digital
technologies for the collection, production, and sharing of information, as the demand to
develop deep analytical skills can subtract time from research [1,2].

So, analyzing Environment Stress Cracking in polymers such as high-density
polyethylene through the lens of data science becomes an interesting alternative. This
approach, besides differing from conventional statistical analysis, can be replicated and
shared without requiring the researcher to rework their analysis. Considering that a
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phenomenon is the result of factors acting under the same circumstance, producing the
same result, if we analogously consider these factors as variables and their way of acting
as a pattern of interaction, this situation is no different from an abstraction of mining
association rules, included in frequent pattern mining, an area widely explored in
Knowledge Discovery in Databases (KDD) [1,3].

In materials science, Environment Stress Cracking (ESC) is a phenomenon where
a stress applied to a surface in contact with a wetting agent or fluid transfers energy to an
area of that surface, slowly and cumulatively, to the point that the structure cannot absorb
the energy fully, causing a rupture. This phenomenon occurs through repetitive
mechanical stress, not chemical attack. Brittle fracture is characteristic of this rupture
condition [4—6].

Considering this scenario, where research is immersed in data, we seek to
demonstrate an alternative use of some data science techniques in the field of materials
science, specifically to the study of Environment Stress Cracking that occurs in polymers
such as the target of the study, high density polyethylene.

Experimental

Initially we started by obtaining the data used in the study. The way to perform
the ESC test was based on the ASTM D1693 standard, using the folded strip method. In
this test, specimens with dimensions recommended by the standard are taken from the
flask. These are bent and placed on a U-shaped profile support. These specimens were
taken from HDPE blown bottles. As for the fluids, Igepal CO-630, Monoethylene Glycol
were used as standardized representatives, and commercial neutral detergent, Sodium
Hypochlorite and Hydrogen Peroxide were used as representatives of domestic fluids.
The samples were immersed in the fluids in baths at 50 °C, for the time necessary for the
samples to show damage [7.,8].

The parameters observed in the experiment were: fluid, pH, melting point, sample
description, sample type, thickness (a, b, ¢), perceived thickness, weight (initial, final and
variation), absorption (in case of occurrence), flask area, date and time (initial and final),
total time, fracture (direction, time and intensity). With the exception of the total time
variable, all variables are categorical (nominal) [1].

After completing the observation stage of the experiment and obtaining the data,
we started the data treatment stage. For use in the analysis, after some data
transformations, the following variables were used: fluid, pH, melting point, sample type,
thickness perception, absorption, total time, direction, fracture type and intensity (Fig. 1).
The Python programming language was used together with Jupyter Notebook and the
libraries Pandas, Numpy, Scikit-learn, MLxtend, Matplotlib, Plotly, Seaborn, all in their
stable versions.

nome ph ponto fusao tipo amostra espessura percepcao peso resultado sentido fratura tipo fratura intensidade fratura
count 90 90 90 90 90 90 90 90
unique 5 3 2 6 2 3 4 4

top Igepal neutro positivo  curva superior grossa absorveu Transversal Nao ocorreu
freq 18 54 54 15 47 69 37 35

Figure 1 - Overview of the base used in the analysis, in Dataframe format

Two techniques were used to analyze this data, one aiming to search for patterns
to understand the fracture behavior and the other to understand the influence of factors
(variables) on each other, i.e., the search for a correlation between them. The first of the
techniques used is the use of association rules (rule-based machine learning), also called
market basket analysis, which aims to locate regular occurrences within a dataset, in rules

Proceedings of the 17" Brazilian Polymer Conference (17° CBPol), October 29-November 02, 2023, Joinville-SC, Brazil

2066



of the type if A (antecedent) then B (consequent). As a recurrent problem of applying this
approach, we have the creation of several rules, and to separate the most significant ones,
we count on statistical indexes of minimum support, minimum confidence and lift [9].
In a simplified way, we can understand support as the percentage of times that A
and B occur in the base (Eq. 1). Confidence, on the other hand, represents the percentage
of occurrence of B in all those of A (Eq. 2). The lift, on the other hand, calculates the
chance of B occurring, if A occurs, considering the popularity of B (Eq. 3). When the lift
is greater than 1, it reinforces the occurrence of the pattern. Thus, relating these indices

to the Dataset itemsets, we can obtain rules (or behaviors) of great importance (relevance)
[10,11].

supp(4) = (#A in B) / (#B) 1)
conf{A=>B) = supp(A union B) / supp(B) 2)
lift(A=>B)=supp(A union B) / (supp(A) *supp(B) 3)

So, we started working with the result dataset using the Apriori algorithm from
the MLxtend library, aiming to search for regular itemsets. Some of the results obtained
can be seen in Fig. 2. These results were obtained using a support of 0.3 (30%).

itemset support >= 8.3
8. (absorveu, positivo)
1. (grossa, absorveu)
2. (neutro, positivo)
3. (absorveu, zero, 11, integro, nao ocorreu)
4. (nao ocorreu, 11)
5. (grossa, transversal)
6. (microfissura, baixa)

Figure 2 - Itemset found with 0.3 support

Following the analysis, once we know the Itemset with the most interesting
results, we implement the "association_rules" of the "mlixtend frequent rules" package,
passing the Itemset as a parameter along with the Dataset, so we can look for frequent
patterns and consequently understand the behavior presented during the experiment. In
Fig. 3 you can examine some results obtained with this action.

antecedents|consequents support|confidence|1lift
] (microfissura)=>(balxa) 8.31 8.87 2.71
1 (integro)=>(zero, absorveu, 11, nao ocorreu) B.31 .88 2.1
2 (gressa, positiveo)=>(absorveu) B.42 @a.88 257
3 (absorveu, 11, zero)=>(nao ocorreu) 837 1.80 257
4 (transversal)=>(grossa) 8.32 8.78 1.50
5 (neutro)==>(positivo) B.44 8.66 1.11

Figure 3 - Some results obtained in the search for association rules

It is noticeable that some of the results of Itemset are somehow reflected in the
search for rules, and after this action, we must consider whether the rules found are
important to the context of the experiment. The interpretation of the obtained results
should not be taken literally, but interpreted by the researcher within a specific context

[11].

Results and Discussion

A possible reading of the result of rule 0 (Fig. 3), would be: "there is each micro-
crack type fracture, it will be classified as a low intensity fracture with a minimum
possibility of occurrence of 8§7%" or a less obvious rule, as the number 2: "in samples of
thick thickness, exposed to fluids with positive melting point fluid absorption occurs 8§0%
of the time". These are some of the countless possible interpretations of the many different
rules generated by the use of the association rules technique.
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It is also possible to concatenate other techniques and refine the understanding,
such as using a correlation matrix displayed in a heatmap (Fig. 4):
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Figure 4 - Correlation matrix using Pearson's method, in the same Dataset used for the
association rules.

We can see that we have a strong correlation between variables such as the
thickness of the sample and the region from which it was taken, where this can imply in
cross-sectional fractures in 78%, considering the inference between the patterns obtained
in the association rules together with the correlation shown in the matrix.

Conclusions

Using unusual approaches to understanding a phenomenon can open new paths,
especially when it comes to replicating and sharing techniques. Feeding an already
created database, which can be shared among several researchers online, as well as the
programming codes used for data analysis, saves time and avoids rework. This also allows
for explicit assimilation of the technique and its execution, facilitating replication.

In the case of polymer behavior, it is possible to have very valuable insights by
crossing the responses of the approaches and building knowledge, as for example when
we realize that the region of the flask determines the direction of rupture more than the
wall thickness, although transverse fractures are common in thicker samples. This kind
of detail would perhaps go unnoticed if only traditional approaches to analysis were used.
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