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ABSTRACT OF THE DISCLOSURE 

A method of handling crevice-corrosion-inducing ha 
lide solutions such as sea water that involves containing 
the solution in a structure having a solution-contacting 
surface of an alloy of titanium with at least one of nickel, 
cobalt or molybdenum. The nickel, cobalt and molyb 
denum are present in amounts of up to 5.0% nickel, at 
least about 0.3% cobalt and at least about 2.0% molyb 
denum. 

This application is a continuation-in-part of application 
‘Ser. No. 561,391, ?led June 29, 1966, now abandoned. 

This invention relates to the containment of halide 
solutions which induce crevice corrosion of unalloyed 
titanium and titanium alloys. The term “unalloyed titani 
um” as used herein refers to commercially pure titanium. 
The term “crevice corrosion" as used herein refers to cor 
rosion between two metal surfaces such as a lap joint 
or between a metal and non-metal such as a Te?on 
gasketing material, or to corrosion which results from 
contact with a stagnant pool of solution. 

There is a signi?cant material problem with respect to 
the containment of halide-containing solution. Titanium 
compositions have been proposed for this application; 
however, it has been found that unalloyed titanium and 
titanium alloys, which are normally quite corrosion re 
sistant, are prone to crevice corrosion when in contact 
with certain environments such as sea water, particularly 
at elevated temperatures. This problem is of considerable 
signi?cance in the area of desalination since titanium 
would otherwise be an excellent material for sea water 
containers, tubes and other vessels. Thus, although ti 
tanium has been seriously considered for use in desalina 
tion plants, its susceptibility to crevice corrosion could 
affect its use in desalination plant design. 
We have found through extensive investigation that 

the crevice-corrosion mechanism appears to involve con 
centration cells set up in crevices which cause a current 
?ow or potential difference in adjacent portions of the ti 
tanium. The area undergoing corrosion is made anodic 
and the surrounding area is made cathodic. Because the 
attack is localized, the corrosion is further accelerated by 
the large ratio of cathode-to-anode areas. 
Most titanium alloys have also been found to be prone 

to crevice-corrosion attack with one exception being a 
titanium alloy containing 0.2% palladium. While the 
palladium-containing alloy could be used in the produc 
tion of components for desalination plants, its high cost 
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and the limited availability of palladium renders large 
scale use in this program somewhat impractical. 
The problem of containing halide solutions is further 

complicated by the complete unpredictability of suscepti 
bility to crevice corrosion. Thus, until the present inven 
tion, it has not been known how to satisfactorily contain 
crevice-corrosion-inducing solutions with titanium mate 
rials so as to obtain the physical advantages of titanium 
structures free of the undesirable vulnerability to crevice 
corrosion. 

According to the invention, there is provided a method 
of handling crevice-corrosion-inducing halide solution 
which comprises containing said solution in a structure 
having a solution-contacting surface consisting essentially 
of an alloy of titanium having at least one element from 
the group consisting of nickel, cobalt and molybdenum, 
in amounts of up to about 5.0% nickel, at least about 
0.3% cobalt, and at least about 2.0% molybdenum. Con 
tainers of the type described are capable of passing a 
critical de?nitive test. This test is conducted in a syn 
thetic sea water solution at a temperature of 392° F. and 
measures the corrosion susceptibility over a test period 
of 96 hours. The sea salt solution used in the test is 
ASTM speci?cation N0. D-14l-52. 
We have found that when one or more of the afore 

mentioned elements (nickel, cobalt and molybdenum) are 
incorporated in alloyed and unalloyed titanium in even 
relatively small quantities, they can be rendered fully re 
sistant to crevice corrosion. The complete unpredictability 
of an element’s effect on crevice corrosion resistance is 
dramatically demonstrated by the large number of titani 
um alloys which are found to be susceptible to crevice 
corrosion when subjected to the aforementioned corro 
sion test. 
The crevice corrosion test is performed as follows. 

Test specimens are prepared by Welding a 1-inch by 1 
inch tab of test material to a 1-inch by 2-inch base of test 
material. The welds are made along the outer edge and 
form a metal-to-metal crevice between the tab and base. 
A completed test specimen is prepared by wet polishing 
the bottom surface of the base with 600 grit grinding 
paper. Two specimens are then wired together with titani 
um wire using a Te?on gasket between the two polished 
surfaces. This forms a metal-to-Te?on crevice which is 
more susceptible to crevice corrosion than the metal-to 
metal crevice. 
The completed test specimen is placed in a glass am 

pule, 50 m1. of synthetic sea water, and then the am 
pule is evacuated and sealed 01f. The ampule is then 
placed in an autoclave and heated to the test temperature 
for the desired testing period. After cooling and remov 
ing from the autoclave, the specimens are disassembled 
and examined for crevice corrosion at the metal-to-Te?on 
and metal-to-metal interfaces. The use of two specimens 
sandwiched together yields duplicate results in a single 
test. 
The titanium alloys listed in Table I were all demon 

strated to be susceptible to crevice corrosion in the afore 
mentioned test using the ASTM synthetic sea water solu 
tion at 392° F. and an exposure period of 96 hours. It 
can be seen from an inspection of the alloys that the ele 
ments which normally improve the properties of titanium 
have little or no effect on the resistance of titanium to 
crevice corrosion. Also listed in Table I are other com 
mercial alloys which also showed considerable corrosion 
in the corrosion test. All alloy components are given in 
percentage by weight. 
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TABLE I 

Titanium alloys susceptible to crevice corrosion upon 
exposure in sea Water at 392° F. for 96 hours 

A.—Binary alloys 
Ti—0.2 Ag Ti~2 Ce Ti-l0 Sn 
Ti~2 Al Ti-0.5 Cr Ti~2 Ta 
Ti—4 Al Ti-l O'r Ti-l V 
Ti—8 Al Ti-0.5 C11 Ti-3 V 
Ti-0.01 B Ti-l Cu Ti—0.4 W 
Ti—0.02 B Ti-0.3 Fe Ti-0.2 Y 
Ti-0.05B Ti~1 Fe Ti~1 Y 
Ti-0.1B Ti-l Mn Ti-4 Zr 
Ti—1.5 Cb Ti~8 Mn Ti-10 Zr 
Ti-5 C-b Ti-2 Sn Ti-16 Zr 
Ti—0.5 Ce Ti-6 Sn 

B.-~Other alloys 
Ti—6 Al-4 V T i-4 Al-3 Mo-l V 
Ti-—5 Al—2.5 Sn Ti-6 Al~2 Cb~1 Ta 

In contrast to the above, we have found that, as here 
inbefore discussed, crevice-corrosion-inducing halide solu 
tions may be contained in titanium or titanium alloys 
virtually 100% resistant to crevice corrosion, if they have 
a small but effective amount of nickel, ‘cobalt and molyb 
denum. The results reported in Table II of corrosion tests 
performed as described above but for exposure periods 
of from 96 to 528 hours clearly indicate the improvement 
obtainable by practicing the invention. The improvement 
obtained by the addition of molybdenum to titanium 
alloys, as shown in Table II, is representative of the im 
proved resistance imparted by nickel and cobalt. 

TABLE IL-TITANIUM ALLOYS RESISTANT TO CREVICE 
CORROSION IN SEA WATER 

Temp., Time, 
Alloy ° F. hrs. Remark 

Ti-unalloyed _____________ _. 392 96 Tetal-Me?on interface 
badly corroded. 

Ti-Ni (0.2, 0.4, 0.5, 1, 2 392 96 No corrosion. 
and 5 0 . 

Ti-Ni (0.2, 0.4, 0.5, 1, 2 450 96 Do. 
and 5% . 

Ti-Ni (0.2, 0.4, 0.5, 1, 2 500 96 Do. 
and? ,, . 

'I‘i-Ni (0.1, 0.2, 0.5, 1, 2 450 528 Do. 
and 5 o . 

‘Ti-Ni (0.1, 0.2, 0.5, 1, 2 500 504 Do. 
an 5%). 

Ti-Ni (0.1, 0.2, 0.5, 1, 2 550 504 D0. 
and 5% . 

Ti-(Jo (0.1, 0.2, 0.4, 0.8, 392 96 Metal-Te?on interfaces 
2 and 5%). badly corroded on 

the 'I‘i-0.1 Co and 
Ti-0.2 Co. No corro~ 
sion on other 
specimens. 

Ti-Co (0.2, 0.4, 0.8, 2 450 120 Metal-Te?on interface 
and 5%). badly corroded on 

the Ti—0.2 Co. No 
corrosion on other 
specimens. 

'I‘i-Co (0.2, 0.4, 0.8, 2 500 120 Metal-Te?on interfaces 
and 5%). badly corroded on 

the Ti-(LZ Co and 
Ti-0.4 Co. No corro 
sion on other 
specimens. 

Ti-Mo (1,3 and 6%) ....... ._ 302 96 Metal-Te?on interface 
slightly corroded on 
the Ti-l Mo. No 
corrosion on other 
specimens. 

'1‘i-6Al-2Cb-1 'l‘a __________ _. 392 96 Badly corroded at 
Te?on interface. 

Ti-BAlZCb-l Ta (1% Mo) _ ._ 302 96 Very slightly corroded 
at Te?on interface. 

Ti-6Al-20b-1 Ta (2% Mo) _ - 392 96 No corrosion. 
Ti-6Al~3Cb _______________ .. 392 96 Badly corroded at 

Te?on interface. 
THEM-30b (1% Mo) ______ _. 392 96 No corrosion. 
Ti-GAl-BCb (2% Mo) ______ _ - 392 06 Do. 
Ti-7Al-2Cb-1 Ta (1% Mo) - _ 392 06 Very slightly corroded 

at Te?on interface. 
Ti-7A1-2Cb-1 Ta (2% Mo) _ - 392 96 No corrosion. 
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As can be seen from Table II, nickel additions of up 

to 5% all suppressed the crevice corrosion of unalloyed 
titanium to the point where no corrosion was observed. 
This is in contrast to specimens of unalloyed titanium 
which were badly corroded at the test specimen surface 
under the same minimum test condition of temperature 
and exposure time. 

Evaluation of the addition of cobalt to unalloyed titan 
ium showed that at least about 0.3% cobalt would be 
necessary to fully preclude corrosion under the test condi 
tions since additions of 0.1 to 0.2% cobalt still resulted 
in badly corroded specimens. As the temperature of the 
corrosive environment increases, somewhat larger 
amounts of cobalt are needed to prevent corrosion under 
these test conditions. 
The molybdenum addition to unalloyed titanium must 

be made in somewhat larger quantities to prevent crevice 
corrosion. As the results in Table II show, some slight 
corrosion of the test specimen occurs with 1% mobyb 
denum addition, whereas the addition of 3% or more 
shows no evidence of corrosion. At least about 2% 
molybdenum would be used to prevent crevice corrosion. 

In a similar manner, additions of nickel, cobalt and 
molybdenum improve the resistance of titanium alloys to 
crevice corrosion. Some alloys may require larger quan 
tities of the additive. However, as can be seen, it is possi 
ble to considerably increase the usefulness of titanium 
alloys by practicing our invention. 

Although, as has been shown, nickel, cobalt and 
molybdenum all suppress crevice corrosion, it is presently 
preferred to use nickel, particularly with unalloyed titan 
ium. Very small amounts of nickel can provide complete 
corrosion protection, thus allowing the use of material 
with mechanical properties very similar to those of un 
alloyed titanium. The ductility and forma-bility, therefore, 
would readily permit the manufacture of this material 
into tubes and other components using the same proce 
dure as that used with unalloyed titanium. Tubes and 
other articles made of such materials having improved 
resistance to crevice corrosion may ?nd application in 
many ?elds where they would be exposed to crevice-cor 
rosion-inducing environments such as sea water, wet 
chlorine, etc. It is also apparent that the additives could 
be used to advantage in combination when desired. Thus, 
for example, all three of nickel, cobalt and molybdenum, 
or any two of them together, could be added to improve 
the properties of alloyed or unalloyed titanium. 
We claim: 
1. A method of handling crevice-corrosion-inducing 

halide solution, which method comprises containing said 
solution in a structure having a solution-contacting sur 
face consisting of an alloy of titanium having included 
therein at least one element from the group consisting of 
nickel and cobalt in amounts of up to about 5% nickel 
and about 0.3% to 5% cobalt. 

2. A method according to claim 1 comprising contain 
ing said solution in a structure consisting essentially of an 
alloy of titanium and 0.1 to 5.0% nickel. 

3. A method according to claim 1 wherein said struc 
_ ture has a crevice-corrosion resistance su?icient to fully 
preclude crevice corrosion when exposed to a synthetic 
sea water solution at a temperature of 392° F. for a 
period of 96 hours. 

4. As an article of manufacture, a container or tube 
for handling crevice-corrosion-inducing halide solutions, 
said article having a solution-contacting surface consisting 
of a binary alloy of titanium and one element of the 
group consisting of nickel and cobalt in amounts of up 
to about 5% nickel and about 0.3% to 5% cobalt. 

5. An article as de?ned in claim 4 in which said surface 
consists of a binary alloy of titanium and‘ nickel. 

6. An article as de?ned in claim 4 wherein the corro 
sion resistance of said surface is su?‘icient to fully pre 
clude corrosion when exposed to a synthetic sea water 
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solution at a temperature of 392° F. for a period 07‘ 96 
hours. 

7. An article as de?ned in claim 4 in the form of a 
tube composed of a binary alloy of titanium and nickel. 
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