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Determination and Precipitation Behavior of o-phase, Carbides and

Nitrides in Duplex Stainless Steels

Atsushi CHINO, Mutsumi IHIDA and Hideo IWATA

Synopsis :

A method for quantitative analysis of o-phase, carbides and nitrides in duplex stainless steel was investi-
gated and the analytical procedure has been established. And then, precipitation behavior of the o-phase
in duplex stainless steel was investigated by using this method.

The results obtained are summarized as follows :

(1) The residues adhered to the sample surface after potentiostatic electrolysis in 1%HCI-10%
acetylacetone-methanol electrolyte (1%HA) can not be teared off by only ultrasonic cleaning, and in this
case, the residues can be teared off by polishing the sample surface with a wire brush.

(2) Only the o-phase in the above mentioned precipitates is gradually dissolved by 10%Br;-methanol dis-
solution treatment, and consequently the composition of the o-phase can be analyzed by using this solution.

(3) The precipitates except the o-phase are quantitatively extracted by galvanostatic electrolysis in 10%
tetramethyl ammoniumchloride-10% acetylacetone-methanol electrolyte (10%TMAC), and the amount and
composition of carbides and nitrides can be analyzed.

(4) The amount and composition of the o-phase, carbides and nitrides can be analyzed by using the proce-
dures from (1) to (3) and previous report'?.

(5) The formation of the o-phase is very fast at 1 073K, and the amount of the o-phase is quite larger
than that of carbides and nitrides.-
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Table 1. Chemical composition and heat treatment condition of steels.
Chemical composition (wt%)
Sample
C Si Mn P S Cr Ni Mo N
D4 0.011 0.38 1.45 0.005 0.005 22.1 5.8 3.1 0.19
D7 0.011 0.38 1.44 0.005 0.008 25.1 7.0 3.1 0.17
10U 0.046 0.04 0.27 0.03 0.009 24.3 0.42 0.1 0.148
JSS102 0.06 0.52 0.41 0.21 0.005 16.5 0.12 0.01 0.009
JSS211-1B 0.07 0.005 0.005 0.004 0.005 8.2 — — 0.002

Heat treatment condition
D4-1 D7-1:1100°C2h W. Q.—~700°C 0.3h W. Q.
D4-2 D7-2:1100°C 2h W. Q—~700°C 0.5h W. Q
7-3:1100°C2h W. Q—~700°C 3h W. Q.
D7-4:1100°C2h W. Q.—~700°C 10 h W. Q.
D4-5 D7-5:1100°C 2h W. Q.—+800°C 0.3h W. Q.
D7-6:1100°C 2h W. Q.—~800°C 0.5h W. Q.
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: Beaker (500 ml)

: Cover

: Inert gas induction tube

: Tube stopper

: Platinum wire (anode)

: Salt bridge

: Sample and capillary holder
: Tube stopper

:-Luggin capillary

10 : Platinum wire (cathode)

11 : Electrolyte

12 : Sample

13 : Sample holder

14 : Platinum plate (cathode)
15 : Platinum plate (anode)

16 : Saturated potassium chloride solution
17 : Reference electrode

Fig. 1. Schematic diagram of electrolytic cell.
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Electropolish : Electrolyte 40% NaOH
Photo. 1. Optical micrograph of duplex stainless
steel. ’
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Sample : D4-6
Fig. 2. X-ray diffraction pattern of the residues
extracted by 1%HA electrolysis.

Table 2. Effect of brushing on the extraction of
residues.

Amount 9f Amount of residues (mg) 2 | @+03)
Sample electrolysis Ultrasonic | p. 4. (1) | (1)+(3)
(mg) cleaning | PTUSTME |5 100] %100
(1) (2) (3)

220.5 31.5 0 14.3] 14.3

D7-5 234.1 32.2 0 13.8| 13.8
235.4 32.8 0 13.9| 13.9

264.3 53.9 8.5 20.4 | 22.9

D4-8 265.2 49.9 9.2 18.87 21.5
262.8 53.1 7.0 20.2 | 22.3

234.9 25.1 100.2 10.7 | 37.4

D7-7 240.7 et 31.6 98.4 13.1| 38.3
243.1 35.0 95.0 14.4| 38.5

* Amount of electrolysis = The weight before electrolysis — The
weight after ultrasonic cleaning
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Fig. 3. Relationship between the time for halogen
methanol treatment and the amount of residues.
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Fig. 4. Influence of current density on extraction
of residues.
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Fig. 6. X-ray diffraction pattern of the residues.
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Yeighing(1) Yeighing(6)

Potentiostatic electrolysis Galvanostatic electrolysis

electrolyte: 1¥HCI1-10%AA- electrolyte: 10%TMAC-10%AA

methanol amount of elect- -methanol amount of elect-
rolysis: 0.2~0.3g rolysis : 1g

[ Ultrasonic cleaning | [ Ultrasonic cleanigl

| |
|

Yasher and ¥asher and
electrolyte electrolyte
| Neighing(2) | Yeighing(7)
Filtration Filtration
0.2u47mm ¢ nuclepore 0.2u447nm @ nuclepore filter
filter
| Cleaning Yeighing(8)
Residues by methanol
Yeighing(3) HNO320m1+H2S045m1+HC10.5m!

l

addition
Dissolution
10%Br.-methanol 40ml

Yeighing(4)
at 60°C lhr

[ [ 100m1 dilution |

Filtration

0.2u47mm & nuclepore filter [.C.P.(9)

Filtrate

HCI(1+1)20ml H,0,2ml 11.020ml
addition

[ Dissolution at 50~60°C |

[HCI(1+1)5n1 addition |

[ 100m1 dilution |

|

AA : acetylacetone TMAC : tetramethylammoniumchloride

The amount of precipitates = [ (3)+{ (2)-(4) } J=[ ( (1D-(2) }+{ (2)-(4) } Ix100Cwt% (A
The amount of precipitates except o -phase = (8)+ { (6)-(7) } X100 (wt%) (B)
The amount of o -phase = (A)-(B) (wt%) «©
The chemical composition of o -phase = (5)

The chemical composition of carbides and nitrides = (9)

‘Fig. 7. Analytical procedure for the o-phase, carbides, and nitrides.
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Table 3. The amount of residues by electrolytic
extraction.
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Fig. 8. Relationship between the amount of

o-phase, carbides and nitrides and aging time and

temperature.
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Table 4. Analytical results of this method.
The amount of precipitates (wt%) The chemical composition (wt%)
Sample
Precipitates z Tp—1 Fe -Cr Ni Mn Mo
D4-8 o -phase 21.76 0.658 59.37 30.76 2.53 1.26 6.08
Others 0.62 0.032 17.40 71.55 tr. 3.87 7.18
D7-7 o -phase 37.12 0.956 54.85 34.76 4.06 1.36 4.97
Others 0.82 0.035 12.99 79.10 tr. 3.96 3.95
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Fig. 10. Influence of aging time on chemical com-
position of o-phase (D4).
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