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Introduction

The biomedical industry is very relevant worldwide, where medicines, prostheses and
support systems for the human body are developed with sophisticated equipment and
industrial machinery and specialized methods with highly trained personnel [1]. This type
of industry has very strict regulations and uses advanced technologies. One of the interesting
aspects of companies in this industrial sector is the implementation of electronic micro
devices, such as Micro Electromechanical Systems (MEMS) [2], which are currently widely
used in any industrial plant in the world. Only that this type of micro devices are prone to
variations in temperature and the presence of air pollutants, which normally occur in the city
of Mexicali, which is located in the northwest of Mexico, and is a border area with the state
of California, United States. In this region of the Mexican Republic, there are temperatures
and relative humidity (RH) in the summer season greater than 45C and 50% in exteriors
of companies and in interiors of industrial plants [3], the temperature can be increased by
up to 10% of temperature and 50% RH, being agents promoting aggressive environments
indoors in the biomedical industry of this city, in extreme conditions in the months of July
and August. In addition, in the winter season, there are levels of temperature and relative
humidity close to 5°C and 60% outdoors in the industries of this city and can be reduced to
below 0°C and increase the RH up to 80% in interiors of industrial plants in the biomedical
sector, in extreme conditions in the months of December and January. In addition to this,
the Cerro Prieto Geothermal Power Plant, which generates electricity at high costs for the
inhabitants of this area of Mexico, emits large amounts of sulfide oxides (SO,). This, in
conjunction with the emission of cars that exists around 300,000 cars manufactured in this
country or from the United States as a lag, together with carbon monoxide (CO) and nitrogen
dioxide (NO,). These parameters accelerate the deterioration of metallic materials, which are
used in MEMS connections used in electronic devices for equipment and industrial machinery
of the biomedical industry [4].

Corrosion in the Biomedical Industries of Mexicali

This paper describes the importance of evaluating atmospheric corrosion in interiors
of the biomedical industry of the city of Mexicali, because this has a negative effect on the
deterioration of the metallic surfaces of MEMS connections, sometimes observed with
the naked eye or sometimes with a microanalysis with specialized equipment such as the
Scanning Electron Microscopy (SEM) technique [5]. When this situation arises, the MEMS used
in equipment and industrial machinery used in the biomedical industry of the city of Mexicali
do not operate efficiently and therefore these industrial systems. This generates that these
industrial systems do not have an optimal operating performance and with it the productivity
and quality indices decrease, generating concern in owners of these types of industries, the
directive, managerial and supervisory personnel due to the presence of economic losses
[6]. Due to this, these types of problematic situations occur that occur in most of the year in
industrial plants of the biomedical sector of the city of Mexicali, if atmospheric corrosion is not
controlled. In addition, there is the lack of confidence of the personnel of industries towards
the corrosion specialists of educational institutions. This aggravated their problematic
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situations due to the presence of atmospheric corrosion in the
interior of the biomedical industry, generating a large quantity of
defective products and a large quantity of materials such as waste
and causing great contamination in soils and water (especially in
aquifers), mainly in areas attached to the industries of this sector
located in Mexicali [2].

MEMS Used in the Biomedical Industry

This type of micro-devices are widely used in manufacturing
areas due to their small size to be installed in equipment and
industrial machinery of the biomedical industry and because of
their great capacity to made various control activities at the same
time in very short times [7] These microdevices and they have
revolutionized the technology of industrial processes, being made
up of semiconductor components such as transistors, resistors,
coils, capacitors, relays, sensors and micro-scale actuators that
together carry out support operations for control in manufacturing
activities in equipment industrial machinery and for industrial
support systems in manual operations of workers [8]. Unique
wiring techniques such as wire bonding are also often used in
microelectronics, due to the unusually microscopic size of the
components. As manufacturing techniques
improve, the scale of microelectronic components continues to
decrease. On a smaller scale, the relative impact of intrinsic circuit
properties, such as interconnections, may be more significant. Due
to this, sometimes, the so-called parasitic effects occur due to the
presence of corrosion that deteriorates the micro-connections
and micro-connectors, and the goal of the microelectronic design
engineer is to find ways to compensate or minimize these effects at
alow cost [9].

microelectronic

Atmospheric Corrosion Analysis

This paper shows an experimental development of an
investigation that was made in 2019 in a biomedical industry in
the city of Mexicali, where climate and air pollution parameters
were evaluated, as well as productivity and quality indices of
manufactured products [10]. This was carried out, because
in this company there was a low operating performance of
industrial equipment and machinery that used MEMS devices,
observing deterioration in the metal surfaces of connections
of these micro-devices and other electronic components of the
industrial equipment and machinery of this industry evaluated.
This deterioration was due to the presence of uniform corrosion,
especially in the winter season because all areas of the metal
surfaces of the connections were covered in this period of analysis,
and due to pitting corrosion in the summer season because the
high temperature levels they caused that the areas of the metallic
surfaces were not covered completely [11]. This caused overheating
due to a stress on the metals used in the electrical connections of
the MEMS and other electronic components of equipment and
industrial machinery, either at the micro or macro level. As a first
step, an analysis of electrical failures was developed, correlating

them with levels of RH, temperature and levels of contamination of
H,S, CO and NOX, for the summer and winter seasons of 2019. The
Mat Lab program was used to develop a correlation of pollution and
climatic factors with electrical failures [12]. Subsequently, MSEM
micro connections and micro connectors used in the electronics
industry of the evaluated company were evaluated, with the MBE
technique and the micro photographs with the corrosion processes
were shown. The third stage was an evaluation of copper and silver
metal specimens, which are the most, used materials in MSEM, with
which the corrosion rate was determined [13].

Corrosion Rate Evaluation

Most of the industries installed in the city of Mexicali, according
to investigations by experts on corrosion, optimization of industrial
processes and industrial manufacturing [14]; show that there is
deterioration in the metallic surfaces of electrical connections
of industrial equipment and machinery, in which they use micro
components such as MEMS. Based on the above, an investigation
was made analyzing the parameters of climate, air pollution and
productivity and quality indices of manufactured products in a
biomedical industry in this Mexicali. In this city, there are extreme
atmospheric weather conditions in some periods of the year,
which greatly affect both industrial materials and the health of
workers and the population, where high costs are generated due
to the aggressive pollution that occurs in this city. The evaluation of
atmospheric corrosion and productivity levels in Table 1 as showed
ISO standards [15].

Table 1 shows maximum levels of manufactured products
and average values in the other parameters, observing that in
manufactured products it starts with a lower quantity, as 2019
passed, production increased and subsequently decreased at the
end of the year. Regarding the number of defects, it was higher
at the beginning of the year, and after applying continuous
improvement by specialists in this study due to failures due to the
presence of atmospheric corrosion, they decreased. In the analysis
of operating performance of workers and industrial equipment
and machinery, a low operating performance was observed at
the beginning of the year in both parameters, but when applying
continuous improvement, it increased at the end of the year in
both. The relative humidity indices were higher at the beginning of
the year, which was when the investigation began with high levels
due to the winter season, uniform corrosion, and in the middle
of the year in the winter season, it diminished, generating pitting
corrosion. The temperature indices were low at the beginning of
the year in the winter season and high in the summer season and
in both it was combined with the relative humidity for the presence
of both types of corrosion mentioned in each period of the year
evaluated. The same happened in the evaluation of the three air
pollutants, generating high levels in all three in the winter season
at the beginning of the study in 2019, and low levels in the summer
season, being a fundamental part in the generation of both types of
corrosion mentioned.
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Table 1: Analysis of atmospheric corrosion and productivity levels (2019).
PY, % Climatic Factors Air Pollutants
Factors QM, QPD,
HL, IEM, RH % So, co NO,,
Qty % T, °C
Months % % ppm ppm ppm
January 13543 76 55 57 77 12 0.78 23 102
February 13899 78 59 62 74 15 0.66 18 96
March 14123 70 63 67 72 22 0.54 15 90
April 14567 66 65 66 68 25 0.49 12 79
May 14899 63 70 73 62 30 0.43 10 62
June 15322 60 74 76 58 35 0.38 8 53
July 15455 54 69 70 55 41 0.41 13 48
August 15378 47 65 68 50 45 0.47 17 59
September 12899 49 71 70 57 35 0.56 15 69
October 12766 64 78 79 63 27 0.63 19 83
November 12555 69 75 73 69 18 0.71 22 90
December 11456 52 78 77 75 8 0.78 25 101

QM Quantity manufactured, QDP Quantity of defective products, PY Production yielding, HL Human workforce, IEM In-
dustrial Equipment and Machinery, RH Relative humidity (%), T Temperature (°C), SO, Sulfide oxides (ppm), CO. Carbon
monoxide (ppm), NOX. Nitrogen oxides (ppm).
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