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Abstract: The magnetic films of Ferrous Tungsten PhosphofBasV-P) were prepared with urea as additive
and phosphorous as precursors with varying coretgomis were studied for different current densitielse
magnetic saturation (Y retentivity (M) and coercivity (K of the films were studied using vibrating sample
magnetometer. Magnetic properties of the depoéitied were increased with the increase of orgadiditave
and phosphorous. The crystallite size and stresthefdeposited thin films were calculated usinga)-r
diffraction (XRD) studies. Percentages of elememtahlysis of Fe-W-Rilms were obtained using energy
dispersive X-ray analysis (EDAX). Surface morphgiagnalysis was carried out using scanning electron
microscope (SEM). The magnetic properties and strak characteristics of the thin films depositettier
various experimental conditions are discussed. sl and adhesion of the deposited thin films vaése
studied.
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1. Introduction

Ferromagnetic alloys based on iron group metalsbeansed for electronic components, transformeesnony
devices eté? They possess high corrosion resistance and t@atgamagnetic parameters, such as high
permeability, low hysteresis losses and other \adutechnological properties. In ferromagnetic yalbbating,
iron plating displays specific features of intert/sin Co and Ni such as (i) abundant availabilityran; (ii)
welding of electrodeposited iron and plating ofestmetals on it with ease and (iii) superior drayyamoperties

of iron in the soft state. The ferrous sulfate bathduces deposits that are smooth and normaly Geay in
color. An advantage is that it can be operated@nrtemperature.

Ferrous—tungsten coating is considerably cheajer tthose of nickel and cobalt and is characterigedigher
physicochemical properties in comparison with puweos. The introduction of tungsten into metal ddfgos
allows for a significant improvement of the propestof the obtained coatings, increasing their hesd,
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corrosion stability, and heat resistance. It imfibthat tungsten-containing alloys obtained throtighgalvanic
method exceed pure metals of the iron group inositwn stability due to the tungsten inertia and ltveer
porosity of the coatings. An iron—tungsten allo l@ahigher wear resistance than pure iron. Fe—dysakre
used in both mechanics and micromechanics. Thetianlddf phosphorous promotes the formation of the
structure of Fe-based alloys and maintains highosin resistanéeThere are also some literary reports in the
electrodeposition of Fe-¥WNi-Fe-W-P, Co-W-P and Co-W films.

In the present study, we investigated in detaildfiects of various concentration of phosphorous @mea on
the magnetic and structural properties of elecpodied Fe-W-P thin film.

2. Experimental
2.1 Synthesis and Deposition

A copper substrate of size 1.5 x 5 cm as cathodestainless steel plate is used as anode for gadtatic
electrodeposition method. Current for electroddpostvas passed from a d.c. regulated power supply.
Analytical grade chemicals were used to prepark balution. An adhesive tape was used as maskKilftrea
substrate except the area on which depositionirof diesired. The copper electrode was buffed foroneng
scratches by using mechanical polishing wheel withuffing cloth containing aluminum oxide abrasitéter
buffing the substrates were cleaned by ce8® or acetone. Before electrodeposition, these satiestiwere
cleaned in an alkaline electro cleaning bath thlke substrates were rinsed in distilled water. The
electrodeposion was done with different concermratif urea and phosphorous.

Electrodeposition of Fe-W-P magnetic thin film watated from a bath contained ferrous sulphate
(FeSQ.7H;0) 0.1 M, sodium tungstate (N&O,.2H,0) 0.05 M, tri sodium citrate (N&Hs0;.2H,0) 0.3 M,
boric acid (HBOs) 0.16 M and ammonium sulphate (§5$0, 0.3 M, with this composition 0.1 and 0.2 M of
sodium hypophosphat&laH,P0,.2H,0) and 2.5 gt and 5 g T of urea were added to this bath and their effect
on the properties of Fe-W-P films was investigatétth different current density like 20 mA ¢Mm25 mA cm?

and 30 mA cnf. The pH value was fixed at 8.0 for all the eledéposition baths.

2.2. Characterization

The thickness of the deposited films was measusgdgudigital micrometer (Mitutoyo, Japan). Magnetic
properties of deposited films were studied withrattng sample magnetometry. The structure and nubogly

of the magnetic films were studied using X-ray mittometer (Rich Seifert, model 3000) and scanalagtron
microscope (JEOL) respectively. The crystalliteesand stress of the deposited Fe-W-P film has been
calculated from the XRD data. Percentage of eleahemtalysis of Fe-W-P film was obtained using EDAX.
Hardness of the deposited thin film was obtainedigud/ickers hardness tester through diamond indente
method. Adhesion of the films was tested by bestiaed scratch test.

3. Result and Discussion
3.1. Thickness Study

Table 1 summarizes the effect of various concentratiophtafsphorous and urea on the thickness and magnetic
properties of Fe-W-P films obtained under differerperimental conditions. The thickness of the filras
increased with increase in urea and phosphorougkss increases in current density. The magmetperties

of the thin films were increased with the increak#hickness.

3.2. Surface analysis
3.2.1. Structural analysis

Electrodeposited Fe-W-P films were obtained from blaths maintained at 30 mA ©ncurrent density in the
absence of urea and the presence of urea withralitfeoncentration of phosphorous for 45 minutgsodition
time were subjected to XRD studies (Figure 1). Xhey wavelength was used 1.5405 A of Cu #adiation.
The data obtained from the XRD pattern were congparigh Joint committee for powder diffraction stesli
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data and were found to have Orthorhombic struaitie Fe,P (021) plangand Rhombohedral structure with
FeW, (0210) plan&predominantly. According to Noyan and Cotfethe XRD peaks of thin film and metal
were shifted due to the stress of the film. Stoddke films were calculated from XRD data, usihg formula,

Young’'s modulus = Stress / Strain D

The results are shown in Table 2. Stress of theiias low when the bath was in lower concentradibarea.
The stress of the film increased and crystallizesif the film decreasBdvhen the concentration of urea was
increased. Crystallite size of the deposits weleutated from XRD data using Debye-Scherrer formula

Crystallite size = 028 co® 2)

Crystallite sizes were obtained in the nano scatge.

Table 1. Effect of the thickness and magnetic propertieafV-P films electrodeposited for different cutren
densities with 0.1 M and 0.2 M of NaPl0,.2H,O and different concentration of urea at 45 minatgsosition
time.

S. Bath additive %Itej::]r;?)t/ Thicgfness Magnetic Remanent | Coerciv Square
saturation | polarization ity
No. | Phosphor yren | (MA 1 deposit | (a/m) (A/m) (Oe) | "€SS
ous (M) ) cm™) (um)
1 20 3.0 1.977 0.099 1184 0.05
2 0 25 3.2 2.011 0.121 1210 0.06
3 30 3.8 2.492 0.181 1275 0.07
4 20 3.1 5.137 0.357 1278 0.06
5 0.1 2.5 25 3.2 6.318 0.412 1314 0.07
6 30 3.9 7.097 0.538 1400 0.08
7 20 35 6.431 0.450 1438 0.07
8 5 25 3.7 7.194 0.647 1559 0.09
9 30 4.0 8.143 0.799 1655 0.10
10 20 3.8 7.431 0.446 1552 0.06
11 0 25 3.9 10.987 0.769 1659 0.07
12 30 4.3 12.197 0.923 1744 0.08
13 20 3.9 19.596 1.764 1658 0.09
14 0.2 2.5 25 4.0 21.458 2.360 1775 0.11
15 30 4.4 25.154 3.153 1876 0.13
16 20 4.0 22.433 3.141 1995 0.14
17 5 25 4.2 24.581 3.933 2008 0.16
18 30 4.8 26.612 4.919 2272 0.18
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Figure 1. XRD images of Fe-W-P films electrodeposited fomdiBiutes at 30 mA cifiwith
0.1 M NaHP0,.2H,0 (a) 2.5 g T urea (b) 5.0 g turea and with 0.2 M Naf0,.2H,0
(c) 2.5 g 1'urea (d) 5.0 g iurea
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3.2.2. Morphological observation

Electrodeposited Fe-W-P thin films were obtainemhfithe baths maintained at 30 mA@érourrent density in
the absence of urea and the presence of urea vfidtedt concentration of phosphorous for 45 misute
deposition time were subjected to SEM (Figure 2je Trystallinity of Fe-W-P film mainly depends dret
amount of urea and phosphorous which are presehgéibath. The film with low concentration of usdaws a
crevice pattern (Figures 2(a), 2(c)). The filmsanted from a bath maintained at higher urea shoaskadue
to stress of the film (Figures 2(b) and 2(d)). Bueface scans shown the grain sizes are decredsau the
urea is increased.

3.3. Mechanical properties

Fe-W-P films were tested for their Vickers hardnessber (Table 2). Higher concentration of urethabath
increased the hardness of the film due to the stpessent in the film, which caused small crackshim
structure. Adhesion of the film with the substrates found to be good.

3.4. Elemental analysis

Table 2represents the results of EDAX. It was observed &l the films obtained from various baths hatle
than 3 % phosphorous. In the higher phosphoroutenbthe films showed high magnetic propertiesvds
due to the addition of urea in the bath, which iowed the crystalline structure of Fe-W-P films.
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Figure 2. SEM images of Fe-W-P films electrodeposited fordfs at 30 mA cnf with 0.1 M
NaH,PO,.2H,0 (a) 2.5 gT urea (b) 5.0 glurea and with 0.2 M NaiP0,.2H,0 (c) 2.5 gt urea (d) 5.0 g1
lurea

25kV X5,000 Sum 13 45 SEI

S5um 12 48 SEI 25kV X5,000 5Spm 13 40 SEI

Table 2.Crystalline size, hardness and composition of FB-fiims at 30 mA cnif current density for 45
minutes deposition time.

. Vicker Film Composition
Phosphorous| Urea | Crystalline Stress (at %)
(M) @ | size(m) | (Mpa) | Hardness
(VHN) Fe W P
0 28.56 605 165 83.31 | 15.26 1.43
0.1 2.5 27.66 624 171 84.51 13.49 2.00
5 26.90 642 189 86.20 11.40 2.40
0 27.40 631 168 85.00 | 13.20 1.80
0.2 2.5 26.10 662 177 85.89 11.90 2.21
5 25.54 675 192 86.30 | 10.80 | 2.90

3.5. Magnetic Studies

The VSM images of Fe-W-P electrodeposited thin dilobtained from the baths contained in the absehce
urea and the presence of urea with different canaton of phosphorous (Figure 3). On increasirg Wihea
from0Oto5g T at 0.2 M NaHPO,.2H,0, the coercivity increased from 1744 Oe to 2272 & magnetic
properties of the film are enhanced due to incré@aseea. The electrodeposited films were unifomd &right.
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The morphology of the film was found to be poor whke absence of urea in the electrodeposition. Gath
effect of phosphorous with urea was investigatedh\tie increase in urea there was significant smpment
in the thickness as well as magnetic propertieheffilm as shown in Table 1. Under the best comatt 30
mA cmi? current density and 45 minutes deposition time With M NaHPO,.2H,0O and 5.0 g 1turea, the
thickness of the film was found to be 4ud with coercive and remanent values about 2272 Oelddi® A/m
respectively.

Figure 3.VSM images of Fe-W-P films electrodeposited fordifiutes at 30 mA crwith
0.1 M NaHPQ,.2H,0 (a) 2.5 g Turea (b) 5.0 g'iurea and with 0.2 M NajR0,.2H,0
(c) 2.5 g T'urea (d) 5.0 g lurea
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4. Conclusions

The Fe-W-P thin film having good hard magnetic mrbips can be electrodeposited from the higher
concentration bath of urea. When the urea was asect the stress of the deposited thin film alsoeised,
which is a cause for cracks in the thin film. Hasls of the film also increased at 5.0'girea. Also these films
have good adhesion with the substrate and thestalline sizes are in nano scale. High coercivigynanent
and Squareness values were observed as Q272.919 A/m and 0.18 respectively at 30 mA courrent
density and 45 minutes deposition time with 0.2 BH¥PO,.2H,0 and 5.0 g turea. This Fe-W-P thin film has
enhanced magnetic, structural and mechanical prepexhich can be used in MEMS devices and magnetic
data storages.
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