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Abstract:-

A thin film of titania (TiO,) was deposited onto AISI 316L steel using physical vapour deposition
(PVD). Coating thickness was measured using Elecometer instrument and it was
(150um).Corrosion resistance to (H,SO4,HCI, H3PO,, and HF) acids with (2&4) pH, and to (NaOH,
KOH,Ca(OH),, and NH4OH) basis with (10,12) pH, of coated specimen was measured at
temperatures ranges from (25-190) C° by weight loss method. It has been found that TiO, coating
largely enhance corrosion resistance of steel alloy especially at high temperatures.

Keywords:-Thin coatings; ceramic thin films; PVD coating; TiO, Thin films.
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Introduction:-

Corrosion is defined as destructive chemical or electrochemical reaction between the metal and its
environment, which results in the formation of oxide or some other compounds. Corrosion begins at
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the surface and then spreads in the interior of the metal. It depends on the temperature, mechanical
stress, erosion and concentration of the reactants. Most metals get corroded due to chemical attack by
other materials, water or environment [1-5]. Alloy steels are not particularly corrosion resistance, yet
corrosion resistance of stainless steel is however better than many other alloys especially austenitic
steel [6]. Ceramic coating materials are normally relatively noble, but there are many factors
influencing the corrosion resistance of the coating-substrate system [7-9]. The most effective method
preventing the harmful effect of the corrosion attack on the parts is adding a protective barrier
between the part and corrosive environment. PVD-ceramic coatings have been widely used as thin
protective layers. Especially the excellent properties of thin films of TiO, such as high hardness, good
wear and corrosion resistance, high electrical conductivity, chemical stability and good adhesion have
led to many useful applications Ceramic coating materials are normally relatively noble[10-14]. This
research tends to study the effect of (150um) TiO; thin film on corrosion resistance of 316L alloy
steel.

Experimental Part:-

1- Specimen Preparation:- TiO, coatings were deposited onto mechanically polished (surface
roughness Ra 0.05 pum) steel (AISI 316L) substrates by cathodic arc method using device type
(YAKMUR. Japan). Substrate composition is as follows: C 0.03%, Cr 18.0%, Mn 2.0%, P 0.045%, S
0.030%, Si 1.0%, Ni 14% and Fe balance. The cylindrical samples with dimensions of (2cm) diameter
and (1 cm) height were used for corrosion tests. The substrates were ultrasonically cleaned before
coating deposition to enhance adhesion of TiO, coating.

2- Thickness and Microstructure:- Coating thickness was measured by an Elecometer type (SH.F.U.,
U.S.A) instrument. This is achieved by putting specimen between the two contact points of the
instrument push a small button to release the pointer which comes to rest indicating the thickness of
the coating. Microstructure was determined by light microscope testing using a microscope type (
Nikon, m 73346, Japan).

3- Corrosion Testing:- A set of tests for acid and alkali resistance for coated 316L steel were accrued.
Special attention was given to temperature, and pH. The used solutions are (H,SO4, HCl, H3PO,,
C¢HgO5) acids with (2&4) PH values, and (NaOH,) base with (10&12) PH value. Tests were accrued
at fixed time of 9 hours with temperature ranges from (25,50, 75, 100, 125, 150,175,and 190) C°,
These tests are according to the ASTMC703. In every case the corrosion rate was determined by
weight loss and calculated using equations below[15]:-

CR=AW/At(mdd).............. (1)
(mdd) milligram . decimeter”. day
Where Aw is weight loss in (mg),A is area of the specimen in (dcm?), t time in day. In mill per year
corrosion rate is calculated from the equation below[16-20]:-
CR=1.44.mdd/S.G (mpy) .......... (2)
Where; S.G is the specific gravity, (mpy) mill. per year

Results and Discussion:-
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Figure (1) shows steel specimen before and after coating. Grain boundaries are the most candidate
areas for corrosion in every alloy, TiO, coating cover all the specimen evenly and completely
isolated steel from its environment, and as we know corrosion resistance of ceramic material is
much better than metals, this fact will ensure us that corrosion resistance will decrease in both
acidic and basic solutions.

Figures (2,and 3) illustrates corrosion resistance of coated alloy at different acidic solutions at
temperatures ranges from 25 up to 190 with pH values 2,and 4 respectively . We may notice that
there is no corrosion at temperatures up to 75°C, and even at high temperatures corrosion rate was
too small with values lower than 3.5 mpy this is a better rate than uncoated specimen. As can be
seen from figures (5) &(6).

Using of enamel as a protecting surface against the action of alkali solutions is wide spread, especially
in washing machines where high concentration of alkali is usual. All the enamels in this study have
not been affected by an alkali solution of NaOH with pH values of 10, and 12 at room temperature.
Figures (4,and 5) which illustrates corrosion rate of coated alloy at different basis may told us that at
room temperature for all types of enamel there is no weight loss in any of the test solutions .Weight
loss in most of cases starts when temperature exceeds 100C°, and increases with temperature
increase, At pH10 there is no weight loss, but corrosion rate increases with pH value.

Conclusions :

We conclude that Tio, coating decrease corrosion rate of 316L steel especially at temperature range
(25-75)°C.

References:-

1- S. Knicker Bocker, et al, "Sinterable -Spodumene Glass-Ceramics", Journal of American
ceramic So city. vol [72], No [20], 2013.

2- G.H.Beall, R.C.Doman, "Glass-Ceramic", Encyclopedia of Physical science&Technology, vol
[66], 2007.

3- J.X. Hsu, R.F.Speyer, "Comparsion of The Effect of TiO2 and i20Nucleating Agents on The
Crystallization of Glasses", J.Am.Ceram.Soc vol [72], No [112] pp 2334-41 2005.

4- H.Schediler, E.Rodek,"The Various Effects of The Nucleating Agents ZrO2 and TiO2 on  The
Crystallization Behavior of Some Coatings", Institute Duverre Paris, France.

5- W.Bolton, "Engineering Materials Technology", 3" ed. Butterworth Heinemann, 1998.

6- Fontana, "Corrosion", 2nd ed.MC. Craw Hill.

7- L.L. Shrior, "Corrosion, Vitreous Enamel", v.6, 1™ ed., Mc Grow Hill , 2005. 3- Amorous J.L.,
Maria J.Orts, "Li20-SiO2-..

8- J.L.Amorous, Maria J.Orts, "Li20-S102-A1203-Me"O Glass Ceramic Systems For Coating
Applications", J. Am.Ceram.Soc. vol [147] No[5] pp 983-87 2004.

9- J.Rodway, et al, "X-Ray Diffraction Characterization of The Enamel Structure J.B.Ceramic
Engineering, vol [93], pp 13-17, 1999.

362



AlFQadisiyah Journal For Engineering Sciences, Vol 9...... No. 3....2016

10- D.Cooke, A. Paul, "Chemical Durability of Enamel Containing MgO, CaO, ZnO, Al1203,
TiO2, And ZrO2", T&J. B.Ceram. Soc. Vol [77], No [4] 1997.

11- W.D.Kingry, " Introduction to Ceramics" , 6™ ed. John Wily & Sons, 2014.
12- M.W. Barsoum, "Fundamentals of Ceramics",3" ed, Mc Graw-Hill, 2001.
13- W. Bolton, "Engineering Materials Technology", 6 ed., Butterwort Heinemann ,2012.

14- J.C. Richmond, "Relation Between Roughness Of Interface And Adherence Of Porcelain
Enamel To Steel", (www// Ceramic Coatings Reports.com), pp1166, 1983.

15- M.P.Borom and Joseph A. Pask, "Review Role Of Adherent Oxides In The Development Of
Chemical Bonding At Glass-Metal Interface" J. Am .Ceram .Soc.vol [147]No[5] pp 612-17
,2004.

16- B.W.King, et al, "Nature Of Adherence Of Porcelain Enamel To Metals", J. Am. Ceram. Soc.
Vol[142] No [11] 504-25 20009.

17- W.A.Colson,et al,"Study Of Crystallization Of Ceramic Coating By Scanning Microscope", J.
Am. Ceram. Soc. Vol[179] No [6] 2003.

18- A.W. Martens, " Pigments For Porcelain Enamel Industry ", T and J.B. Ceram Soc. Vol [187],
No [2],2008.

19- Agafonov, et al, "Protection Of Power Plant Equipment By Enamel Coatings"  Report of
Plenum Publishing Corporation.

20- A.I.Andrws," Porcelain Enamel", 2nd ed., The Garrard Press, USA, 1999.

363



AFQadistyah Journal For Engineering Sciences,

... No. 3....2016

Figure (1) At the top AISI 316L before coating. At the bottom AISI with TiO, coating
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Figure (2) corrosion resistance of coated AISI316L at different acids with pH value 2
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Figure (3) corrosion resistance of coated AISI316L at different acids with pH value 4
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Figure (4) corrosion rate of uncoated AISI316L at different acids
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Figure (5) corrosion resistance of coated AISI316L at different basis with pH(10)
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Figure (6) corrosion resistance of coated AISI316L at different basis with pH(12)
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Figure (7) corrosion rate of un coated AISI316L at different acids
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