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Zeolites consist of covalently bonded aluminosilicate frameworks with regularly arranged
nanocavities and weakly bound counter cations. Such structural feature brings us various
applications of zeolites. Therefore, structural information in atomic scale is very important for
optimization of zeolites. High-resolution (HR) transmission electron microscopy (TEM) has
proven as a powerful technique for direct imaging of atomic structures. With recent advances
in electron optical techniques, very high spatial resolution of sub-A scale has been achieved by
an aberration correction (AC) technique. After the
realization of the AC-technique, scanning transmission
electron microscope (STEM) has been developed
remarkably. But high-resolution TEM and STEM
(S/ITEM) imaging of zeolites had been severely
restricted, due to the electron irradiation damage.
Electron irradiation conditions are quite different
between STEM and TEM. Therefore, optimum optical ¢onventinal @
conditions should be reconsidered for high-resolution
imaging of zeolites. While the electron irradiation
damage is still unavoidable, spatial resolution and
quality of S/TEM images of zeolites have been much
improved as developing of hardware such as
high-sensitive cameras. Here, 1 will show the data
acquired with AC-S/TEM under various conditions
especially for counter-cation imaging.
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Figure 1. A schematic model of MOR-type
zeolite and applications
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Figure 2. History of spatial resolution as
advances of microscopic hardware.
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Figure 3. A schematic diagram of spherical

aberration correction technique.

Acc. Mater. Surf. Res. 2021, Vol.6 No.1, 40-48.

https://www.hyomen.org

Z 9 L 7= I 7 i 1E H fft ( Aberration
corrected: AC) Z i FHL CTITHJR A — L8]
LFELLUTL, EITE S fRRE S EF B
#% ( High-resolution transmission electron
microscopy: HRTEM) V£ & 7 #5325 18 % - BAIU
$ ( Scanning  transmission  electron
microscopy: STEM){ED 2 FE¥A D, Wil
L TRILEO i A0 Figure 4 1SR,

€
S ——
S Electron source
O
e —
o Scan coil
: ¥ Specimen _8 I
can

S Obj. lens % =

L S
/ — / Corrector v
/ specmen iEELEE

g——
———

—

LA, Electron detectors
It Image plane . d o % ;
[T HAADF BF or HAADF
Camera ABF

AC-HRTEM AC-STEM
Figure 4. Schematic diagrams of two
high-resolution imaging methods with
aberration correction.

HRTEM {5 TlE T ED AT 8 - U
L, RSN T — L TR ERDD
(2%t T, STEM {5 TIEFR - A7 — IR
LIzE 7 r—T7%2Y 7 ECERELEA A
MODEGELE TR IC LD T AN —1§ L7025,
— R AT EKB R FIETHAHAIIITH
Z 5N, STEM {EI251) 2 B4 B 148 T
HRTEM VEEEMR TG E2 52 5288720
=1 v7 AT HRTEM # & [RIRRICHEHEIC 2
b3 5, 2K L TORIFIEFHEOGE
5.2 58 KB (Annular bright field: ABF)
W o A BECEL RS B (High-angle
annular dark field: HAADF) 7% 2D|2 X A140%
BRI IS Gy (IR EATHOZ LN AT RE T D,
BHEI TR RDM, ZTHL TSR IS T
STEM BlE1EIF x5 &9 HIn BTG U Tk
WIDILENBEETHY, EooHE R TIT
HAADF-STEM %%, FEH 1TV L FEFET
I% ABF-STEM B £2 032 3 VA ZNITHERE

42



Acc. Mater. Surf. Res.

%o —J7C AC-HRTEM JEIZ X %54 Tl

B T A RISV U TIVIEIS
i CCHEMEICE LT D720, A&k
mbtﬁg@%%Eﬂéxﬁﬂ%% RS
NTHEYH, BEREZITOHGEICIEYIa b
~yay&®m@ﬂ~£1%6”w Ey
WFIRT A —Z D5 % R ST 55

FWE—r (= T2 M) R
LA ARVKEE LGB E 65 229, f
ZAFADEKEIN AR E A — =T F—
A DFLAEIE (Negative Cs imaging: NCSI)
TIEx A% GEOfifH= 8 F A R) | IED
BRI AR & T v H—T o — T ADFAH
& (Positive Cs imaging: PCSI) TldAR
g EOMHaY N T AR RS LND,

4. B34 MREICKITPEFRBSEE
BEIZR _RTARIZE AT A MIE IR IR
(26 U CHiMEAME T2 6h . - BASEE B 22
REIC K E i & 72 5, Figure 5 1213 MFI
ME AT A4 NOETHREHBERRD
HRTEM 14 W% /R L7z,

s e e S B S

7800 e/Ae 11700 e/A?
Figure 5. Damaging process of MFI zeolite
under 300keV beam irradiation. Each number
below the image indicates electron dose.
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Figure 7. Raw and accumulated images of MFI
zeolite. (a) AC-HRTEM imaging (PCSI), (b)
AC-HRTEM imaging (NCSI), (c) ABF-STEM
imaging and (d) HAADF-STEM imaging.
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Electron dose amounts for acquisitions are
indicated below the respective images.
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Figure 9. Raw and accumulated images of CsA
zeolite (a) AC-HRTEM imaging (PCSI), (b)
AC-HRTEM imaging (NCSI), (c) ABF-STEM
imaging and (d) HAADF-STEM imaging.
Electron dose amounts for acquisitions are
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indicated below the respective images.
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Figure 10. Raw and accumulated images of
NaA zeolite (a) AC-HRTEM imaging (PCSI), (b)
AC-HRTEM imaging (NCSI), (c) ABF-STEM
imaging and (d) HAADF-STEM imaging.
Electron dose amounts for acquisitions are
indicated below the respective images.
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