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Quantitative Analysis of Gémma Prime Phase in Nickel Base Superalloys

Atsushi CHINO and Hideo IwaTA

Synopsis : ,

A rapid and precise method for quantitative analysis of 7’ phase in nickel base superalloys has been
developed by improving of extraction method of the precipitates.

The results obtained are summarized as follows :

(1)The precipitates including 7’ phase are quantitatively and precisely extracted by potentiostatic elec-
trolysis in 1% ammonium sulfate-1% tartaric acid-water or 1% ammonium sulfate-1% citric acid-water elec-
trolyte.

(2)Only the 7" phase adhered to the sample surface after potentiostatic electrolysis can be dissolved by
dipping samples into (14+4)HCI solution at 60°C for 10 minutes.

(3)The amount and chemical composition of 7" phase and other precipitates can be determined respec-
tively by analyzing solution and residues obtained from the above mentioned (2).

(4)The rapidity and precision of this method is excellent compared with the conventional methods which
use filtration or centrifugation for collection of residues.

(5) This method gave instructive informations about precipitation behavior of 7’ phase.
Key words : analysis; 7’ phase; Ni base superalloys; potentiostatic electrolysis.
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Table 1. Chemical composition and heat treatment condition of samples (wt% ).
Sample C Si Mn Fe Ni Cr Co Mo W Al Ti Nb B
A 0.053 0.31 0.32 — 74.3 18.7 — — 0.64 1.39 4.20 — 0.003
B 0.070 — - 0.37 57.3 12.7 15.3 . 6.59 1.48 5.13 2.70 0.43 —
C 0.032 0.008 - 0.09 54.3 18.7 14.9 3.14 1.17 2.48 5.48 - —

B-1C-1:1200°C0.5h
B-2C-2:1200°C0.5h
B-3C-3:1200°C0.5h
B-4 C-4:1200°C 0.5h
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1: Beaker (500ml) 2: Cover 3:Inert gas induction tube 4 :
Tube stopper 5: Platinum wire (anode) 6:Salt bridge 7:
Sample and capillary holder 8:Tube stopper 9 : Luggin
capillary 10 : Platinum wire (cathode) 11 : Electrolyte 12:
Sample 13 : Sample holder 14 : Platinum plate (cathode) 15:
(anode) 16 : Saturated potassium chloride
solution 17 : Reference electrode

Fig. 1. Schematic diagram of electrolytic cell.
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Table 2. Electrolytes studied for extraction of ¥’
phase.

Composition of electrolytes

(1) 1%(NH,)2S04-1% tartaric acid-dist. water
(2) 1% (NH4)2S04-1%citric acid-dist. water
(3) 3% HNO3-2%HC104-methyl alcohol
50
Ng 40#
<
E
< 30F
=
@
c
[<7]
T 20
=
o
S
O {0+
0= : L
800 1000 1200 1400 1600

Potential ( mV vs. Ag/AgCl )
m  1%(NH4)2S0a-1%tartaric acid-dist.water
®  1%(NH4)2804-1%citric acid-dist.water
A 3%HNO3-2%HCIO4-methyl alcohol

Fig. 2. Potential-current density curves of matrix
in three electrolytes.
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Table 3. Comparison of various electrolytes for
the extraction of 7’ phase.

7’ phase (wt%)
Electrolytes
A-1 B-1
1%(NH;)2S04-1 % tartaric acid-dist. water 23.9 46.4
1% (NH;)2S04-1% citric acid-dist. water 23.7 44.8
3%HNO3-2%HC104-methyl alcohol 19.7 40.7
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Electrolyte : 1%(NH4)2SO¢-1%tartaric acid-dist.water

Fig. 3.
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Electrolyte : 1%(NH4)2S04-1%citric acid-dist.water

Influence of electrolytic potential on the extraction amount of 7’ phase.

Table 4. The repeatability of electrolytic extraction of 7’ phase.

Analytical result (wt%)
Sample x 1 C. V(%)
1 2 3 4 5 6
A-1 23.43 24.82 23.79 24.03 24.03 23.51 23.94- 0.502 2.1
B-1 45.69 46.14 46.89 46.68 46.36 46.59 46.39 0.431 0.9
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Sample:A-1

Sample:B- 1

a : Before electrolysis b : After electrolysis c : After ultrasonic cleaning (5min) of b
d : After dipping in (1+4) HCI solution (10 min) of b

Sample surface image before and after electrolysis and after tearing treat-
ments of precipitates.

Photo. 1.

Table 5. Comparison of collecting method of 7’
phase.

Amount of 7’ phase (wt%)
Sample
Filtration HCI dissolution
A-1 21.7 18.0 23.7 24.0
(120 min) (15 min)
B-1 35.7 39.9 46.2 46.4
(180 min) (15 min)
C-1 28.6 24.8 33.8 34.1
(140 min) (15 min)

() : Collecting time
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Fig. 4. X-ray diffraction pattern of residues be-
fore and after (1+4) HCI treatment (sample A-1).
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HCI treatment condition : 60°C 30min.

Fig. 5. The ratio of dissolution of matrix on HCI
dissolution treatment.
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Table 6. The amount of residues except 7’ phase
extracted by electrolysis and HCI dissolution treat-
ment.

The amount of residues except 7’ phase (wt% )
Sample | He) dissolution 10%HCl 10% AA
treatment electrolysis electrolysis
A-1 0.12 0.14 0.15
B-1 0.80 0.42 0.78
C-1 0.21 0.27 0.30
0.3

M Residues by 10%HCl-methanol electrolysis
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traction of residues except 7’ phase.

— 286 —

Influence of HCI concentration on the ex-



=y rVEBEEDO v ok 2019

7, 7V HEBROBOIEEBEARBEDENICE T
KEBBBEEVEALT B2 E» 2 FANHR % Fig. 6
VIR L7288, BRI 2 2 b S ¢ TL Bl e 3R
b= SR B AW AR B L Ch i D RE
ThHIENbhrb.

UEDRR»G, EBRKRERBEL S TAZ LT
Y MU A ERTE DL Z L HHBHL 7.

3-4 WILE9E

U EDEREREIOVHEL L v R ZFoModh
YWOEER CHESTEDOFNE® Fig. 7 (2R L7

Table 7 I2, RFEICEL 5T A-1, B-1 ¥ v #

l Sample ] Waeighing(1)

Potentiostatic electrolysis
1%{(NH4)2S04-1%:tartaric
acid-dist.water

| Dipping in 50ml H20 5min. |
|

Drying under the infrared lamp
10min.
|

| Waighing (2) ]
|

|_Dipping in 50ml (1+4)HCI ]
[

|__Solution |
Filtering

Dissoiution of y at 60°C 10min.
(The ¥ phase adheres to the
surface of the samples )

0.2um 47mmé nuclepore filter

Residues
[ Weighing(4) 1.C.P(5
50mi beaker

HNO320ml+H2SO45mi+
HCIO45ml addition

The amount of ¥ phase (%)
={ (2-(3)-(4) }=-{ (1)-(3) } x 100

The amount of precipitates
except Y phase (%)=(4)<{ (1)-(3) } x 100
The chemical composition of ¥ phase = (5)

Dissolution

100m! addition
1.C.P.(6)

Fig. 7. Analytical procedure for 7’ phase and
other precipitates in nickel base superalloys.

The chemical composition of precipitates
except Y phase = (6)

Table 7. Analytical results of ¥’ phase by this
method.
Chemical composition (wt% )
Sample
Ni Cr Co Mo w Ti Al
A-1 | 77.98  4.41 — - — 14.19  3.40
77.92 4.49 . — — 14.23 3.36
B-1 | 70.67 4.11 882 2.83 1.44 4.8  7.27
70.68 4.04 9.00 2.86 1.31 4.81  7.31

Electrolyte : 1% (NH4)2S04-1% tartaric acid-dist. water
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Fig. 8. Relationship between the amount of ¥
phase and aging time.
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Table 8. Chemical composition of " phase in samples used.
Chemical composition (atomic ratio)
Sample Aging condition 7 (wt%) Ni side (Al, Ti) side

Ni Co Cr Ti Al Cr Mo W
A-1 as cast 24.14 0.723 — 0.027 0.162 0.068 0.020 — —
A-2 900°CX 1h 28.86 0.736 — 0.014 0.161 0.067 0.022 — -
A-3 900°CX 10h 28.85 0.739 — 0.011 0.158 0.066 0.026 - —
A-4 900°C X100 h 29.56 0.738 - 0.012 0.154 0.063 0.033 — —
B-1 as cast 46.75 0.654 0.081 0.015 0.055 0.147 0.028 0.016 0.004
B-2 900°CX 1h 52.11 0.666 0.077 0.007 0.053 0.152 0.027 0.016 0.002
B-3 900°CX 10 h 55.85 0.655 0.078 0.017 0.054 0.154 0.020 0.018 0.004
B-4 900°C X 100 h 54,93 0.658 0.081 0.011 0.052 0.152 0.025 0.018 0.002
C-1 as cast 33.95 0.645 0.069 0.036 0.148 0.088 0.008 0.003 0.002
C-2 900°CX 1h 38.81 0.668 0.058 0.024 0.145 0.093 0.006 0.004 0.002
C-3 900°CX 10h 40.99 0.666 0.061 0.023 0.142 0.091 0.010 0.004 0.003
C-4 900°C X 100 h 41.61 0.664 0.063 0.023 0.139 0.091 0.013 0.004 0.003

Table 9. Partitioning of elements between 7" and y**,

Sample Aging condition Al Ti Co Cr Mo w Ni
A-4 900°CX 100 h W. Q. 1:0.50 1:0.05 — 07:1 - — 1:2.17
B-4 900°CX 100 h W. Q. 1:0.24 1:0.08 0.46:1 0.18:1 0.36:1 1.23:1 1:0.47
C-4 900°C X100 h W. Q. 1:0.32 1:0.08 0.23:1 0.08:1 0.10:1 0.46 : 1 1:0.83

** Concentration of elements in the 7’ compared to those in the 7
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