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Visualization of Fine Precipitates TiN in Low-alloy Steel by Using Energy-filtered Transmission Electron Microscopy

Yoichi IKEMATSU, Genichi SHIGESATO, Masaaki SUGIYAMA and Daisuke SHINDO

Synopsis : In this paper, advantage and measurement principle of energy-filtered transmission electron microscopy (EF-TEM), which can measure the

elemental distribution on local area in a material, are outlined. The energy-filtering technique by EF-TEM is applied to the visualization of

fine precipitates TiN in a low-alloy steel. Through the observations of the energy-filtered images of TiN using Ti-M edge in electron energy-

loss spectra, TiN in o-Fe matrix is clearly observed. As a result, it is clarified that this technique is quite useful to evaluate the spatial distrib-

ution of TiN in the low-alloy steel. Furthermore, the advantage of the energy filtering technique using M edge for visualization of nano-pre-

cipitates containing transition metals such as titanium is discussed.
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Fig. 1. Constitution of omega-type energy-filtered trans-
mission electron microscope.
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Fig. 2. Schematic figure showing energy dispersion of
omega-type energy filter (a) and electron energy-
loss spectrum (b).
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Fig. 3. Bright-field image of nano-precipitates in a low-
alloy steel extracted by replica method.
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Fig. 4. Electron energy-loss spectrum (a) obtained from a
nano-precipitate, and intensity profile (b) of a part
of the spectrum indicated by letter A.
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Fig. 5. Energy-filtered images of a TiN observed at around N-K edge and Ti-L edge ((a) zero-loss image, (b) pre-edge image of
N-K edge, (c) post-edge image of N-K edge, (d) pre-edge image of Ti-L edge, (¢) post-edge image of Ti—L edge).
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Fig. 8. Energy-filtering image of TiN using Ti-M edge.
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Fig. 9. Energy-filtering image of TiN in thin foil ((a) unfiltering image, (b) plasmon loss image, (c) filtering image using Ti-M

edge).
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Fig. 10. Energy-filtering image using Ti-M edge ((2) unfilter, (b) filter).

Table 1. Inner-shell energies for M-shell of typical transi-
tion metals.

Atomic number 22 23 24 25 26 27 28 29
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TifEDBJA, 50nm DY 4 O EIEHRIE T 0.5mm

@A%éfﬁ¢*hé)AﬂmUL®u%%@b
TIZB TS5 E 2 HEICRE LB AT 5 - 72,
Fig 103 BHE D TEMETH D, vV v 2 A ThH 5
a-FeDFEKIZ LS DRI I XA M A E-TWB T L
2b» %, Fig.10(a) T ORKHIT/R L 2= i Fig. 9 THI%
AN B/ NETINB2OHFET B Z bbb, =
DO —HEFIZHB T, Ti-MI o 2 &2 FH U CRIE %27
%5727 4 & —1%% Fig l0b)IZ/R”T, ZOBEHE”L
Fig.10(a) CBIE XN TV DD TINATIOM T v ¥ % f]
A2 ZLICKORABICBSR I TSk 2¥bhr b, Z
? Fig.10(b) THIFE§ N & i ,;@wﬁﬂﬁNﬁﬂ—
iz OmnNﬁﬁmﬁ%$hﬁﬁTéﬁ?@écT&b%,
WEOTEMBIE T MY v 7 ZRIZHFET ST Y b
7 A+ OB X0 T OFFED HERE %3 R 75 Ik 6 1) T
é TANE—{REBERTE I EIZLD TINDIEELHS
MZFTAHRIENTEBEWIHATHS, ULEOKRE»S
ﬂ@MIvv&wmutfzﬁm%@ﬂmm&m,nN@
THORRE A T § 2 L CIHFMICHETH D Z L ¥bh 7z,
Table 11d, KAEHH T /& RT3 RREM
EREROMI v PO I 3L —RMEIZHY T 5 Mk
DNBRLZFINLFEF—%RLEITHD, ZDTable 1 & D
TINAZERK L TWATIOMI v PO 1)L X —{85EMHEI1Z
47eVTHDEI LHbhb, E6IC, ZOXRLLTIE»D
THL, VRCra EDOMOBRERBIZH VT 40~80eV
DIINF-HEEOHHTMI v PHRELET S, Ko
T, ZhooERERE LT /oL e = 30
&mxujb®uﬁ%%%@m'ﬂffé Lz k
V), Jr’ﬁTﬁ(Ca%ék%a X (0

%@

98

5 #8

KfaTid, MROBIFEEIZ B3 % 703K D EHElA ]
BEATANFE—T7 4 )4 — TEMORE L AIEFRFEIZ D0
THEF L7z, E610, ZALF—~T 4 L4 —TEM%EH W
T, TiZVEEHAT HERATH S ORIz DT
ILER AT 572, IKEEHMPOTINALH{ SN IE LT
FOLE — m%}%2«7lwm@n®M1//%Mmb
THABETHZEI2XD, ¥4 X+ nm?D TiN & B2
HWT%Z&%T%&O$Wﬁ%ELT,Liw¥—74
L& —TEMIZ & % 7 7 fi o o gL id, KA 48
TREE XNTWS T/ Bl O s 5 BOKAEOHEHR 12
BHERETZEDLELONS, b, THILFE—7 4
L Z —TEM TRE L OIEHEHRELICER L 72y y 7 75
vy FOBRFRICED, K0S REEGECEFRITX
OB TH DI En6, F /O E L i#E
R~ DIEMEHfEE NI 5,

ABHOERIE & & 812, FESRISOWTHIE S & &
HCIHE £ U 728 H AR A 24 O REARBENA 1 112 Reqy
HwLUET,

X [y

1) S.Ohkita, M.Wakabayashi, H.Honma, K.Matsuda and S.Matsuda:
Seitetsu Kenkyu, 9 (1987), 327.

2) H.Mabuchi and S.Aihara: Materia Jpn., 34 (1995), 301.

3) PB.Hirsch, A.-Howie, R.B.Nicholson, D.W.Pashley and M.J.Whelan:
Electron Microscopy of Thin Crystals. Butterworths, London,
(1965), 1.

4) JuliEsl, WERREEA, ARIPESC © B

5) MILBE ORI L T%, 40(2003), 232.

6) AEREREH, RINEH L MOREAE O 22 8 O 53 HTE T SR
HA AR, HOR, (1999), 85.

7) L.Reimer, (Ed.): Energy-Filtering Transmission Electron Microscopy,
Springer, (1995), 1.

8) Y.kematsu and D.Shindo: Materia Jpn., 40 (2001), 731.

9) G.Zanchi, J.Ph.Perez and J.Sevely: Microscopie Elecronique a Haute

Tension (Proc. 4th Int. Conf. For HVEM), Toulouse, (1975), 55.

R.Castaing and L.Henry: C. R. Acad. Sci. Paris, B255 (1962), 76.

O.L.Krivanek, A.J.Gubbens and N.Dellby: Microsc. Microanal. Mi-

crostruct., 2 (1991), 315.

12) D.Shindo, Y.Ikematsu and Y.Murakami: JEOL News, 35 (2000), 10.

13) R.FEgerton: Electron Energy-Loss Spectroscopy in the Electron Mi-
croscope, 2nd ed., Plenum Press, (1996), 434.

6 (1996), 359.

10)
11)



