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ABSTRACT

The surtuce laver of NiwP1«Crig amorphous allov was stedied by AES und XPS associated with

o1 beam sputtering. Tt was found (hat great dillerences existed between the surluee layer und the

bulk both in compuosition and chemical stutes. The dominant component elements Niand P werc ol

lower content in the surfuce laver. while Cr was enriched. Cr was drasticalls ovidized in the surface

taver. but Ni underwent uo oxidation. There was a PP enriched region just below the surlice oade

laver. which was supposed to cuhance the surfuce segregation of Cr. Ni undernent no oxidaton i

NiavP1eCris umorphous atloy.
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I INTRODUCTION

Amorphous allovs present an interesting
class of new muatenals with outstanding me-
chanical. magnetic and chemical propertes. In
recent vears. counsidecable efforts have becn
made in the development of amorphous alloys.
Amorplious alloys can be easily prepared as
ribbon by rapid quenching. A frequently used
method is melt spinning. Because the prepara-
tion procedure is fur from being an equilibri-
um process. and the ribbons also react with the
atmosphere. the composition and chemical sta-
tes of elements near the surface region may be
different from the bulk. This fact has impor-
tant consequences in the field of malerial sci-
ence amd catalysis. Some experimental studies
on surface composition and chemical states ia
amorphous alloys have been publishcd' =31

In regards to chemical corrosion and oxi-
dation, amorphous alloys are superior to their
crystalline counterparts due to chemical homo-
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genetlyv. and the absence of grain bounduries.
line and other defects™ ' The preceding experl-
ments have shown that the addition of metallic
elements to amorphous alloys can lurther im-
prove the characteristics of the surtace taver™ ™!
Hence. it seems reasonable that research of the
effects ol additive elements on the surface laver
1s a prerequisite Tor the urther study ol chenu-
cal and catalytuic properties of amorphous -
loys.

The main objective of the present experi-
ment wis o analvze the nature of the oxidized
surface laver present on the shiny side of the
amorphous ribbons and provide detailed in-

formation for chemical and catalvuce studies.
2 EXPERIMENTAL

The specimens (20 pm thick. 3 mm wide)
were preparcd by melt spinning on a copper
wheel and quenching in air. Their amorphous
character was conlirmed by X-ray diffraction

Prior to the experiment. the specimens were
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aged in air for a few years. The shiny free faces
were chosen for analysis.

The samples in strips were c¢leaned in an
ultrasonic bath using acetone before putting
them into an analyzing chamber. They were
then assembled one by one on a standard metal
stub to form a reasonably tlat surface area of 1
cm x 1 ¢cm for XPS analysis.

The surface analyses were carried out on a
RIBER-LAS surface apparatus. The base vacu-
um was in a 10~ 6 Pa range. XPS was perform-
ed with a Mg(K,) source for which the photon
energy was 1.253.6 eV. Single survey scans were
carried out over a kKinetic energy range 359~
£.250 eV with steps of 0.1 eV, a pass energy
(CAE) of 14 eV and a scan rate of 1 step /'s.
fon beam sputtering (2 keV) was carried out in
large area scanning.

For AES. monoenergetic electrons (3 kV)
were used as the exciting source. Beam diame-
ter and current were about 2 ym and 0.7 uA.
respectively. Static 1on beam etching was used
for depth profiling, and the Ar" ion beam en-
ergy was 2.5 keV. The sputtering rate was es-
timated 1o be 10 nm / min.

3 RESULTS AND DISCUSSION

In order to get more detailed information
about the elemental distributions in the surface
layer. depth profiling has been conducted bv a
combination of AES and ion beam sputtering
techimique. A relative peak to peak height me-
thod was emploved in calculations as tllustra-
ted in Fig. 1. The oxidized laver is completely
removed after 120 s etching. corresponding to a
thickness of about 20 nm. This laver is suppo-
sed to be formed by the mutual reaction of the
sample with the environment during rapid qu-
“enching and afterward aging in air. .

Fig. 1 gives the elemental abundances of
NiwPsCriy amorphous alloy. Remarkable oxy-
gen enrichment 18 found in the surface laver:
the concentration of oxvgen 1s almost up 1o 50

at.—% at the outmost surface. Cr is also boun-
tiful in the surfiuce layer. Ni and P are corres-
pondingly depleted. their contents are far be-
low the nominal stoichiometry in the bulk.
whereas P seems to be enriched just below the
surface oxide layer. C is slightly enriched in the
surface layer.
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Fig. 1 FElemental abundances ofNigsP1nCris as

a function of ion sputtering time

The enrichment of oxygen in the surtuce
layer is considered to be mainly due to oxida-
tion. The preferential oxidation of Cr enhances
the surtace enrichment of O. The metalloid ele-
ment P. tound to be enriched in a region just
below the surtace oxide layer. may be the spe-
cies which facilitates the surface segregation of
metallic Cr. This phenomenon has also been fo-
und m Fe-B system amorphous alloys'™ . Limi-
ted C also segregates to the surtace and forms a
slightly C enriched layer.

With the intention of investigating the
chemical states of the surface layer. XPS was
employed with a Mg(K,) X-ray source. The ex-
perimental results are exhibited in Figs. 2~ 6.
Table 1 lists the binding energies of all materi-
als concerned. )

For Ni,, XPS spectra (see Fig. 2). on the
native surface. no obvious Ni peaks appear
(The curve was omitted). because the surtace
Ni content is verv low. After 3 min etching.
there is a peak at 852.5 eV. which represents

the metallic Ni. The inner surtace(atier etching



Vol Nl

Surface Oxidation of Amorphous Atfor NieP «Criy

n
1

for 7 mint) also exhibits the metallic Ni charac-
teristic'”.

Cry, XPS spectra are shown in Fig. 3. Pri-
or to etching. there is only one peak which is in
conformity with Cr-O; (3.756.7 V) the Cr
on the native surface 1s completely oxidized to
Cr. After 3 min etching. the chemical states
of Cr remain the same as in native oxidized
surface. After 7 min etching. in addition to the
Cr- peak. a low binding energy peak (574.0
eV) is examined as metallic Cr (574.0 eV)''",
and the quantities ot metallic Cr are compara-
ble with that of Cr'". From the results men-
tioned above. the preferential oxidation of Cr
rather than Ni is more apparent. With appro-
priate addition of Cr to Ni-P amorphous alloy.
Ni undergoes no oxidation in the surface laver.
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Fig. 2 XPS spectra of Ni,, asa

function of ion sputtering time

The additive element Cr is presumed to
form a perfect passivated layer. which would
block the further oxidation of the Ni-P amor-
phous alloy. But the great depth of the oxide
layer shows no evidence for this suggestion.

The reason may be that the poor surface quali-
ty fails to form u compact Cr oxide layer. Ox-
vgen can diffuse through the surtace layer into
bulk as usual.
Table I Comparison of the binding encergies of the
various ¢lements in amorphous NiesPCriy with data

for pure elements, oxides and others from the literature

Binding Energies eV

compounds
pure

level oxides otliers
elements

Nllr\i 2

present results K324

Nitmetallic) §32. 65"
C.J-Zpﬁ >

present results  374.0 376.5
Crimetalhic) 574,101
Cr.0. 376,61
I)Jrﬂ 2
present results 1296 [34.1
Rel [10] 129 .45
NiP 129311
NuPO, RN
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Fig. 3 XPS spectra of Cr,, asa

function of ion sputtering time

The P-, spectra are depicted in Fig. 4. All
three curves share a common peak at 129.6 eV.
which represents the metalloid P(129.45 eV)¥or
NiP(129.3 eV)!'?. On the native surface. anoth-
er peak appears. indicuting the existence of the
P chemical state. as in NaPO, etd ' After 3

min and 7 min etching. the existent states of P
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are completely pure P or NiP. it is very hard to
find any oxides.

Fig. S shows the XPS spectra of C, . The
peak at 284.6 eV represents graphite. O, spe-
ctra (Fig. 6) is a simple one. The only peak at
530.1 eV. is Cr,0;. which means the existence
of O1s 1s with the prior analysis of the surface
oxides. The present results are summarized in
Table 1. Results from the literature are also
listed.

Appreciable oxidaton is very apparent
here. Cr has strong affinity with O. It reacts
easily with O. while Ni and P are sluggish to
oxidize. Not even a slight oxidation of Ni was
not tound. Thus. the addition of Cr to Ni-P
amorphous alloy could protect the Ni and P
from oxidation.

The native oxides on NiP amorphous al-
loys have not attracted much attention. even
though the characteristics of such oxides might
shed msight into the reactivity. passivation and
corrosion resistance ot the alloys. but the Fe-B
amorphous alloys have received much atten-

tion.

4 CONCLUSIONS

P

{=0 min

p

(=3min

RN
| /=7 min
\_.

|

i

/ \

Tis T T s
Ey oV

Fig. 4 XPx spectra of Py asa

function of lon sputtering time

(1) The AES and XPS methods have been
used to study the surface layer characteritics of
amorphous alloy NiesP1sCris. It is clear that
both the composition and chemical states of
the surface layer differ considerably from that
of the bulk:
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Fig. 5 XPSspectraof C, asa

function of ion sputtering time
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(2) The P enrichment just below the sur-
face oxide layer is supposed to facilitate the Cr
surface segregation. Concurrently, the surface
segregation of C is disturbed by the active for-
mation of the Cr oxide layer:

(3} The surface layer is rather inhomoge-
neous. Remarkable enrichment of O. Cr as well
as a slight enrichment of C occurs in the surface
layer. whereas Ni and P are correspondingly
depleted. Cr is a strong oxidation element. but
Niundergoes no oxidation.
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15 4 couple of contradictions. Now. the follow-
ing two experimental methods have be general-
Iy utilized in industry: a) shelving the assint-
ered and ground workpiece in a storehouse tor
more than three months before using it: b) an-
nealing the workpiece at a lower temperature
(about 250 C) for more than 48 h. According
to the experimental data obtained 1n this paper.
the former (natural ageing) cannot reduce the
grinding residual stress. But. shelving the work-
piece for o long time might be beneficial to re-
laxirg the opposite thermal siresses which are
sealed in the parts. The latter (annealing at
lower temperature) can not only eliminate the
thermal stress, but also recuce a portion of the
grinding stress. Therefore. both theory and ex-
perimental data have confirmed the effecti-

veness of the above two experimental meth-
ods.

5 CONCLUSION

(1) The residual stress existing in ground
surface of cemented carbide is a compressive

stress. its value is about 100 to 1. 300 MPu:

(2) The stress increases with grinding feed:

{3) Natural ageing at room temperature
can not obviously relax the grinding stress. but
annealing at an appropriate temper2ture is ef-
fective for eliminating the residual stress:

{4) For the anvil workpiece used at high pre-
ssure. natural ageing for a long time and annea-
ling at a lower temperature for a longer time may
be used to eliminate the sintering thermal stress
and to retain the grinding stress as much as possi-
ble for prolonging its service hife.
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