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1, Introduction 

ilu,ciliation is one of the most attractive branches of chemical engineering and during the last 
three-and-a-half decades, apart from Its appii~atlon in metallurgical ore roasting. limestone 
cacnaton, synthetic gasoline and petrochemicals, has spread even to the design of the nuclear 
reactors The first large-scale fluidization application In the United States dates to about 1940 and 
pertain5 to catalytic cracking of oil vapors The process was first described by Murphree and 
coworkers' The major breakthrough in industrial scene came In 1942 when the first commercial 
fluid bed catalytic plant was put into operation followed by 31 additional plants during the period 
oithe Second World War Fluidizatio , (fig. 1 I being an attractive unit operation offers an elegant 
solution to a wide range of industrial problems In spite of the continuous investigations on 
various aspects of fluidized bed, design procedures of fluidized bed reactors have not been 
established 

2. Object of the present investigation 

The prime objectives or the present investigation are to iil characterize the flow regimes under 
bubbling and slugging conditions ( I )  model the gas-sold bubbling and slugging fluidized systems 
in order to predict the various hydrodynamic characteristics incorporating the scale-up effect. 
effect of slatic bed height to bed diarneter ralio and impact of particle size (iii] correlate the quality 
of fluidization with the axial zwerage pressure fiuctuations and axial voidage distribution iiv) 
iunher unfold the mysteries of  bubbling and slugging phenomena through transient studies (v) 
Propose steady-statc and transient models for bubbling and slugglng fluidized bed reactors and 
( ~ 1 1  propose scale-up and design aspects of fluidized bed reactors 

3. Experimental 

A massive experimental set-up. consisting of (I) five laboratory-scale fluidized bed glass columns 
of 4.5. 7.3. 9.1. 10 and 15 crn in dia (ii) t w o  pilot-scaie fluidized bed glass columns of 20.7 and 
294cnl in dia and (111) two  multipurpose stainless steel fluidized bed reactors of 10 and 17 cm In 
dla. was designed and fabricated Extensive experiments were conducted in laboratory scale and 
pilot scale fluidized bed columns in order to visualise, examine and measure the hydrodynamic 
characteristics of gas-solid fiuldjred systenls by drrect observation, still photos and movie films 
using about 30 sizes of 13 materials covering a wide range of particle size (0.009 to 0.335 cm) 
and particle density (1.033 to 7 4605 g ~ c c ) .  

I 1 R  
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4, ~ ~ d ~ l l ~ ~ ~  of bubbling fluidized system 

ioomey and ~ohns to r le~ .  Davidson and Harrison3 and Partridge and Rowed suggested that all the 
In excess of what is required lust to fhd izc  the system, passes in the forrn of bubbles leaving 

the dense at the minimum fluidization voidage Kunii and Levenspie5 proposed the chaiacteris- 
of  bubble based on the theories of Davidson arid Harrison.' An extensive study regarding the 

characteristics o f  bubbling lluidzed bed was conducted and models were proposed to 

( 1  the extent of bubble-free fluidized bed above n m m u n i  fluidizing velocity ( I )  estimate 
the bubble diameter at different heights abovo thc distributor (iii) characterize the flow 
of bubbling fluidized systems based on the size of the bubble (ivi predict the onset of free 
Oubblii~q, vigorous bubbling and turbulent bubbling ivi predict the bed expansion ratio and bed 
fiuctuation ratio, incorporating the scale-up effect and the effect of bed height tor three different 
ranges of particle diarneter 

5. Modelling of slugging f lu~dized system 

According to Leva staI6, the bubble coalescence occurs rapidlyirnmediately above thedistributor 
,n  a fluidized bed of coarse particles The coalescence that leads to the formation of slugs takes 
piac~within a height equal to a few bubble diameLer I e . wi th~n a bed height of the same order as 
the bed diameter. According to Davidson and Harrison7 square-nosed slugs are very common in 
tubes up to 5 cm diameter and uncornmori in large diameter colunins Potter arid Thie18 and 
Carotenute et al%ave recently showed that square-nosed slugs occur even in large diameter 
columns William and Potter"' observed experime?tally that existing round-nosed slugs broke 
down into the turbulent regime at a 0 10 m dia bed and 2 5 cmls in a 0 22 m dia bed 
Comprehensive studies were conducted covering varlous aspects of slugging fluidized bed and 
mdels were proposed to (I) predict the minimum bed height required for the onset of 
round as well as square~nosed slugging (11) predict the onset 01 round- arid square-riosed 
slugying (iii) characterize the f low regimes of round-isquare-nosed slugging based on the height 
of the slug above the distributor i v )  predict the onset of vigorous round-isquare-nosed slugging 
and turbulent round isquare-nosed slugging iv) predict the height above the distributor at which 
round isquare-nosed slug forms at different flow rates of fluidizing gas ivi) prcdict the Icngths of 
 round^, square-nosed slugs, lengthy slugs and wall slugs and ivii) predict ltie bed expansion ralio 
and bed fluctuation ratio under round-Isquare-nosed slugginy conditions 

6. Axial pressurc fluctuations and axial voidage distributions 

Experiments have been conducted in 10 and 17 cm diameter stainless steel fluidized bed 
reactors (11 to measure the pressure drop fluctuations at different heights above the distributor at 
different flow rates of the fluidizing gas, and (11) to determine axial average voldage distribution In 
successive zones and average pressure drop per unit length across each successive zone of 
bubblinglsluyging fluidized bed at different f low rates of the fluidizing gas, covering a good range 
of partide size. bulk density, particle sphericity and density. static bed height to bed diameter 
ratlo and materials of  different characteristics The axial pressure fluctuations and the axial 
average voidage distributions furnish rough estimate regarding the flow regime of bubblingi 
shging. approximate diameter of the bubbles, approximate idea regarding the type of slugs. 
type of solid nixing, maximum bed expansion and bed fluctuation They are of ParamOlJnt 
importance in analysirig the data from pilot plant tests and In designing the pilot-scale fluidized 
beo reactors 
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7. Transient analysis 

~ h c  necessary observations regarding 11) the shape and sire of bubbles (11) the shape and lengthci 
different types of slugs (111) the flucluations in fluidized bed. Lop of fluid'red bed charge 
pressure drop across the fluid~zed bed were recorded meticulously in 4 5, 7 3, 10, 15, 707 and 
29 4 cm dia fluidized bed glass columns undcr different modcs of bubbling!sluggng dt 32 frames 
per second on movie films The exhaustive frame-by-have analySiS of movie films regarding the 
bubbling and slugging pheromenon can be successfully employed in analysing the translsn: 
experimental data from pilot-scale and serni-industrial scale liuidiied bed reactors 

8 Effect of bed height 

For a given bed diameter. the bed ileiqi,t col~trols ilie flow p0ttLrl1 uf i I u r J ~ i i ~ ~ ~  qas pattern qf 

solid riixinq. me~hanisnl o i  g a s - s k  co~ltdct inode of f~u ld l~di lo i l  .md th6 werzll effc,encv irk, 
5 . i ~  solid reactor Eflects of bed i-~eglit have beer exhaustively st~icied w t r  difcrent matcrialsol~ 
(I) mlnimum fluidizing and bubbl~ng velocities liii minimum freely. vigorous and turbulent bubblinp 
veloates, (111) minimum mund-/mixed-'sqilare-nosed suggng v f~ loc tv  ( v )  m!rimum vigorous 
ana rbrbdent round-/mixed-/square-nosed sluggirlg velocities ivi bed expai~son ratio and bto 
iiuctdation ratlo under bubbling cond~t~on dnd (vil bed expanston ratio and bed lluctuaton ratio 
u n d ~ r  round and square-nosed sluggi~g conditions The bed height plays v ~ r y  significant role in 
tho scale up and design of fluidized bed reactors 

9. Scale-up effect 

The bed diameter is one of the dominatmg parameters in the design of fluidized bed reactors It 
controls the elitire spectrum of the behawour of fluid!zed bed under normal and extreme 
ooeratlng conditions. Scale-up effects have been exhaustively studied with different materials on 
variuus ilydrodynamic characteristics of bubbling and slugging fluidized beds in 4.5. 7 3. 9 1 . !0. 
15. 20.7 a d  2 9 4 c m  dia flu~dized bed glass columns 

10. Modelling of bubbling fluidized bed reactors 

Davadson and tlarrisonsshowed tha! bubble gas stays w ~ t h  bubble, recirculating very much Ilea 
smoke r 'rg 3r,d only penetrating a small distance ,"to the emulsion. This zone of penetration 1s 
caiied the cio~ld since 11 envelops the rising bubble qowe and  artr ridge" o b s e d  

; ex?erimenialIv that each bubble of gas drags a substantial wake of solids up the bed These two 
developments have established the basis for tile development of hydrodynamic models Using 
!mble size as parameter. One-. two,  three- and multi-stage inodels have been developed for 
'w*h3 fluidized bed reactors Each of these models is applicable t o  the particular reglmds) of 
bobbllr~ for first order irreversible catalytic reactions with steady-state operation under 
i so tbma i  conditions Tne proposed one- and two-stage complete mixing models are hlghlv 
3A:abie 'or pliot- and semi-industrial scale fluidized bed reactors while the multi-stage complete 
rT.xs4 m d e l  and t i e  two-stage plug flow model are suitable to all f low rates. if the values of 
stztlc md he@t to bed diameter ratio are sufiicientiy hlgti 



17. Modelling o f  slugging fluidized bed reactors 

of  the laboratory- and pilot plant scale reactors operae under slugging condition at moderate 
Leo heights, both with small and big size particles In the case of big size particles. the 
ohenornenon of slugging is miore pronounced even at low bed height to diameter ratio Thiel and 
7ctte$7 supposed that eacli slug is followed by a well m~xed  wake and a piston flow region Thc 

v&,~~ty o: the isolated slug is always greater than the interstitial gas velocity at ncipierit 
r]uldlration and clouds are formed around the slug as In the case of a bubble in bubbling fluidred 
ced Tiris forms a strong basis for developing mode!s of slugging fil~ldized bed reactor One-, 

three-and four stage models have been develowed for slugglng fluidized bed reactors Each 
of ttiese models is applicable to the vdrticular regimeb) of slugging for first order irreversible 

reactions with steady-state operation under isothermal conditions The ~wo-stage 
compete mixing model and the two-stage plug flow model generally predict somewhat lower 
convenoris on account of the dominamn of  the square-nosed slugging phenomenon, while they 
?:edict fairly well under round-nosed slugging condt~ons The one-stage complete mixing model 
arldthe one-stage plug flow modcl predict well under turbulent round-nosed slugging conditions 
orly 

12. Transient modell ing 

Cne-stage complete mixing transient models have been developed for vigorous and turbulent 
bubblny conditions in laboratory- and piloi-scale fluidized bed reactors arid round-nosed 
siugging condition irl p i l o t -s~ae  fluidized bed reactor The proposed translent one-stage complete 
nixing inodel for bubbling fluidized bed reactors has been tested with tlie experimental data ot 
seven investigators. covering live catalytic reaction systems Likewise the proposed transient 
one~stage complete mixing model for slugging fluidized bed reactors has been tested with the 
experimental data of  th:ee mvestigators. coverjng three catalyt~c reactton systems The overall 
predicted values of conversion at the egd of the transient period from the proposed one-stage 
transient complete mixing model of bubbling:slugging fluidized bed reactors agree well with the 
sready-state conversion data ot other investigators 

13. Scale-up and design aspects 

Based on the (I) detailed hydrodynamic investigation in laboratory and pilot-scale bubbling 
and slugging fluidized beds ( I )  transient analysis of hi~bbling and slugging phenomenorl In 
laboratory and pilot-scale fluirli7ed beds and (111) detailed study of steady- and transierit- 
state modellmg of bubbling and slugging fluidized bed reactors, methods have been proposed for 
the scale-up and design of fluidized bed reactors. Independent dimensionless parameters 
governing the hydrodynamics of bubbling and slugging phnnomena have been proposed for the 
scale-up of fluidized bed reactor The applicability of the proposed correlations to pred~ct various 
h~drodynamic charscte,istics of bubbling and slugging fluidized beds and proposed steady-state 
and trans,ciir models is illustrated for the design of p~lot- and semi-industria scale fluidized 
bed reactors. 

14. Concluding remarks 

The results of this investigation can be exploited to analyse the data from pilot plant tests and 
suitably employed for the scale-up and design of  fluidized bed reactors 
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jsdilim Sodium has been used as the modfier for AI-Sl alloys for quite a number of years not 
.r,tnsranding its fuming tendency. problems of recover? and difficulties involved in the control of 
&jaal sodium These are some of  the reasons which prompted the search for alternate 
,,.o,jlfiers such as stronrium. anlimony, rare earth metals, etc 

2, Results and discussion 

ip attempt was made to study the behavour of Strontium-modified aluminium-silicon alloys by 
J?,deitak~ng a detalled investigation of a series of aluminium alloys containing silicon valying from 
5:0 15% Additional refining of these alloys was attempted using beryllium in the hypo-eutectic 
?1ioyj for aerospace applications The refining of hyper-eutectic alloys was achieved by P (which 
,vjj dsed to refine the primary silicon) and Sr to modify the eutectic silicon 

The effect o i  holding time on the degree of modification was studied by analysing the 
n,crosiructures corresponding to each melt with varying holding times and the resultant 
-echanical properties achieved both in chill and sand castings I t  was seen that strontium losses 
:,i:h holding time showed a specific pattern A relationship between the residual Sr content and 
-aiding time was obtained and was found to be dependent on the initial addition of Sr The 
~echanical properties showed an initial improvement ior the first two hours of incubation period, 
s~bsequently there was a deterioration of propemes with holding time 

kl-7%Si-0 3%Mg alloy with low iron content (Fe 0 15%) cast in chill moulds after the additions 
:isrand Be showed excellent mechanical properties, even superior to a similar A337 alloy This 
was brought about because of fine dendrite arm spacing, large number of p-silicon counts. lower 
jspect ratio of the silicon cell and lower defect level In the casting 

Thermal analysis was carried out for AI-7%S-0 3%Mg alloy castings with valying section 
fwckness ito achieve differential cooling rates) in order to study the correlation of cornbimd 
!herma1 parameters (such as thermal parameter index and gradient acceleration parameter) with 
microstructural parameters (DAS and cell count) and mechanical properties Good relationships 
setween these parameters have been obtained 

As an extension to the experiments carried out on cast Al-SI alloys, A!-7%Si-03%Mg test 
castings. after sodium and strontium modifications, were forged to study their suitability for 
forging Although tensile and impact properties of Sr-mocl,:,ed forgings did not show much 
VrOvement over unmodified and Na-modified alloys, the fatigue properties of Sr-modified 
forgings were superior to those of both unmodified and Na-modified forgings 

It was also found that unmodified and Na-modified forgings cracked very severely whereas the 
Srmodified forgings were crack-free, which explained the improved fatigue strength achieved in 
Sr-modified forgings 

The studies on A-SI alloys wi th varying silicon content (6, 10, 12 and 15%) were carried out 
"ithdueemphasis given to the microstructure of each composition, with different additions of Sr 
and Be individually and in combination The microstructures of sand castings as well as chill 
castings in both as-cast and heat-treated conditions were thoroughly analysed Based on these 
ndivldual microstructures, the parameters such as volume fraction of eutectic, mean-free 
distance between 8-silicon particles, dendrite-arm spacing, number of p - ~ i l l ~ ~ n  cell Counts. 
"Pect ratlo of cells, e tc ,  were evaluated Each of these parameters was correlated with the 
qecnanlCal properties In the course of  this investigation, it was found that those AI-SI alloys to 

Sr and Be were added possess the maximum ductility among all the hypo-eutectlc and 
eutectK AI-Sl alloys studied. 
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T~~ ultra-high strength hyper-eutectc Al SI ailoys 'lave been developed durlng the courseui 
this investlgatlon wlth a bastc composition of AI -?~%SI-O 3%Mg alloy wl th  (I) o.l-f12;,qp 

and (,I) 1.0 2% P+O 1% Sr adciltlon These alloys we re  clilll-cast and then hei, 
treated as per the prescribed cycle of heat treatment The ultlrnale tenslie strength arc 

percentage elongation recorded for these alloys showed an all i l rne high of 38 42kgirnrn' a,l 
3 4 %  respectively The hardness of the above rnentloned alloys was  also superor to most 
~ 1 - s ~  and AI-CU alloys (except of A390 alloy: In use These results tlavc been ]usti?ied by SEM a,ld 
TEM studles 
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~ ~ ~ l i c a t i o n  o f  s ingular i ty  m e t h o d s  i n  t h e  exac t  c o m p u t a t i o n  o f  incompressible 
f l o w  by K Leelavathi 

yesearch supervisors: V S Holla and N Rajappa (NAL) 
CeFartment Aerospace Engineering 

janei methods are extensively used at the present time for the design, analysis and evaluation of 
configurations, because of their ability to meet three major challenges (I) versatility 

:. t,andle a wide variety of both conventional and unconventional geometrical shapes, 
1 sufficient accuracy to predict details of flow characterist~cs. and (h i  acceptable, very 

l:onomical computer costs in running and executing computer programs based on different 
metnods 

,?ecent appllcations to a number of practical, contemporarv aerodynamic shapes of interest 
cave, however, revealed that the panel methods do not predict surface pressures adequately 
j:curately when the shapes have thin legions on their surface' " e g  low thickness ratio, thin 
::~~ingedges, moderate to heavy camber. etc ) This is rather unfortunate when it is emphasised 
:pat the panel methods do not place, unl~ke th~n-a~rfoil l th~n wing theories, any restriction on the 
geometry of the shapes Some attempts have been made to get around the issue by resorting to 
higher order panel methods, and (11) panel methods with singularity mixes No serious 

,rvestigation seems to have been carrled out so far to examine the root cause of the problem and 
formulate a suitable solutlon strategy based on such understanding The present thesis is 
devoted to this task Since a three-dimensional investigation is computationally quite expensive, 
:Fe present study has been restricted to two-dimensional profiles Also, among the various panel 
methods available for the study, attention has been focussed on the pioneering Hess and Smith 
same panel base m e t h o d 9 0  illustrate the approach adopted 

2. The root cause of the problem 

in8 Hess and Smith source panel base method approximates the proflie by connected straight 
line paneis and distributes a source distribution of constant strength on each panel Since the 
wdth of the panel IS quite small, these assumptions represent the true state of affairs in an 
average fashion with reasonable accuracy and do not therefore reflect any weakness in the 
conceptual foundations of the method  It follows then that the observed inaccurate predictions of 
surface pressure reported for some profiles should be traceable to the the numerical s0lut0n of 
the equations [A] [CT] = [b] for source strengths The thesis proceeds accordingly to examine the 
condition number of the panel influence coefficient matrix [A] for normal induced velocities. It is 
shown that the conoition number of matrix [A] has s~gnificantly large values whenever the profiles 
have thin regions on their surface, and this tends to znhance the growth of round-off errors In 
comPutatlon making calculated pressures unreliable and inaccurate 

3. The solution strategy 

Ir Cla~Slcal numerical analysis, it 1s well-known that the problem of ill-conditioning which arises 
"hen one attempts to fit a higher degree least square polynomiai to obsewational data. is 
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overcome by reformulaung the same problem in terms of orthogonal polynomial fit ib,. 

suggesrs that the equations [A] id = lhl for source slnyuiarlty strengths /d should be rearrange: 
in some way, together with the unknowns [GI To identify the best way in which this processcam 
be carried out. the thesis examines the structure and prOPeltleS of the panel influence coefflcien 
marrix [A] for normal induced velocities A new theory is formulated for solving the equations 
[A] [,f = ib]. The matrix equation is f~rst  rewritten in the form iC1 Iul = [hi - IDllu] where thi: 
additive decomposition [A] = [C]+IDI 1s evolved from the properties of /A] following from the 
relative gcornelry of the profilr. upper and lower surfaces. The equation [C) Iui = ib] - [D][&~ 
[hen folded and dofoldcd about the profile chord It IS shown that the resultlrlg coupled systenir 
of linear equations are very well-conditior:ed and give uniformly rel~able arid accurate predictions 
for surface pressures ( e g  fig 1) for all profiles without exception 

4. Discussion 

It is to be noted that the new formulation proposed in this thesis has added to the versat~iityofth~ 
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improvement over Hess and Sm~th Panel method6 
-- . ~ - -  

(0.3 VORT LAW) 
HESS B  SMITH^ a 

FIG 2 Pressure d~stributfon 

rkss and Smith source panel base method very signif~cantly by removing the lnadequaces 
reported earher in the prediction of surface pressures for prof~les wlth t h ~ n  reglons on the~r 
surface 

Another point worthy of mentlon IS the very favourable consequences of the new formulation 
for computat~onally cost-effective i e. faster solutlon of the equations for source singularity 
strengths. The number of iterations for arrlvlng at a converged solution IS signif~cantly smaller In 
the case of the new formulat~on Also, the rate of convergence has been observed to be more 
rapid as the profile decreases in tl-~ckness (Table I1 

The present work has also shown that, for prof~les with concave regions on their surface, the 
new formulaton consstently pred~cts surface pressures with very good accuracy when used 
with a 0 3 power law voniclty distribution, desp~te being based on a low-order method (fig. 21. 
Since the current approaches for such profiles lnvarlably invoke a h~gher order method wlth 
Parabolic vortlcity, the new formulaton proposed In this thesis appears to be quite attractive and 
better. 
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Table I 
I terat ions f o r  convergence 

Profile Hess and Present 
Smnh 

NAC4 0012 111 56 
2412 117 68 

JOUK 1200 937 - 84 * 
1204 1256 ' 110" 
1220 2049- 127* 
1318 1739 ' 121" 

parablicvoniclty law used, *0 3 power vonicity law used 

5. Conciusion 

The work repoited In this thes~s represents the first detailed study devoted to the structiire oitne 
mituence coefficient matnx in a pane! method and ~ t s  iavourable consequences for iasitr 
ccnvergence t o  solution for s~nguiarity strengths Extens~oiis o l  this work  hased on (I) dffereni 
:y>es of s inyJar~ l~es.  (ill multi-component prof~les in t w o  and three d~mensioi-is, ( t i )  hlgherorder 
panel methods. etc .would  undoubtedly pave the way eventually for obtainmg surface pressures 
on a m  con!~gu~ation a; very low and h~gtl ly economical computat~onal costs 
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1. Introduction 

Rapid solidif~cat~on processing IS currently of great Interest in offerlng potentially superlor 
materials for h~gh performance appl~catlons. In recent days developments ~n aerospace and 
auiomoblle lndustrles and materials based on aluminium wlth hlgh mechanical strength as well as 
thermal stabillties spurrlng considerable research work on the development of rapldly sol~dified 
alumlnlum-based alloys Among the varlous alumln~um-based alloys subjected to RSP, the 
alumlniurn-lron system has been extensively studied because of ~ t s  high-temperature 
appl~cations. 

Recently the observation of ~cosahedral rotational symmetry In several alloy systems like 
Ai-Mn' has raised cons~derable Interest in materials scienttsts and physic~sts'. Aluminium-lron 
system 1s expected to possess such a symmetry over a certaln range of composit~on. 

2. Experimental programme 

The present work IS an attempt to look at the mtcrostructural aspects of rapidly solidifled AI-Fe 
alloys of varlous compositions. Alloys of fwe compositions have been chosen and all the samples 
are character~sed by X-ray diffraction and transmission electron microscope techniques. 

The Al-iO wt % Fe alloy strlps have been prepared in our laboratory by the twin roller techntque. 
by quenchng the alloy from three d~fferent quenching temperatures (T,) namely 920. 960 and 
1000°C The AI-3.6 wt % Fe-1 wt  % Mlsch metal alloy strlps have been heat-treated at 350°C for 
three Intervals of tlme, namely. 20. 46 and 66 h. 

In AI-Fe alloys with compositions Al-26.20 wt  % Fe (14 at % Fe). Al-32.38 wt % Fe (18at % Fe) 
and AI-42.10 M % Fe (25 at % Fe) (all prepared by melt splnnlng techn~queat DMRL. Hyderabad). 
thequaslcrystalllne phases showlng five-fold electron diffraction patterns have been investigated. 

In all the above mentioned alloys X-ray diffraction and transmission electron microscopy 
techniques have been extensively used to characterise the structures. The strip specimens 
having electron transparency have been using the let technique, the electrolyte 
maintained at - 30°c 

3. Results and conclusions 

~hemlcrostructures of AI-i o w t  % Fe alloy quenched from different temperatures (T,) are similar 
tothose reported by Jones3 and Jacobs etaI4. Electron mrcrographs show two distlnct zones. A 
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and B addltlon, the samples quenched from 960 and 1000'C show needle structures, iattice 
parameter measurements by X-ray diffraction data mdicate a decrease rn lattice parameter 
an lncresse In temperature of quenching. Accord~ng to Jacobs e t  a1 the crystallrtes of  zone^ In 

~1.8 wt % F~ are of slmpie c u t x  structure with lattice parameter a = 360A. ~ u t  the ring patterns 
obtalnea in the present TEM stud~es indicate thelr Structure to be face-centred cublc 
a = 347A (T, = 960°C) and a = 3 5 3 A  (T, = 1000°C) 

The microstructural aspects of AI-3 6 w t  % Fe-Mlsch metal is also invastrgated X-ray studles 
show a slrght Increase In the lattice parameter on heat treatment The as-quenched as well asthe 
heat-treated strips of this alloy have a mrcrohardness of 85 kglmmz and TEM stud~es and micro. 

hardness rneasureinents are ind~cat~ve of their thermal stability5 
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1, ,iloys with composition of Als&e14. A i&~s  and A1,bFe~ qussicrystalline phases showing 
fl,,e.fold symmetric electron diffraction spots have been observed Two-and three-fold axes are 
i3und at angles of 58 3 and 37 4" respectively w t h  'eSPeCt to !!ve-fold axes, !n accordance with 

lcosahedral symmetry considerations An additional patter9 corresponding to [ i l  Ol direction" 
has been observed in A/8&e1a and AI8,Fe18 A fifth diffraction pattern corresponding to [iT20] has 

bee,, in AIs6Fel4 and the  ternary System AI-18 at % Mn-1 at % Fe Some electron 
dffraction patterns are shown (f ig 1) 

 he quasilattlce constant has been calculated to be 4.574. for AI,,Fe,, alloy The T-phases7 
have also been found to be PresenT in AIde,, alloy While the twinning model has been 
hypotheslsed by Paulingsand othersg, the results are briefly discussed In the light of the existing 
theories of quasicrystals from the point of view of Penrose" type of tiling 
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