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THE MICROSTRUCTURE OF NITRIDED Fe-0.3Wt%ZTi ALLOY
ANNEALED AT 800°C

D. H. Kirkwood(l).and G. Thomas(z)

(1) Department of Metallurgy, Sheffield University, Sheffield,

United Kingdom ' S

(2) Department of Materials Science and Engineering, College of
Engineering and Materials and Molecular Research Division,
Lawrence Berkeley Laboratory, University of California,
Berkeley, California 94720 ’

Following the initial work on nitriding Fe-Ti alloys between 550°

and 700°C which showed exceptional resistance to softening at higher

(1)

temperatures the present paper describes an electron microscope

study of the coarsening and coherency strains associated with precipi-

tatibn in this éystem.> The alloy chosen was Fe-0.27Wt%Ti, in order to
reduce the volume fraction of precipitates so as to avoid complications
of overlapping straiﬁ fieldé. -Tﬁis‘alloy was nitrided in pure ammonia
at 600°C, held at 600°C in pure argon to remove excess nitrogen in
solution and queﬁchédvintO'siiicon oil(z).' These denitrogenised speci-
mens were annealed in argon at 800°C for various times of aging up to
two weeks, folloWea by quenching. Electron microscopy contrast and
diffraction experiments were performed on thin foils prépéred'fr¢m these
heatftreated sﬁecimens by jet polishing éf diécs in éﬁromic—acetic acid
at 25 v.

Figures 1 and 2 show brigbt-ahd dark field images dbtained.affer
two weeks aging af 800°C, The eiectron diffraction patterns of all
nitrided specimens used in this iﬁvestigation‘sh0wed streaks in <100>a
directions indicating fhe présence of finé plateletsleiné parallel to

{100}a planes (see inset, Fig. 1). These ﬁlatelets were imagéd in dark

field structure factor contrast as described.in Ref 3 by tilting the



_Eéaﬁ to bring the streak ipto the microshoﬁe optical‘axis in order to
provide high-resolution (Fig. 2) without the confusion introduced by
strain fields (Fig. 1). vMany such’image;vwere used to obtain informa- | =
,tioh on the average diameféfs'and thicknesses of théiplatélets after

différent annealing times. The results are presented in Table‘l, along

with hérdness measuremehts for eabh specimen;

In tﬁe‘deﬁitrogenised spécimeﬁ which had no annealing treaﬁﬁent at

800°cC, extrémély fine partiélés were present of about 304 diameter,
-altﬁough'much'coérser barticleé could‘be observed on dislocations in

sub-grain boundaries. vAftéf 1 hr. at 800°C, the diffraétion-streaks

show a definite maxiQO. Analysis of many diffraction patterns and

(1)

comparison to the earlier results shows that this maximum is due to
the 200 refleéﬁion of the f.c.c. TiN structure. At earlier times'fhan
this, it is impossible to be certain from the diffraction evidence
wﬁéther the plates are mixed substitutioﬁal—intersfitial sOiuté atom

(5)

20neé 6f_the type prqposed by Spiers et al. ™", or very thin plates.
The strainkéontrést anaiyéés (Table 1) also support the existence of
TiN, since the observed strain of 45% agrees well with tﬁe misfit .
ekpéctéd from c§herent TiN plates.>

Continued aging at 80d°C prpduces a slow gro&th in the plate size;
After 8 hrs. a émallAdfop-in hardness is detected, accompanied by a -
reductioﬁ in coherency stréin; After 3 days.the plétes are still only |
558 in diameter buf the coherency.strain has dropped to one third of
its original value. By 7 days the average diameter‘haé grown to 80&,

the hardness has fallen appreciably and a few of the larger plateé

(>120X) show little strain field contrast. Many of the plates in the
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14 day specimen (Fig. 1) show no strain fields whatsoever, and thesé

“have diameters of 1508 and larger.

In the as-nitrided specimens :it is apparent that very fine plate-

" lets exist similar to those in the denitrogenised specimen before anneal-

2’

ing. However, a coarser prebipitate is also'present‘whichvhaslthc

appearance of clusters of plates some 5004 inlength lying'on {lOO}a

planes. It is suggested that these aregu"—FeléNz precipitates,‘because

iron specimens fully nitrided at 600°C in ammonia and quenched will be

- greatly supersaturated in nitrogen with respect to this nitride. The

appearance and orientation of these plates are similar to the o' pre-

(6)

éipiﬁates obsefved by Keh and Wriedt in pure iron specimehs aged around
?oom temperature.- Thié exblahation ﬁould also account for their virtual
diésappearance on suBsequent denitrogenising in argon at 600°C.

No gréat accuracy is claimed for the @agnitude.of the coherency

(7)

strains given in Table 1, and it has been estimated . that errors aris-

ihg from the theoretibal analysis of Ashby and Brown (which ignores

effects of anisotropy and shear strains at the precipitate interface)
" limit the accuracy”of the effective Burger's vector determination to

.+ 50%. However, in the specimen annealed for 2 weeks it was possible to

measure the strain field, diametef, and thickness of each particle, and
from the analysis df.lA»particles the standard deviation in measurements
of b_and,é'were.obtained‘(giveﬁ in Tablevl). This result indicates that
the error érising from measurement is less than 30%.

It has been established that TiN précipitates are formed in ferrite

(1)

with the Bain orientation' ’. Thus by taking the lattice parameter of

"TiN as a =4.24K, cohérent precipitates of TiN should have a misfit of

0



48% normal to the plate surface along [001]}. In the case of a'"-Fe, N

1672’
K(g), and

the c dimension normal to the plate of this étructure is 6.29
produces a misfit of 10% with two unit cells of ferrite. The same a'
structure with some of the Fe atoms replaced by Ti will cause a slightly
lafger'misfit. Therefofe,‘the evidence of an observed misfit of around
457, even accepting a 507% error, and the maxima oﬁ the diffractiﬁg,stfeaks
vstfongly point to the platelets having a TiN structure after short times aﬁ
800°cC. ﬁnfortunately, thefe wére no micrégraphs suitable for strain field
measurements in the non-annealed nitrided specimens so no direct evidencet
is available on-whether TiN is the initial product of nitriding or not.
In summary, the cpnclusions from this work are:
1) Novpattern of pfecipitétioﬁ cpuld be detected in the nitrided
alloys, but preferential nucleation on dislocations was seen.
2) After sﬁort annealing times at 800°C very large values of mis-
fit of the coherent platelets with the matrik were méasured,
This misfit is consistent with the platelets héving a f.c.c.
TiN strucfure aﬁd a Bain orientation relationship‘to the matrix.-
3) Aftef annealing at 800°C for some days, the.precipitates began
-to lose their coherency. Coherency s;rain contrast is not

- 'observed from plates of diameter >1508%.
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TABLE 1

‘Data on TiN platelets as a function of annealing, including corresponding
hardness of the alloys. '

Coherency
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Annealing time Average Average Effective Vickers
at ‘800°C diam. A  thickness Burger's strain hardness
vector b A e %
0, as nitrided 541 °
0, denitro- ~30 ‘ 491,465%
genized
1/2 hr 30 5 2.3 45 475
1hr 40 439
4 hr 45 5 . ‘ 441
8 hr 40 6 1.7 30 375
3 days 55 7 1.2 17
7 days 80 10 1.1 11 268
14 days 130 1141 0.54%0.13 5.0%1.4 271
' aMeasﬁrements from two specimeﬁs. .
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Fig. 1:

Fig.: 2.

FIGURE CAPTIONS

Fe-0.27%Ti aged 2 weeks at 800°C. Bright field micrograph,
showing strain field contrast around small precipitates. Inset
shows electron diffraction pattern with TiN streaks and diffuse
arcs from Fe304. The moiré pattern is due to double diffraction
from the Fe304 surface film and the underlying metal. Foil

-
normal [001], g = 200.

Similar area as Fig. 1 showing dark field structure factor

contrast micrograph of TiN precipitates. Dark field image

(gun tilt) of the [100] streak shown in Fig. 1. Foil normal

[001].



Pig. 1 XBB 756~4371



Fig, 2 XBB 756-4370
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LEGAL NOTICE
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or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately .

owned rights.
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