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Synopsis

Titanium (Ti) exhibits the most reliable corrosion resistance in a chloride solution environment.

However, when environmental temperature and chloride concentration are high, commercially pure Ti (CP-Ti)
sometimes suffers from crevice corrosion. In these cases, Ti-0.12~0.25Pd (JIS Gr.12 or ASTM Gr.7) is recommended as
a corrosion resistant alternative.

In order to develop a cost effective Ti alloy with sufficient crevice corrosion resistance, the effect of a small amount
of Pd alloying addition to Ti was investigated. As a result, it was confirmed that the addition of only 0.05%Pd
substantially improved the crevice corrosion resistance of Ti at temperatures up to 200°C in saturated sodium chloride
solutions.

The mechanism of improvement by Pd alloying was found to be that Pd is deposited on the Ti surface, becoming
enriched as corrosion proceeds. The Pd enriched layer reduces the hydrogen evolution overvoltage, maintaining the Ti
surface under a passivated state. It was also found that 0.3%Co alloying addition to Ti-0.05Pd improved acid corrosion
resistance in boiling hydrochloric acid.

Utilizing the laboratory results, new economical corrosion resistant alloys Ti-0.05Pd and Ti-0.05Pd-0.3Co were
developed. Industrial scale samples of these alloys were trial-produced, and their properties were confirmed to be
satisfactory as expected.

These newly developed Ti-alloys were designated “SMI-ACE” (Sumitomo Metal Ind., Ltd. - Anti Corrosion and
Economical) and over 150MT has already been produced for use worldwide in chemical plants and similar situations.
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Fig.1 Effect of Pd and Co addition on crevice corrosion

resistance property of Ti in chloride solution at
elevated temperature (NaCl 4.3M/L, pH = 2 423K,
1800ks, PTFE crevice, air-saturated)
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Table 1 Specification of SMI-ACE (sheet)
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ST40P 2167 275~412 =27
"ST50P =216 343~510 223
ST50PC 2216 343~510 223
ST70PC 2343 481~618 =18

Ti-0.05Pd

SMI-ACE
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Fig.2 Crevice corrosion test results of SMI-ACE (40P, 50PC)

and other conventional Ti-alloys
(NaCl 4.3M/L, 423K, air-saturated, 1 800ks, PTFE)
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Table 2 Bendability of SMI-ACE (ST40P, ST50PC)

Bending R (T ! thickness)
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JIS Class 2 ) O @) i)
ASTM Gr. 12(Ti-0.8Ni-0.3Co) O O Py X

(O No crack, A ! Small crack, x : Cracked
Bending R according to JIS 1, 22T, JIS: 3T
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Table 3 Deformability of SMI-ACE welded
tube (ST50PC)

Flattening test* good
Flaring test* good
U-bend test** good

* : Tested in accordance with JIS H 4631
*+ : Bending R : twice of tube diameter
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Fig.8 Appearance of test specimens of CP-Ti and SMI-ACE
welded tubes after crevice corrosion test
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Table 4 Typical condition for SMI-ACE in service
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Sea water (90°C)
Salt manufacture | Concentrated brine (90~110°C)

Refinery Moistured gas containing small amount of Cl (110°C)

$55% SMI-ACE OMHEBEREEE

Table 5 Crevice corrosion resistance of SMI-ACE

309%NaCl (cohtaining crystal salt), 100°C O
31%FeCl, (pH =-0.5), 90°C O
O
O

40%CaCl, (pH =9.5), 100°C
109%NH,Cl{pH =4.5), 100°C
O : No corrosion, A Slightly corroded, X : Heavily corroded
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Table 6 Registered SMI-ACE in ASTM Specification R i
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Gr. 17(1994)
Gr. 16(1994)

SMI-ACE
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