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Abstract- T22 low alloy steel is represented as one of the best alloy using to
production oil pipe, patrol valves, high temperature applications. This alloy has
good mechanical properties, a satisfaction corrosion resistance and acceptable
thermal conductivity at nature conditions. At high pressure applications with rapid
flow of a fluid stream, T22 alloy is suffered severe degradation or corrosion. Though
in an attempt to reduce the damage caused by corrosion, it has been resorting to the
addition of La302, that is working on created a composition phase and a protective
layer of corrosion. Where they were mixing alloy elements powders with different
amount of La302 nanoparticles. mixed powder was prepared by powder metallurgy
PM method and using a press at compression strength 175 MPa in mold steel
cylindrical shape die, mold diameter is 20 mm and a height of 100 mm, sintering
process has been done at a temperature 1200 °C and using Argon gas as inert gas.
X-ray diffraction examination was used to identify the phases formed and
microscopic structure of samples after sintering was also examined using scanning
electron microscope, Archimedes method was examined to measured density and
porosity of sintered samples. The examination of erosion corrosion has used a
private system and thus adopted the corrosive sea water as a medium. Erosion
corrosion test results showed clearly increased corrosion resistance with increasing
of La302 amount, due to existence resistance to corrosion phase. 10 vol.% of La302
nanoparticles is the best nanoadditives amount which support a good resistance to
erosion corrosion.
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1. Introduction

The T22 steel is used to produce the boilers and oil
pipes, because it is inexpensive [1], eagerly
existing, simply shaped and welded to the chosen
shape [2], and varied borders, are oxidation,
corrosion resistant sufficient to offer acceptable
service for numerous years [3]. The maximum
valuable temperature is partial effect either by
corrosion or by rust worries that limit the
beneficial life before premature failure or changes
within the microstructure happens that declines the
steel much to assist in high temperature [4]. T22
Austenitic steel is exhibited in the term of the
boiler tank and press the bowl symbol with two
groups of allowable pressures [5]. The cause for
this is its moderately low strength [6]. The
uppermost  permissible were

stress  values
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determined at temperatures where use was

controlled to short-term stress features [7].

Addition
corrosion resistance, strength, and permanence at
elevated temperature [8]. There are two elements

several elements to iron develop

of alloys, primitive and interplanetary. When metal
atoms are like in bulk mass to iron, for example
molybdenum, silicon, chromium, manganese and
nickel, atoms can substitute iron at individual
poetic opinions, called "alternative solid solutions"
[9]. When minor atoms are used, for example
boron, nitrogen, or carbon, lesser atoms
(comparative to the size of the iron atom),
substantial holes inside the matrixes are called
"solid interstitial solutions" [10]. Carbon is by far
away the utmost corporate element of alloys and
has the position of both comparative to its

contented [11].
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Other materials are added to T22 steel enhance
erosion corrosion resistance, such as Al203, SiC,
MgO2 and La302. These materials work to
increase stability of created phases during works
conditions [12].

High pressure powder metallurgy method is a
suitable to produce T22 pipe, especially with add
ceramic reinforced nanoadditives [13]. Hu Z. et. al.
[14] prepared T22 by powder technology
technique. They studied effect addition of Al203
nanoparticles on the fatigue behavior, the
researchers observed that 4.5 vol.% of Al203
gives the best resistance. Lacroix M. et. al. [15]
studied the effect of porosity content on the creep
resistance at 600 °C, they obtained that little
amount of porosity has a positive effect but this
relation changed with high porosity.

In this work, T22 is prepared by high pressure
powder metallurgy method using a uniaxial
hydraulic press. La302 nanoparticles is added to
this alloy and studied its effect on both porosity
and erosion corrosion resistance.

2. Experimental work:
L Prepared Green Samples

Experimentations to estimate the chemical
composition of steel T22 alloy powder were
performed using a rotating cylinder electrode
(ECR) brand EG & G PARC Model 636 as
shown in Table (1). This powder is mixed with
different amount of La302 nanoparticles like
Table (2) using ball mill with alumina ball media
for 30 min, to insure homogenously. Polyvinyl
alcohol PVA 0.5 vol.% 1is used as a bonding
material and 0.2 vol.% of citric acid was used to
disperse the aggregation of particles Mixture
powder is re-blended manually for 15 min to
enhance both chemical and particle size
distribution. Each homologues powder batch is
5.3 gm, that compacted under uniaxial load using
hydraulic press at 175 MPa. Tool-steel cylindrical
die (20x100 mm) was used to prepared these
green samples. Samples are ejected from die by
special ejection tool.

1I. Heating and Sintering Process

Electrical vacuum furnace type (Elect-MFR 23) is
used to heat and sinter the green samples. Heating
process is dune at 650 °C for 60 min to release
individual gases and violating materials. After that,
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the furnace temperature is rise to reach sintering
temperature 1550 °C for 120 min to ensure and
enhance connections among mixture powder
particles as well as reduce the porosity percentage
which create between particles. Samples still, in
the furnace until reach room temperature. Then,
these samples are exited from furnace and prepared

to subsequent testing and inspection stage.
3. Testing and Inspections
1. Density and Porosity

Green and apparent densities are measured for
each sample sets. Green density is measured by
using weight to volume formula [16]:

pg=wg/vg

where wg; is the green sample weight, and vg; is
the green sample volume.

Apparent density is measured using Archimedes’
method in boiler fluid using the following formula
[17]:

AD:—W"

W, W,

w, . . . .
where 4 is the dried weight, is the

submerged weight and ", is the soaking weight.

Apparent porosity percentage is measured by using
the below formula [18]:

W,
W,-W,

11, X-ray diffraction and SEM imaging

Identified the crystalline phases by X-ray
diffraction (XRD) using a SHIMADZU XRD-600
Diffracto-meter, with monotone CuKo radiation.
The applied power and current were 40.0 kV and
30.0 mA, correspondingly. The finding is generally
from 10 ° to 80 ° with a phase size of 0.02 ° and a
speed of 1.2 °/min. The size of sample for XRD
study was 3mm. The
microstructure of sintered samples was resolute via
a Hitachi S-570 SEM, and different areas were

3mm x 3mm X

ary
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randomly selected in each sintered sample. SEM
sample sizes were Smm X 3mm x 3mm.

III. Erosion Corrosion Test

The medium was selected contained of a
combination (o/w) deionized water to 3 vol. %
NaCl, inorganic oil (0.86 g/cm3) as a
supernumerary for crude. In each trial test, the oil
was addition next the steel was absorbed in the
NaCl solution with N, and soaked with CO, for
half an hour, to evade any intrusion of the oil phase
in interaction with the surface of the employed
electrode. The working rod was always situated at
the similar space from the border area. The metal
coupons were hidden in the oil surroundings for a
maximum of 30 days. The assessment of the
corrosion  occurrence  was  estimated  at
temperatures of 60 °C °C, speeds of 2000 and 5000
rpm. Erosion corrosion resistance tests were done
with weight loss method. Corrosion amount rate
was calculated supercilious even corrosion above
the whole surface of the coupons. The corrosion
rate in weight loss per area (mg/cm2) was
calculated from the weight loss using the method
[19]:

w
Cr%—ﬁk

Where; w = weight damage lose in grams; k =
constant (22,300); D = metal density in g/cm3; A =

coupon area (cm2); and t = time (days).
4. Results and Discussion

Figure (1) shows green density of pre-sintered
sample sets. It is clear, that the values of green
density decrease with the addition of La302
nanoparticles, possibly because of the low density
of nanoparticles.

The figure (2) shows the relationships between the
apparent densities, porosity with the amount of
The
between porosity and apparent density is clear.
Decreased apparent density values for green

La302 nanoparticle. inverse relationship

density were observed due to the drying process
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occurring during sintering process. Apparent
density values increase with the increase amount of
nanoparticles up to 10 vol.%, after there is a slight
decrease in these values due to the conglomeration
that occurred with the high amounts of the addition
of nanoparticles.

Porosity values begin to decrease to 10 vol.%, then
a sudden increase occurs, as a result of the closure
of pores between large granules by nanoparticles.
large quantities, there is a
conglomeration of nanoparticles that break down
when fogging and thus become other pores.

However, in

Figure (3) indicate the relationship between weight
loss and La302 nanoparticles with liquid speed.
Weight loss values of erosion corrosion testing
using two liquid speeds, first at 2000 r.p,m and the
second at 5000 r.p.m. At the two speeds, the
weight loss rate was reduced with the addition of
nanoparticles to 10 vol.%, due to the formation of
the (Fe- La302) (card no. # 04-004-2852) Figure
(4) solid phase which strengthens the alloy and
increase its resistance to erosion corrosion. Then
increasing is dune due to increased porosity caused
by the aggregation of the nanoparticles. Further
increases the amount of weight loss with increased
fluid flow velocity, as a result of increasing the
strength of erosion and removal of the material
surface with increased flow velocity.

Figure (5) shows the microstructure of samples
suffered erosion corrosion of all sample sets. It is
observed the dimples which occur due to
extraction process during corrosion test.

5. Conclusion

La302 nano-additive is created Fe- La302 hard
and stable phase when added to T22 steel alloy.
This phase give a high resistance to erosion
corrosion condition. 10 vol.% of Fe- La302 is a
best amount that support a best resistance to
erosion corrosion to oil liquid.
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Table 1: Chemical composition of T22 according to ASTM (ECR) brand EG & G PARC.

Elem ent C Mn P S Si Cr Mo

. Wt.% 0.15 0.6 0.025 0025 05 2 113

Table 2: Sample sets with different amount of La;O, nanoparticles.

Sample Set LasO: nanoparticles vol.%
1 Zero
2 S
3 10
4 15
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Figure 1: Green density values with La;O, nanoparticles vol.%.
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Figure 2: Apparent density and porosity values with La;O, nanoparticles vol.%.
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Figure 3: relationships of weight loss (mg/m?) and liquid speed with different amount of La;O,
nanoparticles.
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Figure 5: Microstructure of samples sets after erosion corrosion test; a) zero vol.% of La;0,
nanoparticles; b) 5 vol.% of La;0, nanoparticles; ¢) 10 vol.% of La;O, nanoparticles; d) 15 vol.%
of La;O, nanoparticles
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