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The Simple Determination Method of Precipitates in Steels by X-ray

Diffraction Technique with Y503 as Internal Standard Materials

Atsushi CHINO, Youichi ISHIBASHI, Naoki GUNJI and Hideo IWATA

Synopsis :

The simply quantitative state analysis method of precipitates in steels has been established by X-ray
diffraction technique with adding constant amount of Y»0O3 as internal standard material.

The procedure is as follows :

(1)The residues extracted from steels by potentlostatlc electrolysis are dispersed in methanol with 100

ml beaker.

(2)5.0ml of Y03 dispersing solution (50 mg/250 ml methanol) is added in above mentioned solution and
after that this solution is dispersed by ultrasonic vibration.

(3)This solution is filtrated and the residues are collected on filter.

(4)The X-ray diffraction pattern of residues is measured and its peak intensity ratios of precipitates to
Y,03 are calculated. The amount of precipitates are determined from these peak intensity ratios by
calibration curves, which are preliminaly made from relation between peak intensity ratio and the amount of

precipitates.

This method can simply estimate state of precipitates quantitatively compared with conventional extracted

residues decomposition method.
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Sample Y203 dispersing solution
I 50mg/250ml methano!
Potentiostatic electrolysis Ultrasonic dispersion
10%HCI-methanol 60sec

Collection of residues | 5.0ml fractionating |

0.2pm 25mmé nuclepore filter

Dispersion of residues in

20m! of methanol

[

L_100ml beaker __|

[__Uttrasonic vibration 60sec |

Filtration
0.2um 25mm¢ nuclepore filter

[ Residues

X-ray diffraction
measurement

Determination of precipitates

by peak intensity ratio

Fig. 1. Analytical procedure for determination of
precipitates in steels.

Table 1. Chemical composition and heat treatment condition of samples studied.
Chemical composition (wt% )
Sample

C Si Mn Cr Ni W Nb Ti Al
A,y 0.098 0.25 1.37 17.62 13.88 — 0.22 0.10 0.011
B 0.06 0.52 0.41 16.5 0.005 0.12 — — 0.002 0.008
C 0.05 0.31 0.22 24.62 2.34 55.73 — — 0.19 0.18
D 0.05 0.31 0.32 18.7 74.3 0.04 — 4.20 1.39

Heat treatment condition

A,:1473K0.1h W. Q. —873~1 023K 100~3000h A. C. z=
5=
B:1373K2hW. Q. —973K20h W. Q.

C:1453K0.5hW. Q. — 973K 1000h A. Q.

D:1473K0.5hW. Q. —+1173K 100h W. Q.

1~4 873K, 923K, 973K and 1023 K
1~4 100h, 300 h, 1 000 h and 3000 h
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Fig. 2. X-ray diffraction pattern of the residue
and each precipitates.

Table 2. Used diffraction peak of precipitates and
measuring condition for X-ray diffraction.

Precipitates Index (hkl) d space (A) Scanning angle (26"
Y503 (222) 3.06 28.20~30.30
NbC (111) 2.58 34.30~35.28
TiC ’ (111) 2.50 35.28~36.15
TiN (111) 2.44 36.15~37.00
Ms3Ce (420) 2.37 37.00~38.80

Target : Cu A=1.5405A Generater setting : 40 kV. 30 mA
Step size : 0.005 deg Scan speed : 0.02 deg/s
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Fig. 3. Influence of standing time on the stability
of Y203 dispersing solution. '
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30 Table 3. The repeatability of this method.
(b)
1ok Exam. No Ingzce/ Iva0s Lerinme/ Typo, Irin/ Ty g0,
< _ Az Az Az Az Ag Az
g {20 § 1 0.541 0.820 0.205 0.378 0.120 0.121
1 o] 2 0.516 0.744 0.178 0.333 0.117 0.120
§ S 3 0.539 0.792 0.197 0.326 0.108 0.125
> N 4 0.517 0.802 0.177 0,366 0.111 0.132
% = 5 0.533 0.765 0.210 0.340 0.121 0.126
: 0.5} 3 Ave. 0.529 0.785 0.193 0.349 0.115 0.125
g § 0,1 0.012 0.030 0.015 0.022 0.006 0.005
Egj 110 E R.S.D.(%)| 2.26 3.85 7.89 6.41 4.92 3.82
- & R. S. D : Relative standard daviation
A
1.0
0 - : 0
Q Q0:5 ) 1.0 N
The amount of electrolysis ( g ) o~
Sample : A4z [
The amount ratio of electrolysis to Y203 = 500:1 §
Collection method of residues and standard materials :
(a) : First residues then Y203 dispersing solution =)
(b} : First Y203 dispersing solution then residues 3 ost
{c) : Fig.1's procedure \g
. . 8
Fig. 4. Influence of collection method of the =
residues on X-ray diffraction peak intensity ratio -
between precipitates and standard material.
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Table 4. Determined value of M33Cg in other alloys by this method.

Analytical results of extracted residues (wt% ) The amount of M23Cgq (wt% )
Sample Form of M23Cg -
Fe Cr Mo Chemical analysis X-ray diffraction
0.187 0.662 — CrigFesCq 0.899 0.890
Azs 0.182 0.847 0.145 Cri78FeagMo; ¢Cq 1.240 1.320
C — 0.576 0.055 Crgz3Mo,Cg 0.667 0.760
D — 0.591 — Cra3Cs 0.627 0.615
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Table 5. The comparison of determined value of
M,;C¢; between X-ray diffraction method and
chemical analysis method(wt% ).

Sample X-ray diffraction method Chemical analysis method
Ay 0.43 0.45
Ags 0.95 0.93
Ass 1.32 1.24
Asg 1.23 1.22
Ags 1.16 1.17
Ay 1.18 1.26
T— 1.0
1.5¢4
$ ot §
=T =
5 g 0.5}
E
3 2
g =
® 0.5
=3
o.L 0
0 1000 3000 10000

Time ( hr)

A1023K (973K @923K O 873K
Fig. 6. Relationship between the amount of M23Ce
and aging time and temperature.
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Fig. 8. Relationship between the amount of TiN
and aging time and temperature.
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