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Effect of Water Chemistry on the Corrosion of Titanium Alloys
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Abstract

To evaluate the effect of water chemistry on the corrosion of Ti—-Al-Zr alloys, the
long term corrosion tests were performed in static autoclave and recirculating loop
system at 360°C. Corrosion properties with pH and dissolved oxygen (DO) were
evaluated in ammonia aqueous solution. In an early stage of corrosion, the corrosion
rate highly depends on DO in the solution, because the oxide is mainly compose of
anatase which renders the oxygen ions diffuse easily through the oxide layer. But at
a later stage, the anatase transformed into the rutile which prevents oxygen ions
from diffusing through the oxide layer. So the corrosion rate depends on the
properties of oxide layer rather than DO at a later stage of corrosion. The corrosion
rates increase with the pH of the solution by the range of 7.0 ~ 11.13. Although the
first and second transition of the corrosion rate were shown after 90 and 180 days,
respectively, the corrosion resistance of Ti-Al-Zr alloys in the ammonia aqueous
solution was very high.
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Table 1 Experimental condition for corrosion test of SMART materials

Simulated
SMART Remark
Loop System
Temp. (C) 270 - 310 360
Pressure (psi) 2175 2680 - 2750
Dissolved
<5 ppb 30 ppb
Oxygen
Dissolved 25-50 cc/Kg HzO
0.2 ppb
Hydrogen (2.24 - 4.48 ppm)
pH (at 25C) 95 - 106 9.98 ~10 ppm NHj3
Conductivity ~ 220 uS/L
Dissolved
, 0-100 cc/Kg Hy0 -
Nitrogen
Chloride 0 - 0.15 ppm -
Fluoride 0 - 0.15 ppm -

Table 2 Chemical compositions of PT-7M and PT-3V titanium alloys
(wt.%)

Alloy Ti | Al | Zr | V |Fe| Co | ST H | C | O | N

PT-T™ 95.17 | 219 1 2.35|0.05]0.06| 0.15| 10 | 47 | 160 | 40 | 6

PT-3V 93.56 | 4.51 1.63 |0.06 30 | 510 | 825 | 59

* U ppm




5 um

Fig. 1. Bright field TEM image of PT—7M titanium alloys
showing a recrystalization structure with an average grain
size 20 um.
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Fig. 2. TEM/EDS results of precipitates in PT—7M alloys: (a)
a bright—field image (TiFe), (b) selected area diffraction
pattern from precipitation allowed in (a), (c) EDS spectrum
from the precipitation.
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Fig. 3. Corrosion behavior of PT—/M in the pure water and
ammonia aqueous solutions for 600 days.
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Fig. 5. Corrosion behavior of PT—7M in the 360°C ammonia

aqueous solutions of a pH 9.98: (a) in a static autoclave and
(b) recirculating loop system.
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Fig. 6. Corrosion behaviors of PT—/M and PT-3V in the
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system.
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Fig. 7. Variation of surface appearance of PT—7M and PT-3V
with corrosion time at 360°C in the ammonia aqueous solution
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