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ABSTRACT

The present study examined the influence of pulsert parameters on the characteristics of anodiakiminum
anodic film. The baths contained$0, (10% ww) and bath volume was 1 L. Anodizing wadexhout for 30 min
at a current density of 1.0 A/drand bath temperature of 10°C. The anodic film afiscted by electrolyte power
dissolution and the length of time the anodic filils in contact with the electrolyte without appligrent. The
results confirmed that the cell nano-structure nbdic film is approximately hexagonal. The struetwas strongly
affected by the frequency and duty cycle of theepalirrent.
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INTRODUCTION

Aluminium is remarkable for the metal's low dengityd for its ability to resist corrosion due to fffenomenon of
passivation. Anodizing is an effective method fasgivation of Al and enhancing protection agaistasion and
the decorative behavior of aluminum and other rsefethe anodic reaction is the oxidation of aluminith— Al**

+ 3€). In this method, aluminum was used as an anod&,80,, H,C,0,, and HPO, electrolytes. In the initial
stages, the aluminum cation {Alreacted with an oxygen anion {{0to form ALO; as the oxide film (2A1 + 30,
— Al,O3). As anodizing continued, the growing .8 film competed with the dissolution reaction of the
electrolytes (AJO; + 6H — 2AI3+(aq) + 3H,0). Electrolytes attacked the barrier layer at sggapoints, producing a
porous film structure. The idealized anodic filmdha uniform hexagonal cellular (anodic cells) stnoe with a
central pore in each cell (Figure 1), but most &ind conditions produced film with less uniformitlt is well
known that anodizing conditions (current, voltaigenperature, electrolyte composition) affect anadit structural
parameters and properties [1-7].

Direct current (DC) is normally used in anodizingdaother electrochemical processes, such as gbtmtirg,
electroforming, electro-polishing, electro-machmiand electrochemical synthesis. A more recenbopt the use
of a pulse current (PC) in the electrochemical essd8-12]. The main parameters of PC are on-tigge ¢ff-time

1
(tor), frequency (f), and duty cycl@)( The relations between these parameters areedefia f = ——— and

ton + toff
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t
@ =—>2"—x100. The pulse current strongly influences the charigtics of the final product of the

on off
electrochemical process. A number of studies haee &°C for anodizing [3, 12-15].

In the present study, the permanent anodizing tiondi of voltage, temperature, electrolyte compasijtand the
effects of pulse parameters on the uniformity, disien, and distribution of anodic cells was invgsted.

MATERIALSAND METHODS

The anode was prepared using AA1070 aluminum allmets with dimensions of 13 x 5 Trithe samples were
first degreased with acetone and then with NaOHtswl. The samples were chemically polished in NgicgP Oy-
HNO; solution and were desmutted using HN\N®Iution. The samples were finally rinsed using ldedistilled
water.

The anodizing electrolyte was,$0, (10% ww). Anodizing was carried out for 30 minaaturrent density of 1.0
A/dm? and a bath temperature of 10°C. X-ray diffractf®D: Philips with Cu Kx radiation, 30 kV) was used to
analyze the structure and the phases present iantbdic film. Scanning electron microscopy (SEMY amergy
dispersive x-ray analysis (EDX: Philips XI30) werged to study the microstructure and morphologthefanodic
films. For details of the experimental conditiorefer to reference 3.

RESULTSAND DISCUSSION

The SEM images of samples prepared under diffe@mditions are shown in Figure 2. Although anodittscwere
present on the surface of all samples, the unifyriofi the anodic cells strongly depended on thguesmcy, duty
cycle, and type of current (PC or DC).

3.1. f=100Hzand 6 = 40%, 50% and 70%

The uniformity of the anodic cells decreased adilitg cycles increased from 40% to 70%. The shapdsborders
of the anodic cells are very clear at low duty eg¢lbut faded as the duty cycle increased. Thdtaatices are
related to the off-time and the probability of aiofilm dissolving during the off-time. The off-tiematf = 100 Hz
andf = 40% is 6 ms, at= 100 Hz and = 50% is 5 ms, and &t= 100 Hz and = 70% is 3 ms. Increasing the
duty cycle from 50% to 70% decreased the off-tidegreasing the probability of anodic film dissolyin

At f = 100 Hzand6 = 40%, the probability of anodic film dissolutios high for a long off-time. The SEM image
shows many pores in the anodic film. No pores earden in the anodic film sampled at100 Hz and = 50% or
f=100 Hz and = 70%. The SEM image df= 100 Hzand® = 70% shows that the dissolution rate of the barrie
layer was low and the shapes and borders of théi@nells are not clear.

The thickness of the anodic film increased as thitg dycle increased. The thickness of the samyilés=al00 Hz
andf = 40% was 4um, atf = 100 Hzand6 = 50% was &m, andf = 100 Hz- 6 = 70% was 1m. For a short off-
time, the rate of dissolution of the anodic filmcosased, so the thickness increased. Consequantigic film
prepared at= 100 Hzand6 = 70% is thicker than other samples prepared bamidizing. The thickness of the PC
sample af = 100 Hzand6 = 70% was lower than that of the DC sample.

3.2.0=50% and f =100, 500, and 1000 Hz

The SEM images of samples prepared at the samecglaliy @ = 50%) and different frequenciefs< 100, 500 and
1000 Hz) are shown in Figures 2(a), 2(d), and 24s)seen, the uniformity of the anodic cell incezhsas the
frequency increased from 100 Hz to 1000 Hz. Thepdamtf = 1000 Hz and = 50% shows anodic cells with very
sharp borders. By contrast, the thickness of trogliarfilm decreased as frequency increased. Thokrkss of the
anodic film atf = 500 Hz and = 50% was um and af = 1000 Hz and = 50% was 4um.

3.3.DC
The SEM image of the sample prepared using DC rtiiseshown in Figure 2(f). The thickness of thenpke is
higher than for the PC samples atj2h. The SEM image confirms that the borders of thed& cells are not very
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clear. The absence of off-time in DC anodizing isnajor reason for the increased thickness and teflethe
morphology of the anodic film.

Figure 1 - idealized structure of anodic cells obtain by anodizing of aluminum
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Figure 2 -The SEM images of samples prepare at variant conditions: (a) f=100 Hz-0=40%, (b) f=100 Hz-8=50%, (c) f=100 Hz-8=70%, (d)
f=500 Hz-6=50%,, (e) f=1000 Hz-6=50% , and (f) DC
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Figure 3- XRD pattern of anodic film formed on AA1070 Al alloy under different anodizing process. (DC) direct current; (PC) pulse
current =500 Hz, 8=70%

3.4. Crystal structure

XRD was used to determine the crystal structurthefanodic film. The results of this analysis foe DC and PC
samples at = 500 Hz and = 70% are shown in Figure 3. TheAl,O; shows a peak at 38° agd Al,O; shows a
peak at 44.8°. XRD confirmed that there is only peek at/— Al,Os; for the DC sample, but there are two peaks at
y- Al,O3 anda—Al,0; for the PC sample.

The occurrence of different crystalline aluminumdeaxphases in anodic film from anodizing has beevipusly
reported [1, 16]. The intensity of the peaks fa BC sample was greater than for the DC sampls.stiggests that
a fine-grained crystalline phase has formed duR@ anodizing. Because the anodic film is not asktlais the
AA1070 Al substrate, the diffraction peaks of thealloy substrate are reflected in the XRD patt@h= 67° and
20 =78°).

CONCLUSION

The SEM images confirm that all samples are appmately hexagonal in structure. This structure atsd i
uniformity are strongly affected by the frequenaglauty cycle of the PC. In anodizing, two processe essential
and competitive: the growth and dissolution of@ film. The off-time (T,4) balances these processes and the
thickness of the anodic film depends on off-time.

REFERENCES

[1] Parekh S P, Pandya A V, Kadiya H Ber Pharma Chemic&013, 5, 125

[2] Christoulaki A, Dellis S, Spiliopoulos N, Anastapsalos D L, Vradis A AJ. Appl. Electrochem2014, 44,
701.

[3] Adelkhani H, Forati Rad Hranian Journal of Surface and Engineerirg13, 16, 9.

[4] Luo S L, Tang H, Zhou H H, Chen J H, Kuang YSkirf. Coat. Tech2003, 168, 91.

[5] Araoyinbo A O, Ahmad Fauzi M N, Sreekantan S, A%jz). Non-Cryst. Solid2010, 356, 1057.
[6] Vrublevsky | A, Chernyakova K V, Ispas A, Bund Aavadski SThin Solid Films2014, 556, 230.
[7] Ghorbani M, Nasirpouri F, Iraji Zad A, Saedi Mater. Design2006, 27, 983.

[8] Alfantazi A M, Erb U,Corrosion 1996, 52, 880.

[9] Adelkhani H, Arshadi M RJ. Alloy. Compd 2009, 476, 234.

[10]Bhuyan A, Gregory B, Lei H, Seow Y Y, Sensd805 IEEE, Conference 314 — 317, Irvine, CA.
[11]Chung C K, Chang W T, Liao M W, Chang H@ater. Lett, 2012, 88, 104.

[12] Adelkhani H, Ghaemi MSolid State lonic2008, 179, 2278.

[13]Rasmussen J J, U.S. Pat&eno, 6113770

[14] Fratila-Apachitei L E, Duszczyk J, Katgerman3yrf. Coat. Tech2003, 165 232.

[15]Chung C K, Liao M W, Chang H C, Chang W T, Liu T Microsyst. TechnoR013, 19, 387.
[16]Lomov A A, KaravanskiV A, Vasil'ev A L, Novikov D V, Crystallogr. Reports2008, 53, 742.

164
www.scholarsresearchlibrary.com



