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I. Introduction

The nroperties of materials are structure-sensitive. Structure is in turn deter-
mined by composition, heat-treatiient and pracessing.  Thun it i+ rececsary to charar-
terize both compositine and microstructure at the highest levels =t reaolution pos .-
ble in order tn understand materials Lehavior. Such characterisatiun requires
advanced and sophisticated methods of analysis using microscopic, diffraction and
spectroscopic te bnigues. For this of course electron microsc wv is particularly
versatile, since we are now routinely synthesizing structure alncet at atomic ievels of
resolution. The interaction between conposition, heat trealment oand properties is
complex but this interaction must be umierctuod it materials are to he irproved or nnw
mateeials to he desigued.

Iiqure 1 shows a schematic indicatinn the important role that clectron mi Leony
now plays in research in materials science and enqineering (e.q., failure analysis).
The nroblem solving approach is not Tivited to o single technique and it is rot implied
that electron microscopy can salve all problems but clearby the methed 15 very powerful,
For certain applications high voltage miLroscopy shows a great expansion in tha type of
materials that can be studied' due to its advantages’ with regard to ionisation damage
and irproved resolution hoth in imaging and diffraction). For all annlications compo-
sitinn analysis by spectroscopy® and high resolution lattice paramcter measurements”
i7 essential. The new analytical instruments with micradiffraction anu X-ray and
electron encrgy lass microanalytical capabilities are welcome additians to the naterials
scientists “bag of tools" as thesc methods offer large gains in spatial resolution com-
pared to more conventional analytical mwethods.

In this review ! wil) draw on examples from some of the current research programs
g0ing on in my group, with particular nmphasis on high resolution methods, including
Yattice imaging and microanalysis. For close-packed structures as,is common in metals
and allnys and many ceramics, point rnso]utions better than about 2A are needed for
structure imaging and with present day instruments this is not yet possible. Thrs we
are limited tn lattice imaging for HREM siudins of these materials., The researchers
involved are arknowledged at the nmnrm.ri.h(- places in this paper and | express my
gratitude to them for their assistance.
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2. tetail iq Atloys
A. Mog)hnlag Crystallography and Formati
[CHA BN Hao)

Althounh the morpholngy and crystallaqraphy of plate martensitos are well undor-
stond, the same is not true for the dislocated "lath” marlensite acturiang in the
tcchno!oqically more important mediom and Tow © steels. A detaifed oloctror diffra-
tion and microscopy exawination of dislocated Jath martensites has Lean undevtaken
partly stimulated by the detection throwih caveful darvk-field analyvis of smal) amounts
of retained austenite in many lath martensites during an ertensive alloy design progras
on dislocated martensitit steels®. Consequently, the unique or mn1.|1u\n relationships
can be obtained directly by ut.ll\nnq selected area diffraction ansiysis of the lath
bundles and Lhe surrounnding austenite’, Thr’\pruaunt aiscussinn will he Yimited to
results on binary Fe-lli alloys (Table 1). |

Tahle 1

Chemistry of the alloys a“nd their Mg structures

Mloy ¢ I\I]oy rovnn ((ut ), Homial L
1} Fe-l? Ni 00>
2} Fe-1b M 280
1) Fe-20 Ni 165+

The martensite packet size way found by optical microscopy to ircrecse with
austenitizing temperature dand prinr austenite:qrain size, althouem wnere was no sirilar
variation in the average lath width. Thereforge, the aspect ralio of the laths increases
with prior austenite nfrain size. A constant aspect ratio with increasing packet size
would result in a higher voluwe  dependent strain energy,  Transtic aen electror micrn-
graphs taren At Y00 kY and SO0 kY (Fig. 2(4)) vevcalud that the tath, . re parallel with
reasnnahly straight bourdaries and a hich disloration density . Althuanh theeg were no
significant differences in 1ath  morphnlogy ar subsirvucture as a tunction of carbon
content, retained austenite could omly be detected ip carbon containing alloys. The
advantages of using 500 kV are in the increased arcuracy of selectad area diffraction
fnr the analy.es described below. Knock-on dapiage is negligihle ot this voltane.

Relative Orientation of Adjacent Laths

Figure 2 is an example of the detailed analysis of parallel “laths” in the packet
martensite. The SAD patterns (Fig. 2{b}) and ‘regiuns from where the patterns were
obtained in the hright field image (Fiq. 2{a));are identified by 1, 2, 3. The [Vicd.
crysta) direction remains paralle] in all the Jaths in this packet indicating that
these laths are separated by [Hf)] rotation boundaries. Fiy. 3 shows a typical stereo-
graphic analysis of relative arientations of adw:ent laths of a packet in these binary
Fe-Mv alle, . Srom Fig. 3, it was found that lath 5 is rotated 180 with respect to lath
1 indicating that the shear components are nmms\te and accomnodative. The present
observations suggest that the orientation of Lhe laths in a qiven packet are those that
rosult from minimization of the gverall shape defnr-natwn and its accommodation over a
group of laths, Our work also shows that a gradual change in orientation to minimize
shape deformation is preferred to a twin orienthtion of the adjacent laths, although
the tendency for the latter increases with carbon content. It is suggested that the
austenfte-marteénsite interface may be a ledye bnundary and that the macrcscopic and
microscopic habit planes could be different”, It is also concluded that the martensite
laths are indeed thin platelets and that individual laths and not the packets are the

_ fundamental nucleation events. |
: |
In order to prove these suqqgestinns Tatticp imaging techniques are being utilized
| to andlyse the austenite-mertensite interfaces.! These experiments are extremely

[



http://analy.es
http://lat.li

j
S |

s etenrenon
ol
w

S

wctute, Ol traction J
ttrut taer g Cremenl Anatyzes |
€9 WM HRER STEM, ELS,

XBL 785-5018
FIG. 1

-, N AL Y
FIG, 2(a) X88 785 6071
500 kV Bright field images

of a packet 'of dislocated
wartensite in Fo-157Ni.

sparennty

Brogems

i Ferdboch -EonIEm Sotury;
51ryCh st B Mroper ty friy o)

N
[r‘ m

. . .
..[') ,Ly.'hm. atic showing rele of electron micro-
i copy in materials research,

S

REFERENCE Lo
SHEAR VECTOR, siiend \\
N LATH ¢ $,Y( el Larny
V2N
LA 1 m, - 133 1aTH 4
nu‘ :'"“
\ N /,‘ 33 LaTH S
~
\ 1\\ SHESR VECTOR
1 LATH
\\-~//
i
BB 785 6072
LATH HLG'_DN i HOTATION
Frow ro_1 (OEGREES)
2 76,75
2 3 %4 7
: “ 2201
i 4 3 26 43
T isg TevaL

FI1G6. 3
Typical stereographic projection of
diffraction pat arientation armongst laths in a packet
terns from the of hinary Fe-Mi alloys: notice rota-
laths indicated) in tion of adjacent laths,

the packet of Fliq.

2(a).

XBL 7710 6265
FIG. 3

Sclected arca



\
|

-4-
difficult due. to the astigmatism corrections {martensite is magnetic, austenite is
not). Measurgments of fringe spacings in 10} planes also enable carbon contents to
be estimated.: Such analysis is not possible ﬁy X-ray STEM micrvoanalysis.

B. frain Boundaries and .Cerﬁ.in.&p.uz\.dﬂ.rx"rtrqinT.tatifm Zn Alloys). (R. Gronsky)

The abitity to detect highly localized compositional variations is a very desir-
able characteristic for experimental studies if yrain boundaries. In current analysis
of grain houndary precipitation reactions” we have used lattice imaning, from which
fringe spaciny measurements have given clear [indications of composition profiles in
the grain boundary vicinity with high precision. These results have been useful in
identifying the involved reaction mechanisms and the particular role of grain bounda-
+igs in the precipitation processes. r

Fig. 4 i, an erample of a lattice image of a grain bhoundary precioitate in an
Al1-9.5 at .%7n alloy aged 30 mins, at 180°C. The hoxed region in (A} is shown enlarged
in (b), indicating the reqion from which compositional analysis is perfonmed, fringe
spacings were measured withio hoth matrix (M) and precipitate (P} areas, at increasing
distances from the grain boundsry. The results are presented in Fig. 5, each point
indicating the average spacing of ten fringes,|with a reprecentative scatter band
showing the Yimits of experimental error. !

|

This plat clearly indicates a decreasing Iringe spacing as thr boundary (dutted
Vine) is approached from either side. It suquésts that a solute gradient exists
within both the matriy and the precipitate, dand the concentration changes rapidly over
a distance of only 50A.  Confirmation of this!suggestion awaits auplication of STIM
wicroanalysis-a capabiiity now being installedlon our FM 301 micrnscope. However one
feature revealed by the lattice image method i that the segrenation ap,ears to be
orientation dependent. Thus the power of combi\ing different techniques is apparent
€. Spinodal iecompasition, (C. K. Wu) ‘,

We have had considerable interest in characterizing the morphology of spinndal
deccpnsition hy conventional and more recentlyl, high resalution techeiques*' . The
Yatt r method using lattice fringe imaging and pptical microdiffraction has proven
to be ertremely useful in analyses of the parly| stages of the reartion, particularly
since the composition variations are very small, and can easily escape detection by
familiar imaqging or spectroscopic techniques, Thus the variation of lattice parameters
with spinodal wavelenqgth down to m]nx can be determined in this way'.

Another application of the Jattice imaginq!method has been the distinction between
rodes of decomposition in the critical vicinity|of the coherent spinodal which is
inside the chemical spinodal but which is nat krown for the Au - Ni uystem. Fiqure 6
shows an example for alloys aged near the vicinjty of what is expected to be the
coherent spinndal. The lattice image {a) clearly distinquishes the "typical" zene
segregation whilst, (b) has the sinusoidal periodicity typical of spinodals. A
significant result of this rescarch is that the |decomposition appears to be one dimen-
sional in the early stages.

3._Re

T
A, Intergranu)ar Phases, (0. Krivanek, T. M. Sh‘aw)

Tha potential advantaqes of refractory ceramics for high temperature applications
e.q., 935 turbines and 1iguid meta) containers are well recognized since they haye very
attractive properties {(high modulus: density ratlios, high melting points, oxidation
resistance, etc.). However, due to fahrication difficulties the use of hot-pressing
additives such as M0 or Y,0, are necded and the| properties at high temperatures are
impaired, Il has heen proposed that the fwpairment is due to the formation of an
‘intergranular phase, probably glassy as a result|of the formation of silicates and
crystalline oxy aitrides. Attempts to prove this have been successful using high
resolution THA**'%, The problem of resolving intergranular phases and whether they are
amorphous or noti is howeyer not trivial. From an|electron microscopy viewpoint there-
fore. the following features at grain Loundaries|require characterization: 1) detecting
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(a) tettice imane of a arain bound-
ary precipitatc in on A1-9.5 at, ¥Zn
alloy.

{b} Erlargement of boxed region in
(a); #atrix imagre of (111):
precipitate (0002 fringes).

Flg. 5

Plot of fringe spacing as a function
of distance fros the grain houndary
i Figq. 4 (do*:a 1i-:,. tach point
represents 10 measurements, The
data clearly show a gradient ir
lattice parameter and heuce compo-
<ition.


http://Al-9.5at.J7n

€ e

Y nlae, in

Vo typang’
de o thn
anra

:'?00[

’

poerdal gen by

yoorenbar

. FIG. 7

LRI
o
b donies

RENINT

i

YBL 778 TQQI



thee intergrae Yar pra ey ant thedr diCterbafiee o D deter tre s Sy e g
are rrgtathirn, and 37 ¢ dermiping their

prcal orpoara e

Frev g arphologics] viewpoint TU 3L egsertial tu Ve e et e e
caegiey rooaq qkmtched ie Figo 70 Lnder copvent tond ' W, e e
trogetary cbagtd beogieacd eegeeon with sisallterecut Ltroe s Trosy o e Lty e
arateg. Tee oeopteagl fromointergrarutar phases ! re T .
w2 e De, are aporphens or crystallire. | Amorpraan o ‘ ~

Voanear e Colontrant fha ol i et 0 o . o
Tapoard ANY L bk beedd o a | e e e
erngre GeATR bnundary o ter e et e Co . TN .
pirnigatinn cadiation RN IR I T T I R
PN the @000 S o .
Tt b, ,.y.‘r», oLt o o . ,
LTI . 4 A TIPS . e e
o . METIR TN RITH TR B . ‘s .

BN o oatrern. o .. . R ) .
- . Lo e, PR . Wy e B A
e T N IR PP I R . .
oo P S N PO c, . .
" i P v Pase ,arie LN '
N N I I ey NC A RN ' .
FERIPE o IR Paee o, o .
C e e e e e L .
I S TR L R A T S S S o
Voo esino e sober, e deu b et . .o
Trate L areb b ey Capbp ety .
o T poare i IR . PR
. P, ae R T Y TR s .
. [EEESR A [ R BTN
L LY oy, o . .
o ool y ey .o
i IR Coor oty it .
. . \ Podan b , o . .
. (4 e Mo e ' .
' .
o tertalar farets, AU
' ‘L
’ T Geerargn Garnet CAGRT Tan e uaet 3 bt et catae it fee
[ e e e OonUer g latifns A then o caipets quee Tt e
e i Leysrals
dasired coree ane peneities in the trate can be At t e tep e 1iaxial

ard egC to dreeedatiop of device poy anfe,

e T s vk teat, (,..,,,‘,.,..,,.I fefee s Frem









|
12, 6, M. Jeabine, ¥, Vaagenara, and [, 1, I:nn!, Proc. Mo, Soc, {Lory Apg

LI S
(1977}, ' '

|
13, V. A0 Phillips, Metallagranny 6, 301-364 ‘(1’173).

5. Boge, . Dahmen, K. H. frang and 4. Th%hh' g, Amer, Cerar . T, 61, 174
(19¢43 . ’

FIG. 17

650 VY Dovdit field nich
arder feage Shostng micrg-
segregation defect., Sterer.-
apalugis cwmond thar thie g
a spherical Adefect {hole or)
ars-Filbed cavity), sur-
rounded by dark conirast. A
JODA prots was placed in each
af the arcae shown.  The EDAX
M i | ] spectra bt rined shows the
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F1G. 13

Lattice fmann af classy carbon showiod
sotropic di-tribution of interwoven
fibher., The imaqgrne condition is
houn in the inset SAD. Hote the
spotly appearance of the 002 ring when
a very small area is selected for
diffraction.

e fibers are crystalline and tend

E to encliose very swall pures at points
of bifurcation (arrows), confirming
Jenkins' "nightware” model of glassy
icarbon {sne sketek) and results
sobtained from swall angle X-ray
Escatrorinq.
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