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ABSTRACT

The current research work deals with the alkaline electroless Ni-B plating of mild steel in the presence of
Azadirachta indica gum (GAI). The deposited Ni-B film on mild steel surface was analyzed using FT-IR and
Scanning Electron Microscope (SEM) techniques. The amorphous nature of Ni-B deposits on mild steel was
confirmed by XRD. The amount of Nickel and Boron content on deposited Ni-B film on mild steel surface was
investigated by Energy Dispersive X-ray Analysis (EDX).
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INTRODUCTION
Based on the nature of the reducing agent used, the electroless nickel coatings' are usually classified into
two types namely Ni-P and Ni-B deposits. Nowadays researchers shift more attention towards Ni-B
plating because of their widespread acceptance of Ni-P deposit>®. In general, NaBH4*'° or (CH3)NHBHj3
1121 were most commonly used as reducing agents for Ni-B plating. The reducing power of NaBH, is
much higher than that of (CH3),NHBH3 and NaH,PO,.H,O.
The Ni-B deposit finds extensive applications than the Ni-P deposit. It is used in aerospace, automotive,
electronics, petroleum, and chemical processing due to their high hardness, wear and abrasion resistance
and it can replace gold in electronic industries>**?, Due to the increase of boron content in Ni-B coating,
this will cause a rise of the hardness of Ni-B deposits*?>?*. The Ni-B deposited mild steel has widespread
application in chemical processing, oil and gas production and food processing industries, automobile and
in electronic tools?.
An electroless nickel plating solution gets decomposed at higher concentration of reducing agent and
higher temperature. During the bath decomposition, the rate of evolution of H, gas is increases and
dispersion of finely-divided black precipitate of Ni,P or Ni,B occurred in the bath which affects the
uniformity and its strength of the coating. Several authors have used thallium nitrate, Pb**, Sn** Hg*,
Sb*, 2-mercaptobenzothiazole (2-MBT), maleic and itaconic acid as a stabilizer for Ni-B plating?’. But
the usage of these kinds of stabilizers affects the environment through heavy metal pollution and also
their costs are very high.
Therefore the increasing ecological awareness and strict environmental regulations, as well as the
inevitable drive towards sustainable and environmentally friendly processes, drew an attention towards
the development of non toxic stabilizer.
In the present work the non toxic green stabilizer which is a binary combination of gum exudates of
Azadirachta indica (GAI) along with lead nitrate used for electroless Ni-B plating to maintain the bath
volume at a higher temperature and increases the stability of the bath at a higher concentration of
reducing agent.
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EXPERIMENTAL
In the Botanical Survey of India (BSI), Coimbatore, Tamil Nadu, India has authenticated the gum
exudates of Azadirachta indica A. Juss. Meliaceae. The obtained GAI from the tree was made into a
slurry with distilled water and strained through a muslin cloth to remove the suspended impurities. Later,
the fine impurities were removed by using quantitative filter paper and kept in a desiccator to obtain a
glassy mass of GAIL

Activation of the mild steel surface

The mild steel specimen of dimension 3 x 1 x 0.1 cm was used for the study. The oxide layer and organic
impurities present on the mild steel surface were removed by surface polishing using different grades of
emery sheets and then degreased with ethanol. The degreased specimens were dried well and treated with
the mixture of sodium hydroxide, sodium phosphate and sodium carbonate at 80°C for 5 minutes so as to
remove the oily traces from the surface and then washed with distilled water thoroughly to remove all the
alkali. The above treated mild steel specimen was then subjected to activation process with 40%
concentrated hydrochloric acid for 5 minutes and then washed with distilled water. The activated mild
steel specimens were immediately subjected to the electroless Ni-B plating process.

The composition of the electroless Ni-B plating bath

The electroless Ni-B plating bath was prepared using 0.5 g of nickel sulphate, 6.5 g of sodium potassium
tartarate and 0.075 g of sodium borohyride, 4 g of sodium hydroxide and 0.1 mg of lead nitrate and 60
ppm of GAL The electrolytic bath of the above composition prepared using de-ionized water and made up
to 100 ml. The pH (13) and temperature (92-95°C) of the bath solution were kept constant during the
electroless plating process. The activated mild steel was immersed in the electrolyte solution for 30
minutes. The coated plates were washed with distilled water, dried and desiccated. The structure, surface
morphology and elemental composition of Ni-B deposits were examined by XRD, SEM and EDX.

RESULTS AND DISCUSSION
The better GAI is obtained from trees that are grown in dry areas. Initially the GAI was found to be
transparent, with pale-yellow and it changed to amber or light brown color and finally, it was darkened to
brown. GAI dissolves freely in water, giving a light-brown viscous solution. GAI is highly branched
polysaccharide and it is reported to contain D- glucose, D-glucoronic acid, L-arabinose, L-fucose,
mannose, xylose, rhamnose, D- glucosamine, aldobiuronic acid, serine, threonine and aspartic acid and
the ratio of D-galactose to L-arabinose is found to be 3:225-3°,

FTIR Characterization of GAI

The FT-IR spectrum of purified GAI is shown in the (Fig.-1). The characteristic band at 3325 - 3556 cm!
are assigned to -O-H stretching vibration of alcoholic group and band at 2530-3186 cm™ is due to -O-H
stretching vibration of -COOH group of GAI The carbonyl stretching vibration of -COOH group is seen
at 1681 cm’!. The symmetric -C-O stretching vibrations of alcoholic groups are seen at 1041 and 1134
cm’!'. The weak -N-H symmetric stretching and bending vibration of amine group appears at 3425 cm’!
and 1651cm™.

Role of GAI in Electroless Ni-B Plating

SEM Analysis

The maintenance of bath volume at a higher temperature in electroless Ni-B is highly challenging. The
decrease of volume at higher temperature affects the uniformity of coating which may reduce the strength
of the coating. The SEM image (Fig.-2b) shows the lack of uniformity and nodular grains with a different
size of Ni-B deposits. This is mainly due to loss of water molecule by evaporation at a higher
temperature. The uniform and fine deposit is achieved by the addition of GAIL. The SEM image of (Fig.-
2¢) shows a uniform distribution of Ni-B nodules and the surface exhibits a cauliflower-like structure
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with almost very smaller grain size. This may be due to the presence of GAI, performing a dual role in the
electroless Ni-B plating bath.

1. It forms intermolecular hydrogen bonding with water molecules and prevents the escape of
water as water vapor.
ii. Also, it forms an intermolecular hydrogen bond with the bidentate tartarate ligand of Ni-

tartarate complex (Fig.-3) providing a uniform distribution of Ni complex along the surface of
the mild steel.
In the presence and the absence of GAI treated Ni-B deposition, the particle size of the Ni-B deposit is
found to be less than 100 nm.
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Fig.-1: FTIR spectrum of Azadirachta indica gum (GAI)

EDX Analysis

The elemental composition of Nickel and Boron in Ni-B coated mild steel was determined by Energy
Dispersive X-ray Analysis (Fig.-2a, 2b, 2c). The amount of Nickel and Boron content in Ni-B coated mild
steel shows 3.33% wt of Ni and 20.29 % wt of B and the GAI treated Ni-B coated mild steel shows
1.63% wt of Ni and 16.75 %wt of B. The decreasing amount of Nickel and Boron content in Ni-B coated
mild steel in the presence of GAI is mainly due to the slow release of nickel ion for reduction reaction.
The viscous nature of GAI reduces the fast migration of Ni ions towards the mild steel surface (Fig.-3)
resulting in uniform distribution of nano Ni-B film over the surface.
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Fig.-2a: SEM and EDX image of mild steel
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Fig.-2b: SEM and EDX image of Ni-B coated mild steel (Absence of GAI)
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Fig.-3: Schematic representation of intermolecular molecular hydrogen bonding of GAI with Ni-tartarate complex

XRD Analysis

XRD exhibits a single broad peak for Ni-B coated mild steel which indicates the amorphous nature of Ni-
B deposits on mild steel (Fig.-4).The Ni-B coated mild steel shows a strong diffraction peak at 20 =
44.68" and GAI treated Ni-B coated mild steel shows at 20 = 44.67°, which is the characteristic peak of
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Nickel and it is attributed to (111) plane of metallic nickel. This proves the deposition of metallic nickel
on mild steel surface?> ?°. The crystallite size of the Ni-B deposits was calculated using the formula:

D = KA/BCosHO D
Where, D, B, A and 0 represents the grain size, full width at half maximum (FWHM) of the diffraction
peak, wavelength of an incidental Cu Ko X-ray and diffraction angle respectively. The calculated values
for Ni-B deposit in the absence and presence of GAI treated Ni-B coated mild steel are 70 and 77 nm
respectively.
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Fig.- 4: XRD pattern of Ni-B coated mild steel

CONCLUSION
The alkaline electroless Ni-B nano coating on mild steel surface was achieved with the gum exudates of
Azadirachta indica (GAI). The gum provides a uniform and fine deposit of nano Ni-B coating on mild
steel surface and also prevents the rate of vaporization of bath solution at a higher temperature.
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