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Quantitative Analysis of L.aves Phase and Carbide in High Cr Heat

Resistance Ferritic Steels

Hiroyuki KuTsuMi, Atsushi CHINO and Youichi [SHIBASHI

Synopsis :

A method for quantitaive analysis of Laves phase and M23Cg type carbide in high Cr heat resistance
ferritic steel has been estab lished, and precipitation behavior of the Laves phase and carbide in these
steels were investigated. The results obtained are as follows.

(1) The Laves phase and carbide are quantitatively extracted by potentiostatic electrolysis in 10%
AA-19%TMAC-methanol electrolyte or in 10% HCl-methanol electrolyte.

(2) Only the Laves phase in the residues extracted by above electrolysis can be dissolved in 0.5%

Brz-methanol solution at 20°C for over 90 minutes.

Consequently, the amount and chemical composition of

the Laves phase and carbide can be determined by analysis of this treatment solution and the residues

respectively.

(3) The amount of the Laves phase increased with an increasing of aging time, while the amount of carbide

remained constant.

(4) The chemical composition of the Laves phase and carbide were independent of aging time, and ap-

proxiamately constant.

Key words : quantitaive analysis; Laves phase; M2;Cs; high Cr heat resistance ferritic steel; 10%AA ;

electrolysis; (0.5% Brz-methanol.
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Table 1. Chemical composition and heat treatment condition of samples.

Chemical composition (mass% )
Sample
C Si Mn Cr w Mo Nb Ni v Al N
A 0.09 0.25 0.43 8.65 0.01 0.98 0.07 0.05 0.20 0.03 0.038
B 0.10 0.08 0.50 7.83 2.11 Tr. Tr. 0.01 0.20 0.02 0.002
C 0.10 0.53 0.52 8.50 Tr. 0.89 Tr. 0.06 0.02 Tr. 0.013
JSS 222-1a 0.06 0.52 0.41 16.5 Tr. 0.005 Tr. 0.12 Tr. 0.08 0.009
Heat treatment condition
A-1 : 1050°CX40 min AC — 760°CX 90 min AC — 600°CX3 000 h AC
A-2 + 1 050°C X 40 min AC — 760°CX90 min AC — 600°C% 10000 h AC
B-1: 1040°CX 40 min AC — 740°CX90 min AC — 650°C X3 000 h AC
B-2 - 1040°C X 40 min AC — 740°CX 90 min AC — 650°CX10 000 h AC
C : 930°C — 780°C X 120 min AC — 450~700°CX 300~30 000 h
LT % 1T » 7276, 8 ¢ X 50 mm O ARSI L THEA 100 - -
- . R 10% HCI -soln.
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Fig. 1. Potential-current density curves of matrix
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Sample A : Fe 53%, Cr15%, Mo 28%, Si4%

Sample B : Fe 59%, Cr 18%, W 23%
M33Cs
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Sample B : Fe 24%, Cr70%, W 6%
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and influence of potential on extraction of residues

(Sample A-1).
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Chemical'composition
of Laves phase obtained

Chemical composition
"of M23Ce¢ obtained

by TEM-EDX by TEM-EDX
Fe Cr Mo V Fe Cr Mo Si
27.6 68.1 3.6 0.8 53.5 14.4 28.2 3.8
24.9 69.2 5.3 0.6 53.4 11.3 29.2 6.1
26.7 62.7 5.8 5.3 52.6 16.83 24.7 6.4
25.0 65.9 5.1 3.9 51.4 23.1 24.2 1.3
.Mean 26.1 66.5 4.8 2.7 54.5 11.3 31.5 2.6
.3 .3 .6 4.0

Chemical composition
of M23Ce obtained

Chemical composition
of Laves phase obtained

by TEM-EDX by TEM-EDX
Fe Cr W Fe Cr W
24.0 70.1 5.9 62.3 14.5 22.9
26.3 66.8 6.9 95.6 24.0 20.2
25.8 68.7 5.5 57.7 18.1 28.9
23.4 72.6 4.0 59.8 14.4 25.9
Mean 24.5 69.6 5.6 Mean 58.9 17.8 23.2

b: Laves phase

d: Laves phase
b )Electron diffraction image ( Laves phase in Sample A)
d )Electron diffraction image (Laves phase in Sample B)

A) Bright field image (Sample A)
B) Bright field image (Sample B)
a )Electron diffraction image (M33Cg in Sample A)
¢ )Electron diffraction image (M33Cg in Sample B)
Photo. 1. Transmission electron micrographs of extraction replica obtained from sample A and sample B,
electron diffraction image of M23Cs and Laves phase and chemical composition of these precipitates deter-

mined by energy-dispersive X-ray spectrometer.

a: Mp3Cg
c: My3Cs
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Table 2. The reproducibility of electrolytic extraction.

Sample Electrolyte The amount of residues (mass% ) z 0,—1 C.V.(%)
A-1 10% AA-soln. 1.92 1.90 1.92 1.90 1.91 0.012 0.60
10%HCl-soln. 1.90 1.9 1.94 1.90 1.91 0.019 0.99
A-2 10% AA-soln. 2.18 2.15 2.18 2.14 2.16 0.021 0.95
10% HCl-soln. 2.17 2.18 2.17 2.14 2.17 0.017 0.80
B-1 10% AA-soln. 2.52 2.52 2.45 2.49 2.50 0.033 1.33
10% HCl-soln. 2.48 2.49 2.48 2.50 2.49 0.010 0.38
B-2 10% AA-soln. 2.77 2.80 2.81 2.81 2.80 0.019 1.68
10%HCl-soln. 2.79 2.80 2.79 2.83 2.80 0.019 0.68
: 100 80
10%AA-soin. Sample A-2

* —[aves phase

£

Intensity

10%HClI-soln.

1

T T T
40 50 60
Diffraction angle (20)

Fig. 2. X-ray diffraction pattern of residues ex-
tracted 10% AA and 10% HCI electrolysis (Sample
A-2).
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Fig. 3. Influence of temperature of 10% Br;-
methanol solution on chemical composition of
the dissolved residues.
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Fig. 4. Influence of concentration of Bry-methanol
solution on the chemical composition of the dis-
solved residues.

Fig. 6. Influence of time of Bry-methanol solution
treatment on chemical composition of the undis-
solved residues.

1007y

} ~O— sample A-2 @ H t
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20
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®—M23Cs

The amount of the residues by
Brz-methanol solution treatment
(mass% in residues before treatment)
8

60 : ——
0 50 100 150 2
Time of 0.5% Bra-methanol solution treatment (min) § o) * L &
Fig. 5. Influence of time of 0.5% Bry-methanol =
treatment on the dissolution of the residues. °
°
2.5% L ETid Laves fHOfL M & B0 545, 1% LA .
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Fig. 5 121X 0.5%Bry- 4% / — ) BRI % O FRE (a) Before 0.5% Bry-methanol treatment
OENEE R L7, stk A-2 TR ALERE R 60 min b . (b) After 0‘5%‘Brg-met.hanol (90 min) treatment .
e . ) ot 1 et Fig. 7. X-ray diffraction pattern of residues
L, 3E B-2 T 90 min Ph B TRERIPRGEE LT before and after 0.5% Bry-methanol treatment
WwWh, F7, RIEBREOCFEMBELD Fig. 6 IS/RL & (Sample B-2).
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&£ 942, 3 B Tk 60min, &K D T 90min Tk
LI —F L Twab, E£7, Fig. 7121 0.5%
Bro- X ¥ 7 — VEEH T T 90 min ALEE L 72 7 & O 5K
O X BB $Fy — &R LD, LRERICRONS
Laves fl O A3 78 % — > S LTH Y, Bry 2 ¥
) — VEWIC & - T Laves HIASIZIZEMR L T0nA I &
AR T & . FAZ, R AL b o) P AR i SUR
JSS222-1a M EBMIMMFRE LA VT, TOFTHEIIL-

[Sample ] — Weighing(1)

|i)tentiostatic electrolysis

electrolyte:10%AA-1%TMAC-methanol
amount of electrolysis: 0.5g
| P 100m| beaker
Supersonic cleaning in 30ml methanol
L — T *—J

[Weighing2] |

—
[Washer and electrolyte |
|

[ Filtration
0.2um 47mmé_nuclepore filter

(Fesiies

[Drying and weighing(3) |
[ 300ml Erlenmeyer flask

Removing residues from4|
filter in 50ml methanol
Stitring at 20°C 90min

Filtration J
0.2um 47mm¢_nuclepore filter
T

IFQ@Q and weighing(g)_] [ Washer and treatment solutioj_l
| 100mi beaker - 500m! beaker
HNO3 10m1+HCIO4 5ml+H2S04 2.5ml | | Evaporate to dry u
+H3P04 1mi+H20 6.5mi addition

Filtrate

HCI 5mt+H2S04 2.5mi+H3PO4
1mi+H202 2ml +Tartaric acid
100m! dilution 0.8g+H20 16.5ml

[icra]

Dissolution

100m! dilution

AA : acetylacetone TMAC : tetramethylammonium chloride
The amount of the Laves phase (mass%) = { (3)-(4)} / { (1)-(2) } X 100
The amount of precipitates except the Laves phase (mass%)
= (4)/4{(1)-(2) } X 100
The chemical composition of the Laves phase = (6)

The chemical composition of precipitates except the Laves phase = (5)

Fig. 8. Analytical procedures for the Laves phase
and M,3Ce in high Cr heat resistance ferritic
steels.
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LM ORI B AR D H 5. Table 3 121k, T0
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M2sCe X ER LR LR LA, R OEERE
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AKifse o Lz FETHWT, 3K C PP Laves
MR RO 8 %A L 7. Fig. 9 (CERERhEE
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Table 3. Determination of Laves phase and M;3Cg by this method.

s No. of The amount of precipitates The chemical composition (wt% )
ample - Ot
determinations Precipitates T on—q Fe Cr A% Mo Si w
A-2 5 Laves phase 0.62 0.036 42.31 13.94 N. D. 40.71 3.21 N.D
M3Cq 141 0.024 21.77 62.76 6.53 8.93 N.D. N.D.
B-2 5 Laves phase 0.87 0.026 35.11 10.31 N.D N.D. N.D 54.85
Mjy3Cq 1.76 0.033 23.01 59.20 N.D N.D. N.D 17.80

N. D. : Not Detected
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Fig. 9. TTP diagram for Laves phase and M,3;Cgq
(Sample C).
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Fig. 10.

The amount of precipitates(mass%)

Influence of amounts of precipitates on

toughness of 9Cr-1Mo steel.
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