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ABSTRACT

An experimental siudy has been carricd out to investigate the effect of growth raie V and iime on secondary

dendrite arm spacing of cristobalite dendrites in 14. 6I<,0-85. 45i0; glass by means of x-vay diffvactormetry,

optical microscopy, and scanning electron mieroscopy.

The scanning electron micrascopy reveals a two-phase layer of dendritic crystals and interstitial melt which

grow [rom the surface al a constant rate.

Bosed on this cxperiment, szecondary arm spacing is proporiional to V-0-2 and dendrile coarsening during

isothermal holding shows that the secondary arm spacing increases with increasing heat-trealment time

793¢ wodyn =% e U ATHE e

L.A 2 ary arm Z(tip)e] A€ ww i r} secondary arm &
Dendrite 8 A7 & w2de] feid 42 B9 24 A xFlel A% FAW wEelvhr B3
g 7 Faly] old HEF T2 dFEe] Az ok o} Taha®= Al-Cuo 3l o] spd P2 A3
2| o] 4] LA #AEe = dendrite arm  spacing &gl o,
WA Sxe] g Edw] o] WASEE 2= TS 4 224 z7]d A7 dendrite F HA= Al F
A%ES Fow TUd 4 O Aol wheh AFAAS SR, 2 FAY AT
Suzuki 2 ¢l4lsfF S3H| 7&-01]/?1 primary arm o] A3 3] coarsening o] Aoy o]xg] T
spacing ] AA-FER LSl og &S A a8 g ddAs] Framolvh
g o, Okamoto B9 ZAL FAdE=sE Y o)A SL3] coarsening 2 &34 coarsening o8
2P QA TEE AR =9Y §7] A2 cyeloh- 2o Azpr vheds] 29 coarsening £ 49 5
exanol & Q3 &5 AF 2 o, primary & secon- 23} o] 8] 7}A] model Ee] A als] ol w0,
dary arm spacing o] AFEFEL LR ¥ o Hed ol e 14 6wt Ea0-85 dwi% 10, 42 & A2
$& FE A8 ALAL, B3 AZEw 449 dendrite AR A= 2
Kotler 52 Pb-Sn 357 9| A primary arm spacing aleo] 2 socondary arm spacing ¢ WA ALk
o] axFZujpch AHGEe] B g <3kE], secondary # Fof wE secondary arm €| coarsening ¥ & F A

aom spacing & AAEEel o Fehw exTdldE ol

(413



L] o2 5 KaOO0; 2%
% Az7lelA Gd] A%, FAE Dok 14.6

% Ko0-85. 4wt Si0p & $-2f batch & 51892,
alumina ball mill o] A acetone & S8t SAZE
g2 %14 acelone 8] A5 A AR EE FEE A5
Atk olRAie] @2 fus WaEss] 9 4
A AA A 950°C A el 1 75 1510°C o 4
12~154 7L Fak FFAa ch, 1550°C o)A of 30
2 A %_% oo 2 Gl% 17

o #3% oA 600°CHA 1A A A= X

= A l?ﬂfﬂﬁ}@ Az €3 deo B
L sladts) of 5X5%5mm o) AR TS AR
A FE 5 o2 ~hgatg

Fop2 ool
3
o |

= AlQOs #o® 3 9 =d4 886~1210°C

LrfgdA, 4T AZE 108 A7 A
= oager], o Fo EETYL of femelz 2R
25 WY Ez1°Cel, L5578 Pr-Pusy Rh 4
Wl E AREBE TR

BAAY R AR ALOy AQ ) 2 oald A9
2 wd wd 22X FYez 10ze|uid mkaebell]
A A 2Ae Azle] Aviel AL wdAd F3 o7
e} FaA Az
3 X~ AaEA 2 d4A=4 42

AR Fedlel £ 233 E AT

f3ist ;15«1 o Ade GRendAd 9498 F A
g AR Fshe] Diano 5418 x4 HAFEAR
25kV, 20mA ¢ ZAdA Cu Kg AL Agde &

st =@ wAzd R 4 B Ands F
A ddF ez geged A8 FA% 54

2] 9 5te] 9= AH £ homica 7 = mounting
g, ®wle] Az AASE AAHA 95 220
12004 gebAe R A wed wrka] o wEka
Sum, 1pm, 0.3pm 1 =2 olumina BE uw]A] <af

3 &, 2%HF 4ge] o= o 387} elching Azl o

)

it Ty

&, Efsh MEF e Y HF fag gald] A74
7 &, ZEv S Ak %fﬂli A3 A

% #39 RAW
Fog THY
z!—i_}ﬂ-;} ik
o] Alg]el] W F el

[s]
th, Dendiite 23 °T coarsening 5]-4 ) ,j 1‘_;3-»5—]‘@]

fa
&,
2
)
A
[
[=)
R
&2,
< -
ab
lo
_{
=
[L

rw ru]'u ..«,n,

(42)

A zke] M2 Je & E4 59 e, =9 secondary arm
spacing & FA #gel, 2z AAAG £23) sccor
ndary arm spacing #1¢) #AA & sccondary arm o] coa-
rsening = 4= 7L WA 5lF] $1eh] primary arm &

57599,

g 2

!
el en! A4 2 dendrite & d]o]X primary arm 2|
Frbekg A et Secondary arm & A
R pumary arm 8 A ko X924 gl
EEE
B 5 Dy 2 o]GHE terliary arm A 7ko] Ay
o w}=h coarsening o &3] AlExF] W Ten A

sk

lerliary arm - primary arm ¥ F-Fo

2. A A7 Fx 0 secondary arm spacing 2] A

QAAA Age) Bl 94 FAD A4E 59

T
Dle

o] AR o], g Ak wE H8 FHE &
Aq A S Azl wHghe] FratE e ol
B AR08 &5 Fegdin,

B A8 gt 1 6K0-85. 4810 =49 §=
) A cristobalite 7} "4 319 o LASkE oL FE)

ojgle] Alad 4 2l

Afs0,= TS50, (0

AF50,= parifal melar enthalpy

ASg0,= partial molar entropy
Scherer &} Uhlmann'®%] A 4l<] £]aldd, Ky0-5i0; Al
oA ASe e 9k 0.5R oj@drh wiekAl B AFelA
Aadl FeE A cristobalite 7} AL @ WAH =
Fozmz g4 dE=AS AL
2 713®7ko| dendrite arm spacing o] A H<
7 ez ¥ & 9L = #Hon], = Kotler
o

cyelohexanol of]

=5e] A4 § dendrnte srm spacingd & v

d=kV= @
A7 ke drelr, Vi ARYGEEY mE
Ag] el ok
FrElE AR
primary arm Ed]Ag L2 of g& A sl A
=z

A4A = Vo @R do Fig 1 epigid,
2973

A E secondary arm spacing 4 &



e
=

Secondary arm spacing 3 A A} S =
AE A AAQAE vrehdar,
g @4e gs 2ol 205
d=0. 024V -2 pm) (33

2 fele] A A% mE 02EA AAY FH
weel @) ehen AAAA S
Wi 8o w2 secondary avm spacing 8 W& <A
o ulgle] Hg AE W T 3114-. 2 250 YA =
o g AAe FeE Fig 20 vheill
264 secondary
AAARHE

| 214 secondary arm spacing ©] FtAsF

ki riz ot
i
)
R,
lo
'{_l.!‘
&,

A
ik
o,
2
o
i
e
k]

rimary arm £|

zel#z g,

886°C el Al 8 A, 4-547 64
75 oAz dF =S T A4 2AS et A
zba] #spgke] A dendrite A2 primary & se-
condary arm o] coarsening %] oA, . S-+}o]d] spac-
inge] 7ML o = Rad, z PEE HokA
Ad e G844+ sccondary arm 2] coarseaing &
&} dendrite arm & =] {root)7} 1o A AZHET

2] ©] arm 8 necked region 2 2¥FH EZo] °]FE

d {am)
&
E®)

=04 -

Log

-0.51

-5}

L] | !

-6 _s —4

LegV {cm/s}

Fig. 1. Sccondary dendrite arm spacing J versus

growth rate V for 14.6 Kz0-85. 4510 glass.
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Fig. 2. Scanning electran micrographs of crystal-
liquid interface morphologies of 14 80—
85. 4510, glass (polished, etched, 2%HF).
Crystallizetion temperature  {2) 886°C, (b}
997°C, (c) 1110°C.
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Tig. 3. Scanning eleclron micrographs of 14, 6K,0-85. 4810, glass erystallized at 886°C for varying lengths
of time (polished, eiched, 2%HF). (a) 3h, (b} 4.5h, () 6h, {d) 9h.
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