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Corrosion Characteristics of Electrodeposited
Ni-Mo-P Alloy Immersed in NaCl Solution

Zeng Yue " Huang Hongxin Xiao Xiaoming Lian Shixun
(Department of Chemistry, Hunan Normal University, Changsha, Hunan, 410006)

Yao Suwe Guo Hetong
(Department of Applied Chemistry, Tiangjin University, Tianjin, 300072)

Abstract The corrosion characteristics of electrodeposited Ni-Mo- P aloy immersed in
5wt. % NaCl slution were investigated usng immerson, anodic polarization curves, XPS and
AESandyds. The corroson ratesof amorphous Ni-Mo- P dloys are lower than that of crystaline
Ni-Mo- P dloys. Anodic polarization curve experiments show that for the electrodeposted Ni-Mo-
P dloys, the nickel mol fraction of which hasin between 0.719 and 0. 868, the corroson poten-
tial moves to postive with the increase of P content , and the peak current value of active region
increase with the increase of Mo content in aloys, though the effects of P content on the peak
current of active region and of Mo content on the corroson potentia are inggnificant. XPS and
AES andysesindicate that ater immerson in 5wt. % NaCl slution, an oxidation film of about
50 nm in thicknessisformed on the surface of Ni-Mao-P aloys. Thisoxidation film is composed of
Ni»Os ,M00; and PO} , and acts as a barrier between the alloy and the dectrolyte.
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1 Introduction

The corroson characterigticsof crystalline nickel have been studied extensvely. Acoording to
Dougll and co-worker!* 3! nickel passvatesin acidic N& SO, 9lution through the formation of
a NiO layer about 1 nmin thickness. Flisand Duquettel*! examined the effect of phogphoruson
anodic disolution and passvation of nickel in near-neutra olution. Addition of phogphorus en
hanced the disolution rate comparing to that of pure Ni , but as the phogphorus concentration in-
creased the disolution rate decreased. Auger Electron Sectrosoopy (AES) showed that passve
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oxidefilmson the Ni- P alloys were thinner than those on nickel. Diegle et d!®! studied the anod-
ic behavior of amorphous Ni-20P aloy in H,SO, and HCl dectrolytes. They found that Ni-20P
alloy passvatesin 0.1 mol/L H,SO4 over arange of potentials where nickedl isactive, and that it
disolutes rapidly at higher potentials where nickel is passive. Kawashima et a!®! found that
amorphous Ni-Mo- P dloys prepared by melting nickel phogphide with molybdenum are not pass-
vated by anodic polarization in sulfuric acid. Instead, the aloys form thick porous surface films
and suffer pitting corroson in acidic chloride slution. X-ray Photodectron Soectroscopy (XPS)
analysson Ni-18P aloy ater polarizationin 1 mol/L HC showed phosphorus concentrated in the
surface films, relative to nickel!”). Shengrlong Lee'®  reported corroson resstance of electroless
Ni-Mo- P dloys us ng potentiodynamic polarization curves and immerson weight loss.

The am of thispaper isto investigate the effect of both molybdenum and phogphoruson cor-
rogon behavior of eectrodepodted Ni-Mo-P aloysin 5% NaCl slution usng anodic polarization
curve , the X-ray Photoelectron Sectroscopy (XPS) and Auger Electron Spectroscopy (AES) ana-
yds. Some X-ray diffraction(XRD) of the dloys was a0 performed.

2 Experimental Procedure

The Ni-Mo- P dloys were dectrodeposted on copper substrates. The bath compostions and
operating condition were reported in our previous paper[g]. The chemica compostions of the a-
loys were assayed by an Energy Digperson Spectrometer (EDS, X-650 9V P, Japan) . The struc
turesof the dloys were determined by an X-ray diffractometer (XRD , 2038 X-ray diff ractometer ,
Jagpan) with Fe- Ky target. The qualitative elementa characterization has been carried out via the
useof X-ray Photodectron Sectroscopy (XPS, PHIF5100 ESCA, USA) and Auger Electron
Sectrosopy (AES, PHI 610/ SAM , USA) .

Corrogon behavior tests were conducted under the following conditions:

(1) Corrodon redstance in oolution conssting of 5 wt. % NaCl at pH 8 at room temperature
was determined by measuring weight loss. Reported corroson rates are steady- state va ues deter-
mined from dop of weight lossvs. time (300 hours) .

(2) Anodic polarization behaviors were measured in 5 wt. % NaCl lution at pH 6.5 at
room temperature.

(3) Corrodon potentials( E;) of the dloysimmersed in 5 wt. % NaCl lution at pH 6.5 at
room temperature were measured againg a saturated calome eectrode(SCE) .

3 Resultsand discussion

In correlating composition and structure(Fig. 1) , it isevident that an amorphous structure is
characterigtic of aloys with high phogphorus or high molybdenum content. Asfar as the binary
nickel-base aloys are concerned , the amorphous area ranges about more than 10 at. % phosphorus
or 24 at. % molybdenum , regectively. The ternary amorphous Ni-Mo-P aloyslieon right sde of
dash linein Fig.1 on the whole.
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Weight loss data resulting from immergon for 300 hoursin 5% NaCl show relatively good
red stance to corrogon for the aloys with a high phogphorus or molybdenum content , which are
amorphous dloys. The amorphous aloyslieon right sdeof dashlinein Fig. 1, that is, regionfor
24 Xp + 10 Xy - 2.4 >0( X the mol fraction) . Fig. 2 shows that the relationship between the
weight loss data and Xa ( Xa =24 Xp + 10 Xmo - 2. 4) . The amorphous aloys show more ress
tance than the crystaline ones in this environment. This may be the fact that the amorphous
structure isfree of phase boundaries . After immerson test in 5% NaCl over 300 hours, the
surfaces of some amorphous Ni-Mo- P dloys retain original metalic luster , athough weight losses

occur , and the surfacesof crystaline aloyswith low amount of P and Mo become irised or dusky.
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The studies on the anodic polarization curves of some aloysin 5 wt. % NaCl slution at pH
6.5 show that the binary Ni-Mo aloys have a narrow passve region and an active region, and
that the binary Ni-P aloys have not an active region in this envi ronment!®!. The larger phogpho-
rus content in Ni-Mo- P alloys, the more postive the corroson potentia , and the larger molybde-
num content in Ni-Mo- P dloys, the larger the peak current value of the active region. Fig.3 and
Fig. 4 show the efectsof P and Mo content on the corroson potentia ( E;) and on the peak cur-
rent value(i,) of active region, resectively. It may be seen from Fig. 3 and Fig. 4 that when

Xni isin between 0.719 and 0. 868, the corroson potential moves to postive with the increase

of P oontent , and the peak current value of active region increase with increase of Mo content in

alloys, though the effectsof P content
on the peak current of active region
and of Mo oontent on the corroson
potentia are indgnificant. The corro-
son potentid of the binary Ni-Mo a-
loy isabout - 0.485 V , and the ac
tive regions of the binary Ni-P aloys
disppear, i. e. , the peak current of
active region is very small.

The XPS dlows to identificate
the phogphorus, molybdenum and
nicke gecies within the Ni-Mo-P a-
loys. After the sputter by Ar™ for 20
min (about 4 nm, inorder to minimize
problems with surface contamination)
the XPS gectra of Ni(2p) , Mo (3d)
and P(2p) for the Ni-Mo-P dloy is
shownin Fig.5. As determined from
the P(2p) spectra region (Fig. 5) ,
two chemicaly digtinctive types of
phogphourus are in the dloy, the low
binding energy peak at 129.5 eV is
consstent with zero-valence phospho-
urs, while the peak at about 133. 6 eV
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isprobably P(V) as PO,® in accordance with Diegle at a!**). There isone chemica ecies of
Mo asobserved from the Mo(3d) spectra region(Fig.5). The binding energy peaks at 227.9 eV
and 231. 0 eV are asociated with Mo (3ds2) and Mo (3ds2) of zero-valence molybdenum[m.

The Ni (2ps2) peak shownin Fig.5isat 852.7 eV , corregponding to zero-valence nickel. Besdes
the peaksof Ni, Mo and P, two smal peaks are present : thefirst at 532.5 eV and the second at
286.2 eV , corregponding to O(1s) and C(1s) , respectively , which show a low of oxygen and
carbon exig in the Ni-Mo- P dloy. Before sputter the Ni(2p) and Mo (3d) regions shown a peak
at 856.5 eV and 235. 6 eV corregponding to NiO and MoOs , and ater goutter carbon and oxygen
peak were greatly descend, which
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probably PO,®>" ). The same re- son
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sults were obtained from Auger Elec
tron Spectroscopy (AES) .
AES profile (Fig. 8) of the d-

loy ater immersonin 5 wt. % Nadl
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lution shown ater utter (about
40 nm/ min) for about 1. 2 min
(about 50 nm) the interior of the a-
loy was reached , which indicates the
Ni-Mo- P dloy form oxidation films
with thickness of about 50 nmin the en-
vironment of 5wt. % NaCl lution. The
concentration of Mo and P in the surface
film ater immerdon is lower than those
of Mo and P before immerson, which is
different from the fact that Ni-P dloysin
HC solution exhibit an enrichment of el-

emental Pon the aloy surface!”!.

4 Conclusion

The addition of molybdenum and
phogphorus to Ni-base dloy afects great-
ly on the corrodon characteristics of eec
trodeposted Ni-Mo-P adloys in 5 wt. %
NaCl olution. The corroson rate of
amorphous Ni-Mo-P dloys is lower than
that of crystaline Ni-Mo-P dloys. The
anodic polarization curve experiments
show that the corrodon potential moves
to podtive with the increase of P content ,
and the peak current value of active re
gion increase with the increase of Mo
content in aloys, though the effectsof P
content on the peak current of active re-

gion and of Mo content on the corrogon
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potential are indgnificant. XPS and AES analysesindicate that after immersonin 5 wt. % NaCl

lution an oxidation film isformed about 50 nm in thickness on the surface of Ni-Mo-P dloys.

Thisoxidation film is composed of Ni,Os;, MoO3 and PO,%" , and acts as a barrier between the

alloy and the eectrolyte.
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