A Wn A HA A 31D A 45 2001
Korean J. Electron Microscopy 31(4), 315~323(2001)

ek A2 ERAAREA A sd ¥y AF
52®1 %], 305-333

An Investigation of In Situ TEM Heating Experiments
of Powder Samples

Youn-Joong Kim*, Jong—Man Jeung, Young-Boo Lee,
Sujeong Lee and Jiho Song
Division of Analysis & Measurement, Korea Basic Science Institute, 52 Yeoeun—Déng,
Yusung-Ku, Taejon, 305-333, Korea
(Received October 10, 2001)

ABSTRACT

In situ TEM heating experiments utilizing kaolinite powder samples result in the following facts. (1) The
water recirculation system adopted in the Gatan’s heating holder is required to prevent specimen drift above
500°C. (2) Since the degree of phase changes depends on the thickness of powders below 600°C, examinations
of both thin and thick specimens are required. (3) Sample preparation using Mo-grids is required for TEM
heating experiments above 900°C. At these temperature ranges the effect of heating rate and holding time on
the phase transition process increases drastically, so that a programmed temperature control is required. (4)
TEM heating experiments of the embedded powders by epoxy for the cross-sectional view was limited due to

the severe epoxy movement during heating above 300°C. Better methods of sample preparation are required to

overcome this problem.
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o] 2o Wez SalHe fo O FedXx= 7}
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27)4) S22 o} Yk TEMG) vls) WA
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al., 1999).

o

et AR YelH G54 4ge 23
s} THYET et Auel EapuAwEn
o AYAL £4E 24T & Qe ABLE A
2 gleh ol AelA AEA Aol Ae3Nd
A ALgsie Zlol dAsic 974 Ak )
$ AHgste] ARE SaAsoF s Agolt s

14Ee A Shetela dvlsl

=N
:@i

].g AlY e Z&o} v Z4£ 9
bulk 4| &5 7}%— Z b A mAX o] AA A
sled Al el wlE] BodEe) Aal HAq
ANeAe]l Erhselr] wEel] MEz FuE grid
el ARE dAY T APL epoxyel AaE
Zuj| (embedding)ste] 3-8 a)s)of 3} Jeung et
al., 1999, Unpublished data). u}e}A], EA]82) 23]
7Fa Ao A= gridv} epoxy % TEM A|# A zle])
B3 BxEE9 Agfgoﬂ o) 2= oiske Adlbs) st
oFshe Zlo] A¥E MFHoz Hysied P4
ol 24olg},

T

AR oz 7t AmARNDNE A)xdte] TF=
A= v 22 GatanAle} o3 Z2) OxfordAlE o =4
o2 5 4 ey & AYAAE T 3r1 AlEL
25 o] 4. ol & AE AMEE 2= AR
F2 A Y& Table 1o1] 23 Qo) Fig. 12 719 Als
A2 AlE AFARES B Fi=d 4F 71gH)
(mini-furnace)®} 2% A sensor’} A F2E
ZIX 2 glew Alge] Azl screwd AR
Ak 2= Aol AA = oAl A Fo] TEHOZ &
5 Abeg T 2x X£A7 52 SEoa Fols)

= wpals) AlE o Aosl wrAlS FulEla gt}
A9 TEM 71d Agoes 14x9 AAA
2 AEFE x4l kaolinite (ALOs - 2S8i0, - 2H,0)

E 52 AHSked AHE Alse] 54,48 =
A 9 7kl o7 Aol A2 ¢ul furnace 7F
A3} DTA, XRD @ EF-TEM 242 £3) 143
getsl 3z 7143 v} 9leh(Lee S et al,, 1999). 7} &
=9 B4 Ae HE aEA] dstent At
furnace & ©| 43 AF ZAe} wimgFozy =9
A =g FA5tdH

BAFel kaolinite®] TEM A|# -2 o}-2-2] % 7}x] w}
Heoz 9T A HYE ARE LT L)
‘:'*“171 oh5, ’4 AR ke] §133 holey grid 9]
=¢= ubeld], ojw] AF]H <l 300-mesh Cu-grid
} Nl—grld o= AgPAlelM A )=+ Mo-grid
£ A}8-3}ir} (Jeung et al., Unpublished data). & ¥

Table 1. Specifications of the heating holders used in EF-TEM heating experiments.

Double-Tiit Single-Tilt
Heating Holder Heating Holder Remarks

Holder Model HHDT 4005 Model 628
Manufacturer Oxford, UK. Gatan, US.A.
Tilting Range x: £60°, y: £10° x: £60° limitation of y~-tilt due to the large specimen cup
Temperature Controller Model 901 . .

Model ITC 502 (SmartSet) auto or manual mode of operation

i ti ..
Maxrlrrzrl.;lr}r)leg;zsig 1ng 1,000°C 1,300°C Tantalum (Ta)—base mini-furnace
Water Recirculati . . automatic operation of the water recirculation

ater Recirculation not equipped equipped system above 500°C
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Fig. 1. Specimen loading parts of (a) the double—tilt heating holder (Oxford) and (b) the single—-tilt heating holder (Gatan) used in

this study.
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Table 2. Examples of experimental conditions for two heating holders

(a) Oxford holder: (b) Gatan holder:
Voltage Holding Temperature Sgiﬁﬁl; Current  Holding Temperature Sglzﬁl;
Readout  Time Readout , Remarks Readout Time Readout Remarks
(Volt) (minute)  (°C) Readout (Ampere) (minute)  (°C) Readout
(hPa) (hPa)
20 5 49 4x1077 0.10 5 61 4% 1077
30 5 94 4x107 020 5 158 3% 1077
4.0 5 166 4x1077 030 10 350 3%x1077  TEM work
45 10 203 4%x1077 TEM work 040 5 572 3x 1077  water recirculation |
55 5 282 4%x107 042 3 616 3x1077
6.5 5 357 4x1077 044 3 660  3x1077
7.0 5 395 4%x1077 046 10 707 3x1077  TEM work
8.0 5 461 4x1077 048 3 750 3%x1077
9.0 5 516 4x107 0.51 10 810 3x1077  TEM work
95 10 543 4%x107 TEM work 0.53 3 848 3x1077
11.0 3 621 4x107 0.56 10 940 3x1077  TEM work
13.0 3 701 5x107 0.58 3 981 3x1077
15.0 3 777 6x1077 0.60 10 1021 3x1077  TEM work
156 10 792 7%x1077 TEM work 0.62 3 1057 3x107
16.0 4 805 7x1077 0.64 3 1096 3x107  TEM work
‘170 4 838 8x 1077 0.66 3 1127 3x 1077
18.0 4 868 1x10°¢ 0.67 3 1146 3x1077
19.2 10 900 1x10°¢ TEM work 0.68 3 1165 2%x1077
200 5 925 1x107¢ 0.69 - 3 1185 2%x1077
20.8 10 950 1x10°¢ TEM work 0.70 10 1194 2x1077  TEM work
220 5 982 1x10°® 0.71 10 1203 2%x1077  TEM work
226 10 999 1x10°¢ TEM Work

£
e

A

Fig. 2. Cu precipitates on (a) the film and (b) the specimen during the in situ TEM heating experiment at 800°C.
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Fig. 3. [001] electron diffraction patterns of (a) the furnace-heated kaolinite (630°C-3h) and (b) the TEM -heated kaolinite (630°C).

Fig. 4. [001] electron diffraction patterns of TEM-heated kaolinite at 550°C for (a) a thick grain and (b) a thin grain.
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Fig. 5. Electron diffraction patterns of TEM-heated kaolinite (a) up to 1,200°C in a faster heating rate and (b} up to 1,150°C in a

slower heating rate.
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