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FIG.l Binary Butectic Phase Diagram
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FIG. 3a Thall and Chalmers' Al/Si Eutectic Growth Model
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FIG. 3b Chadwick's Al/Si Eutectic Growth Model
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FIG. 4 Bell Jar Furnace

(as for vacuum melting and casting)
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FIG* 6 Temperature Gradient Measuring Device 

(full scale - total length of apparatus - 2')
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FIG. 7 A Specimen Temperature Gradient Graph
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FIG. 8a Temperature Gradient Calibration Curves (Nichrome furnace)
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FIG. 6b Temperature Gradient Calibration Curves (Platinum furnace)
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FIG. IQa Unicam Specimen Pip with Extracted Particle (x 5)

FIG, IQb Unicam Specimen Pip with Small Pillar of Eutectic (x 5)
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FIG. 11 Block Diagram of Scanning Electron Microscope
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FIG. 12 Aluminiun/Silicon Phase Diagram
(volume fraction of eutectic silicon • 0.15)
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FIG. 13 Silver/silicon Phase Diagram
(volume fraction of eutectic silicon • 0.17)
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FIG. 14 Gold/Silicon Phase Diagram
(volume fraction of euteotic silicon - 0.26)
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18a Furnace-cooled Ag/Si Lutectic
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PLATF, 18b Furnace-coo led Ag/Gi ^i
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KEY:   - rodlike, 4- - angular and O * irregular type of 

Al/Si euteotie alloy

TABLE 20 - A Selection of Results of Unidirectional Solidification 

Experiments for Hypoeutectic and Eutectic Al/Si Alloys, (nominal 

alloy composition of 11.5 wt.$ Si, except when R> 2.5 x 10~4 

cm/sec, when 12*5 wt.^ Si alloys were used to prevent excessive 

primary «<. -Al dendrite formation)
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TABLE 21 - A selection of Results of Unidirectional Solidification 

Experiments for Hypereutectic Al/Si Alloys, 

(nominal alloy composition of 15,0 wt.$ Si)
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FIG» 28 Growth Mechanism G/R Plot 

(hypereutectic results shown - see tables 20 and 21 for key to symbols used)



en

H)

LM
odu^ oi40..T 

,t 
I.,, 

uv?
j : f



f> <~>J u

x 60

PLATE 30 Secondary and Tertiary <100> Arms of an c< - Aluminium
Dendrite

FIG. 30 Sketch of an Extracted Dendrite (after Tschernoff 1868)
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(R

HJut^ctic - trnnfivi*7Be section
5 CH/S5CC. C - 600°C/<»>

60

PiAW 31b i r.uteotic - longitudinal section 
(R » 2.7P x 10*^ cn/sec. C - 600°C/cm. )
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PUT jja > xtractfH ?,,a3siv«> Silicon Particle
(R - 2.7R x 10~ 5cVsec., C « 3 ;V >°C/cm.

x 60

e Silicon "Barticle 

(B - 2.??:- x I0" 5cm/eec., G » 300°C/cm. )

60
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34a Extracted 7,:aB8lve Silicon Farticl®
(R « ?.?B r

x 60

/•detracted Silicon Particle
°

x 60

300C/o!B.



5.5
X

-R
ay

 R
 
ta

t i
on

 
Ih

 
a 

<
?!

!>
 

o
i

(C
u 

K
^ 

1< 
fi>

 
ra

d
ia

ti
o

n
1 

.S
ho

w
in

g 
rl 

o
ri

en
ta

ti
o

n

CO CH



36

x 60

A I/Si Kutectic w Growth rront

;: x 460

* ^ '-•»"•
:Wt i ' o<-Al Cusp on - t uenched Growth 

(plate 3^
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58a Al/t>i ulutectic - transverse section
sOf,(It 10

"Mitectic - 
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60

PI/T 4-Ja Extracted ^i fibres (e.f. plains 36)

x 460

PLATE: 4Qb An FTtTact*^ -i fibr©
(R ».:',78 x ICf ̂ era/sec. , G » 2 )0°C/cia. )
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125

4 la A Bifurcated Silicon "ibre

(R • 2.7S x lY^on/eec., G * 200°C/cm.

x 125

K 41b Silicon r-ibr^e 'Ti . idc i-lates attached 

., G - 200°C/em. )
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Model of Extracted Angular Silicon Particle 

(simplest form)
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60

Al/t-'i r.utoctic - tJ"'.nBver«« auction 
(R « ?.7» x 10*\Vsoc. f C » l6°

?^~...TJM •sy-v'syl J
^£,1

Al/31 Tutectic - lon^rit^inal section

(R C/cra. )

60
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x 60

FIAT*- f.xtractad Angular Silicon Particles 
(c.f. plate 6'fc)

(R - 2.78 x lO^cir/seo. , G « 29.5°C/cra. )

View of rm Wxtractftd Angular Tii 
Particlfl

(R » 1.54 X 10"^CI!/COC. f G " 30°0/CB.)

x 225
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x 125

PLATE 47 Extracted Smooth Silicon Plate
(R - 1.54 x l(f 5 cn/eec. G * 30°C/cm. )

(Oil] [Off]

\
1*5'

fi ocT)

FIG. 47 Crystallography of Smooth Silicon Side Plates
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Surf ace- warVert Si Hid* plntf* (ro He cted light) 
(R - 2.78 x l(f

x 125

Surface-Tuarkec f i cido plate
(tr.'-i n?» rr. 111 rxl 1 i .^
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(R • 2

Smooth Silicon f'idfi Plat©
t G

Smooth Silicon "id*? Plat* 
* ̂(R « 2.7H x ID* era/sec., G
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225

PLATE 31 Extracted Corrugated Silicon Plate
(R - 1.54 x 10~* cn/sec. G - 30°C/cm. )

FIG. Crystallography of Corrugated Silicon Side Plates
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FIG. 56 [OOl] Stereographic Projection

(Growth direction of angular silicon particle 
- COOl] and the thick line traces represent 
the side plates of the particle, see figs. 
55 and 119)
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FIG. 57 COOll Stereographic Projection with a (210) 
Spinel Twin
(Growth direction of angular silicon particle 
• [001] and the thick line traces represent 
the side plates of the particle, see fig. 55)
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58 Al/Si Quenched Growth Front 

(R - 2.78 x 10~ 5 cn/sec., G » 29. 5°C/cm. )

x 60

R Si

L», v .

w

FIG. 38 Line Diagram of Angular Eutectic Growth Front 
showing the Relation of Projected Free Edge 
Distance (d) to the Silicon Morphology
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5.5

*(/A)

20

32

55

85

150

420

A (^ )

50

62

85
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T4.BIE 61 - showing the Variation of the Projected Free Kdge 

ristnnce (d) and the Intornodal Separation ( X ) 

with Specimen Te«p«nitu e Gradient (G) in Angular 

( <100> r>i-typ«) Al/Bi Kut«otic Alloyt. 

( was constant an* equal to 2.78 x 10"^
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FIG. 62 A Graph showing the Dependence of the Projected Free Edge 
Distance (d) and the Internodal Separation (X ) on 
Specimen Temperature Gradient (G) in Angular 
( <100> Si-type) Al/Si Euteotic Alloys (see table 6l)
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64b

£A * 60

h\/V± VJufKstic - transverse section 
(H « 1.3' ! x 10~*cm/»oo. f C

utoctic - transverse section
(R
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6.48 * 10* 5

1.30 * Kf4
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74

46

X (/A)

100

98

86

62

YA3UR 65 - showing th« Variation of the Project«d

Kd«« Distance (d) and the Internodal Semaration ( X )

with Spaotnwa Growth Hat* (H) in Angular ( <10O> Si tyjw?)

Al/3i S«t«otio Alloys*

(G was constant and «qo«l to 29.5°C/o»)
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FIG. 66 A Graph showing the Dependence of the Projected Free Edge
Distance (d) and the Internodal Separation (X ) on Specimen 
Growth Rate (R) in Angular ( <100> Si-type) Al/Si 
Eutectic Alloys (see table 65)
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x 60

; >. a L'xtractp-7 "ibrous and FlAt«like 
Irregular Silicon

(H • 3.7 * 10~ 4 cn./sec., n - l6.Q°C/cnu)

x 60

roufl aid 
rGg\) 1 ar r» i 1 i c on

(H * 3.? x 10 CH/sec, f 0 - 16.0 C/cm.)
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PLAT- 7 Oa An T'Jxtraoted "^rian^ilnr '-'ilicon Plate 
(see fie;. 74* )

(H - 5.7 x lo" 4cHVW. f c . I6°r/cm. )

FIAT? 7'-i An i>jctraoterl vriarv;ular Silicon Flate 
(see fig» 74^)

(R - 3.7 « lo" 4om/sec. f C - l6°C/cm.)

- 125
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x 60

•f- 7la />n Kxtractftd Silicon Lath (BCC f it « /
(R , G

.>: 125

11 b Ar, TTtractf-d 
(" - 5.7 x 1'

?on Latl-. (eee fig.74b) 
, G - 16°'
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Hoi
[Ml]

y

FIG. 74a Triangular Silicon Plate

(HO

/

FIG. 74b Lath-shaped Silicon Plate
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x 125

Sifle View of -raotur«*d Oil icon Lath 

(H - 3.7 y ICf^ec/sfC., C • l6°C/cia. )

460

PLATI-. 75b Silicon lath
(T - 3.7 x lO'csr/cea, C * 16°C /era.)
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1500

Heavily ^tch^d A I/Si Kutectic - growth 
f?ir<*otior. 60 to nornral of*

(R - 3.7 x I0" 4cia/sec. f G «l6°C/cra. )

x 1500

Heavil i ^uteciic - 
22'* to normal of

(K - 3.7 * 1'f^cr/sec., G « l6°C/ow. )
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R am/**c

5.70 x Hf 4

5*0 x l<f4

6.5 x 10"4

7.41 x Id"4

1*37 x 10"5

A irregular ( ju )

11.54

9.92

8.65

7.69

5.77

X »*b« ( ^ )

4.51

3.77

3.58

5-15

2.4*

TABLE fi2 - showing: the Variation of th« Intarpartiol* 

Spacing ( A ) ***b S^ciaeij Growth Iiat« (H) 

for both Irr«giilar and Cowplex Regular A I/Si 

Eutectic Alloys*

(C ^a» constant and •qual to 29.5°C/o»)
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"to

SO

to

£
««.

A * ^ '1VJVS
,-o-Sb

I I I I I l_

IV S U •> %

1O H cm./s*.c_
to JO

FIG. 83 A Graph showing the Dependence of the Interparticle
Spacing ( A ) on the Specimen Growth Rate (R) for both 
Irregular and Complex Regular Al/Si Eutectic Alloys 
(see table 82)
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P7a

Vv,*
A I/Si Eutecti • - transverse section

~ 4
(H « 5.7 x 10~cn/8eo., G « ?9.

PTb Al/'Ji L-utectlc - transvorsc Bection 

(E « 3.7 x ICf 4om/'n° 0 « t G - ?9. ^
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56*

70'

70

FIG. 88 Complex Regular Silicon Particles - Platelet/Spine 
Angle Histogram
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FIAT' 90R Extracted Comr-lex i^^il^r ' j Particle 
(K - 3.7 x I0"4cr!/Rec., '.' » ?9.5°'Vc».

(H « 5.7 x loT^em/aec., ^ * 29.1' ; '/cm« )
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FIG. 92 [Oil] Stereographic Projection showing the 
Spine/Platelet Relationship of a Simple Web 
(see fig. 93a)
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FIG. 93a A Simple Web (pee fig.

PUt<xU^

Vvu»r\«\*.di 

" (MO

pWKun

FIG. 93b A 1st Order {ill} Spinel Twinned Web (see fig. 94)
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I'll M

Oil

FIG. 94 [Oil] Stereographic Projection with an Axial (ill) 
Spinel Twin showing the Spine/Platelet Relationship 
of a 1st Order Twinned Web (see fig, 93b)
A non-axial (ill) (white) is axially twinned across 
a (ill) twin boundary to give the observed (ill) 
(black) platelets
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FIG. 95 toil] Stereographic Projection with a Non-axial 
(111) Spinel Twin
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FIG. 97a A 2nd Order {ill] Spinel Twinned Web
(see fig. 98)

FIG.. 97b Another 2nd Order
(see fig. 100)

Spinel Twinned Web



98

III

too

in
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100

FIG. 98 (pi1! Stereographic Projection Showing the 
Spine/Platelet Relationship of a 2nd Order 
Twinned Wet? (see fig, 97a)

An axial (ill) (white) is non-axially twinned 
across a 1st order (ill) twin boundary and then 
non-axially twinned across a 2nd order_(lll) 
twin boundary to give the observed (ill) (red) 
platelets
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FIG. 99 [Oil] Stereographic Projection Showing the
Spine/Platelet Relationship of a 2nd Order Twinned 
Web

A non-axial (OOl) (white) is axially twinned 
across a 1st order (ill) twin boundary and then 
non-axially twinned across a 2nd order (ill) twin 
boundary to give the observed (OOl) (red) spine
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FIG. 100 [Oil] Stereographic Projection Showing the 
Spins/Platelet Relationship of a 2nd Order 
Twinned Web (see fig. 97b)

A non-axial (ill) (white) is axially twinned 
across a 1st order (ill) twin boundary and then 
non-axially twinned across a 2nd order (ill) 
twin boundary to give the observed (ill) (red) 
platelets
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v

PlATK IQla Al/;<i ^utectlc - transverse aoction
(H » %7 x 10""*cfi/sec, f U » 2').t>°C

H.;\ T : I jib A I/Si Eutectir - transverse section
(H - 3.7 x Iff
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oormo\ to of
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\\ J

FIG. 104 Line Drawing of an Observed (100) Smooth Hate 
with an Irregular (111) Plate attached
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x 260

PI A

(H - 1.30 y 0 - l6.-oC/cra. )

x 2,400

PU W
(R - 1.30

Silicon
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x l.JX)

r>7e Heavily ^t^hed A !/• i mitectic - growth 
^ir^ctio1" 60 to normal of p«p«r

: « l.? !l x id" crr/nec., (- » 16 r:/cm. )

FLAW Heavily Ktched Al^Si ^utectic - t<prowth 
direction 80 to normal of

(R « 1.3 r l^ l6°C/cm. )

1,300
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x 225

r: C.F.4. Etched Al/Si Kutectic - longitudinal 
section

(R - 2.?B x 10~^cB/r?«c. t 0 * %5

x 225

(K » 2.7n v l<f 'crn/sec., C- 3.5
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PLAT: Silicon rarti:-les
(H

PLAT 1 . 112b ed Silicon
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0 
CU

0
U

1^« •f'fi

PIG. Il6a

0

£
0

o 
u «<4 V

FIG. Il6b

Solute Distribution Curves for Al/Si Eutectic Alloy 
growing with a,Planar Aluminium Growth Front



117

FIG. 117a A Silicon Particle containing One 
Twin Plane (c.f. fig. 74a)

i,<u r 1

A Silicon Particle containing Two 
Twin Planes (c.f. fig. 74b)
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-», CX<MO>

FIG. J18a A Model of a J a < 110> Screw Dislocation 
in A Diamond Cubic Material, 

(after Hornstra 1958)

FIG. 118b A Model of the Proposed Growth Front for 
Angular Eutectic Silicon Particles
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[001]

(bio]

pio]

FIG. 119 Model showing the Proposed Growth Front for
Angular Eutectic Silicon Particles containing 
a Corrugated Side Plate
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FIG. 120 A Graph showing a Possible Relationship between the 
Undercooling ( & T ) and the Imposed Growth Rate (R) 
for Screw Dislocation and Spinel Twin based Mechanisms



x 500

Al/He v utectic 

(H » 2.5 x
section

« 30°(;/cra. ) 
196?a)

A1/C0 'JJutQctic - trarpverse section 
(R - 3 x rf 5cirvW . ^ 3 VV /cro. )
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FIG. 122 Model of the Proposed Growth Front for a 
Complex Regular Eutectic Silicon Particle

I VVIM C

PLATE 122

x 100

A Quenched Al/Ge Web Interface
(R - 3 x 10" 5 cn/sec., G - ^ 30 C/cm.)

(after Hellawell 19673)
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Kuteotic alloy and growth condition* Na, concentration

Furnace cooled Al/: i euteotic

euteotlo

M Au/Si eutectic

B • 2.78 x 10"^ era/sec
A I/Si «ut«ctic

G - 29. 5

Al/Si eutnotio
H - 1.37 * 10"3

0.092

0.014

0.009

123 - Sodium Cono®ntratlcm of 7ariow» Uoped F.C.C. 

Metal/Silicon £ut«otlo Alloys.
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460

127a Sodiura Vodiflod *
i Kutactic

x 460

1271) Furnace-co



3

225

iurr! Modifier ni, i ..-utectic - 
rx--"-'^"'-'.-! fiection

1.37 x 10"'ere/see., G « 29. r:°C/ciE. )

^V>X Nfe^:
•x 225

-••» ic - \-

(H « 1.57


