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A Precise Quantitative Analysis of Precipitates in Ti-bearing Interstitial-free Steel
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A more precise quantitative analysis of precipitates in Ti-bearing Interstitial-Free (IF) steel is made through the
combination of both a Field-Emission Transmission Electron Microscope (FE-TEM) analysis and an analysis based
upon chemical extraction and isolation. The non-stoichiometry of precipitates is precisely determined using either
Energy Dispersive X-ray spectroscopy (EDX) or a new method by plasmon energy in Electron Energy-Loss Spectros-
copy (EELS) attached to FE-TEM. The non-stoichiometric compositions of each precipitate are taken into considera-
tion in the quantitative analysis.

The precise quantitative method is applied to both the hot-rolled and the annealed steels in the process condition :
the reheating temperature : 1220 deg.C, the finishing hot-rolling temperature : 890 deg.C, the hot-rolling coiling
temperature : 680 deg.C and the annealing temperature : 770 deg.C. The precipitates are quantitatively analyzed from
the viewpoint of the interstitial elements ; nitrogen, sulfur and carbon. All the nitrogen is precipitated as TiN when
hot-rolling is completed. Most of the sulfur-related precipitate is TiS,,s in the hot-rolled steel. The rest are Ti,C,S,
and (Mn,Fe)S,,s. After annealing, TiS, s decreases, while Ti,C,S, increases significantly and (Mn,Fe) S, 25 slightly
increases. Not all the carbon is combined with Ti in the hot-rolled steel and a lot of “free carbon” still remains even
after the hot-rolling process is finished. After the annealing process, both TiCogs and Ti,C,S, increase in quantity
dramatically .
stoichiometry ; Ti-bearing ultra low carbon steel ; quantitative analysis ; precipitation ; transmission electron micros-
copy ; energy dispersive X-ray spectroscopy ; electron energy loss spectroscopy ; plasmon energy ; chemical extraction
: chemical isolation.
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Table 1. Chemical composition of steel. (mass%)

C Si Mn P S sol.Al Ti
0.0016( 0.01 | 0.17 [ 0.009 |0.0084] 0.041 0.04

N
0.0022

)

Fig. 1. TEM images of precipitates:
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(a) TiN in the annealed steel,(b) complex-TiN-TiS precipitate in the annealed steel, (c) TiS (& tiny
Ti,C,S; on TiS)in the hot-rolled steel, (d) complex TiS-Ti,C,S, precipitate in the annealed steel and(e)

TiC in the annealed steel.
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Fig. 2. EDX spectra of Fig.1-(d) :(a) center and(b) edge.
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Fig. 3. Core-loss region spectrum in EELS of the
TiC in Fig.1-(e)
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Determination of X in TiCx by plasmon
energy :

(a)calibration curve of TiCy,(b) TEM mi-
crograph of TiCx in the annealed steel and
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2% 28 (c)Iow energy loss region of EELS spectra

Energy-loss (eV) (plasmon energies)for TiCx.
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Table 2. Atomic Ratios of Precipitates.
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[ Ti-bearing IF steel |
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Fig. 5. Chemical extraction and isolation in new
uantitative analysis method.

%a)lO% Acetylacetone - 1% tetramethyl
ammonium chloride - methanol - potentios-

tatic electrolysis, (b) Chemical treatment by

Table 3. Atomic ratios of TiS.(standard sample;
JCPDS 12-534)
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10

Precipitate “Atomic Ratio Determination Method using 10% 1,-5% methanol-methylacetate
TiN N/Ti=10 Chemical Analysis rinsing and (c) 10% Br,-methanol extraction.
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Fig. 6. Flow of calculating precipitates’ contents in
Ti-bearing IF steel by using chemical
extraction and isolation. {Fig. 5& 9)
(Please note that a underline means quanti-
fiable by chemical method.)
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Fig. 7. The amounts of Ti, Mn and S in Extract B
(Fig. 5) of the annealed steel after 109 I, -
5% CH,OH - methylacetate rinsing in 60
deg.C for 0 ~ 5 times.
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Fig. 8. XRD(Rad. Cu Ka) of Extract A and Extract
B of the annealed steel.

| Ti-bearing IF steel |
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Fig. 9. Outline of the precise quantitative analysis of precipitates o
Ti, Mn and Fe are determined by Inductively-Coupled Plasma_(ICP) atomic emission spectroscopy, while
S is determined by Infrared absorption method after combustion and N is determined by bispyrazolone

spectrophotometric method.
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Fig. 10. The amounts of precipitates in the hot-rolled and the annealed steel from viewpoint of interstitial
elements :(a) Nitrogen, (b) Sulfur and (c) Carbon.
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