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Application of CBED Techniques of Energy Filtering TEM for Si-Al
Disordering Study of Albite
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A FZESE HoAFe] 49 o4 stde g3 HeyolM meyogo AFAolE R

TEMO| A A opd A8 A(SAED)Y & o] &3] 723} AAE AL A, Wl FA4e Hol
U 54 ool s Si-Al BiEAE 9] AFst olg Yt 8 AW A8 M (CBED)H S o] &35 4
TAT, BFE AT I P22 YA ABAANY AL 120 kV 7HEAS, 37 um Z7)9
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% dupolEoA F HOLZ 9] o] Mz w2 yeht Si-Al G4 =ad 28o) 74539
o},

Z20] : QuolE, Si-Al WA, AP obdAEH, $89u A5, HOLZ 4

ABSTRACT : XRD studies on anncaled Na-feldspar (Amelia albite) at 1100°C showed rapid struc-
tural changes due to Si-Al disordering, which resulted in phase transformations from low albite to
high albite by 4-days annealing test. TEM SAED analyses on the annealed samples revealed a trend
of structural changes, but estimation of the structural state was difficult due to a large deviation of
the SAED data. Optimum conditions of CBED analyses on albite was established by employing a
cooling specimen holder, 120 kV of acceleration voltage, 37 ym of condenser aperture size and 25
nm of spot size. A proper orientation showing distinct changes of HOLZ lines corresponding to the
structure changes of albite turned out to be close to the [418] direction with -1.2° tilting, where the
width of two HOLZ lines in low albite was opposite to those in high albite.
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Fig. 1. Schematic drawing of a typical CBED pat-
tern. This study is focused on variation of HOLZ
lines in the central ZOLZ disc with Si-Al disor-
dering in albite.
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Fig. 2. XRD data of albite samples annealed at 1100°C for different durations. Note
movement of (131) (left side) and (131) (right side) peaks.
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Table 1. Values of A131 for Amelia albite samples from powder XRD study

Sample 20 of (131) 20 of (131) A131

natural 31.194° 30.168° 1.026°
1-day annealed 31.396° 30.114° 1.128°
2-days annealed 31.504° 30.066° 1.438°
3-days annealed 31.504° 29.988° 1.516°
4-days annealed 31.506° 29.606° 1.900°
5-days annealed 31.518 29.604° 1.914°
6-days annealed 31.518° 29.602° 1.916°
7-days annealed 31.538%° 29.612° 1.922°

Fig. 3. SAED patterns of low albite at (a) the [001] orientation and (b) the [102] orientation. The

white arrows indicate traces used in calculation.
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Fig. 4. Annealing time (x-axis) versus trace ratio (y-axis) for (a) D[110)/
D[110]) % 100 and (b) D[221}/D[2217) % 100.
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Fig. 6. CBED patterns of low albite at different acceleration voltages: (a) 120 kV (b) 100 kV (c) 80 kV

(other parameters: 37 ym, 25 nm, -150°C, 3 sec).
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Fig. 7. CBED patterns of low albite using different C3 aperture sizes:
(other parameters: 120 kV, 25 nm, -150C, 3 sec).

Fig. 8. CBED patterns of low albite using differen spot sizes: (a) 100 nm (b) 50 nm (c) 25
nm (d) 10 nm (other parameters: 120 kV, 37 ym, -150C, 3 sec).
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Fig. 9. (a) A CBED pattern of low albite at the [418] direction. The white arrows indicate strong
Kikuchi line pairs. (b) A CBED pattern of low albite around the [418] direction with 0.6° tilting.

7] B0 £& HOLZ A& 4717} ojH fl o,
25 nm$} 10 nm9] W& AREE = HuH A
33 HOLZ A& 48 4 AU 1 FAIME
25 nm9] WojA ®o} Ads HOLZ A9 #z
o] 7ttt

2wkl My

HAedt upo} o] Yulo]E S Si-Ale] HjF
wE s SADP Aol A [001] Wak [102]
ukgko| A 743 & veldth. CBED &3 % )
3| Ao o3 Axoly] W] FxHstd &
HOLZ 9] wW3sE #asted [001] HaFo]ut
[102] Wako] 7} AgE AR oddt 1
2} AR oA G A 48 202
o]§3te} CBED =¥& 53 ZA¥ [001]3}
[102]19] A3 W= dAvte] v F 2H3s}
A wjd=o] A& wok of]e} Axpe] vleA At
gl 7)Q18kE Kikuchi Ao] ofg] wako A 1
Elr] g Eo AwE3 HOLZ def ##Fo] &7}
3tk ol EAHS sAsty] Hs) [102]
Bo] [418] W3S BAsG o [418] YT
18 9204 H5%o| & KikuchiXlo] Au}kir 1o
°)E H3l7] 3t 0.6° FH3 Wikl x CBED
T¥E A E 9b). 18 bolM= B2
HOLZ A Zo| A% FOLZ (First Order Laue Zone)
o] Ay A¥d ME9 A¢E 7AEA

19 102 [418] WakelA -12° FHF WP

A e 294 Amelia gHlo]E(low albite), 2
d 7pdE Ag, 39 71Ee AE 2 78 7t E
& A Z(high albite)e) HOLZ A& H33t3 g
th 2N ElE e g HAF H& HOLZ 4
9 wAFS Yehy e olE9 Wt Si-Al
disordering W3}S deotsted £ 7FES Al
T Aoz 7UHA oY ARE AFS} sl
ofF Yt 1y 1y A shAHT} A A
o] F HOLZ A¢] Zo| low albite$} high
albiteo] | M2 w2 Yehdos Rol 58
wslt). &, low albited| A& FHZo0] Yl =
o] %2 "hHo], high albites] A FZo] Fu

o] WA vehdth

=]

M 3 E9

Ao

XRDet TEMS SAED#HE 0|83 Si—-Al HIE
=12 IR

598 Amelia albiteZ 924CS} 1073ToA
5& 7bE3 2¥(Kim and Lee, 2003) Z 3¢
W W B ATN 9% 11000 5
7}83t A8+ Si-Al¢] disorderingo] ©-$- w2
A AYEE & F itk F, XRDY A31 &
71502 s AHHETE 1100CAA 49 o4
7143 A8 o]m| Si-Al¢] disordering®] A<
$5 ¥ high albite FElES & F ledl, °|A

334



guto] £ Si-Al AYE AFE AR VA FHAAA0) G| CBEDY A&

< 1073 CAAME 74 S 7HEd A 59 AH
9} S Absteh. 1100 COHH 1 2,39 ot 7pdE
A8 intermediate albited] 3}74] EHEd (131)
peak $x¢] B324A4 ujid disordering®] A
E=E AFHLE dFsple oHn

TEM9 SAED 3% o]&3}o] disordering
AEE ¥old A3 37 1” 4) A FH
Hige WHile & F Jov A4 At Y
T A 25 A5 thgt disordering XéEQ]
A Bk Bt 48 BEL
3 Rma) Aol ARAAY H5E B4
A7l SHE(E A, imaging platel} 2k X2k
Slow-Scan CCD A}, 4 E o]&3l AE
248 29808 34 oxe 29 5 don
(Kim and Kim, 2003) o] A& = ALH
A 2k

TEM CBED =4

8 B A ZOLZ ute]
3 A3g Asle oj@gou HOLZ A9 @
3% 2] Fa A7 2ol HEe] A
FHoz Adute] AL Hdte WS Zoh

Lo N
o
iyl

N
-

a7k S AL AHos EEHAE
0L§} Kikuchi A9 ZA Yt £3], Gujo)E
Si-Al vj/deloll 9zt [001] whakolut [102]
A& HOLZ 419 %EE}'&E—]} oFsi
Kikuchi o] #7) vpehdeh. mebd A7
3858 AA-38) At Kikuchi A& Huj
3 WA A Ak S},
9dd HOLZ A9 58 Asie A8
239 499 AEE O A= FAE 4
golA AE FATE FAE R %ag}q' =
3, AYAY A A% £yl & A
ALdE 2 A7t SRE YT A H
FAE g o8k o] R B AFA
£ g 5 MSAY20 k)T P 2 C3
2737 ym)E AHEHS W 7P A F HOLZ
Ao Fo] The e FUstAT weF ZOLZ
Aol A& adAHo= 9T ¢ Y= ukakoﬂ
A CBED =8% 948 4 od g% &8 7}

lo g2 oZ 1o
z rlo 8 »

A

A4 Bk & C3 g9 Ago] ARH
o},

W 3719 AL g9 A 7HA AlE 1
A48 dart dvx dddd. & £48aA)
she d99 =27, W A A AR £
zyeld] 1 ZFoA HOLZ xu AE T 713
de PRe A2 FEHLLE Sryon

WZo| F4%, & W A7} F85F A9
= 27ksn o gelA W G,

g Boh &2 WS Abgshe Aol Hoh 22
Aol A A™E HOLZ S 25 —’F‘ A7 o
o sttt B dgdMe M & s
Hek(120 kV)s 7P E C3 xe7 H(3 pm)=
Abgste] }el ARE fAAIE T dHF
o2 22 H(25 nmy 10 nm)-g o]&3lo] 48

d o rlr [ v rly

Z+e A FoezH M3 HOLZ A& 4%
T YA
OVJE Tl B Ao tigk TEMS CBED

A #HF 21L& dqyA q4#43A € 97
A A AN ALES 7[Bo g 3, B Agd
A= 120 kVe] 7F&ERA%E, 37 um 2719 C3 %
Zoh, 25 nme] ¥ =7], 283 39 &A%
(Ikx 1k Slow-Scan CCD Alge] Aoz

2 uw SiAlY) we) e
A7) Welme 43 hsd A 2 3
ko)A HOLZ A9 wW3lE #&z2e 4+ ot 1
#1} HOLZ 9] Age= %z]o}-r Az 9 &
A& 94 7] H8iA = HOLZ AF o)X= FOLZ
(Frist-Order Laue Zone) 4 ©o]u} SOLZ (Second-
Order Laue Zone) X9 W&y} dzy= 83kS
Qg Aol T e 19 Ape
Kikucki A10] ZOLZ 94+o] JehGA] golol 3k
o= Aol SAED ¥ A JelvE Kikucki
Aute 22 CBED £39] Kikucki A2 4]
7b ¥z ARER fojv #EstAt sk HOLZ
A& @A e g 8o wixgoz
134?% AFEE [001] e T noid Aol
2 Fajof gt 2 olfre o|2HoRE FY
83 3|do] Yehe Aty 5387 3"
o] ALt A= Ewald 9] 7HH0}] #AA 7] o)
Fola(William and Carter, 1996), AE Q] o]
2= AdE B UFE 2& 34do] o

— 335 —



Fig. 10. CBED patterns of low albite (natural), 2-days annealed albite, 3-days

annealed albite and high albite (7-days annealed) around the [418] direction
with -1.2° tilting. Note variations of the cross points (dark circles) and the

width of HOLZ lines (white arrows).
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