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Abstract: Hectroless Ni- Fe P dloy depostion from an akaline bath, containing
dium hypophogphite as reducer , boric acid as buffer agent and odium citrate as conr
plexing agent , was investigated. To increase the plating rate and to inprove the bath
stability , the depostion parameters were optimized. The effects of process parameters
(pH ,temperature and mole ratio of [ Fe?* ]/ ([Ni?* ] +[Fe?*]) on the plating rate and
depost compostion were examined and it wasfound that the presence of ferrous sulfate
in the bath has an inhibitory effect on the alloy depodtion. Asa consequence, the per-
centage of ironin the eectroless Ni- Fe P dloys never reaches high values which islower
20.0%. Usng cyclic voltammetry the dectrodepostion mechanism of Ni- Fe P adloys
wasinvestigated. It was observed that the presence of ferrous sulfate in the bath de-
creases the depodtion rate and the iron doesr t catalyst on the oxidation of hypophos
phite. However , the increase in temperature or pH leads to improving the depostion
rate.
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1 Introduction
Hectroless nickd-iron aloy films are of interest as promisng materids for computer stor-
age[” and underooating of recording medial* 3!.. Inthe nicke-iron lution, depodtion generally
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proceedsonly in the dkaline region, because the driving force of the reducing agent is not suffi-
cient in the acid region. This may produce a problem, that is metdlic ions naturaly from hydr-
oxide precipitates in the alkaine olution. In order to prevent precipitation, severa organic
chemical s have been used as complexing agents. Various nickd-iron lution have been developed
to obtain ooft magnetic films. During nickd-iron depostion, control of iron content is difficut , as
it gets dtered even with dight changesin operation condition. Phogphorus content in depost can
bring about an amorphous structure which incidentally improve the propertiesof the coating. Itis
Ni- Fe- P films depodted f rom olutions contai ning hypophosphite as reducing agent , sodium potas
sum tartrate as the complexing agent“'”. However , the dectrochemica voltammetric behavior
study of electroless plating Ni- Fe P dloys has still not been completely developed.

In the precent work the eectroless degpodtion and the electrodepostion of Ni- Fe P aloy from
a akaline bath , containing sodium hypophosphite as reducer , boric acid as buffer agent and di-
um citrate as complexing agent were studied to investigate the effect of iron on both processes. In
the eectroless depostion the effect of experimenta parameters(pH ,temperature and the mole rar
tio of [Fe?* ]/ [Ni?* ] + [ Fe?* ]) on the plating rate and on the compostion of the aloys were
studied. The technique condition of Ni- Fe- P aloy electroless plating was optimized 0 asto obtain
high depodtion rate and good stability of the bath. Electrochemica investigationson the Ni- Fe- P
dectrodepostion were performed by means of cyclic volammetry. By studing the mechanism of
Ni- Fe- P dloy electrodepostion, we can redized the mechanism of the dectroless dgpostion , egpe
cidly the éfectsof theferrousionin bath.

2 Experimental details

Ni- Fe- P dloys were eectrolesdy depodted usng a bath of the following compodtion: NiSO,
.6H,0 10 18 g/ dm®, FeSO,- 7H,0 2 10 ¢/ dm®, NaH,PO,- H,0 20 ¢/ dm*, CsHs0;Nag 60
g/ dm®, HsBO; 30 ¢/ dm®. The tota concentration of NiSO,- 6H,0 and FeSO4- 7H20 is 20 ¢/
dm®. The temperate 50 95  and the pH was adjusted to 7.0 9.0 by the addition of sodium
hydroxide. The solution was prepared with doubly distilled water and anaytical grade reagents.
This bath was chosen ater ome prdiminary investigations on the chemical stahility in order to
avoid precipitation or gpontaneous decompostion of the slution and to optimize the plating rate.
The effect of temperature(from50t0 95 ) , thepH(from 7.0 to 9.0) and the mole ratio of Fe-
S04/ (NiSO, + FeS0O,4) (from 0. 095 to 0.486) were conddered. The deposits were obtained on
the carbon steel sheets of 8cm surface area. These were mechanically polished and chemicaly
etched in dilute sulphuric acid before the experiments. The plating rate was calculated from san-
ple weight gains. The compostion of depostswas determined by an energy- dipersve X-ray gec
trd anadysdsfor dementa andyss(EDX) attached by SEM.

The cyclic voltammograms were obtained from the same baths used for electroless depostion
by meansof a CHI832 Hectrochemical Analyzer , but the concentration in the bath was decreased
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by 50 %. The experiments were carried out with different process parameters. The working elec-
trode was vitreous carbon of 0.5 cm? surface area. It was selected as a substrate because it has a
wide domain of eectroactivity. The auxiliary electrode was a large area platinum plate(4 cm?) and

the reference dectrode was a saturated caome eeetrode(SCE) . The scan rate was|0 mV-s™ .

3 Resultsand discussions

3.1 HEfect of plating parameters

The efect of pH on plating rate and depost compodtion is shown in Figure 1. The depos-
tion rate increases with pH , but the solutions become unstzole at higher pH , egecially above pH
9.0, ferrous hydroxide will precipitate during the plating process. With increasng pH the per-
centage of iron in depostsincreases and the percentage of nickel decreases, and the percentage of
phogphorus decreases. The smilar behavior was a observed in electroless Ni- Zn- P plating!®!.

Mogt investigation on electroless depostion has been carried out in the presence of hypophos
phite as a reducer , and have shown that hypophogphite oxidation is the dominant factor in the
electrolessprocess. In akaline media, acoording to Pourbaix diagrams'®! |, the oxidation of hy-
pophosghiteis

H.PO; +30H™ =HPO3 +2H,0 +2e (D

The incorporation of phoghorus in the depost results from the digroportionation of

H,PO;
3H,PO; =2Pys+ HPO3 +OH™ +2H,0 (2

When the pH value increases, acoording to reactions (1) and (2) , the rate of hypophogphite
oxidation d s increases and < the plating rate is accelerated!”) | but the amount of incorporated
phogphorusis decreased. S, the iron content in the dgpodts increases from 6. 33 % to 11. 91 %
and adversdy the phogphorus content in the depodts reducesfrom 21.48 % to 17. 83 % when the
pH vaue varied from 7.0 to 9. 0(Figure ) .

Figure 2 shows the effect of the metalic salt mole ratio [ Fe?* ]/ ([Ni** ] + [Fe**]) on the
aloy deposdtion. It wasfound that the presence of iron in the electroless bath greatly afects the
plating rate. Indeed, the rateis reduced monotonically asthe metallic sat mole ratio rises. These
results show that the ferrous sulfate in the bath reduces the dgpodtion rate of eectroless Ni- Fe- P
dloys. In addition, the Figure 2 shows the iron and nickel contentsin the degpost change in an
opposte snse: that ison increas ng the ferrousions concentration in the bath, the nickel content
decreases. the iron content in the depodts increases from 5. 13 % to 15. 62 % and reversaly the
nickel content in the deposdts reducesfrom 75. 42 % to 65. 21 % when the metalic sat mole ratio
[Fe?* 1/ ([Ni?*] +[Fe**]) varied from 0. 095 to 0. 486 (Figure 2) . But the percentageof ironin
the eleetroless Ni- Fe- P aloys never reaches high val ues.

The bath temperature is one of the most important factors afecting the rate of eectroless
aloy deposgtion; thus, the depodtion rate was determined at temperature between 70 and 95
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Fig.1 Hfect of pH on the doodtion rate andon the  Fg.2  Hfect of metdlic sdt mole ratio [ Fet 1/

percentege ¢f Ni, e and Pof the deposts ([Ni?* 1/ [F€* ]) on the depostionrate and
T: Q , NiSO; - 6H,0: 14 g dm®, on the percentage of Ni , Fe and P of the de-
FeSO;- 7H,0:6 ¢f dm® posts

pH:8.5, T:90

(pH 8.5) . It wasfound that the depostion rate increases with increas ng temperature(Figure 3) .

3.2 Cyclic voltammetry

Voltammetric investigations were carried out at different condition to characterize the various
oxido- reduction processes and investigate the effect of iron on the Ni- Fe- P dloy electrodepodtiom.

Figure 4 shows the cyclic voltammogramsobtai ned on vitreous carbon at 10 mV/ s. The depo-
dtion of the Ni- Fe- P dloy occurs at potentials more negative than about - 1.10 V (curve ) , and
three oxidation peaksin the depostion of the Ni- Fe- P aloy are observed (A1, Az and Az) in the
anodic scan. In the absence of hypophosphite (curve c) , only one anodic broad peak C are ob-
served from - 0.80to 0.50 V , related to the disolution of Ni- Fe dloy. In theiron free olution
(curve b) , only two peaks (B; and B3) are observed , these peaks were attributed regectively to
the oxidation of hypophosphite and disxlution of Ni- P aIon[S] . Peak A isnot observed in the hy-
pophosphite free olution and its intendty increases with the hypophogphite concentration in the
bath (Figure 5). Infigure5, the hypophosphite concentration in the bath varied from curve a (0
mmol/L) to curve d (113 mmol/L). Thus, it isasociated with the direct oxidation of hypophos-
phite, as aready reported[5’8]. The reaon is: in the case of dectrochemica oxidation of hy-
pophosphite reaction (1) , the equilibrium potentia of reaction(1) , Ee, isgiven by
3'A‘FRIpOH +2‘§‘Ellog J—LSJ[ :z:é ] (3)
Where Risthe gascongtant, T isthe temperature, and Fis Faraday constant.. The value

Eeq= - 1.57 +
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of Eey decrease with the hypophosphite concentration in the bath. S the intendty of peak Ay in-
creaes. Peaks A; and As are observed in the complete lution, these peaks were attributed re-
sectively to the disolution of Ni-Fe aloy and Ni-P aloy. The increase in peak Az with hy-
pophosphite concentration (Figure 5) is due to the increase in phogphorous content in thefilm and
confirms that this peak is asociated with the disolution of Ni- P aloy.
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Fig.3 Hfect of temperature on depostion rate Fig. 4 Cydic voltammograms obtained on vitreous
NiSO, - 6H,0: 14 g/dm’, FeSO, - 7H,0: carbon dectrode
6 g dm’: pH:8.5 T:90 ,pH:8.5,10mV/s

a) Bath containing [ Ni** ]26. 6 mmol/L ,
[F€* ] 10. 8 mmol/L and [ HPO; ]
95 mmol/L , b) bath without F€* , c) bath
without H,PO;

Figure 6 shows the voltammograms obtained for various mole ratio of [ Fe&** ]/ ([Ni®*] +
[Fe?"]). The deposition current at the cathodic vaueof - 1.25 V decreases and the innition de
podting potentia shifts towards negative potential s(less noble potential) with increasng mole rar
tio of [Fe?* ]/ ([Ni®*] +[Fe?*]). Thisindicates that ferrous sulfate in lution reduces the de
postion rate. According to the mixing potentia theory , the depodtion potentid of Ni- Fe P aloy
Em decreases with the mole ratio of [Fe’* ]/ ([Ni?*] +[Fe?**]). Theintenstiesof peak Az de-
creaseswith increasng mole radio of [ Fe** ]/ ([Ni?*] + [Fe’"]) and do decreases with the
phogphorous content in the film which varies from 21. 75 % to 19. 17 %; this confirms that it is
related to the disolution of amorphous Ni- P aloy rich in phogphorous. The intendties of anodic
peak A; of the Ni- Fe P dloy islower than that of the Ni- P adloy , and isamost not related to the
amount of ferrous sulfate in the bath. The peak A, is asociated with the oxidation of iron nickel

aloy from the deposit!®!.
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Fig.5 Cydic voltammograms obtained at various hy- Fig. 6 Cydic woltammograms obtained at various
pophogphite concentration mole ratio of [Fe&* ]/ ([Ni?*] +[Fé#* )
[Ni®*]:26.6 mmol/L , [ Fé*]:10.8 mmol/ [HzPO; ]:94 mmol/L ,T:90 ;10 mV/s
L,pH:8.5, T:90 ,10 mV/s erIeratio[Fe2+]/[([Ni2+] +[F6‘2+])Z
a) [H:PO; 10 mmol/L, b) [H;PO; ]85 a)0,b)0.192, ¢)0.289, d) 0. 486

mmol/L , ¢) [ HPO; ] 94 mmol/L, d)
[ H2PO; 1113 mmol/L

It wasfound that the deposition potentid sin the complete solution (curve b, cand d) andin
the iron free iution (curve @ are about - 1.10 V and - 1.05 V repectively ; and the depos-
tion current at the cathodic limit of - 1.25V are about - 0.004 A and - 0.006 A regpectively.
These indicate that the eectrodepostion rate of Ni- Fe-Pis smaler than that of Ni-P. Because the
deposition potentia of iron in akaline is more negative than that of nickd ; acocording to the mix-
ing potentia theory , the depodtion potentia of Ni- Fe- P is more negative than that of Ni- P.

Figure 7 shows the effect of the inverson potentia in the range from - 1.10 (curve a) to
- 1.25 V (curve d) . The cathodic current value and the intendtiesof anodic peak A; ,A; and Az
increase with the inverson potential vaue. Theincrease of peak A;isasociated with the increase
in hypophogphite oxidation ,enhanced by the higher nickel content of the electrodepodts. Thein-
crease of peak Azindicates a greater eectroreduction of nickel and hypophoghite. The increase of
peak A isindicatesa greater electroreduction of iron-nickel. The total anodic peak A, and Az area
is more than the cathodic peak area at each inverson potertial vaue; thisindicates the current ef-
ficiency is above 100 % due to an gopreciable contribution of the electroless process. The pardle
occurrence of the eectroless process in the dectrodepostion of Ni-Zn P aloys was observed by
Bouanani'® and Swathirgan!® at high temperature and at different current densties.

The efect of temperatureis shownin Figure 8. The temperature increased from50  (curve
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a) to 90

(curve d) . The deposition current at the cathodic limit - 1.4 V increases acconpanied

by a shift of 0.1 V in the depostion potential towards more podtive value with temperature, due

to theincrease in depostion rate. The anodic peaks A; ,A, and Az al shift towards a more postive
potential with temperature. This shows a high hypophosphite oxidation and Ni- Fe- P depostion
rate increase in temperature enhances the nickd di snharge[5].
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Fg.7 Cydic voltammograms obtained at various in-

vergon potentia vaues

[HPO; ]1: 94 mmol/L, [ N ]:
mmol/L ,[ Fé* ]:10.8 mmol/L, T:90
pH:8.5,10 mV/s

a -1.10V,b) -1.15V,0 -1.20V,
d -1.25V
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Cydic voltammograms obtained at various tem-
perature

pH:8.5,10 mV/s,[ bPO; 1:94 mmol/L ,
[Ni?*]:26.6 mmol/L ,[ F¢*]:10.8 mmol/L
a5 ,b)70 ,c)8 ,d 9

The efect of solution pH was examined (Figure 9) . The deposition current at the cathodic

limit of - 1.4V increaseswithpH(curve a,b,cand d) . thisindicates the deposition rate increas
eswith pH. The peak A; isenhanced when the pH becomes akaline, this showsthat thepH in-

crease promotes hypophosphite oxidation. The rean is: in the case of equation(3) , Eeqof the

pH9 is more negetive than that of pH7. The decrease in peak Az with increase pH from 7 to 9 is

related to the decrease in the phoghorous content in the alloy which variesfrom 21.48 % to 17.

83 %.

4 Conclusions

From studies of plating rates and depost compostion in the electroless Ni- Fe- P alloy depos-

tion from akaline bath in the presence of hypophosphite as reducing agent. The flowing conclu-

don can be drawn:



. 334 - 2003

1) The pH in bath dfects on the
depogtion rate and on the compostion of
deposits. Increase in bath akalinety favours

S N B
T

the codepodtion of iron, while the content of
phogphorousin the aloy decreases with it.

i/mA

Lb L

2) The depostion rate decrease with the
mole ratio of [Fe?* ]/ [Fe?" ] +[Ni**], but
the percentage of iron increases with it and

the percentage of nickel decreases with it. -1

=

A 1 A

The precence of iron in the bath hasin in -1.5 _T_o _(;_5 ] 00 05 1.0
hibitory effect on the aloy depostion, lead- EN

ing to low plating rates. As a conseguence, ) . )
9 P 9 = Fg. 9 Cydic voltammograms obtained at various pH

the pencentage of iron in the aloy can never
reach high values.

vaue
T:90 , 10 mV/s, [H,PO; 1: 94 mmol/L ,
[Ni?*1:26.6 mmol/L , [ Fe*]:10.8 mmol/L

the depostion rate. ApH 7.0, b)pH 8.0, JpH 8.5, d)pH 9.0
Cyclic voltammetry , carried out with

the same baths for electroless depodtion but
the concentration in the bath was decreased by 50 %, leads to the following results:

1) Increase in temperature favours the eectrodepostion of Ni- Fe P.

2) The pH favoursthe oxidation of hypophophite and increases the content of ironin the de-
posts. But the content of phoghorousin the alloy decrease will it.

3) lron depodtes preferentialy with inhibition of nickel discharge, and consequently , with

3) The temperature dfects greatly on

depletion of nickel cataytic activity on hypophosphite oxidation.
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