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Abstract

The current study aimed to identify the Level of psychological adjustment and its dimensions
and the differences related to (gender- marital status — duration of illness — type of illness) in
psychological adjustment and its dimensions among a sample of (80) diabetic patients (35)
males and (45) females whose average was Between (16- 75) and the sample was taken using
the available method. The comparative descriptive approach was followed and the zainab
Mahmoud Shuqair scale (2003) was used. The results of the study concluded that the level of
psychological adjustment its dimensions among the sample is low and that there are no
differences due to (gender — marital status — duration of illness — type of illness).

Key words: psychological adjustment — Diabetes Mellitus.
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Abstract

The study aims to identify the impact of management information systems on performance of
human resources performance at Brega Petroleum Marketing Company in Benghazi. The study
followed a descriptive-analytical methodology and used a questionnaire for data collection.
The study concluded that the levels of the study variables, management information systems
and human resources performance in the company under study were high. Moreover, the study
revealed that management information systems have an impact on the performance of human
resources study. The study exhibited several recommendations to enhance management
information systems and strengthen human resources performance at Brega Petroleum
Marketing Company.

Keywords: Management Information Systems, Human Resources Performance, Brega

Petroleum Marketing Company, Benghazi.
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Abstract

This study aims to find out the impact of organizational similarity on organizational citizenship
behaviors, as a field study on employees of Al-Wahda Bank - Al-Mukhtar branch in the city of
Benghazi. To achieve this goal, the descriptive approach was followed, and the questionnaire
was used as a tool for all primary data from the study population, which reached a size of (37)
employees. Following a comprehensive survey method, and after analyzing field data, the study
reached many results, the most important of which are: that the level of organizational
similarity among bank employees was at a high level, and the level of practice of organizational
citizenship behaviors also was at a high level. The study also showed that there is a statistically

significant moral effect of similarity. The organizational impact on organizational citizenship
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behaviors among employees at Al-Wahda Bank, Al-Mukhtar Branch, and that the most
influential dimension of organizational similarity on citizenship behaviors is organizational
affiliation. The study ended by presenting a set of recommendations that may contribute to
enhancing and increasing interest in organizational citizenship behaviors and organizational
similarity at Al-Wahda Bank - Al-Mukhtar Branch.

Keywords: organizational citizenship behaviors, organizational similarity, Al-Wahda Bank,
Benghazi

Key Words: Impact, Conflict, financing, Islamic Banks.
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Abstract

The study aimed to identify the factors influencing the development of bank deposits,
specifically focusing on the bank's reputation, location, and banking awareness.

To achieve the study's objective, the researcher adopted a descriptive-analytical approach and
formulated one main hypothesis and three sub-hypotheses. The study included five commercial
banks as participants: National Commercial Bank, Al-Wahda Bank, Trade and Development
Bank, Arab Consensus Bank, and Middle Bank. The study utilized a questionnaire as a data
collection tool and employed descriptive and inferential statistics for data analysis.

The study found that there are influential factors in the development of bank deposits, namely
the bank's reputation, location, and banking awareness.

Based on the study's findings, banks should prioritize reputation since it has an impact on the
development of bank deposits. It is essential for banks to build a good reputation by providing
high-quality services and adhering to ethical standards and transparency in their dealings.

Keywords: commercial banks, credit volume.
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Abstract

This study emphasizes efforts to enhance the performance of criminal investigators, lawyers,
security personnel, judges, and researchers in criminal matters, particularly in the realm of
communication. It also explores the utilization of body language in interpreting moral criminal
evidence obtained from verbal statements of the involved parties and their accompanying
nonverbal cues. Body language is deemed a crucial skill that should be cultivated by individuals
across various roles, including judges, lawyers, and prosecutors.

Thus, body language is a fundamental skill that criminal psychology focuses on, aiming to
connect body language with its impact on the investigator's personality. This is highlighted by

the Dubai Judicial Institute, which offers biannual courses on body language to public
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prosecutors. These courses are recognized as essential programs for enhancing the skills of
judicial members.

Key Words: Body language, Skills of judicial members, Criminal psychology.
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Influence of Steel Slag Fineness and Replacement Level on the
Compressive Strength of Cement Mortars
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Department of Civil Eng Department of Civil Eng. Department of Civil Eng.
University of Benghazi University of Derna University of Derna
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Abstract:

This experimental study used 50-mm cement mortar cubes to examine the effects of fineness and
various substitution levels (0, 10, 20, and 30% by weight) of local electric arc furnace slag on the
compressive strength of cement mortars at 3, 7, 28, 56, and 90 days. The slag was mechanically
ground to achieve 250, 350, and 400 m?/kg of Blaine surface area. The flow test on the mortar
specimens and setting times were also performed.

The experimental findings demonstrated that compressive strength of cement mortars made with
local electric arc furnace slag increases with time, and that the amount of slag in the mortar and
its fineness affect this growth. The compressive strength of cement mortars decreases as the
replacement level of steel slag increases. However, strength growth is enhanced by the slag's
increasing fineness, and for optimal performance, the slag's fineness must exceed that of the
cement. A 10 percent substitution of Portland cement with 400 m?kg EAFS fineness causes
improvement in the 28, 56, and 90-days compressive strength of cement mortars by about 2.5%,
7%, and 13%, respectively.

Keywords: Electric Arc Furnace Slag, Fineness, Substitution level, Compressive Strength.
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1. INTRODUCTION

The role of supplementary cementitious materials (SCM) and cement replacement materials has
grown in importance within the cement industry from an economic, technological, and
environmental perspective. Numerous studies (Abdalkader & Elzaroug, 2010, Abubaker et al.,
2018, Xu et al., 2017, Dadsetan & Bai, 2017, Pal et al., 2003, Sahin & Eker, 2024, Scrivener &
Kirkpatrick, 2008) have been carried out to investigate the potential substitution of Portland
cement (PC) in the production of concrete using by-product materials such as fly ash, silica fume,
and slag.

Slag is one of the most common types of industrial waste, it is a by-product of the iron and steel
industry. Slag can be used in concrete as aggregate or as a partial replacement for cement.
According to its production process, slag can be classified into three different categories: blast
furnace slag (BFS), basic oxygen furnace slag (BOFS), and electric arc furnace slag (EAFS)
(Proctor et al., 2000). Blast furnace slag is generated from iron production, while EAFS and BOFS
are generated from scrap-based steel production or refined pig iron output from blast furnaces
(Brand & Fanijo, 2020). Air-cooled slag (BFS) can be used as an aggregate, but it is commonly
used as SCM in the form of water-cooled GGBFS. This type is found to improve the properties
of concrete when used as a cement binder (Brand & Fanijo, 2020).

Electric arc furnace slag (EAFS) is primarily utilized for low-value applications, such as fillers
for foundation engineering and aggregates for asphalt concrete (Jiang et al., 2018, Li et al., 2013,
Pasetto et al., 2023). Steel slag (EAFS) to employ supplementary cementitious materials (SCM)
is considered low reactivity due to its low CaO/SiO2 ratio and air-cooled processing method
(Bougara et al., 2009). When steel slag is substituted for Portland cement, Pal et al. (2003) found
that the product's resulting fineness, glass content, calcium to silica ratio, and chemical
composition all play important roles. Alsadig & Wagialla (2018) investigated the effect of electric
arc furnace slag addition on the strength properties of mortars and they found that the use of
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(EAFS) as a partial replacement of cement is a good pozzolan. Wang & Suraneni (2019) argue
that since SFS may have variable chemistry and mineralogy, it is perhaps not surprising that the
hydraulic or pozzolanic reactivity is also variable, and found that compressive strength testing
defines steel slag materials as SCM. Brand & Fanijo (2020) state that because the various
steelmaking processes are different from one another, the resultant SFS chemistry and mineralogy
change. In general, the bulk oxide chemistry of most SFSs consists of CaO, MgO, SiO3, and FeO,
along with some Al,O3 and MnO. The mineralogy of the SFS is dependent on the steelmaking
process and fluxing agents, but it is also dependent on the cooling process. The cooling process
can influence SFS properties and composition, such as degree of crystallinity, particle size, and
free CaO and MgO contents. The crystalline composition of SFS also varies. Santamaria-Vicario
et al. (2015) revealed that after 90 days of testing, the cement mortar's compressive strength
increased with the amount of slag in the mix. A study by Pan et al. (2019) discovered that adding
steel slag to 10% of the cement substitute resulted in a 6% increase in compressive strength after
28 days. According to Jexembayeva et al. (2020), adding slag in relatively small amounts (less
than 15% of cement weight) improved compressive strength for both early and late ages. Steel
slag with a size less than 600 pum was observed to reduce the 7, 28, and 90-day compressive
strengths of pastes containing cement and slag, according to Lizarazo-Marriaga et al. (2011). A
study by Amin (2017) showed that the strength of mortar increased as EAFS fineness increased.
It was observed that mortars made with slag superfine (less than 32um) delivered the most
comparable results to control mortars when it was substituted at a 10% level. But as compared to
control mortars, the strength of mortars containing slag fine (less than 75um), or 30% slag
superfine, was far lower.

This experimental investigation examined the influence of partially replacing cement with local
electric arc furnace slag (0, 10, 20, and 30% by weight) and its fineness on the compressive
strength of cement mortar at 3, 7, 28, 56, and 90 days of curing. The slag was mechanically ground
to achieve 250, 350, and 400 m?/kg of Blaine surface area. The setting time and workability were

also examined.

2. EXPERIMENTAL PROGRAM
Materials used
Cement
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A commercial CEMI 42.5N obtained from Al Fataiah cement factory (local manufacturing plant),

conforming to the requirements of BS EN 197-1:2000 was used. The physical, and chemical

composition of the cement are given in Table 1.

Electric arc furnace slag (EAFS)

In this study, local electrical arc furnace slag (EAFS) was collected in aggregate form (Figure 1)
with an average particle size between 2 cm and 5 cm, from a steel factory located in Benghazi.
To turn it into a fine powder of the requisite fineness (250, 350, and 400 m?/kg Blaine surface
area), the slag was subjected to a grinding process. For this purpose, two types of mills were used
in the grinding process, ball mills and ring mills, as shown in Figures 2 and 3. The slag powder
(Figure 4) was included in the mixtures as a cement replacement with different levels (10, 20, and

30%). The oxide composition of the slag (Table 1) was determined using X-ray fluorescence

(XRF) spectroscopy.

Table 1. Physical and chemical analysis of used cement and EAFS.

Item OPC EAFS
Physical properties
L.O. 2.52 e
Specific gravity (g/cm?) 3.13 3.19
Fineness (m%/kg) (Blaine) 320 250, 350, and 400

Chemical properties (Oxides, % by weight)

SiO,
Al>,O3
Ca0
Fe.03
MgO
SOs

K20

20.86 35.8
5.6 135
62.39 25.2
4 10.4
1 1.52

2.93
0.38
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Figure 3. Ball mill used. Figure 4. EAFS after grinding.

Sand

A standard silica sand obtained from the Al Fataiah cement factory was used in this study. The
sand used complied with the specification given in BS EN 196-1:2005.
Water

Tap water available at the laboratory of civil engineering was used to make all mortar mixtures.

Proportions and mixing procedure

In this study, the mortar mixes were designed by replacing cement with electrical arc furnace slag
(EAFS), at different replacement levels (0, 10, 20, and 30%). Detailed information on mixes is
given in Table 2. As specified in ASTM C1009, the water-to-cementitious materials and the sand-
to-cement ratios in all mixes were kept at 0.485 and 2.75, respectively. The mortars were
mechanically mixed using a Hobart mixer according to the standard method as specified by
ASTM C305.
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Table 2. Mortar mixtures.
Mix EAFS Fineness EAFS Per weight of binder
(m?/kg) (%) Cement EAFS Sand  Water
CM (Control) - 0 1 0 2.75  0.485
10%CS 10 0.9 0.1 2.75  0.485
20%CS 250 20 0.8 0.2 2.75  0.485
30%CS 30 0.7 0.3 2.75  0.485
10%SF 10 0.9 0.1 2.75 0.485
20%SF 350 20 0.8 0.2 2.75  0.485
30%SF 30 0.7 03 275 0485
10%SSF 10 0.9 0.1 2.75 0.485
20%SSF 400 20 0.8 0.2 275  0.485
30%SSF 30 0.7 0.3 2.75 0.485

Curing of specimens

After casting, the mortar specimens were left for 24 hours in the mould at laboratory conditions
(20£2°C). Then, specimens were removed from the mould and kept at 20°C in curing water until
test dates.

Testing procedure

Compressive strength tests on 50-mm mortar cubes were conducted in accordance with ASTM C
109, and the flow of freshly mixed mortars was measured according to ASTM C1437. Setting

time tests were performed according to BS EN 196-3.

3. RESULTS AND DISCUSSION

Setting time

The results of the setting time of cement pastes are presented in Table 3. It is obvious from the
results that the increase in slag content resulted in further delays in the initial and final setting
times of cement pastes. This may be attributed to the dilution effect and the latent properties of
the slag. The initial setting time for control mortar was 95 min, and mixtures containing slag with
various fineness ranged from 112 to 144 min, and the final setting time was from 131 to 159 min.
The 30% slag with 250 m?/kg fineness (30% CS) resulted in retarding the initial and final setting
times by about 49 min and 30 min, respectively. It can also be seen that the setting times decreases
as the fineness of the slag increases. Slag with a fineness of 400 m?/kg (SSF) resulted in a shorter
setting time compared to coarse slag (CS). The initial setting time for cement specimens with
(10%.SSF), (20%.SSF), and (30%.SSF) mortars was shortened by 7, 10, and 20 minutes,
respectively, as compared with those of (10%.CS), (20%.CS), and (30%.CS). This effect was
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expected as slag with a higher specific area accelerates the cement hydration process and reduces

the setting time.

Table 3. Setting times (min) of cement pastes.
Setting Time (min)

Mix

Initial Final

Cp 95 129
10%.CS 119 142
20% .CS 129 148
30% .CS 144 159
10%. SF 116 133
20%. SF 124 136
30%. SF 131 152
10%.SSF 112 131
20%. SSF 119 134
30%. SSF 124 145

Workability

The results of flow are shown in Figures 5, 6, and 7. It can be observed from Figure 5 that the
diameter of the flow tests decreases with increased EAFS with a fineness of 250 m?/kg (CS)
content. For the control mix (CM), the mean diameter is 84 mm. As the slag content of the CS
mix increases to 30%, the mean diameter of the composite decreases to 54 mm. As Figure 6
shows, the flow displays a slight increase with the addition of EAFS with a fineness of 350 m?/kg
(SF), and thus the workability increases with increasing the slag content. The flow for the 30%SF
mix is 88 mm, compared to 84 mm for the control mortar (CM). Additionally, Figure 7
demonstrates a minor increase in SSF mix flow with the addition of EAFS. The 30%SSF mix has

a flow of 95 mm, whereas the control mix (CM) has a flow of 84 mm.

100
84

80 ]
60 58

EGO 54
£
=40
o
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Figure 5. Flow of mixes with 250 m?/kg slag fineness (CS).
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Figure 6. Flow of mixes with 350 m?/kg slag fineness (SF).
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Figure 7. Flow of mixes with 400 m%kg slag fineness (SSF).

Compressive strength of mortar specimens

Figures 8, 9, and 10 show the results of the compressive strength of cement mortars. The results
indicate that the development of compressive strength with age is dependent on the replacement
level and fineness of EAFS. It can be seen from the graphs that, at early age, all slag cement
mortars show lower compressive strengths in comparison to the control mix (CM). However, after
56 and 90 days of curing, SF and SSF mortar specimens made with 10 and those of SSF made
with 20% substitution show greater compressive strength values compared to the control mix.
The 10%SF mix shows an increase in the 56 and 90-day compressive strengths of about 5 and
11%, respectively, compared to the control mix (CM). Furthermore, a 10% substitution of cement
with 400 m?/kg EAFS fineness (SSF) causes improvements in the 28, 56, and 90-day compressive
strengths by about 2.5%, 7%, and 13% compared to the control mortar (CM). This confirms
previous results reported by Jexembayeva et al. (2020), where they note that adding a relatively
small amount of slag (less than 15%) had positive effects in terms of compressive strength.

Even after 90 days of curing, as Figures 8-10 show, the compressive strength of all CS mortar

specimens (with 250 m?/kg EAFS fineness) remains lower compared to that of the control mortar.
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Further, as Figure 10 demonstrates, all ages' mortars prepared with 30% substitution exhibit lower

compressive strength values, with the strength drop decreasing with increasing slag fineness.
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Figure 8. Compressive strength for mortars with 10% slag and different fineness.
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Figure 9. Compressive strength for mortars with 20% slag and different fineness.
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Figure 10. Compressive strength for mortars with 30% slag and different fineness.

Influence of Steel Slag Fineness and Replacement Level... 118



S a3l - Gualsl) sl 6 S - A gidal) daalall dzalal) Alaall

22024 55 Scientific Journal of Open University - Benghazi

4, CONCLUSION

According to the test results, the following main conclusions were drawn from this study:

e The initial and final setting times of cement are delayed when Portland cement is substituted
with electrical arc furnace steel slag (EAFS), and the delaying time decreases as fineness
decreases.

e The compressive strength of EAFS mortars increases as curing time increases.

e The compressive strength development of slag mortars depends on EAFS replacement level
and slag fineness.

e The strength development of EAFS mortars decreases as the replacement level of EAFS
increases.

e The compressive strength of mortar specimens increases by about 2.5%, 7%, and 13% for the
28, 56, and 90-day, respectively, periods when 10% of the cement is replaced with 400 m?/kg
EAFS fineness.
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Abstract:

Objective: This study aimed to assess the prevalence of autoimmune diseases (AID) associated
with Type 1 Diabetes Mellitus (T1DM) in Misurata Diabetic Center and analyze their impact on
the course of TIDM.

Methods: A retrospective single-center study of 592 children diagnosed with TIDM between
2007 and 2022 at Misurata Teaching Hospital, Libya, was conducted. Data on prevalence, age of
onset, and timing of diagnosis of AID and T1DM were collected and analyzed.

Results: AID was identified in 30 (5.07%) children with TIDM. Celiac disease (CD) was the
most prevalent AID (4.22%), followed by hypothyroidism (<1%). No significant difference in the
age of onset of TLDM was observed between children with CD and hypothyroidism. However,
the time between T1DM and AID diagnosis differed significantly, with hypothyroidism requiring
a longer period. Interestingly, only 20% of CD cases were diagnosed during symptomatic
episodes, while the remaining 80% were identified through serological testing during non-
episodic periods. All hypothyroidism cases presented with clinical symptoms. Notably, 56.7% of
children with TLDM and AID were underweighted at diagnosis.

Conclusion: This study indicates a relatively low prevalence of AID associated with TIDM in
Libyan children. Among identified AID, CD predominates over hypothyroidism. While the age
of onset of T1IDM is similar for both AID, the timing of diagnosis and presentation differ
significantly. These findings highlight the importance of routine screening for CD in children
with T1DM, even in the absence of symptoms.

Keywords: Diabetes Mellitus Type 1, Autoimmune disease ,Thyroid disorder ,human leukocyte

antigens.
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1. Introduction

An array of chronic illnesses known as autoimmune diseases (ADs) occur when the target organs
are damaged or cease to function as a result of the immune system's reaction to self-antigens.
Since many ADs have similar immunologic mechanisms and genetic predispositions, they
frequently coexist in the same person or in the same family (1). Being one of the important
autoimmune diseases characterized by an autoimmune reaction directed against pancreatic beta
cells, Type 1 diabetes mellitus (T1DM) often coexists with other autoimmune diseases, and anti-

islet autoantibodies develop prior to the disease's clinical manifestation. (2)

T1DM is most commonly linked to autoimmune thyroid diseases (17-30%), especially Graves’
disease and Hashimoto’s thyroiditis; it is also linked to Addison’s disease (0.2%), celiac disease
(8%), autoimmune gastritis (5-10%), rheumatoid arthritis (1.2%), and systemic lupus
erythematosus (1.15%) (3-6). Existing data suggests that celiac disease and hypothyroidism are
the most commonly observed additional ADs in type 1 diabetes (T1D) among the over 80
different ADs. (4,7)

Based on other researches, it appears that the increased frequency of new ADs in people with
T1DM is mostly caused by a shared genetic background. Thus, it is not surprising that the HLA
area and ADs have a strong correlation, as this locus encodes many molecules essential to the
functioning of the immune system (8). Outside of the HLA area, TLDM and other ADs share
some genetic commonality (9), but clustering of ADs in the same individuals and families
suggests that it is impossible to rule out the possibility of common environmental factors or other
pathophysiological mechanisms (10). Although a number of environmental factors—including
viral infections, cow's milk proteins, and vitamin D3 deficiency—have been suggested as
being initiators of the autoimmune process in genetically predisposed people; however, none of
them have been positively connected to diabetes (11). Additionally, a higher incidence of multiple
ADs is often associated with female sex (12-13), older age, and longer duration of diabetes (12).

As these coexisting autoimmune conditions may have a significant impact on the disease's natural
course and make managing diabetes more challenging, we aimed to evaluate the prevalence of
autoimmune disorders associated with type 1 diabetes in children and how they affect the

progression of the disease.
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2. Aim and objectives:
To assess the prevalence of TIDM associated autoimmune diseases and their impact on the course
of TLDM. Timing of diagnosis of other autoimmune disease relevant of time diagnosis of diabetes

mellitus.

3. Methodology:

Study design:

An observational retrospective cross sectional single center study.

Setting and duration:

The study was conducted at the pediatrics department at Misurata’s Diabetes Center over a four
months period from the 1% of April 2023 until the 30" of July 2023.

Study population:

The study included 592 children who were diagnosed with TLDM during from 2007 until 2022
at Misurata Diabetic Center which is a center established to provide specialized healthcare
services for diabetic patients and covers over 675 thousand residents of the central region of Libya
according to the Libyan bureau of census and statistics.

Inclusion criteria:

All cases diagnosed with T1DM during the target study period in the pediatric age group.
Exclusion criteria:

Cases with incomplete, or missing information that could not be obtained or verified.

Study variables:

The study included: age, sex, anthropometry and Body Mass Index (BMI) -for suitable age
groups-. Also, family history of autoimmune disease and diabetes was included in the study. As
well as the age of onset of the autoimmune disease, the method of diagnosis symptoms, and
comorbidities were included.

Data collection:

The data was collected from the paper based records of the patients who were diagnosed with
T1DM or were treated for it at the study location and during the targeted study period. The authors
first filtered all the files of TLDM cases registered during the study period. The filtered files were
then reviewed by the authors in scheduled sessions, and evaluated for clarity and completion
according to the inclusion and exclusion criteria (see above).

Data analysis:
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The data was analyzed using IBN SPSS version 25 for Windows. Descriptive statistics were used
to interpret and present that results. Frequencies and percentages were used to describe categorical
variables, and chi-square test was used to compare them. The means and standard deviations were
calculated for the numerical data, and t-test was used to compare them. All tests were considered
significant at p < 0.05.

Ethical considerations:

The approval for the study was obtained from the Committee of Scientific Affairs at Misurata’s
Diabetic Center. The patients’ personal information and details were not collected and data was
stored anonymously.

4. Results

During the target period, a total of 592 cases of TLDM were identified among individuals aged 0
to 16 years. Among these cases, 30 (5.07%) were found to have an associated autoimmune
disease. Figure 1 presents a chart illustrating the distribution of autoimmune diseases within the
identified cases. Figure 1 highlights that celiac disease was the most prevalent autoimmune
condition, accounting for 25 cases (4.22%) of the total study sample and representing (83.33%)
of the cases with autoimmune diseases. In contrast, hypothyroidism was relatively less common,

with only 5 cases (<1%) identified, making up 16.67% of the cases with autoimmune conditions.

Cases

= None = (CD Hypothyroidism

Figure 1. Distribution of Auto-immune Disease

The prevalence of autoimmune diseases displayed a slight variation between males and females,
with 13 cases observed among males compared to 17 cases among females (56.67% vs. 43.33%,
respectively). Notably, from Figure 2 there is a difference in sex distribution for the two

autoimmune diseases identified in this study. Celiac disease (CD) showed a similar occurrence in
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both sexes, with 12 cases among males and 13 cases among females. However, hypothyroidism
was exclusively reported in females, with 4 cases identified, while 1 case were reported among
females. It is worth noting that none of the 30 cases with autoimmune diseases exhibited
comorbidities. Furthermore, a family history of either CD or hypothyroidism was reported in 8

cases (26.67%) among all individuals with autoimmune diseases.

Both CcD Hypothyroidism

[y
N

Frequency
=
o

o N B OO

B Male M Female

Figure 2. Sex distribution of Auto-immune Disease

The average age of onset of Type 1 Diabetes (T1D) in the 30 cases with an autoimmune disease
was found to be 5.17 + 3.4 years. Interestingly, there was no significant difference in the age of
onset of T1D between the cases with hypothyroidism and those with Celiac Disease (7.8 years +
2.72 vs. 4.64 £ 3.27) (p-value = 0.053). Figure 3 visually represents the contrast in the age of

diagnosis between the two groups.

O R N W B U1 OO N 0 O

Average Age of Onset (Years)

Diagnosis

HTotal mCD Hypothyroidism

Figure 3. Age of Diagnosis with T1D According to the Co-existing Auto-immune Disease
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In a similar vein, the average age of onset for the autoimmune disease in the 30 cases was
determined to be 6.7 years + 3.4 years. Interestingly, the average age of onset for Celiac Disease
(CD) was lower than that of hypothyroidism (6.32 years = 3.84 vs. 8.6 years = 1.96 years) (p =
0.22).

Furthermore, the average duration between the onset of Type 1 Diabetes (T1D) and the onset of
the autoimmune disease was calculated to be 3.03 years £ 2.63 years. It is worth noting that the
occurrence of hypothyroidism required a significantly longer period compared to patients with
CD (p = 0.0000001). A graphical representation of this difference can be observed in Figure 4.

Average Age of Onset (Years)
O B N W b U OO N O O

Diagnosis

HTotal ECD Hypothyroidism

Figure 4. Period Between the Onset of T1D and the Auto-immune Disease

All of the five cases (100%) with hypothyroidism exhibited symptoms and sought medical
attention with clinical manifestations of hypothyroidism. In contrast, only five out of the 25 cases
(20%) with Celiac Disease (CD) were diagnosed during a celiac episode when they presented
with symptoms related to CD. These symptomatic cases underwent an endoscopic biopsy
procedure, which led to their diagnosis. On the other hand, the remaining 20 cases (80%) were
diagnosed during non-episodic periods through serological testing.

17 (56.7%) of cases were underweight when diagnosed with diabetes, while 12 (40%) had normal

BMI, and only one case (3.3%) was overweight.

Table 1. BMI categories of the 30 Cases

BMI Number of cases
<18 17
18-25 12
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25-30 1
Total 30
5. Discussion

As previously mentioned, celiac disease and hypothyroidism are the most commonly observed
ADs associated with TIDM. (4,7) This was the case in our study with all cases being either
associated with celiac disease (CD) or hypothyroidism, also known as Hashimoto’s or
autoimmune thyroiditis.

Female predominance among autoimmune diseases, including CD and hypothyroidism, is well
known and was seen in our study too, which correlates with most other studies as well for CD
(14-18) and hypothyroidism (18-21). The suggested explanation behind this feminine risk is
having two X chromosomes. As the X chromosome has larger number of genes, this puts the
female at significantly higher possibility of mutations. (22) Also, in autoimmune thyroiditis, study
suggests that females are 3 times more prone to the disease because of the estradiol hormone
which helps an important role in progression of the disease. (23)

Celiac disease was the most prevalent autoimmune disease seen in our cases with a percentage of
4.22% among children with T1D. A similar result with prevalence of 4.95% was seen in a research
by Abosmaha et al (2014) in Libya (14) and of 4.8% in a Greek study by Karavanaki et al (24).
Prevalence of celiac disease in other studies fluctuates between 1% to 16%. (23, 25) This variation
might be a result of geographical difference which can be explained through multiple genetic,
environmental and immunological factors which can trigger CD. (23,26)

For the diagnosis of CD, serological investigations are crucial as most of the cases are
asymptomatic. (23, 27-28) and the majority of them are diagnosed at the phase of subclinical or
silent CD were no or only mild symptoms are present. (29) This applies to our cases as only 5 of
them (20%) were symptomatic while the rest were asymptomatic and were diagnosed through
serological testing.

In our study, in all cases, TLDM preceded CD. Results from other studies suggest that the time
between the diagnosis of TLDM and CD varies. It is suggested that CD may precede, follow or
develop at the same time as T1DM. (23) This difference might also be the result of silent CD
were patient don’t exhibit any symptoms and are only discovered on screening. (30-31) In
particular, it has been proposed that gluten, the main antigen in latent or silent CD, may act as an
immunological trigger and cause diabetes and/or thyroid issues (32). Accordingly, the age of
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diagnosis, or the amount of time spent exposed to gluten, is closely associated with the prevalence
of type 1 diabetes in CD (33-34). In the other hand, other studies indicate that TLDM was present
at the outset and that CD developed later. (23)

Hashimoto’s disease is the most common autoimmune thyroiditis associated with TIDM (23,27)
with a prevalence ranging from 12.1% to 23.4%. (35-36) The prevalence in our study also fall in
between this range. Unlike CD, all cases with the disease exhibited symptoms prior the diagnosis.
It is also worth noting that the average age of onset for hypothyroidism was older and
hypothyroidism needed longer time to develop. This result correlates with other studies which
suggest that the number of thyroid auto-antibodies is positively correlated with age and diabetes
duration. Moreover, these auto-antibodies are not present at the time of diagnosis with TLDM but
they develop later. (23)

As for the BMI, in our study most of the cases were either underweight (56.7%) or had normal
BMI (40%). Most of our cases had CD, which is associated with lower BMI and patients are
usually not only weighing less but also being shorter (37-38). Additionally, studies did not find a
significant relation between having low BMI and the risk of developing CD, while being
overweight was found to be a protective factor. (37) In contrary, studies suggest a significant
relation between hypothyroidism and overweight, indicating that obesity might be a risk factor
contributing for the onset autoimmune thyroid diseases. (39-40).

6. Conclusion:

This study indicates a relatively low prevalence of AID associated with TLDM in Libyan children.
Among identified AID, CD predominates over hypothyroidism. While the age of onset of TADM
is similar for both AID, the timing of diagnosis and presentation differ significantly. These
findings highlight the importance of routine screening for CD in children with TLDM, even in the

absence of symptoms.
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Abstract

In the present study describe of the morphohistology of the digestive tract, relationship btween
length of intestine and standard length of bady and the mean intestinal coefficient of Sarpa
salpa and Pagrus pagrus captured from Sea fishing port of Misurata, Libya, during Summar
2021. The great distensibility of the esophagus was an adaptation for feeding in S. salpa. On
the other hand in P. pagrus was short. The stomach of S. salpa and P. pagrus were U and tube
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shape respectively. The morphological of gut were long and very coiled in S. salpa whereas
short and simple was Z shape in P. pagrus. A strong relationship between gut length and
standard length, SL (P < 0.02) for S. salpa whereas weak for P. pagrus. The estimated mean
intestinal coefficient (IC) of S. salpa (0.8) and p. pagrus (3.0) present morphological adequacy
for both herbivorous and carnivorous feeding habits.

Key world: Fishes, Intestine, Esophagus, Stomach, IC.
dasdall
Oe g5 440 ) sl Gass G saalsiall glall s 50 Cua dangiall Gl el dladd b e el
Oavza 53 gasall el 1581 g (e PAGIUS PAgrus olayal) dllauls ¢ sarpa salpadlall dlled s cellany)
Ll ey ¢ (Family sparidae) bal 3l am 2al) dllesd (2009 ¢5yals auld) ol ¢ alal) dllasd
«tw Al «salema porgy (Bauchot and Hureau, 1990; FishBase, 2022) 5 « (Dreamfish)alall 4<eu
Al el o Lgia 2agas ¢ (Sparidae) gaoli e Glasa) dleul am Gl L aadll @bl Qllakll e
Pagrus «Pagrus auriga <Pagrus auratus « Jack (2002) (Pagrus africanussSy Wl ek
(ol daludl dlladd gl aal Pagrus pagrus s cus <Pagrus pagrus) «Pagrus major «caeruleostictus
(2009 <055 3T5 wsld) L) iy i) @il e b 3l dsend
« (Detritivores)tiall 41sTy « (Herbivores)auile allaul eplsil aa)¥ lgilie jaanl led @llenl) Caias
Llgaally dnlall GlaldS @lleall AT, ¢ (Carnivores)ieals « (Omnivores)cbilally asalll 21ST ddaliag g
(Al-o32)) Lalaly Basiaay @il ey dlaud ) i1 8 ggill las iy oS WS(Planktivores).
el IS8 Wle Jasiy @llend dacag) sliall Jshay U5 o LSHussaini, 1947, Borlongan et al., 2002).
3sas) @iy cdanns cadl) alge b Al B 3 s e Al Aol dlenl) calias 3 il e
il pans ) dlesyI(Adamek-Urbanska et al., 2023). ¢l3all cli€e aang alge on 3ady 4le
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Gl dlands (Hypoplmihthachthys molitrix il colSll @llaud Jia Lsle 06K adll alga a3 dadisal
(Gisbert and Doroshov, 2003).4; sl \gille 2l @llawdl 4ol clysatll (ha lesi 2y s

(Khaing and Khaing, sl daus <l dland) cladd Jola alg ciay caluhall e aaal) coyls]
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(Wilson and Castor, 2010). sl sasdl)
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and Stergiou, 2010)
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Anabas ; «Eleotris fusca «Nandus nandus<Glossogobius giuris s <Mvstus vittatus s «punctatus
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Ll G o(Tedsn) Olayalls bl @las aall Jhas ¢ okl anal) Jsha Janssia (2) J<85 (1) Jsan ek
Alas aadll sk danigia ils L Auhal) Ales auall Jolay 335lhe dnacagll 5L Jola 3 ouls 25a ) (e
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Abstract:

This study aims to investigate the effects of temperature, pressure, flow rate, and pH on the
corrosion penetration rate (CPR) of pipelines used for transferring crude oil. The corrosion
penetration rate is intended to be the dependent variable and the input parameters are independent
variables in the mathematical model. The response surface methodology was applied to the model
to determine the optimal values of these parameters. The tests were simulated using NORSOK
software, which was also used to determine the corrosion penetration rate for each experiment.
Using Minitab 17 software, the experiments were developed based on the central composite
experimental design (CCD). The constructed mathematical model was tested for conformance,
using the mean absolute percentage error. It had a value of 1%. Therefore, this indicates that the
developed mathematical model was consistent.

1.2246 mm/year was determined to be the optimal value for the corrosion penetration rate, which
was computed numerically using the RSM model. The operational parameters included
temperature (126 F), pressure (195 psi), pH (5.6443), and shear stress (1 psi).

Keywords: NORSOK software; Corrosion penetration rate; RSM; MAPE.
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I. INTRODUCTION

The transportation of heavy and extra-heavy crude oils from the head well to the refinery is
becoming important since their production is currently rising all over the world. Such oils are
characterized by a low API gravity (< 20) and high viscosity (> 103 cP at 298.15 K) that render
difficult oil flow through pipelines. Conventional technology pipelining is designed for light and
medium oil crudes. Still, the pipelining of heavy and extra-heavy crude oils may be challenging
because of their high viscosities, asphaltene and paraffin deposition, increasing formation water
content, salt content, and corrosion issues [Nesic et al, 2007].

One of the necessities of an effective oil and gas pipeline safety Management Plan (SMP) is the
establishment of a safe and efficient risk assessment strategy for pipelines where the significant
danger is corrosion. Corrosion growth is related to several factors involving pipe material, pipe
condition, and defect geometrical imperfection. Thus, the assurance of a proper corrosion
assessment requires the prediction and evaluation of corrosion growth rates. The prediction of
corrosion growth rate precisely would minimize the cost of pipeline maintenance through the
determination of the deteriorated pipeline segments. In-line inspection (ILI) has been used to
detect the pipeline's corrosion, also the corrosion can be detected by other inspection tools such
as Magnetic flux leakage (MFL) and Ultrasonic tool (UT). However, there are numerous models
have been utilized to anticipate the corrosion growth rate such as deterministic and probabilistic
models. Recently, there have been conducted researches on the application of artificial
intelligence in predicting corrosion growth rate for oil and gas pipelines such as artificial neural
network (ANN) and fuzzy logic (FL)[Ivan S. et al, 2011].

Corrosion in lubricate and vapor enterprises principally handles CO2 gas as it is the main cause
of disappointment in the stream subdivision of the lubricate and smoke manufacturing of pipelines

from element fortify that has advantages in conditions of chance, cost, and ease of lie over
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additional alloys. Unfortunately, element brace has lower fighting to colorless odorless gas
disintegration. In addition, some differing bitter classes are present in the lubricate field
accompanying interplay ‘tween ruling class, to a degree temperature, pH, flow rate (m/s), CO2
partial pressure, and tart acid (HAc), and CO2. The vicinity of element dioxide (CO2) in the
fluid steps up the disintegration rate on account of the allure reaction accompanying water that
results in making carbonic acid [Nesic s et al, 2007].

Based on former experiments, it was proved that when CO2 is separated in water; three types of
responses concede possibility occurs to a degree the assimilation, photoelectric and photoelectric
responses, and backlashes superior to the establishment of a group of chemical elements and
carbonate (FeCo3) layers upon brace namely famous expected alive in acid answer therefore,
water pH is discounted and causes corrosion on element brace [lvan S. et al, 2011].

Many research documents are vacant on CO2 disintegration indicators and the belongings of
variety like HAc accompanying several different operating limits containing hotness, pH, and
flow rate [Mokhtar | 2005],[Zhang G 2009]. Most of the indicator models depended on particular
algorithms to connect individual effects of the communicating species to produce a representative
total disintegration rate. The individual effect is persistent from the exploratory routine of
property fixed sure variables and changeful the principles of another variable. This exploratory
arrangement was wasteful and needed a lot of experiments to process all likely disintegration
dossier. In addition, the prophecy does not completely cover representing the dossier together
[Vanssa et al 2007]. In this paper, a mathematical model was developed to predict the effect of

operating parameters of the crude oil transportation process on CO2 corrosion rate by using RSM.

Il. LITERATURE REVIEW

The study by Senussi et al focuses on implementing a backpropagation artificial neural network
approach to develop a model capable of accurately predicting the CO2 corrosion penetration rate
(CPR) under specific operating parameters [Senussi et al 2021]. The authors successfully
developed a model that maps input parameters such as pH, temperature, pressure, and shear stress
to CPR and demonstrated that the backpropagation network (BPN) could adjust its weight
coefficients with a small set of examples, indicating the generation of proper output. The
developed BPN model was validated using mean absolute errors (MAE), with a value of 0.00457
mm/y, signifying the accuracy and reliability of the model.

Bushra et al. developed a model (Fuzzy Logic) to predict the CO2 erosion, sweet environment,
and penetration rate (CPR) of the Libyan Arabian Gulf Oil Company (AGOCO) Sariir-Tobruk
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steel pipeline [Bushra et al. 2018]. The study was conducted with different values of the most
important operating parameters; Temperature (112,126 °F), pressure (195-494 psi), and pH (5.51-
5.65). MINITAB software version was used to design experiments (DOE), fuzzy logic was
developed using MATLAB (2013) Toolbox to predict CO erosion penetration rate (CPR), and
NORSOK M-506 software was used as simulation tool to calculate CPR for each experiment. It
was found that the expected CO2 corrosion penetration rate was very close to that calculated using
NORSOK M-506 with a mean absolute error (MAE) of 0.01. Therefore, it can be concluded that
Fuzzy Logic is a promising technology that can be used with confidence in the prediction of CPR
during transportation of crude oil through the steel pipeline. The study by Sulyman et al. focuses
on investigate the influence of a number of related parameters namely temperature, pressure,

flow rate and pH on the corrosion penetration rate (CPR) of crude oil transportation process by
pipelines [Sulyman et al 2023]. It intends the mathematical model of these parameters as
independent variables with corrosion penetration rate as a dependent variable. The model was
used to establish the best values of these parameters using the response surface methodology.
Aspen HYSYS software was utilized to simulate the experiments and to calculate the corrosion
penetration rate for each experiment. The experiments designed based on the central composite
experimental design (CCD) using Minitab 17 software. The mean absolute percentage error was
used to determine the conformance of the developed mathematical model. Its value was 0.02%,
this indicates that the developed mathematical model was consistent. The Nash Sutcliffe
efficiency (NSE) was also calculated. Its value was 0.999 which confirms the high-efficiency of
the model. The optimal corrosion penetration rate conditions were determined, temperature
(100°F), pressure (360 psig), flow rate (150,000 bbl/day), and pH (5.65). Accordingly, the

minimum corrosion penetration rate is (3.98 mm/year).

1. METHODOLOGY

A. Material

Many elements influence CPR. The influence of the factors temperature, pressure, shear stress,
and pH on the corrosion penetration rate was investigated in this study utilizing RSM. The
pipeline considered in this study is according to AGOCO from the Sarir field to Hrayga oil port
in Tobruk, the entire distance of the pipeline is 514 km, the pipeline diameter is 34 inches, and
the mole percent of CO2 Modeling and Optimization of Corrosion Penetration Rate in Crude Oil
Pipeline using Response Surface Methodology based on NORSOK Simulation Software set at
0.8% for the period between 01/01/2019 and 01/01/2023 for oil pipeline.
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B. Response Surface Methodology

Response Surface Methodology (RSM) is an optimization approach that utilizes a combination
of mathematical and statistical techniques to construct an empirical model. By employing well-
designed experiments, the objective of RSM is to optimize a specific output variable, known as
the response, which is influenced by various independent input variables. These experiments
involve systematically altering the input variables to observe and evaluate their impact on the
output response. The Central Composite Design (CCD) is developed through sequential
experimentation. It consists of a factorial point (from a design) k represents the number of the
factors, central point, and axial points. During the experimentation, if the first-order model lacks
fit evidence, axial points are subsequently added to quadratic terms, producing more center points
to develop CCD. Two parameters from the CCD design running from the design center are the
number of center points m at the origin and the distance a of the axial runs.

As there are four input parameters namely, temperature, pH, pressure, and shear Stress. The
output response selected for these experiments was tensile strength. The upper (+1) and lower (-
1) levels of all the four parameters and their designations are shown in table .1.

Table 1. The levels of process parameters

Variable Units | Notation | Low | High

Temperature °F X1 112 126
Pressure Psi X2 195 494

pH X3 5.51 | 5.65
Shear Stress Psi Xa 1 30

In this work, the variables considered are those most critical to CPR; temperature, pressure, pH,
and Shear Stress. The experimental design was conducted according to the CCD method in the
Minitab 17 program for four factors and one response. CCD determined total experimental runs
of 31 as shown in table 2. To carry out these experiments, the reality was simulated using
NORSOK.
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Table 2: Design of Experiment and its Actual Values of CPR

. S Actual CPR
T(F) | P(psi) | Hp (psi) mmiyr
119 | 3445 | 558 | 155 2.8
112 195 5.65 30 2.1
119 | 3445 | 558 | 155 2.8
119 | 3445 | 5545 | 155 2.9
112 195 5.51 30 2.4
119 | 3445 | 558 | 155 2.8
119 | 3445 | 5.615| 155 2.7
119 | 269.75 | 558 | 155 2.4
119 | 3445 | 558 | 155 2.8
112 494 5.65 1 2.2
112 494 5.51 30 4.2
126 494 5.51 30 3.9
119 | 3445 | 558 | 155 2.8
119 | 3445 | 558 | 155 2.8
126 195 5.51 1 15
126 494 5.65 30 3.3
112 195 5.65 1 14
1225 | 3445 | 558 | 155 2.7
126 494 5.51 1 2.4
1155 | 3445 | 558 | 155 2.8
119 | 419.25| 558 | 155 3.1
126 195 5.51 30 2.3
112 494 5.65 30 3.6
119 | 3445 | 558 | 8.25 2.6
126 195 5.65 1 1.2
126 195 5.65 30 1.9
112 195 5.51 1 15
119 | 3445 | 558 | 155 2.8
112 494 5.51 1 2.6
119 3445 | 558 | 22.75 2.9
126 494 5.65 1 2.1

C. Results

The response data were calculated by the NORSOK model. Then, the data were entered in the
Minitab worksheet, and after that, the predicted values of CPR were calculated as shown in
Table 3.
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Tables 3: Actual Values by NORSOK Model and Predicted Values by RSM
TE | Pes)| Hp | S (s Actual CPR Prediction CPR
mm/yr mm/yr

119 | 3445 | 558 | 155 2.8 2.79
112 195 | 5.65 30 2.1 2.08
119 | 3445 | 558 | 155 2.8 2.79
119 | 3445 | 5545 | 155 2.9 2.90
112 195 | 551 30 2.4 2.43
119 | 3445 | 558 | 155 2.8 2.79
119 | 3445 | 5615| 155 2.7 2.71
119 | 269.75 | 558 | 155 2.4 2.44
119 | 3445 | 558 | 155 2.8 2.79
112 494 | 5.65 1 2.2 2.25
112 494 | 551 30 4.2 4.16
126 494 | 551 30 3.9 391
119 | 3445 | 558 | 155 2.8 2.79
119 | 3445 | 558 | 155 2.8 2.79
126 195 | 551 1 15 1.47
126 494 | 5.65 30 3.3 3.31
112 195 | 5.65 1 14 1.37

1225| 3445 | 558 | 155 2.7 2.71
126 494 | 551 1 2.4 2.45

1155 | 3445 | 558 | 155 2.8 2.80
119 | 419.25| 558 | 155 3.1 3.07
126 195 | 551 30 2.3 2.28
112 494 | 5.65 30 3.6 3.61
119 | 3445 | 558 | 8.25 2.6 2.49
126 195 | 5.65 1 1.2 1.27
126 195 | 5.65 30 1.9 1.88
112 195 | 551 1 15 1.52
119 | 3445 | 558 | 155 2.8 2.79
112 494 | 551 1 2.6 2.60
119 | 3445 | 558 | 22.75 2.9 3.03
126 494 | 5.65 1 2.1 2.05
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The data was entered into the Minitab worksheet, after which the probabilistic values that

determine whether effects are significant or non-significant are shown in Table 4.

Table 4. Analysis of variance for CPR

Source DF Adj SS AdjMS F-Value P-Value
Model 14 13.6357  0.97398 303.27 0.000
X1 1 0.1274 0.12742 39.68 0.000
X2 1 6.4923 6.49227 2021.53 0.000
X3 1 0.5824 0.58242 181.35 0.000
X4 1 4.8547 4.85470 1511.63 0.000
X1*X1 1 0.0035 0.00351 1.09 0.312
X2*X2 1 0.0035 0.00351 1.09 0.312
X3*X3 1 0.0005 0.00050 0.16 0.698
X4*X4 1 0.0035 0.00351 1.09 0.312
X1*X2 1 0.0100 0.01000 3.11 0.097
X1*X3 1 0.0025 0.00250 0.78 0.391
X1*X4 1 0.0100 0.01000 3.11 0.097
X2*X3 1 0.0400 0.04000 12.45 0.003
X2*X4 1 0.4225 0.42250 131.56 0.000
X3*X4 1 0.0400 0.04000 12.45 0.003
Error 16 0.0514 0.00321
Total 30 13.6871

The equation of the estimated regression coefficients for improving MRR of a first- and second-

order weld joint is as Equation .1:

Y =291 +0.847 X1 + 0.03701 X2 - 122 X3 + 0.3372 X4 - 0.00296 X1*X1
- 0.000006 X2*X2+ 11.2 X3*X3 - 0.000690 X4*X4 - 0.000024 X1*X2 - 0.0255 X1*X3
- 0.000246 X1*X4 - 0.00478 X2*X3 + 0.000075 X2*X4 - 0.0493 X3*X4. (1)

D Validation Model
To validate the developed model, the mean absolute percentage error (MAPE) was used to
estimate the variation between the actual and predicted CPR. The value of the MAPE is 1%,

compared with the actual values of Corrosion Penetration Rate, as plotted in Fig 1.
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@@ Actual CPR mm/yr @mm@um Prediction CPR mm/yr
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Fig.1: The Actual and the Predicted CPR

D Optimization of CPR

As given in Fig. 2, the minimum CPR conditions were determined as, temperature (126 F),
pressure (195 psi), pH (5.6443). and Shear Stress (1 psi) Accordingly, the maximum CPR is
1.2664 mm/yr .

Optimal X1 X2 X3 X4
D 09770 HGh 126.0 4940 5.650 300
2P cur [126.0] [195.0] [5.6443] [1.0]
Predict Low 1120 195.0 5510 1.0
¥
Minimum
y = 12664

d =0.97785

N S~/

Fig 2. Optimization CPR

V. Conclusion
In this study, attempts were made to predict the corrosion penetration rate of the pipelines that
are used for transporting crude oil between Sarir-Tobruk stations. The corrosion penetration rate
values were determined by using NORSOK software. The following points summarize the
conclusions of the study:
1. Based on ANOVA analysis, the four factors considered had significant effects on the
corrosion penetration rate, as well as the interaction between (shear stress and pH), (pressure
and shear stress) and (pressure and pH) had significant effect on corrosion penetration rate,
while the interaction (temperature and pH) were insignificant. However, all the quadratic were
insignificant.
2. Based on the comparison between the actual values of corrosion penetration rate calculated
by using NORSOK software and the predicted values of corrosion penetration rate by using the
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RSM technique, it can be concluded that the RSM model could be used to predict the values of
corrosion penetration rate, under the specified parameters ranges, with a mean absolute
percentage error of 1%.

3. The optimal value for the numerically calculated corrosion penetration rate using the RSM
model, was found to be 1.2246 mm/year, with operating parameters values of temperature (126
F), pressure (195 psi), pH (5.6443). and Shear Stress (1 psi).
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