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ANALYSISOF CHEMICAL NICKEL PLATING PROCESS
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Nowadays the nickel electroplating process is conlynased for a variety of manufactu-
ring applications. In general, electroplating img@e a wide range of properties not inhe-
rently present in the base material. Nickel plaigig method which has many advantages
i.e.: prevents corrosion, improves hardness arehgth, increases resistance to wear as
well as gives the aesthetic view of the producterédver, the nickel electroplating pro-
cess in industrial applications is often used dujoining or brazing. The applied coating
increases the wettability of liquid brazing on theese material surface as well as improves
the quality of the connection between differentemnats. The paper presents results con-
cerning the analysis of setting for nickel eleclatipg process. Samples for investigation
in the form of tubes with a variable diameter werepared from austenitic stainless steel
AMS 5510. The effect of nickel plating procedures! @urrent parameters on the quality
of the obtained coatings were analyzed. Unifornaitg thickness of the applied layers
were verified in randomly selected cross-sectiorasrby microscopic observation.
At least 100 measurements for each sample wererpeetl. The optimized process para-
meters allowed saving 100 s in nickel-plating pescendependent of the tube diameter.
Obtained results have a significant importanceast-savings and increased productivity
of the nickel plating process.
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It is well known that the most useful propertiesnwdiny products depend on the
microstructure and coatings applied on materiah® Best results of preferred proper-
ties usually are achieved by proper selection efrttaterials and production technolo-
gy. The manufacturing process of such productsiglly multi-stage and depends on
many factors. Moreover, materials during the exptmn are exposed to the different
external influences i.e. mechanical, thermal octebehemical [1]. Frequently among
many factors affecting the destruction of mater@ie is a dominating. This process is
independent of the material from which it is madsually the destruction mechanism
propagates from the surface. One of the ways teeptehis kind of defects is applying
a suitable surface layer — the protective coatijg Typically this process means per-
manent plating of the metal alloy or ceramic matewhich will isolate the material
from the effects of e.g. aggressive environmemalddions. Therefore, nowadays the
surface engineering is so important because itsagmificantly prevent such effects.
This process can be applied for all kinds of materj3—7]. Furthermore, through the
application of various coatings the functionaligncbe increased, service life can be
longer and operating costs reduced.

Currently there are many coating application teghes e.g. chemical, hot-dip
galvanizing, thermal spraying, diffusion or elegliading. However, such methods, like
physical vapour deposition, chemical vapour deposibr thermoreactive diffusion
some have some disadvantages e.g. the high caspafatus and/or limit the relative
shapes and/or sizes of metallic parts. Therefbreegtectrochemical methods are more
often chosen in industrial applications.
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Fig. 1 shows chemical elements that can be deoslextrochemically from an
aqueous solution. The most important industriattebehemical coatings include:

— galvanized-zinc plating, which in the humid airrh on the surface a fairly
sealed layer that isolates the steel or cast namn the environment;

— tinning, which is usually used in the food inaydgor rust preventing;

— chrome plating, which can be decorative, providerosion resistance, ease
cleaning procedures, or increase surface hardness;

— nickel plating is commonly used to improve coimagesistance and the aesthe-
tic qualities of the product [8—11].
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Y Tc |[Ru/Rh|Pd|Ag Cd|In |Sn|Sb|Te
Re |Os|Ir |Pt |Au Hg|Tl |Pb|Bi

Fig. 1. Scheme of the periodic table, showing teenents that can be deposited
electrochemically from an aqueous solution.

The nickel plating is the one of most importanttpotive coatings applications,
currently used in the industry. According to Nickestitute in Europe [12] the nickel
plating process covers about 9% of the total nighetuction. It is estimated that in
the technologically advanced countries approxinga@ 000 tons of elements are
subjected to nickel plating annually. It is commpkhown that the protection degree
depends on the number of non-metallic inclusiongodiged on the coating during
galvanizing process. Along with its reduction tleaiings quality gets better. Generally
the compounds in the bath are used to improve uHace finishing of the materials,
provide aesthetic effects, cause the coating dégosn the form of column or to add
brightness the coating layer [12—-14]. Brightenempounds were divided into two
groups (group |: amino polyaryl methane, pyridireriehtives, chinolin derivatives,
aryl sulfonate-aldehyde; group II: aryl sulfonatelfonated alkenyl, Wifoamides [12].
The concentration of mixture belonging to the fagsbup should be small and carefully
controlled during the process because of their ntotwightener activity and the
influence on the mechanical properties of the ogatihe compounds of group Il are
responsible for modifications in the nickel layerogth. Their concentration is
significantly higher compared to the previous groUgually nickel coatings have a
bright silver colour, however under the water iefige they rapidly tarnish. To prevent
this a thin layer of chromium is galvanically deped on the nickel coating, which
allows its shining for many years.

The nickel electroplating is usually carried outoine of four baths: Watts-type,
chloride, fluoroborates and sulphamate. Watts athe most commonly used in in-
dustry nickel-electroplating, which is composechiakel chloride (40...60 g/l), nickel
sulfate (240...310 g/l), and boric acid (30...45 g)mixture of the baths which also
contains the compounds is dependent on the propéiith the coating should achieve.
Moreover, the final quality of the coating depesamificantly on the deposition para-
meters. The next used baths are chloride, whicdym® a hard, fine crystalline and
low-plastic coating. The smallest ranges of aptiice have fluoroborates and sulpha-
mate baths. They are characterized by high plastcid very low residual stress.

Nickel coatings applied through electrochemicalcpss have excellent plasticity
and are highly adhesive to copper and steel. M@eaorrosive potential of nickel
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coating for such substrates, in most corrosiverenments, is greater than the corro-
sion potential of the substrate. Therefore in ssyg$tems the nickel coating provides
cathodic protection against corrosion of the salbstrFurthermore, the nickel coating
is also applied before the brazing process. Nigkeklayer improves the brazing pro-
cess, increases the wettability of liquid brazimgtiee base material surface and stops
the creation of the reactive areas [15-17].

During electroplating the bath malfunction can e met. This causes an
objectionable decrease of the coating quality, c&dn of the range of gloss, separa-
tion of significant amounts of gas or decreasefii¢iency. There are many causes of
bath malfunctioning or defective coating. Defectiviekel layers are removed in the
same way regardless of the nature of the coatiagndring the wrong applied coatings
can be accomplished electrolytically by suspendibjgcts as anodes in a sulfuric acid
solution (VI) having a density of 1.74 g/&nDuring anodic process the current density
usually is in the range 7...8 A/dmLead electrodes are used as cathodes. In order to
protect steel against etching glycerine in an arhofiB...10 g/dniis added to sulphu-
ric acid (VI). Furthermore at high concentrationekel can be very toxic [18—-21]. Ac-
cording to the International Agency of ResearchCamcer, exposure above 1 b
nickel soluble was evaluated as carcinogenic [22].

Materials and experimental procedure. The test was carried out on austenitic
stainless steel AMS 5510. The chemical compositibithis steel, according to the
standard is the following (%): 0.08 C max; 0.25..00.%; 2.0 Mn max; 0.04 P max;
0.03 S max; 17...19 Cr; 9...12 Ni; 0.7 Ti max; 0.1 Nxmniae bal. Material selected for
analysis is commonly used in the aerospace apiplicatsuch as exhaust stacks, mani-
folds and ring collectors or constructing composednt aircraft engine fuel. This type
of stainless steel is characterized by high melgomt and through titanium addition
the resistance to intergranular corrosion.

Watt bath order of the electrochemical nickel pigtprocess proceeds according
to the scheme: | — degreesing the anode; Il —edesiing the cathode; V — activation of
the cathode; VII — nickel breakaway; IX — nickelghamic; 11, 1V, VI, VIII; X — muni-
cipal water. Individual blocks present the nextgetof the nickel coating process.
The standard full cycle consisted of ten treatmekmtsthe first bath the process of
degreasing the anode with an aqueous solution &Géatio EL 210 was carried out. In
every second bath the washing process in munieiptggr was performed. In the third
bath degreasing of the cathode took place in thatigo of Slotoclean EL 211. The
next step was to activate the cathode by immergiegelement in the solutions of
Slotoclean Decasel 5, Slotonik M and water. Thst ftompound is an inorganic salt
mixture containing fluorides, while the second uposed to apply the glossy nickel
plating. Then, bath VII contains a mixture of nickaloride (II) hexahydrate, chemi-
cally pure hydrochloric acid and deionized watene Tast process is an electroche-
mical bath in sulphamate nickel obtained by mixB@6 nickel sulphamate, nickel
chloride (Il) hexahydrate, boric acid and deionizexter.

The samples depending of the tube diameter weliected to nickel plating pro-
cess at different current settings, as present&dlle 1. The established new current
parameters had to be as close as possible to thevagl production standards
accepted by the recipients. For the largest diantatee, the effect of omitting three
stages of washing on the quality and thicknesé®frésulting nickel coating was also
analyzed (samplée 7). After the nickel plating process, samples wsubjected to
microscopic observation. The samples were cut egpgndicular to the direction of
applying a layer (tube axis). A polishing procesaswinishing by using diamond
suspension with 3 um particle size. The sample etelsed with the Kallings reagent:
CuCb, hydrochloric acid and ethyl alcohol in the ratib5 g — 100 ml — 100 ml,
respectively.
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Table 1. The current settings of nickel plating process depending of the tube diameter

Tube diameter Current setting, A
Symbol of sample !

mm used as standard new
1 0.6 —

9.5
2 - 0.8
3 1.2 -

19.0
4 - 1.6
5 15 -
6 25.4 - 2.2
7 15 _

shown above.

" — lack of washing process, the 1V, VI and VIII ban the nickel coating process presented as

randomly selected areas shifted by 90

Fig. 2. Sample\e 5 showing four

for nickel thickness measurements.

Microscope Nikon Eclipse LV150 was used
to perform a microscopic observation. For each
sample the measurements were taken at four
randomly selected areas. Their mutual orienta-
tion relative to the tube axis was shifted by 90
(Fig. 2). For each sample about 100 measure-
ments were made (at least 25 measurements in
each of the four areas). The maximum, mini-
mum and average thicknesses with standard
deviation of nickel coating were evaluated.

Results. Fig. 3 presents a representative
microstructure of samplse 1, which shows the
visible applied nickel coating. It was observed
that the nickel layer was spread evenly on the
stainless steel surface around the circumference
of the tube. Good coherence of the coating with
stainless steel was obtained for all samples
tested regardless of the tube diameter and

applied current parameters. On the basis of miarostre analysis, it was also found
that the elimination of three stages of the surfatgng in the coating process (sample
Ne 7) did not result in any negative impact on thalijy of adhesion of the resulting

nickel coating. Moreover, such a procedure saverlathOO s in the process of its
production, which is important because it allowsr@asing the production efficiency.

All analyzed coatings had the thickness requiretheyAMS 2403 standard.
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Fig. 3. Representative microstructure of saniulé with thickness measurements
of the nickel layer: | — nickel layer; Il — base texal.



The maximum and minimum thicknesses of their nickeltings in four randomly
selected areas on the circumference of the tukigs Z); depending on their diameter
and applied current parameters, are summarized paesented in Table 2. The
measurements allowed confirming the uniformity li€kness of superimposed nickel
layers. The smallest coating thickness was meagareshmpleNe 5, while the thickest
nickel layer was recorded for sampie?7.

Table 2. The maximum and minimum nickel thickness measured
in four randomly selected ar eas on the circumference of the tube
schematically shown in Fig. 2

Area 1 ‘ Area 2‘ Area fp Area 4
pum
SampleNe 1
Maximum thickness of nickel layer 7.6 5.4 6.1 6.6
Minimum thickness of nickel layer 4.2 4.0 3.7 2
SampleNe 2
Maximum thickness of nickel layer 7.4 5.8 6.3 6.8
Minimum thickness of nickel layer 4.3 4.1 3.8 4.6
SampleNe 3
Maximum thickness of nickel layer 7.5 7.1 8.1 6.1
Minimum thickness of nickel layer 35 3.3 4.3 4.3
SampleNe 4
Maximum thickness of nickel layer 7.3 6.8 7.2 8.b
Minimum thickness of nickel layer 4.4 4.1 3.9 4.5
SampleNe 5
Maximum thickness of nickel layer 4.3 5.8 6.9 7.4
Minimum thickness of nickel layer 2.7 3.3 2.8 4.6
SampleNe 6
Maximum thickness of nickel layer 5.5 6.2 7.1 6.8
Minimum thickness of nickel layer 3.4 3.9 4.4 4.3
SampleNe 7
Maximum thickness of nickel layer 7.6 7.1 8.9 6.V
Minimum thickness of nickel layer 3.8 4.2 4.3 4.3

The mean values of more than 100 measurementsaith ef the samples,
allowing a global comparison of the thickness & ttickel layers, depending on the
tube diameter and the applied procedures are gessanFig. 4.

Based on the results obtained it was found thaptbposed new (higher) current
parameters allowed the slightly thicker nickel auogd relative to the value which was
measured for the samples produced at the loweemuparameters. The effect was
independent of the applied tube diameter. Furtheeméhe thickest nickel layer
characterized by the procedure of sample preparati@ddition to the higher current
set points included omission of the three washiapgs
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CONCLUSIONS
i The results demonstrated that
I both the current parameters and the
number of applied stages of the pro-
cess have a significant influence on
the thickness of applied nickel coa-
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|
‘ tings. All of the coatings produced
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were characterized by a good con-
‘ , ‘ . | . sistency with the base and met the
1 2 3 4 5 6 7 requirements of the standard. It was

St [ shown that the increase in current
Fig. 4. Mean thickness of nickel coating settings made it possible to produce

depending on the tube diameter the thicker nickel layers. In addition

and applied technological parameters. the possibility of such choice of the
nickel-to-stainless steel processing

.
\
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i
\
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technology was demonstrated and it was possibkawe up to 100 s of production
time without worsening the quality of the applieshting. This solution allowed signi-
ficant cost savings and increased productivity.

PE3IOME. HixenioBaHHA 4acTO BUKOPUCTOBYIOTh y PI3HUX BUPOOHMUMX Ipolecax s

MOJIIIIIEHHST BIIACTUBOCTEH OCHOBHOTO Metainy. Lleit MeTon mae GaraTo mepesar, 30Kpema, Io-
nepe/Kae Kopo3ito, MiJBHUILY€E TBEPAICTh Ta MIIHICTh, 3011bIIy€e 3HOCOTPHUBKICTH Ta MOJIMIIYE
€CTeTUYHHUHA BHUIIIAA BHPOOiB. KpiM TOro, Oro yacto 3acTOCOBYIOTH i Yac 3BapIOBaHHS Ta
nasHHs. HaHeceHUi MOKpUB Kpallle 3MOYy€ThCs, @ TAKOX 3’ €JHAHHS Pi3HUX MaTepiaiiB sKiCHi-
. 3pa3ku BUTOTOBICHO Y (hopmi TpyOOK pizHoro miamerpa i3 aycreHitHoi crami ASM 5510.
IIpoananizoBaHO BIJIMB HIKEIIOBAHHS Ta HOro MapaMeTpiB Ha SKICTh HOKpUBIB. Mikpockomid-
HUMH JIOCII/DKCHHSIMH MATBEP/DKEHO PIBHOMIPHICTh HAHECCHHS MOKPHUBIB y BUIIAIKOBO BUOpa-
HUX JAUTSHKaX HOIepedHoro nepepisy. Bukonano 6nusbko 100 BumiproBanb. OTpuMaHi pe3yb-
TaTH MAlOTh BAXJIMBE 3HAUEHHS JUIS PEeHTA0eIbHOCTI Ta MiIBUIIEHHS NPOJYKTHBHOCTI HiKEI0-
BaHHSI.

PE3IOME. HukenupoBaHU€E 4acTO UCIOJb3YIOT B PA3IMUHBIX IPOU3BOJCTBEHHBIX IPOLIEC-
cax I yIIydqIIeHHs CBOMCTB OCHOBHOTO MeTalia. DTOT METOJ MMEEeT MHOTO NPEHMYINECTB, B
YAaCTHOCTH, IPENYIPEXIAET KOPPO3UIO, MIOBBIIIAET TBEPAOCTh U IPOYHOCTD, YBEINUUBAET U3HO-
COCTOMKOCTh M yJIydIIaeT dCTeTHYHBIA BuJ m3aenuil. Kpome Toro, ero yacto mpuMeHSIOT MpH
cBapke U naiike. HaHeceHHbIe MOKPBITUS JIyUllle CMaYUBACTCs, a TAKKE COSAUHEHUS] PA3IUYHbIX
MarepuajioB Oosiee kayecTBeHHbIe. OOpa3ibl U3rOTOBJICHBI B (JOpME TPYOOK Pa3IHUHOIO JHa-
MeTpa u3 aycreHuTHOH cramn ASM 5510.IIpoaHann3npoBaHo BIMSHHE HUKEIUPOBAHUS H €TO
HmapaMeTpoB Ha KadecTBO MOKPHITHHA. MHKPOCKONMYECKHMH HCCICIOBAaHMSAMHU ITOITBEPIKACHA
PABHOMEPHOCTh HAHECEHUs! IOKPBHITUH B CIy4alHO BBHIOpDAHHBIX Y4acTKax IIONEPEYHOro cede-
Hus. BeimonHeno okosno 100 uamepenuii. [TonyueHHbIe pe3yabTaThl HIMEIOT OOJIBIIOE 3HAYCHHE
JULSL pEHTa0EIbHOCTH U MOBBILIEHHS IPOU3BOJUTEILHOCTH HUKEIUPOBAHUS.
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