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The Hfect of Ferrous Sulphate on the Hectroless Depodtion
o Co-Fe P Alloys
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( College d Materials Science and Enginesring, Huagiao University, Quanzhou 362011, China)

Abstract : Bectroless depostion of Co-P aloy and Go-Fe-P aloy from an akaline bath, containing
odium hypophogphite as a reducer , boric acid as a bufer agent and sodium citrate as a conplexing a
gent , was invedigated repectively. The dfects of process parameters, such aspH of lution and metal-
lic st nole ratio of G030,/ FeDy , on the plating rate were examined. It wasfound that the presence of
ferrous sulfate in the bath has an inhibitory dfect on the dloy depodtion. As a consequence, the plating
rate of Go-Fe-Pislower than that of Go-P. The dectrochemica polarization measurements have been car-
ried out to examine the dfect of ferrous sulphate on the cathodic or the anodic polarization process. The
ferrous sulphate dfects both the cathodic and anodic polarization processes, which reduces the depostion
current and potentid . The results of the dectrochemica polarization experiments agree well with those of
€electroless depodtion rate measurements.
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1 Introduction

The magnetic thin films are key materids for various functiond devices such as high-densty data
dorage sysems. The oft magnetic films plated by eectroless was sudied , eecialy Ni-Co-P tarfd o
P dlloys deposits. Because metal iron has good magnetic performance , Ni- Fe aloy and Co- Fe dloy are
ft megnetic meteria s in order to achieve higher performance levels, which have been applied widdly in
the fabrication of magnetic menriesfor computer application. However dectroless G Fe- Pfilms has re-
ceived less aterntion. We have gudied eectroless depostion Go-P, on this base we plated Go-Fe-P by
add FeSO, in the dectroless Go- P olution.  In our previous work ,
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we have gudied the dfect of depostion conditions on the conpostion, sructure and microhardness of G
Fe- P depost.

In this sudy , an dectroless Go- Fe- P 0l ution was invedtigated. The relationship between the depos-
tion conditions and the deposition rate was sudied. Epecidly , the dfect of ferrous sulphate in the solu
tion on the deposdtion rate was sudied by eectrochemica polarization measurements.

2 Experimental Details

Qo Fe P dloys were dectrolesdy deposted usng a bk o the fol'owirg conpostion: GoSOy/H,O
0.060.09 mol/L , FeSO7H,0 0.040.01 mol/L ( the tota concerration of 0,7 H,O and FeS0»7H,O
is0.1nol/L ) , NaHPOH,0 0.2 mol/L , CsHsO/Nag 0. 3 nol/L , HsBOs 0.5 nol/ L. The temperature
of bath was kept at 90 and the pH was adjuged to 7. 08.5 by lution of sodium hydroxide. The plat-
ingtimewas 2 h. Hectroless Go- P dloys were plated a the same conditions, except the metdlic st
07H,0 0. 1nol/L. The carbon el sheet was used as substrate of which is 2 cnf in suface area.
The subgrates were mechanicaly polished and chemically etched in dilute sulphate acid before the experi-
ments. The olution was prepared with digilled water and analytica grade reagents. The range of pH in
the olution (frompH 7.0to pH 8.5) and o nole ratio of C007H,0 to FeS07H,O ( from 0. 09/ 0.
01 to 0.06/0.04 ) were invedigated regectively.

The deposition rate v (mgh™ tm™ ?) for plating of 2 h was calculated from sanple weight gains.

The dectrochemical polarization experimentswere carried out in the same a8 half dectroless plating
baths’ by means of a CHI6G30A Hectrochemicd Andyzer with different process parameters. In order to
smulate partial cathodic or anodic reaction , the invegtigation of the eectrolytes in the absence of ether
the reducer ( NaH,PO;) or the metdlic sdt ( cobdtous sulphate and ferrous sulphate ) was carried out.
The polarization measurements were made in‘ haf eectroless plating baths’ with various pH and various
ooncentration of FeS0, ( the concentration of G0, isaways 0.1 nol/L ). The pH of solution was mear
sured by eectronic pH-meter. The mixed potentid of e ectroless depostion was measured vs. SCE. The
polarization curves were measured with the scan rate of 5 mv:s™ * at temrperature 70 . All ol utions were
goarged with Ny prior to and during the measurements. The working nickel e ectrode was round foil whose
diameter is 0.6 cm. The awiliary eectrode was a large area platinum plate ( 3 cnf) and the reference
electrode was a SCE ( saturated caomel eectrode ) . The potentia of the working e ectrode was measured
vs. SCE via the luggin capillary.
3 Resultsand Discussions

3.1 Deposition Rate

The dfect of olution pH on the deposgtion rate of Go-P and Go- Fe-P dloysisillugrated in FHg. 1.
Here the metdlic st nole ratio of G0/ FeSO,was 0. 09/ 0. 01 and 0. 08/ 0. 02 , repectively. Fgure 1
shows that deposition proceeds with pH rangefrom 7.0 to 8.5. Below pH 7.0, depostion scarcdly initi-
ated and above pH 8.5, the deposdtion rate was very dow. Both the Go- Fe- P and Go- P curves are found
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to have apeak around pH 7.7. The Go-P curve is above the two Go- Fe-P curves. This showsthat the de-
postion rate G- P is higher than that of Go-Fe-P. This behavior is not the same as those of dectroless
plating Ni- Zr- P! and Ni- Fe- P [déposits. Mogt investigation on electroless deposition has been carried out
in the presence of hypophoghite as a reducer , and has shown that hypophogphite oxidation is the domi-
nant factor in the dectroless process. In dkaline media, the oxidation of hypophosphite is:
H,FO,” +30H™ = HRO”" +2H,0+2e (0]

In the beg nning when the pH value increases , acoording to adove reaction , the rate of hypophogphite oxi-
dation d 9 increases and © the plating rate is accdexatex!. Afterward , egpecidly above pH 7.7, cobal-
tous hydroxide and ferrous hydroxi de will likely precipitate during the plating process, and these decrease
the depostion rate.

Seoond , the dfect of nole ratio of G004/ FeSO,4 0n the deposgtion rate of Go- Fe- P dloy was invedi-
gated. The reault is shown in Fg. 2. In this case the pH of lution was 7.7 and 8. 0 regectively. The
depodtion rate decreased norotonically asthe metalic sat nole ratio rises. When the nole ratio is 0. 06/
0.04, the depodtion rate is very dow. This indicates that ferrous sulphate in the solution inhibits the
electroless depodtion of CGo- Fe- P depost.
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Fig.1 Effect of solution pH on the electroless Fig. 2 Effect of molar ratio of CoS0,/FeSO, on

deposition rate of Co-P and Co-Fe-P al- the electroless deposition rate of

loys Co-Fe-P alloy

3.2 Hectrochemical Polarization

Fig. 3 isthe Tdd curvesfor the cathodic polarization and the anodic polarization ( Evans diagram) of
G- FePin derotyte of pH 7.0 and pH 8.5 repectively. Here, the cathodic polarization curves were
made in the lution 30, 0. 08 mol/L , FeSO, 0. 02 mol/L , CsHsO7Nag 0.3 nol/L , HBO5 0.5 nol/
L and the anodic polarization curves were made in the slution which contains NaHFO, 0. 2 nol/L



3 : - - - 349 -

-2
-3t
e - & pH7.0
T -3
—— -4 S + ‘ ’(
g Lo b <™
¥ -5t Py =
- : Y ; :‘c ga
' :' [y - -5
-6r N v
L ! oY
"7 4‘ E.' : N
1 1 P . | T — — ',‘ U | 1 i 21
-0.90 ~0.85 -0.80 -0.75 ~-0.70 (.05 -0.60 ~0.80 -0.75 -0.70 -0.65 -0.60 -0.55 -0.50
v ENV
Figure 3 Tafel curves of the cathodic polarization Fig.4 Effect of FeSO, concentration on the Tafel
and the anodic polarization( Evans dia- curves for the cathodic polarization and the
gram for Co-Fe-P in electrolyte of pH anedic polarization ( Evans diagram)
7.0 and pH 8.5, respectively cathodic solution; CoSO, 0. 1 mol/L,
cathodic solution; CoSO, 0.08 mol/L, C4H,0,Na, 0.3 mol/L, H,BO, 0.5 mol/
FeSO, 0. 02 mol/L, C;H;0,Na, 0.3 L pH 8.0
mol/L, H;BO, 0.5 mol/L anodic solution; NaH,P0, 0. 2 mol/L,
anodic solution: NaH,P0, 0.2 mol/L, C¢H;0,Na, 0.3 mol/L, H,BO, 0.5 mol/
C,H,0,Na, 0. 3 mol/L, H,BO; 0. 5 LpH8.0

mol/L

CeHsO7Nag 0.3 mol/L , HeBO3 0.5 nol/L. The intersection of the anodic (solid line) and the cathodic
(dash line) polarization curves represents, in terms of the mixed potentia theory '8 fhe mixed potential
Enp ( @bscissa) and deposition rate ige (ordinate ) . Acoording to Paunovic MY Hectrochemical agpects
electroless depogtion of metal s’ (91 « The rate determi ning process’ in this processis the oxidation of hy-
pophosphite reaction. The resultsof dectrochemical gudy on Go-Pin different pH of ol ution are basical-
ly the same asthat of Go-Fe-P. In detrochemicd polarization of Go- P experiments, the cathodic polarizar
tion curves were made in the lution which contains S0, 0. 1 nol/L ,GHsO/Nag 0. 3 nol/L , HzBOs
0.5 nol/L and the anodic polarization curves were made in the slution which contains NaH,FO; 0. 2
nol/L , CsHsO7Nas 0.3 nol/L , HsBO3; 0.5 nol/L.

The dfect of concentration of FeS0O, on the Tdd curvesfor the cathodic polarization and the anodic
polarization combined into one graph ( Bvans diagram ) in solution pH 8.0 is sown in Fg. 4. Here,
the cathodic polarization curves were made in the solution which contains G380, 0. 1nol/L , CsHsO7Nag
0.3 nmol/L , HsBO; 0.5 nol/L and the anodic polarization curves were made in the solution which conr
tains NaH, PO, 0.2 nol/L , GHsO7Nag 0.3 nol/L , HsBO; 0.5 nmol/L. The increase of FeSO, concen-
tration causes a shift of the cathodic (dash line) and the anodic (solid ling) polarization curves toward
the negative potential. The cathodic and the anodic polarization currents decrease with the increase of Fe
0, concentration. What factor causes the dfect of FeSO, on the anodic polarization curves ?Thisis prob-
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ably caused by the adsorption of FeSO, on the working _gs4 0.10
electrode, which reduces the adorption of hypophogphite, ! 0.09
and 9 decreases oxidation of hypophogphite. Al we have 058l foos_
found that” the rate determining process’is the oxidation of Jo_m g
hypophosphite reaction without FeSD, in the lution, buts lose ;
when added 0. 01nol/L FeS0; , the process is under* the %% loos
mixed determining process’ (the mixed of the oxidation of [ 0'04
hypophosphite reactions and the reduction of metallic sat -0.66) R
ions reactions) . The results of eectrochemica polarization 0.000 0.010 0.020 0.030
sudy are shown in Fig. 5. Conc. of FeS0, /mol - L+
FHg. 5 presents the dependence of mixed potentia _ _
FHg.5 Dependence of mixed potertia and current

( Evp) and depostion rate on the concentration of FeSO;.
It can be seen that both mixed potentid ( Eyp) shifts the
naggative potentiad and current dengty (igy) , i.€. , depo
gtion rate , decreases with the increase of concentration of

dendty on the FeSO, concentration , comr
ponents o cathodic/ anodic lution same
asin Fg.4

FeO,, badcdly. On the whole, these results agree with the results of actua eectroless Go- Fe- P plating

rate measurements. In conclugon, ferrous sulphate dfects ~0.58
both the cathodic and the anodic polarization processes, / Co-P
which lowers the deposition current and potentid . -0.621

The dependence of mixed potentid ( Exp) on pH of 5 b
lution is shown in Fg. 6. The Ey,for Qo-Fe-Por for Qo r:zi 066 1
Pis shifted cathodicaly with the increase of pH , basicaly. I
The reason is: in the case of electrochemical oxicetion of 070 Tletet
hypophogphite reaction(1) , the equilibrium potential of re- [ \.a\‘
action(1) , Eeq, isgven by: -0.34 T R

Eeq= - 1.57 + 3.4RT/ FxpOH + Solution of pH
2.3RT/2F xlog([ HPOs?" |/ [H:PO:™ 1) 2
Fig. 6 Dependence of the mixed potentid on the

Where R is the gas congant, T is the temperature ,
and F is Faraday congant. When the pH of lution be
comes dkaline, in the case of equation (2) , Eeqbecomes
nore negative. Al , the Eypfor Go-Pis nmore postive po-
tentia than that of Go-FeP.

Fg. 7 shows the dependence of depostion rate on pH
of lution. Current densty, i.e. , the depostion rate for
Qo FePor for G P increases when pH of solution ranges
from7.0to 7.7 0rto 7.5, then decreaseswith it. This a-
D shows the depodtion rate of Go-Fe-Pislower than that of

dectrolyte pH

for Go-Fe-P (a) and Go-P(b) , cahodc
lution: (a) SO, 0. 08 N/ L , eSO,
0. 02 mol/L, GHsO/Nas 0. 3 mol/L,
HsBO; 0.5 mol/L , (b) GoS0, 0.1 nol/
L, GHsO:Na 0. 3 nol/L, HkBO; 0. 5
nol/Larodic lution: a) NaH,PO, 0. 2
mol/L ,GHsO7Nas 0. 3 nol/L ,HBO; 0.5
nmol/L, b) NaH,PO, 0. 2 mol/L,
GCsHsO;Na 0. 3 mol/L ,HsBO; 0.5 nol/L



G-P. Thex reaults acoord with that of actud

electroless plating rate measurements. 141
. & Co-P
4  Conclusions 12} °

From studies of plating rate in the electroless Go-P b
and Go-Fe-P dloys the following conclusons can be,: '
dranvn: £ o8l
1) In the beginning when the pH vaue increases, 0,(:[»

I
t

the plating rate is accelerated ; but above pH 7.7, it
decreases.

2) The presence of ferrous suphste in the bath ’ pH
has an inhibitory efect on the dloy depostion, leading
to low plating rate. As a consequence , the plating rate
o QrFePislower than that of Go-P.

The eectrochemica polarization experiments leads
to the following results:

1) Ferrous sulphate in the solution dfects both the cathodic and the anodic polarization processes,
which reduces the depogtion current and the potential .“ The rate determining process’in these processes
changes from the anodic reaction to the mixed determining process’ with the increase of concentration of
ferrous sulphate.

2) The current dendty , i.e. , the depostion rate for G- Fe-Por for Qo- Pincreases with the increase
o pHd lution rangefrom7.0to 7.7 or 7.5, then, decreases with it.

3) The results of the eectrochemical polarization experiments basicaly accord with that of the dec
troless depodtion rate measurements.

Fg. 7 Dependence o current dendty on the
detrolyte pH for GrFe-P(a) and QP
(b) , Conponents of the cathodic/ anodic
lution same asin Hg. 6
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