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Abstract:

This research aims to modify the components of stainless steel alloy by the method of surface
engineering through the single diffusion coating technique in order to obtain new alloys with high efficiency
in resisting harsh environmental conditions. Steam a mixture of sodium chloride (NaCl) and sodium sulfate
(Na2504) at a temperature of 900 C’ and then compare it with the base alloy. The results showed that the
alloys produced in this way are very efficient. The results showed that the aluminum coating showed high
efficiency in resisting oxidation and provided better protection for a longer time compared to the uncoated
alloy due to the Al,05 oxide crust layer formed with high adhesion as well as the aluminum-rich phases,
whether the phases were nickel-aluminum or iron-aluminum. The results also showed that the thickness of
the coating and the weight gain of the alloy is subject to the parabola relationship with time.

Key words: Diffusion coating, High temperature oxidation, Hot corrosion, Parabola relationship, Surface
engineering.

Introduction:

The engineering designs used in high  surface of the metal and the medium, leading to the
temperatures and various harsh conditions must release of energy *°.
possess a high resistance to these media for the In addition, there is a reaction called an
purpose of performing the work for which they  electrochemical reaction, and this does not happen
were made, taking into account the acceptable except when the medium in which the metal is a
economic costs. It has become possible to test some conductor of electricity, that is, an (electrolyte).
improved alloys (Superalloys) in resistance to heat Between this surface and some gaseous elements in
and oxidation in harsh conditions that have become  the middle, such as oxygen and sulfur, this type of
commonplace in many industrial applications, failure usually occurs at high temperatures and is
especially in gas turbine engines in electrical known as corrosion at high temperatures 7. As for
stations, jet engines, rocket engines, internal  the oxidation process, which is a type of corrosion,
combustion engines, spacecraft engines and other if the union is between the surface of the metal and
uses ™2, oxygen, and a malfunction may occur as a result of

The problem of corrosion is one of the  the friction force, then this is called failure or
biggest problems that the industry suffers from  corrosion and not corrosion, because the cause is
wherever it is found, and it affects the metal parts as purely mechanical and not chemical 8 And the
a result of the interaction of the metal surface with mechanical force is sometimes a catalyst factor in
the medium in it, which leads to the collapse and some media for the occurrence of electrochemical
failure of these parts. In the state in which it was corrosion, as in some types of corrosion such as
before the corrosion occurred, in other words, this stress and corrosion °.
reaction takes place spontaneously between the
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Diffusion:

The atoms in solids are in constant motion
around their positions in the lattice, so a number of
atoms gain enough energy and jump to the adjacent
site. This random movement is called diffusion °,
and it requires two conditions in the atom to make
this movement:

First: the presence of an empty neighboring site.
Second: the atom must have enough energy to break
bonds with its neighboring atoms .

Diffusion is one of the basic processes in materials,
and this random movement may occur singly or
collectively for a large number or a few atoms 2 3,

Diffusion occurs when there is a gradient in the
chemical composition or a change in concentration,
and with an increase in temperature, the speed of
diffusion increases as the amplitude of vibrations
increases, and thus the rate of migration of atoms
increases, accompanied by the formation of gaps
and changes in dimensions 4. It is worth noting that
the aluminumization process of the steel and the
oxidation processes are governed by the diffusion
process of atoms or ions through the surface layer
15 In general, propagation can be classified into two
types 3

stable diffusion.
unstable diffusion.

practical part:

Samples were prepared from AISI 304L Stainless
Steel, as shown in Table .1, with different
dimensions and sizes. The sample was thoroughly
cleaned, as the preparation process is one of the
necessary means for the coating process.

Table 1. Composition of Stainless Steel Alloy
(AISI 304L)

Compenent C Mn P Ni S Si Cr Fe

2.0
0

0.04
5

10.5
0

0.03
0

1.0
0

19.5
0

BA
L

Wt% 0.0
7

The materials and equipment used

1. A mixture of pure aluminum powder,
ammonium chloride powder NHCI as an
activator, and pure aluminum oxide Al,04
to prevent clumping of the mixture, with the
following weight percentages 25%, 5% and
70% for each of Al, NH,Cl and Al,O;
respectively 6
A tube made of heat-resistant alumina, open
at one end and closed at the other.
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3. Accuracy Sensitive Electric Scale 0.0001
gm.

4. X-ray diffraction machine.

5. Optical microscope equipped with a
camera.

6. vacuum pump.

7. temperature controlled.

8. grinding machine.

9. Electric ovens with a temperature of 1150
°C.

10. Microscope type (AHSLER Type V-Testor
2) to measure the thickness of the coating.

11. Thickness measuring device (AMSLER
Type V- Testor 2).

12. Temperature controller type.

13. Scanning electron microscope device.

Sample preparation for coating

The process of preparing samples for coating is
one of the necessary and very important means for
the success of the coating process. After the alloy
cutting process, the preparation process of the
samples was carried out in several stages, as the
smoothing and polishing process of the samples was
carried out to remove the oxides on the surface
using smoothing paper made of silicon carbide with
different smoothness degrees starting from 270 and
passing through 400, 600, 1000 and 1200 until
reaching Final Class 2000, the samples were
washed with warm water and washing powder, then
with methanol to remove suspended fats, then with
acetone for quick drying, then with distilled water,
all to obtain a suitable surface for the coating
process 4,

Coating Processes

The prepared samples were coated using the
cementing method, which is one of the diffusion
coating methods. This method was used to coat all
samples prepared in this research. Cement pulp
contains pure aluminum powder 25% and is used as
a source of paint and aluminum chloride powder 5%
as a material. An activator that transfers aluminum
from the mixture to the sample to be coated, and the
rest of the powder is alumina Al,05; and is used as
a substance that prevents the mixture from
clumping. It is entered into a vacuum electric
furnace, and the coating process was carried out at a
temperature of 1000 °C for several samples and at
times 2, 4, 6 and 8 hours and for one stage, and it is
called the single coating system. Fig. 1 shows a
schematic diagram of the coating process using a
vacuum furnace.
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Figure 1. A schematic diagram showing the
coating process in an electric furnace.

Hot Corrosion

The hot corrosion process in which the metal is
converted from its transitional (free) form to its
stable transitional form, that is, the opposite of the
basic reaction for extracting minerals because most
metals are extracted from their ores by supplying
them with a certain amount of energy, as they are in
the single state at higher energy levels From the
federal form, according to the thermodynamic
second law, the last case is a return to the lowest
possible energy level, that is, to return to the federal
form again, and this process is called hot corrosion *
17

Hot Corrosion Testing

The hot corrosion test was carried out in the furnace
manufactured for this purpose by the method of
periodic oxidation or thermal cycles at a
temperature of 900 °C as in Fig. 2 and under normal
atmospheric pressure. The duration of each cycle
was five hours and in an atmosphere of a mixture of
sodium sulfate vapor and sodium chloride by using
a beaker containing a mixture of sodium sulfate and
sodium chloride with a liter of water and placing it
on the heater until it reaches the boiling point, and
thus the vapor of the mixture moves into the oven at
a degree 900 °C in order to test the behavior of the
uncoated and coated samples with the types of
coatings used 8,

Ordinary aluminum paint (Pack Cementation),
which is over four periods of time.
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Figure 2. The system used in the cyclic oxidation
process

The samples were weighed before the test
and their dimensions were fixed to know the change
in weight after the test *° and then they are placed in
a mold containing cavities to fix the samples on it,
and then they are entered into the oven after
reaching the required temperature which is 900 °C.
The samples are taken out from the oven after five
hours, then cooled for 30 minutes and then washed
with water and washing powder well, dried and then
weighed. This process is repeated periodically for a
maximum of 200 hours for testing and compared
with the uncoated model to find out which coatings
provided better protection 2022,

Microscopy

Samples  were allocated for  microscopic
examination after the completion of the coating
operations, where cold basing operations were
carried out on them and the smoothing and
polishing process was conducted on them, then a
microscopic examination was conducted to
determine the thickness of the coating and the
structures that appeared as a result of the coating %>
2, As for the display process (Etching) It was done
by using the revealing solution, which is a solution
of ferric chloride FeCl; (5gm) and hydrochloric
acid HCI (50mL) and distilled water 100 mm. And
to reduce hot corrosion and oxidation, which is
followed in our research, this is the simple alumina
coating, or what is known as diffusion coating * 24,
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Results and discussion:-

Single phase aluminum coating at 1000°C for
the alloy. The aluminum gained (Uptake) resulting
from the aluminumization process increases with
time according to the parabola relationship as
shown in Fig .3, which indicates that the diffusion

process governs the coating process % and Fig. 4
shows the relationship of the thickness of the
resulting coating as a function of time, which also
obeys the law of parabola. Table. 2 includes the
weight gain and thickness rates for four periods of
8, 6, 4, 2 hours at a temperature of 1000 °C.

Table 2. Details of weight gain and coating thickness ratios (alluminization only) for A1S1304 single-

stage at 1000 °C

Temp. °C Coating  Av. Thickness of Coating (pm) Av. Weight gain
Time (h) Outer layer Interdiffusion zone  Inner layer Total (gm/cm?)
1000 2 70 25 60 155 0.02475933
4 133 17 30 180 0.02737446
6 139 16 29 184 0.02977583
8 144 12 31 187 0.0312323
0.035 Weight of gain The microscopic examination of the coating
0.03 > 2 after 6hr also showed the presence of two regions,
= v, the outer region containing dark structures, which
§ 0o J may be secondary phases, and the inner region
§ o having light-colored structures, somewhat narrow
£ 0015 W and a little thick at the bottom, i.e. the interfacial
5 o001 region. This is known as the diffusive exchange
£ zone %77,
2 0.005 . . .
s / It is also noted that the microscopic
2 0 o 5 4 . g 10 structure of the resulting coatings with the four time
Time(hr) periods is similar, and is characterized by the

Figure 3. Weight gain from single-stage coating
(alluminization only) at 1000 °C as a function of
time for AISI1304
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Figure 4. The thickness of the coating produced
by a single phase (alluminization only) at 1000 °C
as a function of time for AISI304 showed The
results of microscopic examination of cross-
sections of samples coated for time periods 2; 4;
6 and 8 hours. Fig. 5, shows that the coating
produced after the four-time intervals consists of
several layers and the thickness of the total
coating layer is about 155pm; 180pm; 184pm
and 187um for 2 time periods; 4; 6 and 8 hours,
respectively.
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presence of more than one phase in the coating
layer, and the outer coating layer consists of phases
rich in aluminum. It is also characterized by the
presence of carbide deposits of different colors,
dark brown, light brown, and light yellow, which
are affected by the type of rendering solution used.

It must be remembered that the alloy used
in the research is iron-based, and its coating with
aluminum leads to the formation of one of the
phases of intermediate compounds (iron
aluminum), and this has already happened. The
results of XRD analysis revealed many
complications in terms of the number of resulting
phases, but they confirmed the formation of The
aluminum-rich phase Fe,Al; is mainly in the
coatings produced after the 4 times 2; 4; 6 and 8
hours, and this indicates that the primary phase
formed

It does not change with the increase in the
coating time, but only changes with the change in
temperature, the concentration of the powder
coating or the composition of the base alloy, and
this has been confirmed by recent research 28 2,
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Figure 5. Microstructure of the samples coated with a single-phase (alluminization only) at a

temperature 1000 °C for 2 and 8 hour periods

Table 3 shows the results of the X-ray
diffraction analysis of the coated sample for a
period of 8 hours as was shown from the diffraction
model, Fig.6, the appearance of peaks of
intermediate compounds belonging to phases (iron -
aluminum) such as FeAl, which appeared mainly
and Fe,Al; with strong peaks, but there are a
number of weak peaks that indicate the existence of
what is believed to exist. It is the phase Al,Cr, and
the analysis confirmed the presence of peaks for
intermediate compounds belonging to (aluminum -
nickel) such as NiAl and NiAl;, and by returning
to the phase diagrams for both systems (iron -
aluminum), and (aluminum - nickel), Fig .6, we find
that such phases are possible to form at this
temperature.

Counts

6000

4000

2000

L”&JJLLJU

Position [°2Theta] (Copper (Cu))

Figure 6. X-ray diffraction plot of a sample
coated with aluminum at 1000 °C for 8 hours

Table 3. X-ray examination results (XRD) for a
sample coated at 1000 °C for 8 hours.

Phase type Relative intensity

FeAl Vs
Fes Alis Vs
NiAl S
NiAls S
AlCr Vw
Vs = very strong W = weak
S = strong Vw = very weak

The results of the analysis of the electronic
scanner device (SEM-EDS) for the coating layer
with a magnification of 500nm, and as shown in
Fig. 7, showed a homogeneous spread of aluminum,
which covers the coating layer almost, and this is
confirmed by Fig. 8, spectroscopic analysis of the
EDS, as we note that there is There are many peaks
for the elements, including aluminum, iron and
chromium, and the highest intensity of these peaks
is the element aluminum, which represents the basic
element for the coating layer, and this is what
appeared in the data of Table.3 for quantitative and
qualitative analysis by the scanning electronic
device (SEM-EDS), as the percentage of aluminum
was equal to 28.02 wt% and iron 12.72 wt%, and
this supports the analysis of XRD spectrum in
obtaining the intermediate compounds of iron -
aluminum, as well as obtaining some intermediate
compounds of chromium - aluminum, with a weight
ratio of 3.43 wt% of chromium.
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Figure 7. Microscopic structure by scanning
electron device (SEM) of austenitic stainless steel
(AISI-304) alloy coated with single aluminum for
6hr at 1000 °C.
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Figure 8. Scheme of quantitative and qualitative
examination by scanning electronic device
(SEM-EDS) for austenitic stainless steel alloy
(AISI-304) coated with single aluminum for 6hr
at a temperature of 1000 °C.

Table 4. Details the weight and qualitative ratios of austenitic stainless steel alloy (AlSI-304) coated
with single aluminum for a period of 6hrs at a temperature of 1000 °C.

Elt Line Int Error K Kr W% A% ZAF Pk LConf HConf
/Bg
C Ka 66.1 159.114 0.0088 0.0068 6.10 18.08 0.1109 5256 5.82 6.37
F Ka 00 0.0000 0.0000 0.0000 0.00 0.00 0.2351 97.68 0.00 0.00
Ni Ka 749 159.114 0.0103 0.0079 5.14 9.08 0.1545 4990 4.93 5.36
Al Ka 129.0 598.733 0.0185 0.0143 3.01 3.97 0.4740 2953 291 3.10
Si Ka 1943 598.733 0.0283 0.0218 2.70 4.56 0.6060 36.08 3.50 3.69
P Ka 126.5 598.733 0.0187 0.0144 2.12 243 0.6818 19.98 2.05 2.18
S Ka 1246.4 598.733 0.1879 0.1446 1850 20.55 0.7816 33.62 18.31 18.69
Cl Ka 116.2 598.733 0.0178 0.0137 1.92 1.93 0.7162 6.86 1.85 1.98
Ca Ka 1542 83.3317 0.0251 0.0193 2.07 1.84 0.9320 9.37 2.01 2.14
Y Ka 1954 83.3317 0.0332 0.0256 3.65 2.05 0.9291 10.83 2.68 2.83
Cr Ka 786.6 83.3317 0.1401 0.1078 11.13  7.62 0.9683 3350 1098 11.27
Mn Ka 403.1 83.3317 0.0735 0.0565 6.24 4.05 0.9060 20.69 6.13 6.35
Fe Ka 22764 83.3317 0.4251 0.3271 36.33 23.17 0.9003 98.60 36.1 36.61
Co Ka 6538 83.3317 0.0126 0.0097 1.10 0.66 0.8810 8.17 1.05 1.15
Fig. 9, shows the oxidation and hot  slightly with the cycles Thermal and to the end of

corrosion of the single aluminum alloy coating for
the periods of time hr 2, 4, 6, 8 and from the
observation of the time chart with the change of
weight, we note the continuation of the weight
stability and the approximate non-decrease
especially for the coating for a period of hr (6,8)
Until after the 200 hr and the tests showed that the
coating layer, especially at 8 hr, proved good
efficiency in resisting hot corrosion, and this
indicates that the protective oxide crust Al,05 did
not fall off and that it had good adhesion. As for the
other coating hours, the weight started to decrease
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exposure compared with the uncoated alloy, which
collapsed after the first hours of the thermal cycles.
As for the painted alloy, the slight decrease in
weight is due to the formation of the unstable oxide
Al, 05, which is formed during the transitional
oxidation before the formation of the protective
oxide crust Al,0; which was formed during the
thermal cycles, and the rates of weight loss were not
more than 0.1657 gm . After more than 200 hr have
passed, and the laboratory test indicated that the
model still had good adhesion.
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Figure 9. Oxidation and hot corrosion of the coating with the presence of the thermal barrier Y03 for

the alloy for the time periods 2, 4, 6, 8 hours.

Conclusions:

In this research, a new alloy was
produced that differs from the parent alloy by
adding the element Aluminum to its surface
components through surface engineering and by a
diffusion coating method. By studying the kinetics
of oxidation and hot corrosion of the Aluminizing
sample for the time periods of 2, 4, 6, 8, hours, it
was found that the best model is the Aluminizing
model at the time of 8 hours, as it was highly
efficient in resisting oxidation and corrosion Heat,
at high temperatures and in an atmosphere
containing the vapor of a mixture of sodium
chloride and sodium sulfate. By monitoring the
weight loss, this model continued to maintain its
weight for a very long time, lasting up to 200 hours,
compared to the rest of the models. As for the
Aluminizing model for a period of 6 hours, it was
less efficient than the first, but it is also considered
to be highly efficient, and then a time of 4 hours and
2 hours, respectively.

Overall, for the above, this modified alloy
is considered an alloy with very high efficiency in
resisting the harsh operating conditions of
engineering equipment and can be wused in
equipment used in gas turbine and power plants.

Acknowledgement:
We would like to express our heartfelt
gratitude to the University of Mosul/College of

193

Science, for their unwavering assistance throughout
the research process.

Authors' declaration:

-Conflicts of Interest: None.

-We hereby confirm that all the Figures and Tables
in the manuscript are mine ours. Besides, the
Figures and images, which are not mine ours, have
been given the permission for re-publication
attached with the manuscript.

-Ethical Clearance: The project was approved by
the local ethical committee in department of
Environmental Engineering, University of Mosul.

Authors' contributions statement:

T. M., designed the study. He conducted
research experiments and data analysis.T. M. and
M. A. contributed to the design and implementation
of research and analysis from the results and writing
the manuscript.

Reference:

1. Hanoon M, Zinad DS, Resen AM, Al-Amiery AA.
Gravimetrical and surface morphology studies of
corrosion inhibition effects of a 4-aminoantipyrine
derivative on mild steel in a corrosive solution. Int J
Corros Scale Inhib. 2020; 9(3): 953-66.

2. Salman TA, Zinad DS, Jaber SH, Al-Ghezi M, Mahal
A, Takriff MS, Al-Amiery AA. Effect of 1, 3, 4-
thiadiazole scaffold on the corrosion inhibition of
mild steel in acidic medium: An experimental and
computational study. J Bio Tribo-Corros. 2019 Jun;
5(2): 1-1



Open Access
Published Online First: May, 2023

Baghdad Science Journal
2024, 21(1): 187-195

P-ISSN: 2078-8665
E-ISSN: 2411-7986

3. Tong X, Zhang D, Zhang X, Su Y, Shi Z, et al.
Microstructure, mechanical properties,
biocompatibility, and in vitro corrosion and

degradation behavior of a new Zn-5Ge alloy for

biodegradable implant materials. Acta Biomater.

2018 Dec 1; 82: 197-204.

. Chen J, Qiao Y, Meng F, Wang Y. Corrosion and
Degradation of Materials. Coatings 2022; 12: 969.
https://doi.org/10.3390/coatings12070969

. Nagajyothi PC, Prabhakar Vattikuti SV, Devarayapalli
KC, Yoo K, Shim J, Sreekanth TV. Green synthesis:

photocatalytic degradation of textile dyes using metal
and metal oxide nanoparticles-latest trends and
advancements. Crit Rev Environ Sci. Technol. 2020
Dec 16; 50(24): 2617-723.

. Chen X, Shah K, Dong S, Peterson L, La Plante EC,

Sant G. Elucidating the corrosion-related degradation

mechanisms of a Ti-6Al-4V dental implant. Dent

Mater. 2020 Mar 1; 36(3): 431-41.

Conway BE. Electrochemical supercapacitors:
scientific fundamentals and technological
applications. Springer Science & Business Media;
2013 Apr 17. p 689.
https://books.google.ig/books?id=zCbIBWAAQBAJ
. Salehnasab B, Poursaeidi E, Mortazavi SA, Farokhian
GH. Hot corrosion failure in the first stage nozzle of a
gas turbine engine. Eng Fail Anal. 2016 Feb 1; 60:
316-25.

Adesina AY, Obot IB, Sorour AA, Mtongana S,

Mamilla SB, Almathami AA. Corrosion challenges
and prevention in Ethyl Acetate (EA) production and
related processes—An overview. Eng Fail Anal. 2021
Sep 1; 127: 10551 1.international.

10. Khanna AS. Introduction to high temperature
oxidation and corrosion. ASM international; 2002.

https://books.google.ig/books?id=1Bs9AINUQwwC

11. Tang H, Ismail-Beigi S. Novel precursors for boron
nanotubes: the competition of two-center and three-
center bonding in boron sheets. Phys Rev Lett. 2007
Sep 10; 99(11): 115501.

12. Zhang H, Zhong C, Douglas JF, Wang X, Cao Q,
Zhang D, Jiang JZ. Role of string-like collective
atomic motion on diffusion and structural relaxation
in glass forming Cu-Zr alloys. Chem. Phys. 2015 Apr
28; 142(16): 164506.

13. Callister Jr WD, Rethwisch DG. Fundamentals of
materials science and engineering: an integrated
approach. John Wiley & Sons; 2020 Jul 28.
https://ia903403.us.archive.org.

14. Rodriguez DR, Alarcon F, Martinez R, Ramirez J,
Valeriani C. Phase behaviour and dynamical features
of a two-dimensional binary mixture of active/passive
spherical particles. Soft Matter. 2020; 16(5): 1162-9.

15. Hodge AM, Dunand DC. Synthesis of nickel-
aluminide foams by pack-aluminization of nickel
foams. Intermetallics. 2001 Jul 1; 9(7): 581-9.

16. Andrei VA, Radulescu C, Malinovschi V, Marin A,
Coaca E, Mihalache M, et al. Aluminum oxide

194

ceramic coatings on 316L austenitic steel obtained by
plasma electrolysis oxidation using a pulsed unipolar
power supply. Coatings. 2020 Mar 27; 10(4): 318.

17. Sidhu TS, Prakash S, Agrawal RD. Hot corrosion and
performance of nickel-based coatings. Current
science. 2006 Jan 10:41-7.

18. Di Schino A. Manufacturing and applications of
stainless steels. Metals. 2020 Mar 1; 10(3): 327.

19.Pint BA, Zhang Y. Performance of Al-rich oxidation
resistant coatings for Fe-base alloys. Corros. Mater. .
2011 Jun; 62(6): 549-60.

20. Ross G. Importance of ambient cure for high-
temperature coatings. = APPEA J. 2020 May 15;
60(2): 654-7.

21. Genova V, Paglia L, Pulci G, Bartuli C, Marra F.
Diffusion aluminide coatings for hot corrosion and
oxidation protection of nickel-based superalloys:
Effect of fluoride-based activator salts. Coatings.
2021 Apr 1;11(4):412.

22. Zhang SD, Wu J, Qi WB, Wang JQ. Effect of
porosity defects on the long-term corrosion behaviour
of Fe-based amorphous alloy coated mild steel.
Corros. Sci. 2016 Sep 1; 110:57-70.

23. Kubba RM, Mohammed MA. Theoretical and
Experimental Study of Corrosion Behavior of Carbon
Steel Surface in 3.5% NaCl and 0.5 M HCI with

Different ~ Concentrations  of  Quinolin-2-One
Derivative. Baghdad Sci J [Internet]. 2022Feb.1
[cited 2022Aug.26]; 19(1): 105-120.

https://bsj.uobaghdad.edu.ig/index.php/BSJ/article/vi
ew/4796

Li X, Valadez AV, Zuo P, Nie Z. Microfluidic 3D
cell culture: potential application for tissue-based

bioassays. Bioanalysis. 2012 Jun; 4(12): 1509-25.

25. Jassim RA, Sando MS, Farhan AM. Protection of
Galvanized steel from corrosion in salt media using
sulfur nanoparticles. Baghdad Sci.J [Internet].
2022Apr.1 [cited 2022Aug.26]; 19(2): 347-354.
https://bsj.uobaghdad.edu.ig/index.php/BSJ/article/vi
ew/5342 .

26.Syed Mustafa Rahmani, Md. Fakhruddin H N, Syed
Yasear, Asadullah Md. Efficiency increases by
surface modification of gas turbine blade. Glob J Eng
Tech. 2020; 02(03): 022-034

27. Hornbogen E, Eggeler G, Werner E. Metallische
Werkstoffe. InWerkstoffe. Springer,Vieweg. Berlin,
Heidelberg; 2017. p. 347-402.

28. Rafieerad AR, Ashra MR, Mahmoodian R, Bushroa
AR. Surface characterization and corrosion behavior
of calcium phosphate-base composite layer on
titanium and its alloys via plasma electrolytic
oxidation: A review paper. Mater Sci Eng: C. 2015
Dec 1; 57: 397-413.

29. Zhang Y, Xu K, Liu B, Ge J. Conversion coating
technology for recovery and reuse of waste Mg alloy
polishing powder. J. Clean. Prod. 2022 Jul; 19:
133181.

24,



https://books.google.iq/books?id=zCblBwAAQBAJ
https://books.google.iq/books?id=1Bs9AJNUQwwC
https://ia903403.us.archive.org/
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/4796
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/4796
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/5342
https://bsj.uobaghdad.edu.iq/index.php/BSJ/article/view/5342

Open Access Baghdad Science Journal P-ISSN: 2078-8665
Published Online First: May, 2023 2024, 21(1): 187-195 E-ISSN: 2411-7986

Al ja g g Ly eUal) aladind g Lcaall AISI-304 Tuall a gliall 1Y oil) Al ) Syl
Na, S0 052 pall ciliy xS 9 NaCLo s geal) 2,518 Jlis (e 52 (& jlad) Jslill daglia B Lgsiplis

dgan daal 3 gada Jad 3 gana dba

B1all (i s (o sall Aralas a slall A0S (ol 5l 0l
sdadAl)
3l (g Ly e Ul 48 DA e e Asaia 43l facall o gl 3Y il A <l o Jaas ) sl 138 Caagy
Glluad) s3gd Ll L) Liaddiind Caad) 138 8y Luldll Al CagHlall daglie 8 Adle 3elS 3 B @l o Jgeanl) 4y
(Na2S04) a5 sall il 1S5 (NaCl) psd sl 258 el i ga g ddle 50 a Gila a8 2SH ddee a5 dasial)
s Alle 3 lS 3 A5y Hlall o3gy Aavinal) @lilud) o il < jedal 38 5 pul) AS ) ae L jlie o5 s 0 C 900 50 s A )2 b
Al e ASpud) ae A5 ladly Jshal gl g Jual djlan 55 38 5 Sl Lo glia 8 Ao 3eUS jedal LaalW o DUl () piliall < yelil
skl oS o) g o sial VU Agiall ) sla¥1 @ll3S 5 Alall ABlaily) 3 i oS5 ) ALy Oy dananS ¥ 3 a8 dida ) @IS (5 5ays
e e (Sl adal] A83a] aady A gl oAl ) ) 5 o DUl class o il & jedal GlIAS 5 puaall o suialV) ) JS55 4 grialY)

C\.h.ui}” A ‘Z_,,J\S.AS‘ cksl\ a8 “)\Aj‘ JSL“J\ M.\H.d\ BJ\)Q\ k_\\AJA ‘;am‘i\ cé‘)uﬁ;‘ﬁ\ ¢ Sdall ;3,3;\33.41\ clalsl

195



