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<IPython.core.display.HTHL object>

Saving xdf.csv to xdf.csv
Saving ydf.csv to ydf.csv
Saving YYdf.csv to YYdf.csv

import pandas as pd

yydf = pd.read_csv( YYdf.csv')
yydf.drop(["Unnamed: 0"], axis=1,inplace=True)
yydf

0
6 1110
1 ]
2 1
31
4 1
345 1660
346 11
o0
348 1010
349 1M1

[350 rows x 1 columns]
import pandas as pd

xdf = pd.read_csv('xdf.csv')
ydf = pd.read csv('ydf.csv')

xdf .drop(["Unnaned: '], axis=1,inplace=True)
ydf .drop(["Unnamed: 8"], axis=1,inplace=True)

ydf
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[350 rows x 1 columns]
import numpy as np

X = np.array(xdf,dtype = 'float32')
X

array([[ 7.27, 2.8, 0.88, 0.6, 95.21]
[8.02,25.3, 0.7, 0.71, 05.29]
[8.08, 253, 0.5, 0.8,05 ],
[ 8.67, 23.3, 0.68, 0.58, 05.28],
[7.71,10. , 0.6, 0.68, 95.48],
[7.23, 8.4, 0.88, 0.67, 04.73]], dtype=float32)

num = np.array(ydf)

y=1]

for n in num:
y.append(n[¢])

=[]
for yyy in y:
if yyy not in 111:
111.append(yyy)
m

(8,06,1,96,7,5 2, 3,4]

from sklearn.ensemble import RandomForestClassifier

exported_pipeline = RandomForestClassifier(bootstrap=True,
criterion="gini", max_features=0.55, min_samples_leaf=2,
min_samples_split=2, n_estimators=100)

if hasattr(exported_pipeline, 'random state'):
setattr(exported_pipeline, 'random_state', 1)

exported_pipeline.fit(X, y)
results = exported_pipeline.predict(X)

from sklearn.metrics import accuracy score
print("Accuracy =

Accuracy = 0.9742857142857143

',accuracy_score(results,y))

import pickle

filename = 'RFP.pkl
pickle.dump(exported_pipeline, open(filename, 'wb'))
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Abstract :Mineral industries are one of the important sectors of industry in Iran,

therefore, it is necessary to improve the quality of mineral products. One of these
products is foundry silica sand. The aim of this study was to create a complete model
using this type of silica sand. A comprehensive analysis was done on ten mines and
seven mines were selected to perform the quality improvement stage. A total of 1400
tests were conducted to achieve the main goal of the research, which was to increase
the quality of silica sand parameters. It was also found that the seven basic
characteristics of silica sand have a significant effect on the quality of the final
products. The quality of silica sands is influenced by elements such as calcium,
sodium, potassium and magnesium, which are alkaline elements of the soil. A higher
percentage of silica in a mineral is usually associated with increased quality, as it
ensures the achievement of ideal properties and performance in silica sands. Factors
affecting the quality of silica sand were prioritized by experts using the fuzzy Delphi
technique and hierarchical analysis. These factors have an effect on the chemical
composition, purity, reactivity and performance of silica sands. Also, a data mining
model was designed to predict the quality of these sands. The findings of this study
show that the presence of calcium, sodium, potassium, magnesium, silica content,
ADV (sand alkalinity or acidity) and pH affect the quality of silica sands. It is
concluded that this model provides an efficient attitude and prediction to increase
product quality.

Keywords: Silica, quality control, Delphi method, data mining
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Introduction

The mining sector as an industry dedicated to the extraction of minerals is
very important and necessary [5]. The mining industry in Iran has significant
importance and strategic value due to its geographical and political location
[10]. In the field of global export, it is essential that mineral products in Iran
focus increasingly on improving the quality of its mineral supplies [11].

One of the mining industries that attracts a lot of attention in this field is the
silica mining industry. It is worth mentioning that Iran has about 80
operational and semi-operational silica mines.

Quality has emerged as an important parameter in the field of production. It
has been a long time since the focus of researchers and institutions involved
in the complexities of quality, including quality assurance, quality
management, quality systems and related issues [1].

The use of design of experiments (DOE) represents a new approach rooted in
applied statistics to identify important factors that affect the quality of a
product [6,9]. In addition, data mining, an outstanding domain in the field of
knowledge data discovery, has the capacity to invent new methods to
understand data and ensure its quality control [7]. In the development
processes of mineral products, so far, limited research has been done based
on these methods, including the use of data mining methods to predict the
occurrence of surface defects and to discover the principles governing
chemical quality.

It is important to recognize that the silica percentage ratio, along with the
distinctive characteristics of the original silica rock, is of great importance in
related industries. Hughes and Lopez (2016) conducted a research on the
microscopic examination of silica sand. They used a metallographic
microscope and scanning electron microscope (SEM) to evaluate its quality,
with the aim of determining its suitability as the main casting sand [8]. In the
study conducted by Chat et al. (2018), an exploration was conducted to
investigate the effect of nano-silica particles on the properties of resin
molding sand and the quality of casting. Based on Taguchi's L9 orthogonal
array, a series of experiments were conducted using specified input-output
parameters. Findings have shown that the incorporation of nanosilica
particles has brought about significant improvements in the characteristics of
the sand mold, thus leading to an improvement in casting quality. [4]

In the light of the numerous researches that have been done in this particular
field, especially in relation to the quality management of mineral products, it
is obvious that this area needs more comprehensive and detailed
investigations. The ongoing research attempts to fill the existing research gap
by formulating a quality prediction model specifically designed for silica
sands used in the foundry industry. This study is conducted through the use
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of data mining techniques and detailed design of experiments, with a special
focus on AFS50 group sands as a case study.

Methodology

This research is considered to be a documentary type in terms of its nature
and practical goals, and in terms of the type of post-event descriptive research
method, and in terms of the method of collecting statistics and data. Also,
from the perspective of the classification of sciences, the research method of
this research is of the type of analytical research methods of the mathematical
analytical research subgroup. While examining the research technique in this
section, the type of research is introduced based on its purpose and nature. In
addition, the methods and tools used for data collection are described. Then
the statistical population and the sample are introduced and then the methods
and tools of data analysis are discussed.

Linguistic variables

Experts must represent these values of "levels" using linguistic variables. The
use of qualitative variables such as "low", "medium™ and "high" may partially
address the aforementioned issues. By determining the indicators of
qualitative variables, experts will answer the questions using a fixed mindset.
Hence, qualitative variables are characterized as triangular fuzzy numbers [2].
where the verbal variables correspond to the corresponding triangular fuzzy
numbers shown in Table 1.

Table 1. Triangular fuzzy numbers related to verbal variables

Linguistic variables triangular fuzzy numbers (I, m, u)
too much (1,1,0.75)
high (1,0.75, 0.5)
Medium (0.75, 0.5, 0.25)
low (0.5, 0.25, 0).
Very little (0.25, 0, 0).

Criteria prioritization with fuzzy AHP technique

The concept of fuzzyness in the classic AHP method is considered indirectly
and without using fuzzy sets. In fact, in this method, by using verbal
expressions in table (1-3), the concept of fuzzyness is involved in the
determination of pairwise comparison matrices. Therefore, by generalizing
the above method, methods are presented in which fuzzy numbers are used to
express the degree of validity of the elements. In this research, fuzzy AHP is
used according to Chang's development analysis method [3,12].
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Design of experiments

In this research, after identifying the final factors, AFS50 group silica sand
samples are examined in the laboratory and its quality is checked by the
method of designing experiments. Taguchi method is one of the methods to
reduce the number of tests. In this method, three factors are considered:

* Designing and creating the desired quality during product production

* Reduce the impact of factors we cannot control and eliminate their impact
as much as possible.

* The amount of loss depends on the deviation from the standard state (the
quality that is desirable for us).

In the Taguchi method, a loss function is used to calculate the changes
between the results and the desired value. After calculating the loss function
value for each output, we calculate the overall S/N ratio. Finally, we need to
consider these conditions and test with these conditions to see if it gives us
the desired results or not. In the next step, the suitable data mining algorithm
for predicting the quality of AFS50 group silica sands using the identified
indicators is discussed.

Findings

In this research, three methods of analysis have been used to achieve the
research objectives. In the first stage, the fuzzy Delphi technique was used,
then the hierarchical analysis technique, then the Taguchi method, and finally,
the construction of a data mining model through trainable machine learning
was used. In the continuation of the research findings, the results will be
discussed and analyzed.

Determining the influencing indicators in quality with the Delphi
technique

During three rounds, a questionnaire was distributed among the experts to
determine the effective quality factors on silica sands, and 7 parameters, two
of which were calculated in pairs, were selected by the experts and used in
the model design.

Table 2. The most important factors identified to predict the quality of silica sands of
the group

Score index code row
19.6 influence of parameter ADV F1 1
19.8 purity Sio2 F4 2
17.8 PH F5 3
16.8 Na2o+K20 F13 4
17.2 Mgo+Cao F14 5
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One of the goals of experiment design is to be able to observe and identify
output changes with conscious changes in process input variables. There are
different ways to design an experiment. In this method, three factors are
considered:

* Design and create the desired quality during product production.

* Reduce the impact of factors that we cannot control and eliminate their
impact as much as possible.

* The amount of losses depends on the deviation from the standard condition
(the quality that is desirable for us).

Data mining model

Data mining based on machine learning is another model that was used in this
research to predict the quality of silica sand based on the 7 main variables
identified. For this purpose, according to Crisp's logic, in the first and second
phase of data mining, it is necessary to understand the activity and identify
and understand the data. In this phase, according to the standard CRISP
method, data preparation should be done based on data selection, data
cleaning, new data creation, data integration and data shaping. Based on this,
the output report of the analysis is based on the same.

Create new data

In this research, new data were created based on the axis of research questions
and existing data. For this purpose, after going through the previous steps, the
results of 4 times of testing on 50 samples extracted from the mine explosion
should be compared separately for each mine with the optimal level of
experts, and therefore new data was created on this basis. Then the generated
data were entered into the software to design and present the prediction model
based on them.

Choosing a data mining model

In this research, the main basis is the "machine learning” method in Python
software, from which in order to predict the quality of silica sands of the
AFS50 group based on the input variables, which include seven basic
variables identified by the fuzzy Delphi method (ADV, purity of Sio2 and
Cao Na20, MgO K20 PH) and its result is compared with other forecasting
methods and algorithms.
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Final result

The summary and conclusion of a research is considered its main part, which
shows the results of all the activities carried out during the research. The
results of prioritizing the quality parameters of silica sands using AHP and
fuzzy Delphi techniques were first extracted and then, according to the
opinion of experts and the standard of the American Steel and Foundry
Association, the four elements calcium, sodium, potassium and magnesium,
which are part of alkaline soil elements, were combined. In addition to the
three parameters of silica and ADV, pH was first measured from ten selected
mines, and after the initial filter, seven selected mines were placed in the
quality enhancement stage. In the second stage, using the Taguchi design,
quadruple tests based on the prioritization of the fuzzy AHP on the three
factors of time, acid, and weight-to-volume percentage were designed to
increase the quality of the parameters of silica sands. Machine learning was
introduced. It should be noted that the aim of the current research is to identify
and increase the quality of silica sand parameters of group 150. The findings
of this study show the most important factors affecting the quality of silica
sands in the foundry industry, especially focusing on AFS50 group sands.
Through the use of Delphi technique and hierarchical analysis, this study
identified seven basic variables that significantly affect the quality of silica
sand, which include calcium, sodium, potassium, magnesium, silica,
alkalinity value (ADV) and pH. Prioritizing these factors provides a
systematic approach to understand their relative importance in the quality
prediction model. The main basis of data mining in this research is
"supervised machine learning", which is used to predict the quality of AFS50
silica sand based on input variables.

The aim of this study was to develop a basic framework that can accurately
predict the quality characteristics of silica products and provide insights for
quality improvement. The supervised machine learning model showed
favorable prediction and achieved a high accuracy rate of 97.4% with zero
error. It effectively predicted the quality of silica sands in the AFS50 group
based on the identified input variables. By comparing the performance of the
artificial intelligence model with other forecasting methods and algorithms,
the superiority of the developed model was determined. By integrating the
findings of the prioritized factors, the optimization strategies from Taguchi
experiments and the predictive capabilities of the artificial intelligence model,
a comprehensive framework was designed to predict and improve the quality
of silica products. This framework enables manufacturers to accurately
predict the quality characteristics of silica products and provides guidance for
process optimization to increase product quality.

The findings of the research contribute to the theoretical understanding of the
prediction and improvement of the quality of silica sands in the foundry
industry. By identifying and prioritizing the key factors affecting silica sand
quality, such as calcium, sodium, potassium, magnesium, silica content, ADV
and pH, this study provides valuable insights into the complex relationship
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between these factors and the quality characteristics of silica sands. This adds
to the existing knowledge by elucidating the important parameters that affect
silica sand quality and their relative importance.
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