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ABSTRACT

Anodic oxidation and electrolytic coloring of aluminum surface are continuously studied due to their versatile
applications. In this work, aluminum surface was anodically anodized in H,SO, for different time 10, 20, 30, 45 and
60 min. and colored by two types of metals Sh and Ni. Electrodeposition of Sh and Ni ions was carried out from
sulphate salts based electrolyte using a cell of working electrode and stainless steel auxiliary electrode. The bath of
Sh composed of ShS0O,, 5-sulfosalysilic acid, while the bath of Ni composed of NiSO,, MgSO,, H3sBO3; and MgCl.,.
Also, a co-deposition of both Sh and Ni was carried out at different ratios of electrodeposition time (ts,/ty;) 2/8, 3/7,
5/5, 7/3, and 8/2. XRD, EDX and atomic absorption analysis were used to reveal the composition of oxide layer,
contents of deposited metals and metal density per surface area. Linear polarization was studied in 0.5 M HCI and
Tafel plots were plotted. Optical characteristic of each surface was measured using spectrophotometer, where the
absorbance of Sh colored surface was detected at 1.3 within the range of visible region.
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INTRODUCTION

Applications of electrodeposition of metal ionsoimiano porous anodized aluminum oxide (AAO) byegitbne
step or two steps anodization are widely studie®]1The application fields of electrodepositedralloys were
paid attention due to their appearance and comosgsistance; they are of great interest for théahfeishing
industry [3]. Electronic industry also used eled&posited Ni-Sn alloys for printed circuit boardspaotective and
etch-resistant coatingElectrodeposited Ni-Sn alloys show properties, leagdness, chemical and tarnish resistance
that actually are better than features of pureeliakd tin.[4]. Nowadays, tin has become an intargsnaterial for
incorporation into a nickel matrix. In most of theevious studies, tin particles had an averagengiae of 14-50
nm [5]. So, Sn-Ni alloys are used usually as corrosion protecf6, 7] and alternative to decorative chromium
coatings [8], a partial substitute of gold in thenged circuit board manufacturing industry or &k retaining
surfaces in automotive industry [9]. Lastly, thiogs have found new application areas, especialigrode material
in lithium ion batteries or cathode substrate fgdrogen evolution [10-12]. Electrodeposition of 8k alloys was
firstly described over seventy five years ago [484 the process was introduced to the industradtime relatively
fast. Initially, the alloys were obtained from dlke cyanide—stannate baths, but then acidic ftles+chloride
electrolytes were patented and adopted successbulthe commercial plating [14]. Fluoride—chloridelutions are
still predominantly used for electrodeposition ¢f£8n alloys, since stable tin (I1)-fluoride compésxare formed in
such conditions [15]. However, hot fluoride batie eather hard to operate due to corrosion problesmsed by
free hydrogen fluoride as well as the requiremenise separate nickel and tin anodes working &rdift current
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densities [16]. Shaffadt al. studied the electrodeposition of Ni and Sn in saedy baths [17]. They concluded that
tin coating showed an enhancement in light absamind improvement of corrosion resistance.

This work aimed to prepare Ni-Sn coating by low tcowthod and examine the composition, structure and
morphology of coating to be applied in solar pugms

In the present study the electrodeposition of Shidinwas carried out and the surface was invesiig#d reveal the
disparity of both metals. X-ray diffraction was dst reveal the qualitative screening and examiee atomic
structure into the porous film. In addition, EDX aseirement was used for the quantitative analysiepbsited
metals. Corrosion resistance of each sample arbdozmted at different time and electrolyticallglored by Sn or
Ni was measured using linear polarization. Optidladracterization of black surfaces was investigated the
surface absorbance was measured after depositioottofSn and Ni.

EXPERIMENTAL SECTION

2.1 Materials

Samples of dimensions 10 x 3 cm were cut from ahumi sheet 99.5 %. Lead plate was used as coueterade
in the anodization process. For pretreatment ahadum surface, acetone, sodium hydroxide and nétcid were
used in appropriate concentrations. Sulfuric aci® B/l was prepared and used as the electrolyteafioidic
oxidation.

2.2 Set-up, Procedures and M easur ements

Cooling system was used for controlling temperatdrelectrolytic solution during anodization. Thestem consists
of thermostat, compressor and copper serpentin€rfon circulation immersed in water bath. DC Po@&epply
GW Lab GPR-3030 was used as the source of DC dwttgimg anodization.

Aluminum samples were firstly degreased by acefonthe disposal of grease and oils which may reno&er the
surface, etching by immersion the sample in a Eplutf sodium hydroxide 12 %, and then dismuttirgswdone by
immersion into a solution of nitric acid. Anodizati step was carried out using electrolytic cell of

two electrodes system connected to DC power suppdlyboth electrodes were immersed into electroBdiation

of prepared K50, 170 g/l. Electric potential 15V was applied and #olution was cooled to 17°C before starting
anodization step for 30 min. Finally, the samples\iiged in the electrolytic coloring bath of Sng@ NiSQ, at pH

2, where Sf or Ni* ions were reduced and deposited within the namoysofilm. Then, a homogeneous black
color was formed.

Philips X-Ray Diffraction equipment model'Rert PRO with Monochromator, Cu radiatids{.542A) at 50 K.V.,

40 M.A. and scanning speed 0.02o/sec were usedrdfleetion peaks betweerd 2 2° and 60, corresponding
spacing (d, A) and relative intensities (I/lo) wesbtained. The diffraction charts and relative fsites were
obtained and compared with ICDD files. EDX analysis used by QUANTA FEG 250 (FEI). Absorbance was
measured using spectrophotometer UV/VIS/NIR Lami@aPerkin Elmer spectrophotometer with integrating
sphere which was used to measure the total reflecti the coatings in the range of 250 —2500 nmenamgth. The
light absorbed has been given as a function ofirthiglent light wave length. The data of the abdorpof the
colored aluminum samples were represented as curves

RESULTSAND DISCUSSION

3-1 Surface mor phology

The morphology of porous anodic film formed aftepdic oxidation and electrolytic coloring of alumaim surfcae
was investigated using FESEM . The top image shioviAig.1 of the sample colored by Sn revealed tlesgnce of
arrays of porous film of aluminum oxide surround®dthe grain boundaries of origion aluminum surfathe
appearance of Al grains indicates the thin anddicpresent. The top image of the surface cologelibshows the
distribution of tremendous number of fine poresrafe anodic film and the grains of Al surface. Trains of Al
are not obviously appeared and the anodized fithkdas a texture of aluminum oxide film.

Moreover, the sample colored by deposition of Bthand then Ni for 5 min depicts the presence ofrins
around the fine porosity.
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AAO layer colored by Sn AAO layer colored by Ni AAO layer colored by Sn and Ni
Fig.1: Top images FESEM of anodized and and colored porous anodic film by Sn, Ni and mix of Sn and Ni

Fig.2: FESEM of cross section of 1% anodized Al

In addition, investigation of cross section of aieggorous Al oxide film by FESEM reveals the presemf thin
film of huge number of fine pillars of Al oxide ahe outer surface stems from the origin aluminumiase, as
shown in Fig.2.
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Fig.3: X-ray diffraction chart of two samples anodized aluminum and electrolytically colored by Sn and Ni
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3-2 X-ray diffraction analysis (XRD)

Precipitation of Ni and Sn from their salts on tdeminum surface was detected by XRD. The elecfrosition is
based on the time, electric potential and conseatjuenloring material. X-ray diffraction patternd different
colored surfaces by Sn, Ni or both Sn and Ni acewshin Fig 3 and 4.

The patterns indicated the presence of tin oxid® 8nd native Sn through the indexed d-spacing (@56 and
2.92 A- ICCD85-712 and 89-4898), however otherdimeas hidden. Precipitation of native Ni is ideatifin the
pattern at d-spacing line (2.03A — ICCD 4-0850)cksr shoulder accompanied Al line at 2.02 A. @aclhump
was detected in all patterns, especially in cagbeprecipitation of both Sn and Ni &-225 (d-spacing line ~ 3.50
A). A Diffused peaks of amorphous layer are presemd the small hump indicates the new formation rimit
complete. It may be influenced by the phase tremmstf aluminum oxide from sol phase to gel phase.

Precipitation of both metals in a weak line of $ &l was observed, however Ni was not appeardgtdrpattern.
Other lines in the patterns are belonging to nagiveninum of d-spacing lines (2.33, 2.02 and 1.43@&CD 89-
3657).

Precipitation of both Ni and Sn together showsedéht patterns that may detect the behavior of blgtinents. The
lines of SnO or Sn were obviously appeared more MiaThis is may refer to the volume of both Sn@l &n into
the porous film which are heavier than Ni.

X-ray diffraction analysis showed that SnO and Smeaprecipitated which mean that the dissolvedsSernoved
from the electrochemical cell explaining oxide staias detected (< 1%) to appear in the x-ray difioa patterns.
The presence of amorphous patterns depicted id Ry render to the electrolytic coloring intercémt a few
seconds for transfer from Sn bath to the Ni bathictv may allow the outer oxide film to convert tohimite form
of Al oxide and incomplete crystallization.

Sho Tinoxide
Al Aluminum

1% 20 30 40 50 Gl

Fig 4: X ray diffraction patternsof aluminum surface containing precipitation of either Ni or Sn or both Ni and Sn

The X-ray diffraction of samples of black coloreg the electrodeposition of different ratios of Shitshown in
Fig.5. It reveals the presence of peaks of Ni, &h &nO in case of ratio 2/8, while, Ni peak wassedain case of
8/2 ratio, where the peaks of Sn and SnO were pndglominated.

3-3EDX Analysis
The charts of EDX analysis of the surfaces of anedlialuminum after electrodeposition of Ni, Sn aoth Sn/Ni
are shown in Fig.6Table.1 shows the percentage of elements conteBDb§analysis of each sample.

The EDX charts of each sample revealed the contdrite outer surface after anodization and elégdtoocoloring.
The high peaks of Al and O indicates the major gmes of porous oxide film. According to the typeroétal
deposited either Sn or Ni, a small peaks of SnNingdere appeared. A trace of sulfur was obviouglgeared may
due to the reduction of sulfur deposition into pardayer by the usage o£8I0, in both anodization and coloring
steps.

The contents of Sn and Ni are shown in Table-1,reviee surface colored by Sn deposition into poridos
contains 10.22 % by weight. Also, 9.69 % by weighWNi was detected in the surface colored by Niad#mon.
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While, in the surface colored by mixture depositidrsn and Ni revealed the presence of 9.98 antl %.8f Sn and
Ni by weight, respectively.
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Fig 5. Comparison of X ray diffraction patterns of aluminum surface after deposition of mixture of both Sn/Ni

3-4 M easurements of Sn and Ni density (mg/cm?)

The measurements of Sn and Ni density per*Iafrthe surface revealed the presence of Sn corgaged from 2.1

to 5.7 mg/cri, while, Ni content was vacillated between 0.8 ar®img/cni as the anodization time increased from
10 to 60 min, as shown in Fig.7.

In addition, Fig.8 shows the effect of variationtofe of electrodeposition of Sn and Ni, where ®ntent was
increased from 1.1 to 5.2 mg/mwhile Ni content was detected between 1.1 1aBdl@w variation), as the time
ratio t/ty; increased from 2/8 to 8/2. This indicates thatitmes of tin are capable of penetration and fillithg

nano pores diameter of A); layer more than nickel ions. This may rendershi variation of atomic size and
electrode potential of each element.

Table.1: Element content of the surface of each sample after EDX analysis

Process Al % wt O % wt S%w Sn%w Ni%w
1st anodized + colored Sn 49.56 3191 831 10.22 -
1st anodized + colored Ni 50.08 33.8¢ 6.34 - 9.69
1st anodized + colored both Sn/Ni  52.79 23.99 5.91 9.8 7.34
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Fig.6: EDX analysis of samples anodized and electrolytically colored by Sn, Ni and mix. of Sn/Ni

3-5Corrosion results

The Tafel plot of linear polarization of both saeptolored by tin after different anodization tigh®wn in Fig.9, it
indicates that the corrosion potential was deteeted 0.8 and - 1.2 V for samples anodized at iid) @0 min,
respectively. The higher metal content led to loe@rosion resistance of the surface. So, the Eaanpdized for
60 min showed lower corrosion resistance due theri®n content.
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Fig.7: Themeasured Sn and Ni content after electrodeposition for constant time 10 min measured by Atomic Absorption
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Fig.9: Tafel plot of samplesanodized for 10 and 60 min and colored by Sn deposition
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Fig.10: Tafel plot of samples anodized for 10 and 60 min and colored by Ni deposition

On the other hand, the low Ni content in spit ofngshigh anodizing time 60 min showed higher caonos
resistance and corrosion potential at - 0.7 V asvshin Fig.10, while the sample anodized for 10 wruidl colored
by Ni showed lower corrosion resistance and casropotential at - 1.1 V. The corrosion resistanteolored
surfcae either by Sn or Ni are ascribed to the heetatent. These results are matched with thosaimdxd in Figs.7
and 8.

3-6 Optical Characteristics

The optical measurements of the sample surfaceembly Sn after different anodization time fromt@@0 min are

shown in Fig.11. The absorbance measurements eglvé@t all samples colored by Sn showed a higbrbbace

of light (A= 1.3) in the range of visible regiorofn 350 to 850 nm. This indicates the presence efaate content
of Sn after electrodeposition step and a uniforterceas achieved in spite of variation of anodiaattime as a
consequence of pore size disparities.

In contrast as shown in Fig.12, the absorbance uneants of samples colored by Ni showed also &figobance
of light in the range of visible region. But, slihthe samples showed absorbance values lessstimaples colored
by tin due to the difference of metal density. Tihidicates the presence of low content of Ni adlectrodeposition.
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Fig.11: Spectrophotometer measur ements of samples colored by Sn and anodized for 10- 60 min
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Fig.12: Spectrophotometer measur ements of samples colored by Ni and anodized for 10- 60 min

From these findings, the content of Sn and Ni slibeavariance of their behavior in spite of using same time of
anodization. This appeared in the surface chaiatitesuch as corrosion resistance, metal dengBX, XRD
analysis and absorbance measurements. The presér&®O found by X-ray diffraction may due to theghi
content of Sn into the nano pores of anodic filthe Bxposure of Sn atoms to continuous anodic aridaturing
the anodic cycle of AC current may lead to oxidatid a few atoms of Sn to SnO. While, there wasl@iction to
the presence of nickel oxide, where low densityiickel content was measured and higher potentglired for
nickel oxidation The high absorbance of colored@amperceived as a promised surfaces for apgitabf highly
absorber plates and solar water heaters.

CONCLUSION

The study revealed the variation of samples coldne&n and Ni at the same anodizing conditions. XdRbwed
the presence of peaks of Sn, Ni and low conter8r®. EDX analysis showed the presence of 10.88 % by
weight for the samples colored by Sn and Ni, respaly. Sn 9.98 % and Ni 7.34 % by wt. were detddte the
samples after co-deposition of Sn and Ni. The nresmsents of metal density per surface area revehéegresence
of Sn ranged from 2.1 to 5.7 mg/gnwhile, Ni content was vacillated between 0.8 dnd mg/cm as the
anodization time increased from 10 to 60 min. Atbe, Sn content was increased from 1.1 to 5.2 nfghstmile Ni
content was detected between 1.1 land 1.3 rﬁgﬂom variation), as the time ratigty; increased from 2/8 to 8/2.
The sample anodized for 60 min showed lower coorosesistance due to higher Sn cont&uhile, the sample
anodized for 60 min and colored by Ni showed higtmrosion resistance. The samples colored by Swesth a
higher absorbance A=1.3 in the range visible region
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