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1 . l n t r o d u c t i on 

The p r o p e r t i e s o f m a t e r i a l s are s* r u e t u r e - b e n s i t i ve . ST.ru> tu'-e i s i n t u r n d e t e r -
mif ied by c o m p o s i t i o n , hea t - t rea tment a'id p r o c e s s i n g . Thus i t i*. rt-t e^sar-/ to c h a r a ' -
t e r i ; e bo th c o m p o s i t i o n and m i c r o s t n a t u r e a t the h i g h e s t l e v e l s •;( r e - s o l u t i o n p & s . i -
b l e i n o rder tn unders tand m a t e r i a l s b e h a v i o r . Such c h a r a c t e r i/a*. un. r e q u i r e s 
advanced and s o p h i s t i c a t e d methods o f a n a l y s i s us inq m i c r o s c o p i c , <'.i f r a c t i o n ar.J 
s p e c t r o s c o p i c te b n i q u e s . f o r t h i s o f course e l e c t r o n microsc'P L<- i s p a r t i c u l a r l y 
v e r s a t i l e , s i nce we arp, now r o u t i n e l y s y n t h e s i z i n g s t r u c t u r e a l n c t a t a tomic l e v e l s o f 
r e s o l u t i o n . The i n t e r a c t i o n between c o m p o s i t i o n , heat t r e a t m e n t rind p r o p e r t i e s i s 
complex bu t t h i s i n t e r a c t i o n must he underM: ,od i t m a t e r i a l s arr> t n he improved or new 
m a t e r i a l ' , t o Uc- d e s i g n e d . 

H q u r e 1 shows a schemat ic i n d i c a t i o n the i m p o r t a n t r o l e t h a i e l e c t r o n n i c r o s r o n y 
now p lays i n research i n m a t e r i a l s s c i ence -ind e n g i n e e r i n g ( e . q . , f a i l u r e a n a l y s i s ) . 
The problem s o l v i n g approach i s not l i m i t e d t o a s i n g l e t e c h n i q u e and i t i s r*ut i m p l i e d 
t h a t e l e c t r o n mic roscopy can s o l v e a l l problems bu t c l e a r b y the n'ethr.-' i s ve ry p o w e r f u l . 
For c e r t a i n a p p l i c a t i o n s h i g h v o l t a g e m iL foscopy shows a g r e a t expans ion i n the type o f 
m a t e r i a l s t h a t can be s t u d i e d 1 due t o i t s advantages'* w i t h reqa rd t o i o m ' s a t i o n darnaqe 
and inp rnved r e s o l u t i o n bo th i n imaging and d i f f r a c t i o n ) . For a l l a m p l i c a t i o n s compo­
s i t i o n a n a l y s i s by s p e c t r o s c o p y ' and h i q h r e s o l u t i o n l a t t i c e parameter measurements" 
i " e s s e n t i a l . The new a n a l y t i c a l i n s t r u m e n t s w i t h m i c r o d i f f r a c t . i n n ano X- r . iy and 
e l e c t r o n energy l o s s m i r . r o a n a l y t . i c a l c a p a b i l i t i e s a re welcome a d d i t i o n s t o the t v a t e r i a l s 
s c i e n t i s t s "bay o f t o o l s " as these methods o f f e r l a r g e qa ins i n < ipa t i . i l r e s o l u t i o n com­
pared t o more c o n v e n t i o n a l a n a l y t i c a l methods. 

In t h i s rev iew I w i l l draw on examples f rom some o f the c u r r e n t r e s e a r c h programs 
go ing on i n my g r o u p , w i t h p a r t i c u l a r nmphasis on h i . |h r e s o l u t i o n methods , i n c l u d i n g 
l a t t i c e imaging and m i c r o a n a l y s i s . For c l o s e - p a c k e d s t r u c t u r e s as., i s conmon i n meta ls 
and a l l e y s and many ceramics , p o i n t r o s o l u 
s t r u c t u r e imaging and w i t h p r e s e n t day i n s t r u m e n t s t h i s i s not y e t p o s s i b l e . Th' s we 
a r e l i m i t e d t o l a t t i c e imaging f o r HRtM s t u d i e s o f these m a t e r i a l s . The resea rche rs 
i n v o l v e d art; .tf.knowledged a t the appropr 
g r a t i t u d e t o them fo r t h e i r a s s i s t a n c e . 

ions b e t t e r than about ?A am needed f o r 

i.e placer, i n t h i s paper and I express my 
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2... Metallic] Aljoys 

A. MorphojQrjy i Crystallography and Formation of Dislocated Lath Martens Ues in Steele, 
*(B. V. I|. Rao) ~ j " ~ ""*" 

Although the morphology and crystallography of pUite marten-sit r-s are well under­
stood, the same is not true for the dislocated " l a t h " martensi to mc.urinq in the 
technologically more important medium and low C. f . tuel ' i . A de ta in " ! electro; ' . l i r f r n -
t ion and microscopy examination of dislocated la th martensi fes has been undertaken 
part ly st imulatcd by the detection through careful dark - f ie ld ana ly -h of small amount'; 
of retained air.tenite in many lath mar termites during an pytensive a l loy design program 
on dislocated n.artensit1c steels'". Consequently, the unique nrienl.Mion relationships 
can be obtained d i rec t l y by u t i l w i n q selected area d i f f r ac t i on dn-*-lysis of the lath 
hijndles and the surrounding austen i te ' . The Ipre'.ont. riiscusMon w i l l lie l imi ted to 
results on binary Fe-'Ji al loys (Table I ) . i 

Tabid 1 

Chemistry of the al loys a;nd the i r M<. structu' i--. 

Al loy * Al loy Ccmip. (Wt - ) , tlonial M ' >:) 

1) Fe-12 Ni 300* 
2] fe - l t i Ui 25P-

3) Fe-2P Hi I f 1 . ' 

*caj cujji te.d J _ [ *_ [ * 

Morphology and, Cel 1 JHruc.t i i reof Majtenr.ite 
The mar tent i t e packet size was found by Optical microscopy in ircre.sso with 

austeni t iz ing temperature and pr ior austenite grain siz«>, althou<:vi tnere war. no s i r i l a r 
var iat ion in the average T *i t h width. Therefore, the aspect rat in (if the laths increases 
with pr io r austenite grain s u e . A constant aspect ra t io with increasing packet size 
would result in a higher volunu dependent s t ra in e n c v / . IVanS'.i' ic.v eluctror micro­
graphs taven -it 100 kV and GOO kV [F iq . i-'(a)) rowalud that ttir l . i th , . re paral lel with 
reasonably stra ight boundaries and a hi eh dis In* at io-i dens i t ' , . AUh:,iMh there wen? no 
signi f if.aiit differences in lath morphology or substructure -is a 'unction of carbon 
content, r_e_tai/ied_^sten_i_te c_ou_ld_ only he detected i i \ carbon con_Ui'nwi£jilJoys_. The 
advantages" Vf VsTnq 500" Vv a re' "i n" "t"he VncrVaVeif a"'* curacy* of selected area "d i f f ract ion 
for the analy.es described below. Knock-on damage is neql ig ih le .if this voltaqo. 

Relative Orientation_of_ Adjaceji t_j-aths 

Figure 2 is an example of the detai led analysis of paral le l " la ths" in the packet 
martensite. The SAO patterns (Fig. 2(b)) and regions from where the patterns were 
obtained in the bright f i e l d image (Fig. 2(a)) |are iden t i f i ed by 1 , 2, 3. The [ U t ^ t 
crystal d irect ion remains paral le l in a l l the jaths in th is packet indicat ing that 
these laths are separated by fUO] rotat ion boundaries. Fig. 3 shows a typical stereo-
graphic analysis of re la t ive or ientat ions of adjacent laths of a packet in these binary 
Fe-Ni al lr, ,". From Fig. 3, i t was found that lat.li •" is rotated 1R0 with respect to lath 
1 indicating that the shear components nrc opposite and accommodative. The present 
observations suggest that the or ientat ion of the laths in a qiven packet are those that 
result from minimization of the overal l shape deformation and i t s accommodation over a 
group of laths. Our work also shows that a gra'dual change in or ientat ion to minimize 
shape deformation is preferred to a twin or ientat ion of the adjacent la ths, althouqh 
the tendency for the U t t e r increases wi th carbon content. I t is suggested that, the 
austenfte-martensite interface may he a ledge boundary and that the macrcscopic and 
microscopic habit planes could be d i f f e r e n t ' , l i t is also concluded that the ti.artensite 
lath*, are indeed th in platelets and that individual laths and not *he packets are the 
fundamental nucleation events. 

In ord"r to prove these suggestions l a t t i ce imaging techniques are being u t i l i s e d 
to analyse the austenite-marten^ite interfaces These experiments are extremely 
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d i f f i c u l t riue to the astigmatism corrections (martensite is magnetic, austsnite is 
net} . Measurements of fr inge spacings it> 10) planes also unable carbon contents to 
be estimated. Such analysis is not possible fjy X-ray STFM microanalysis. 

B • ?l,yJP.Jp.un.*Lr.,L?># and Grata _Bpundary_Prec[pi tatiqn_,(Al-J_n_ Al 1 ovs), {R. Gfonsky) 

The a b i l i t y to detect highly localized compositional variat ions is a very desir­
able character ist ic for experimental studios ojf grain boundaries. In current analysis 
of (/rain boundary prec ip i ta t ion react ions 7 we have used la t t i ce i.iMniiiq, from which 
fr inge spacing measurements have given clear (indications of composition prof i les in 
the grain boundary v i c i n i t y wi th hiqh precis ion. These results have been useful in 
ident i fy ing the involved reaction mechanisms ahd the par t icu lar role of grain bounda­
r ies in thu prec ip i ta t ion processes. I 

Fig. 4 i'> an example of a l a t t i ce image of a grain boundary preciDitate in an 
Al-9.5 at .7.7ft a l loy aged 30 mins. at 1fiOnC. Jhe boxed region in (a) is shov/n enlarged 
in (b) , indicat ing the region from which compositional analysis is perfomed. Fringe 
spacings were measured wi th in both matrix (M) and prec ip i ta te ( n ) areas, at increasing 
distances from the grain boundary. The results are presented in Fig. 5, each point 

with a representative scatter band indicating the average spacing of ten fringes 
showing the l im i ts of experinontal error . 

This plot c lear ly indicates a decreasing fr inge spacing as the boundary (dotted 
l ine) is approached from ei ther side. I t suggests that a solute (jradient exists 
wi th in both the matr i * and the p rec ip i ta te , and the concentration changes rapidly over 
a distance of only 50A. Confirmation of th is a distance of only 50A. Confirmation of th is suggestion awaits appl icat ion of STLM 
microanalysis-a capabi l i ty now being insta l led ion our F.M 3(11 microscope. However one 

! segregation ap.-ears to he 
erent techniques is apparent. 

feature revealed by the l a t t i c e image method isi that the segregation ap.-ears to he 
or ientat ion dependent. Thus the pov/er of combining cliff* 

C. Spjnodal ;J/'Cj)mp_osUjpnA (C. K. Wu) | 

We have had considerable interest in characterizing the morpholnqy of spinodal 
decenposition by conventional and more recently', high resolut ion techniques1"'*1. The 
I n t l r method using l a t t i c e fr inge imaging and opt ical microdi f f ract ion has proven 
to be extremely useful in analyses of the early stages of the re.irr.ion, par t i cu la r ly 
since the composition variat ions are very small, and can easi ly escape detection by 
famil iar imaging or spectroscopic techniques. Jhwi the var ia t ion of l a t t i ce parameters 
with spinodal wavelength down to MGA can be determined in th is way'. 

Another appl icat ion of th*? l a t t i c e imaginyjmethod has been the d is t inc t ion between 
modes of decomposition in the c r i t i c a l v i c i n i t y of the coherent spinodal which is 
inside the chemical spinodal but which is not known for the Au - Ni system. Figure 6 
shows an example for al loys aged near the v i c i n i t y of what is expected to be the 
coherent spinodal. The l a t t i ce imaqe (a) c lear ly dist inguishes the " t yp ica l " zone 
segregation wh i l s t , (b) has the sinusoidal per iod ic i ty typical of suinodals. A 
s ign i f i cant result of th is research is that theldecomposition appears to be one dimen­
sional in the early stages. | 

3. Refractory Ceramics - S i l i con N i t r ide and[Sjajpns 

A. i»teryranuj_a^.Phases... (0. Krivanek, T. H. Shaw) 

The potential advantages of refractory ceramics for high temperature applications 
e . g . , qas turbines and l i qu id metal containers aire well recoqnized since thev have very 
a t t rac t i ve properties {high modulus: density ratl ios, high melting po in ts , oxidation 
resistance, e t c . ) . However, due to fabr icat ion d i f f i c u l t i e s the use of hot-pressing 
addi t ives such as MqO or Y>0). are needed and the properties at high temperatures are 
impaired. I t has been proposed that the impairment is due to the formation of an 
intergranular phase, probably glassy as a resu l t ' o f the formation of s i l i ca tesand 
c r ys ta l l i ne oxy n i t r i des . Attempts to prove thi«» have been successful using high 
resolut ion T T M ' , i H . The problem of resolving intergranular phases and whether they are 
amorphous or not: is however not t r i v i a l . From an electron microscopy viewpoint there­
fo re , thu fo l lowing features at grain Itotmdaries require charactevi ja t ion: 1) detecting 
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r- i t.ion. 

http://Al-9.5at.J7n


FIG. / 



t.hr- in ' .c i - ; ;^ ; ' ' , 1 ^- pr-j ,.-% ,jr,:} t ' i f i r d i . ! r U ; j 
•i re T y . M l l i ' - n , air! 3; <?'•npnninu f ie ir r 

f r r - ,. : ' i r i - ho lO ' j i r i i v iewpo in t , i V. v , i-
" i f ' J ' * i r- .T-, ' , i :p[r. f ,e J . i f r i ' | . 7. i j r . i . -r en 
r r u j " ' ; i >' .< ',*"';u 'rj !" n •; K-.•.<•'! '""'i)-"'-un * i f_n ', i , ; : . . 
' i r d i " , . T t r - '•ni: i"*- isl f r r / ' ; i iUer<;r<v u'! 1 •" pf 
..,•.<•_'.» .- f •_•(•, irr? SPO^P* •" •(*". f ir c ' / S M ' l i r P . 
. • • r - ' " ) ' 1 , *:*:-< rir i r ']<,>' ,_;,':'ri\\' • '•.•. " . 

, ' • ' • • ' • : " ' • t f . . - r H , - . f j r ^ ' n N ' j u n ' J n r / • ' • • • • 

. I • 

(DSPS ' * i •••'-M-'i! . 1 " 
AmoiT':>./.r. i ' J * " . " 1 

t , 

i-lh - • ; '• if * ... 

I / 1 ""I 1, 

r-.-l 
• • ' • ,( I V U-;- .c . . I ' '.,Jf r , i ; . | ! i-..it tin.s -1 t ' < " " ".I :i 

•'(? -Jrit, i r«-ci ' r - . r in ' r . i ' - . ' j 'Mi f j t i e s m ' N ; \ u , i ; t . r a ! i ' <".vi '.-•<•• ri'C f.'T I " . 1 'irlXl-3 ] 



> /' 

*sr 
« # 





(,. K. l - . t in - , , 
( 1 9 7 ? ) . 

1 . 1 . I;.in, ProL. '''a,, ^n- . (I in -! • 

V. A. P h i l l i p s Metal lnnr/miiy 6, V.I-3fWl (in?:*). 

S. Bqi*--, iJ. Dahmon, k. H. fsr.vjg and 0. ThLi.i-., 
(1QW. '. 

F I G ^ 1? 

6b0 l-V II. i'ii t. f i e l d hirh 
nrtlci- iiiMi],' jlio.-jint; nii^ro-
sctp'Pfjsf km defect. Sterec-

a sphor i . i l defect (hole or) 
o r>-f i 1 I-"! (ftvi t y ) , s«r-
i-nun.!'*ii !•</ .i.irt cUfUr.ist.. A 
roOA pro 1 , .•MS placed in oat;'* 
•:f thn a-x r shov/n. T'IO ED/*/ 
r.p"ct.ra ' h ' t i ne t i sliow> the 
(Inft't tiVM cc'iiori to he ricK 
Ml C.i ,:n-1 f.d .IMII <ippli>U>T in 
Co ro I . i f vo in the m,if,ri.y 
•...*.erin1. Thu-. the J e f f f.s 
0(Liir du" to microseijrc'jar. i"n 
of <?l"inf*ri' • i n t r i ns i c tc t^» 
fXiHG ',/sN'i-. f ':[;eciiN-n ' n y -
V , y •»' : ' n i l ip-., riii.fh..'v..-ii). 

Lat t ice ii;t(tT? of <;Ir>sy carbon shfjwin'] 
isot.ropk fir- tr ihuMi.n uf in t r rwuvn 
fiber".. The irn.i'i "»: c-onrli t.ion is 
iJmvm in the inset SAIL -Note Vw 
spotty appearance of the 002 ritui when 
a very via 11 area is selected for 
t l i f f r a r l ion. 

I'The f i l e r s ;m> c r y - ' - i l l ^rc iM trn-i 
to enclose very via 11 pores at points 
of b i furcat ion farrows), confirming 
Jenkins' "niqhti ' taiV tnodel of glassy 
carbon {see skotrh) arnt results 
obtiiiiied from M M 11 amjlo X-ray 
scat ter ing. 
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