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Maossbauer surface study of nitrogen-
implanted high carbon martensite

Recently, Mossbauer electron backscattering was
used to establish the formation of nitrides on the
surface of pure iron as a result of nitrogen implan-
tation with doses larger than 107 ions cm ™2 [1].
Spectra of implanted samples begin to be different
from that of pure iron with doses greater than
2 x 10" Nionscm™ and display an evolution
with increasing dose which has been interpreted as
being due to formation of y'-Fe,N at 2 x 1017 N
ions cm ™ implantation dose. At 4 x 10*” N ions
cm™2, in addition to the ¥ nitride, the e-Fe,, N
compound also appears and, at 6 x 107 N ions
cm 2, the latter predominates while the 7' de-
creases. This sequence is quite intelligible because
the formation of surface compounds depends on
the number of nitrogen atoms above the saturation
limit of interstitials of the ferric matrix.

To study the effect of implantation of steels
with structures modified by thermal treatments,
we applied the Mossbauer back-scattering technique
to martensitic high carbon steels. It is interesting
indeed to see how the pre-existence of interstitial
carbon may influence the formation of surface
compounds due to nitrogen implantation, namely:
(a) whether carbon accelerates the precipitation of
such componds for a given implantation dose, and
(b) whether nitrides precipitate as in the case of
pure iron, or something more complex appears,
with an altered sequence with respect to the case
in [1].

We give here the first results for a steel with 0.8
wt % carbon. The Mossbauer literature on com-
pounds Fe—C and Fe—N is quite rich and permits
useful comparisons with our results.

Samples of a UN.I C 80 steel (C: 0.8%, Si:
0.40%, Mn; 0.85%, S: 0.02%, P: 0.011%) were
water quenched from 800° C. Martensite formation
was tested by hardness measurements and micro-
graphical examination. Sample surfaces were pre-
pared by conventional mechanical polishing. The
ion implantation was made at doses of 2, 4 and
8 x 10'7 Nions cm ™2 at 100 keV. The Méssbauer
measurements were made as in [1].

The Mossbaver effect has been applied by
several authors to study the structure of Fe—C
martensites [2—9]. Such metastable structures
vary with carbon content and thermal treatment,
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Iron atoms sit on a variety of sites, each corres-
ponding to a component in the spectra: iron atoms
unaffected by interstitials, iron atoms first, second,
etc., neighbours of carbon atoms. Spectra of high
carbon martensites consist of magnetic components
(sextets), and a non-magnetic component,normally
small, which can be resolved into a singlet and a
doublet characteristic of retained austenite [2, 3,
6,9].

Spectra of our martensites are similar to those
in the literature. Depending on quenching rate and
on elapsed time between quenching and the Moss-
bauer measurements, we measured different values
of isomer shift, 8, internal magnetic field, H, and
quadrupole splitting, A, and also large changes in
the relative amounts of components. Table I gives
the parameters of one of these samples (A) in good
agreement with values of [3]. The spectrum is
shown in Fig. 1a,

No changes were detected for spectra with
implantation doses less than 2 x 107 N ions cm ™2,
The spectrum at this implantation dose, shown in
Fig. 1b, was interpreted in two ways, corresponding
to the two fits for sample B in Table I In both
cases the fits exclude the doublet Q of retained
austenite, related to these iron atoms with a carbon
atom nearest neighbour, while the singlet S, due
to iron atoms far from carbon atoms is left [3].
In each fit the field value and the relative amount
of component H, is reduced. An explanation could
be that, since the number of iron atoms near inter-
stitials is increased by introducing nitrogen atoms,
sites for H, and H; corresponding to interstitial
carbon atoms would be reinforced and with al-
most identical environments, Alternatively, the
computer program also converges with input
parameters which lead to the second fit for spec-
trum b. Here we have an H; component again
decreased in magnitude and in relative amount
with respect to sample A and in addition, three
sextets which should be related to 12% &"-Fe 4N,
nitride with iron atoms first neighbours of nitro-
gen atoms [8], to 5% e-Fe;, N nitride [10] and
to less than 1% y'-Fe, N nitride [10] .

A very strong change occurs for sample C im-
planted with 4 x 1017 N ions cm 2, Fig. 1c. The
amount of the H, component drastically decreases
and the fit excludes in this case the A, and H,
components, indicating that carbon atoms are no
longer simply interstitials. The Mossbauer para-

2665



11

JOURNAL OF MATERIALS SCIENCE 15 (1980) LETTERS

LE 8¥T0 €000 L'8T¢ §00°0 H ISUaLIEN
0s 12840 8140 i¥441] e} apuuogIe)
65T €1 8TE0 90 (XA 401xX8 'O SpHIIIOgIE) d
6¢ 8¥T0 700°0— 9°6T¢ £00°0— ‘H QJISuSLIE
9¢s o0 890 18¢°0 o) apiIIuoqIe)
o'l S 0vT0 0€L0 190°0 40Xy 'O SpLIIUOqTE) o)
S rT0 900°0 ¥ 6€T ¥1T°0 N**ag-2
(4! 9T0 900°0 9°L8T $50°0 N togr, @
78 2520 900°0 §'8C¢ €100 ‘H  D—9 sususiieiy
ev'T T 9%T0 $60°0— S D—9,] sNuAsSNY
8 7570 900°0 TPLT %00 ‘H
8 8%T°0 900°0 v 10€ P00 ‘H
€8 9670 9000 6'6T¢E 100 'H N D—9 ssualiep
9¢€C 1 1444t 0€1°0— 0T X T S D9 oludIsny q
(4 v¥T 0 9000 T'6LT 650°0— il
S 8%T°0 900°0 1'¥0€ 881°0— ‘H
68 8¥7°0 900°0 T'LEE v100— ‘H  D—9d sysucyrey
€ 9T0 €90 S00°0— [o} ]
SO'1 1 8YT°0 91T 0— S D—9,] uaIsny v
(;_09s wur) (,_09s wur) ( ;008 wiw) (;_00s wur) (koM (;_09s urur)
@) Ni v Q v H Q (. wo suor)
X ®are[oy TIPIM juauodurod orouSeur-uoN yusuodwos orjoufe aso(] aseyd N—o 10 D—94 sjdureg
19474V .L

2666



JOURNAL OF MATERIALS SCIENCE 15 (1980)-LETTERS

Counts (arb. units]

Velocity (mm sec™1)

meters of the non-magnetic component are not
ascribable to any known nitride. This might be ex-
pected, because all disposable interstitials, nitrogen
or carbon, probably take part in the formation of
the surface compound in the implanted zone. Con-
cerning the nature of such compound, we may
speculate that [11]:

(a) it cannot be of the v'-Fe,N type, because
carbon atoms do not enter this type of structure;

(b) it is more reasonable, instead, to suggest an
e-like carbonitride, because in this compound, car-
bon and nitrogen are completely mutually replace-
able. It is known that the e-itride can dissolve a
large amount of carbon;

(¢) moreover, starting from martensite, the pro-
duction of the elike structure is helped by cor-
relations of lattice orientations which minimize
the interfacial and strain energies.

Hence, in contrast to nitrogen implantation of
pure iron, %' is'not formed in the present case.

Figure 1 The Mossbauer electron scattering
spectra at room temperature of martensite:
virgin (curve a); implanted with 2 X 10"
(curve b), 4 X 107 (curve ¢) and 8 X 107

(curve d) nitrogen ions cm 2.

The consequence of the above discussion, in
accordance with our experimental results, is that
the non-magnetic component of the spectrum can-
not have the same parameters as individual carbides
and nitrides due to changes in the iron environ-
men. It may be fitted with an asymmetric doublet
with linewidth of the order of 0.6 mmsec™. A
more significant fit is with two doublets Q; and
Q, with narrower linewidths: 0.24 and 0.44 mm
sec !, respectively. The splitting of Q, is then of
the same order as already observed for the super-
paramegnetic e-Fe—C—Si carbide [12], but the
isomer shift is 0.3 mm sec ™ lower. The isomer
shift of Q, doublet is in agreement with that of
e-Fey N (x =0.019) nitride [13] or of {-Fe,N
nitride [14], indistinguishable by Mdssbauer
spectroscopy, although the splitting is larger.

At 8 x 1017 N ions cm ™2 dose, sample D, Fig.
1d, we have a further decrease of H,; contribution,
indicating an increase of the surface compound
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which is essentially of the same type seen for the
previous dose. By fitting with two doublets we ob-
tain a larger isomer shift and a smaller splitting for
Q, , while parameters for Q, suffer smaller changes.
This is probably due to the different ratio of nitro-
gen and carbon atoms and the number of defects
produced by the larger dose.

At a dose of 4 x 10!7 N ions cm ~2, the relative
amount of surface compound is greater in our
sample C than in the case of pure iron at the same
dose {1]. This provides additional evidence for the
role of carbon in the oversaturation of interstitials.
Moreover, the range of dose implantation in which
surface precipitates occur is narrowed.

Finally, it is important to note that heating of
the sample during implantation may produce
changes in all samples. We intend to control this
important parameter in future experiments.
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