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ABSTRACT 
 
This paper summarizes the results of a set of experiments that evaluated the corrosion behavior 
of titanium alloys (Grades 7 and 29) under seepage water dripping conditions.  Tests were 
conducted inside a chamber with controlled temperature and relative humidity.  The 
simulated seepage water was dripped on the test specimens at rates of 65 or 80 mL/day 
[2.20 or 2.71 oz/day] depending on the test temperature.  Two batches of tests were conducted:  
the first at 80 °C [176 °F] and 85 percent relative humidity with a dripping rate of 80 mL/day 
[2.71 oz/day] and the second at 95 °C [203 °F] and 75 percent relative humidity with a dripping 
rate of 65 mL/day [2.20 oz/day].  After testing, the posttest specimens were examined with an 
optical microscope and salt deposits were analyzed for chemical composition.  Finally, after 
cleaning the posttest specimens, weight loss was measured to calculate corrosion rates. 
 
The first batch of tests at 80 °C [176 °F] and 85 percent relative humidity for 181 days showed 
that the corrosion rates of the specimens subjected to dripping were in the range of 20–50 nm/yr 
[7.9 × 10−7–2.0 × 10−6 in/yr], similar to the rates reported in the literature obtained from 
immersed conditions in similar water chemistry.  No clear difference was observed between 
Titanium Grades 7 and 29.  The front side surface, which was subjected to direct dripping 
corroded more than the back side, which was not subjected to direct dripping.  The second 
batch of tests at 95 °C [203 °F] and 75 percent relative humidity for 64 days showed that 
the corrosion rates for Titanium Grades 7 and 29 under dripping conditions were 130–380 nm/yr 
[5.12 × 10−6–1.50 × 10−5 in/yr] and 260–530 nm/yr [1.02 × 10−5–2.09 × 10−5 in/yr], respectively—
higher than what was measured from the first batch of tests.  The higher corrosion rates could 
be caused by the shorter test duration and higher test temperature.  No localized corrosion was 
observed on either titanium alloy from the two batches of tests. 
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INTRODUCTION 
 
Geologic waste disposal systems comprise a natural, geological system and an engineered 
barrier system that act together to protect the environment and human health from radionuclide 
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contamination.  The engineered barrier system may comprise a variety of subsystems or 
components, such as the waste form, waste package, buffer, backfill, and seals.  Waste 
package components, such as the outer container and neutron absorbers inside the container, 
are primarily made of metals.  The engineered barrier system metallic components can degrade 
over time and affect the system integrity.  These degradation processes are controlled by the 
types of materials and the specific physical and chemical environment surrounding the container 
at the disposal site.  Programs in the U.S. and other countries, such as Sweden, Canada, and 
Belgium, have performed extensive investigations to characterize and model a broad range of 
degradation processes for a variety of engineered barrier system metals.  These investigations 
have identified important degradation processes, as well as uncertainties that should be 
considered in site-specific performance assessments.   
 
Titanium alloy is one of the proposed corrosion-resistant engineered barrier materials in several 
countries.  Early studies of the waste disposal program in Canada1 proposed to use 
Titanium Grade 2 as the waste container material.  Germany studied the corrosion behavior of 
titanium-palladium alloy in rock-salt media.2  Japan studied Titanium Grade 17 for transuranic 
waste disposal in deep underground.3  In the U.S., Titanium Grades 7 and 29 are the proposed 
drip shield materials for an arid repository.4  Titanium alloys are also candidate materials in 
several other countries including Belgium, Sweden, and the U.K. 5 
 
Dripping tests were conducted to understand how the results may differ from tests conducted in 
the literature, which were performed under immersion conditions.4  The corrosion test conditions 
reported in this study, such as temperature and solution chemistry, are based on conditions 
relevant to an arid repository; however, the titanium alloys are generic materials relevant to 
various geologic disposal systems in national and international programs.  The knowledge and 
insights gained from these studies will help inform consideration of a wide range of disposal 
alternatives. 
 

EXPERIMENTAL METHODS 
 
Two batches of dripping tests were conducted on Titanium Grades 7 and 29 with neutral-type 
seepage water inside a chamber with controlled temperature and relative humidity.  The first 
batch was conducted at 80 °C [176 °F], 85 percent relative humidity, and a dripping rate of 
80 mL/day [2.7 oz/day], and the second batch was conducted at 95 °C [203 °F], 75 percent 
relative humidity, and a dripping rate of 65 mL/day [2.2 oz/day].  Figure 1 shows the modeled 
ranges of temperature and relative humidity versus time in an arid repository.4  Because this 
study originated as an independent analysis of arid conditions, the temperature and relative 
humidity for CNWRA tests were chosen from the earlier period (<2,500 years) after the thermal 
pulse as indicated in Figure 1.   
 
The dripping test setup and examples of test specimens inside the chamber are shown in 
Figure 2.  Titanium Grades 7 and 29 specimens with approximate dimensions of 4 × 4 × 0.6 cm 
[1.6 × 1.6 × 0.2 in] were used in the dripping tests.  Each test specimen was set on a 3.4-cm  
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(a) (b) 

Figure 1:  Range of (a) waste package temperature, and (b) relative humidity 
versus time.4  Note:  The Stars Indicate the test conditions selected for the tests. 

 
 
 

 

Figure 2:  Dripping test setup in a humidity chamber with controlled relative humidity and 
temperature and examples of Titanium Grades 7 and 29 specimens before the tests. The 

dimensions of specimens are approximately 4 × 4 × 0.6 cm [1.6 × 1.6 × 0.2 in]. 
 
[1.3-in] outer diameter polytetrafluoroethylene (PTFE) cylinder spacer.  The PTFE cylinders with 
the test specimens were placed inside a PTFE tray in the chamber.  The top of the dripping 
tubes was located about 10 cm [3.9 in] above the test specimen.  For comparison in each batch 
of tests, one additional coupon for each material without dripping was set in the chamber under 
the same temperature and relative humidity as the reference specimen.  Table 1 shows  
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Table 1:  Chemical composition of neutral-type seepage water 
Ion Na+ K+ Mg2+ Ca2+ Cl− SO4

2− NO3
− HCO3

− CO3
2− 

mol/L  
(M) 

1.5 × 10−2 1.7 × 10−4 4.9 × 10−4 9.9 × 10−4 7.7 × 10−4 7.0 × 10−3 1.5 × 10−3 1.7 × 10−3 1.7 × 10−5 

 
the chemical composition of the neutral-type seepage water used in the dripping test.  During 
dripping, the water was pumped from a reservoir outside of the chamber through PTFE tubing 
into the chamber and allowed to drip on the test specimens.  
 
Titanium Grade 7 is a commercially pure titanium alloy with the addition of a small amount 
of palladium (0.12–0.25 weight percent per ASTM B2656), and Titanium Grade 29 is a titanium 
alloy composed of approximately 6 weight percent aluminum and 4 weight percent vanadium for 
strength, with an extra low interstitial element (oxygen), plus 0.08–0.14 weight percent 
ruthenium for higher corrosion resistance.6  The Titanium Grade 7 is in mill-annealed condition 
with a single α-phase conforming to ASTM B265.6  The Titanium Grade 29 is in the 
β-transformed (final processed above the β-transus temperature) plus subsequently annealed 
condition conforming to ASTM B861.7  Table 2 shows the chemical composition of the 
Titanium Grades 7 and 29 used in the dripping tests.   
 
Weight loss measurement was used to measure the corrosion rate.  After testing, the coupons 
were rinsed with deionized water, ultrasonically cleaned, dried, and weighed.  The coupons 
were observed under a microscope for pitting or other possible corrosion features.  Surface 
deposits and surface oxides were analyzed with energy dispersive x-ray spectroscopy (EDS).  
Afterwards, the coupons were chemically cleaned multiple times using cleaning 
procedures in ASTM G1–038  for guidance.  ASTM G1–038 did not recommend a solution recipe 
to clean titanium.  The recipe used in this work was obtained from that used in the literature for 
Titanium Grade 7.9  The coupons were cleaned for 2 minutes at room temperature in the 
solution prepared by diluting 150 mL [5.07 oz] of concentrated HCl acid (37.0 percent HCl of 
specific gravity of 1.19) with deionized water to 1,000 mL [33.8 oz] of solution.  During each 
cleaning, one new coupon without any corrosion testing, but with the same surface finish as the 
test specimen, was cleaned to serve as a control specimen for the corroded specimen.  After 
each cleaning, the specimen was ultrasonically cleaned in deionized water, then dried 
and weighed. 
 

RESULTS AND DISCUSSION 
 
First Batch of Tests at Temperature of 80 °C [176 °F] and Relative Humidity of 85 Percent 

The first batch of tests was terminated after 181 days.  Figure 3 shows the Titanium Grades 7 
and 29 specimens after 6 months of testing at 80 °C [176 °F] and 85 percent relative humidity.  
The front side subjected to dripping was covered with a layer of white deposits.  The back side, 
outside of the PTFE spacer covered area, was also covered with white deposits, but to a lesser 
extent.  The white deposits strongly adhered to the specimens, and were not removed by 
ultrasonic cleaning in deionized water.  For both Titanium Grades 7 and 29, the EDS in Figure 4 
shows that the white deposits consist of calcium, carbon, oxygen, silicon, sulfur, aluminum, and 
magnesium.  The higher concentration of calcium, carbon, and oxygen suggests that the white 
deposit is primarily CaCO3, deposited from evaporation of the dripping water.  The sulfur and 
magnesium came from the dripping water.  The silicon and aluminum were likely residual 
deposits from the specimen surface preparation process before the test or from trace elements 
in the chemicals used to prepare the dripping solution.  No titanium or aluminum and vanadium 
were detected on the white deposits of Titanium Grade 7 or Grade 29  
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Table 2:  Chemical composition of Titanium Grades 7 and 29 (in weight percent) 
Material Ti* Pd* Fe* C* N* O* H* Al* V* Ru* 
Titanium 
Grade 7 Heat 
CN2775 

Bal. 0.16 0.08 0.01 0.01 0.13 0.001 NA NA NA 

Titanium 
Grade 
29 Heat 
00192DB 

Bal. NA 0.19 0.04 0.006 0.109 0.0021 5.62 4.16 0.10 

*Ti—titanium, Pd—palladium, Fe—iron, C—carbon, N—nitrogen, O—oxygen, H—hydrogen, 
Al—aluminum, V—vanadium, Ru—ruthenium 
 

Specimens Subject to Dripping 
 

 
Front Side 

 

 
Back Side 

 

 
Reference Specimens Without Dripping 

 
Figure 3:  First batch of posttest Titanium Grades 7 and 29 specimens at temperature of 
80 °C [176 °F] and relative humidity of 85 percent.  The specimen size was approximately 

4 × 4 × 0.6 cm3 [1.6 × 1.6 × 0.2 in3]. 
 
specimens, suggesting that the titanium corrosion product dissolved into the deposits was under 
the EDS detection limits. 
 
The EDS of the surface without deposits, depicted in Figure 5, shows that there is a very small 
amount of carbon, magnesium, aluminum, silicon, and calcium deposited on the surface, but the 
main composition is the same as the original specimen prior to testing.  For Titanium Grade 7, 
the palladium on the surface was not detectable by EDS.  The specimen that was not dripped 
on showed a thin, multicolored corrosion layer (yellow, violet, and blue) likely because of optical 
interference colors caused by varying oxide film thickness.  
  
All the specimens were chemically cleaned with HCl solution three times.  Right after immersing 
the specimen in HCl solution, the white deposits dissolved and generated gas, which supports 
the previous assumption that the white deposits are primarily CaCO3.  Figure 6 shows the 
optical photos of the first HCl-cleaned specimens.  Photos showed that thick oxide still remained 
on the surface, and that as summarized in Table 3, the specimen still showed weight gain after 
the test.  After the third cleaning with HCl, the specimens were examined under the microscope 
with higher magnification, which showed consistently (as in Figure 7) that there is more general 
corrosion on the side subjected to dripping as evidenced by a smoother surface compared to

4 cm 
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Element  k-ratio    ZAF   Atom %  Element  Wt % Err. 
(calc.)                                             Wt %   (1-Sigma) 
   
Mg-K    0.0111    2.187    3.92      2.43       +/- 0.12 
Al-K     0.0010    1.757    0.25      0.17        +/- 0.06 
Si-K     0.0081    1.387    1.57      1.12       +/- 0.09 
S -K     0.0049    1.092    0.65      0.53       +/- 0.08 
Ca-K    0.9481    1.010    93.62    95.75     +/- 0.34 
Total                               100.00   100.00 

 
 

Element  k-ratio    ZAF   Atom %  Element  Wt % Err. 
 (calc.)                                            Wt %     (1-Sigma) 
  Mg-K    0.0052   2.207    1.86     1.14        +/- 0.09 
  Al-K      0.0016   1.737    0.40     0.27        +/- 0.04 
  Si-K      0.0054   1.376    1.05     0.75       +/- 0.03 
  S -K      0.0037   1.081    0.49     0.40      +/- 0.07 
  Ca-K    0.9683   1.006     96.20   97.44    +/- 0.29 
  Total                               100.00   100.00 
 

Figure 4:  EDS of the white deposits on the first batch of posttest Titanium Grades 7 and 
29 specimens showing that the white deposits consist of calcium, carbon, oxygen, 

silicon, sulfur, aluminum, and magnesium 
 
more evident polishing scratches at the back side.  Table 3 shows that the Titanium Grade 7 
control specimen had negligible weight change, which suggests that the HCl solution cleaning 
does not dissolve the base metal.  However, the Titanium Grade 29 specimen showed some 
weight loss, suggesting the dissolution of the base metal in HCl solution. 
 
There was consistent weight gain after cleaning with HCl solution three times, the specimen 
was further cleaned in boiling 10 percent HNO3 solution for 5 minutes per Covington and 
Schutz.10  After the first cleaning with HNO3, the specimens showed obvious weight loss 
compared to the specimen before the test, and the remaining oxide shown in Figure 6 was  
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Element  k-ratio    ZAF   Atom %  Element  Wt % Err. 
               (calc.)                             Wt %   (1-Sigma) 
  
 Mg-K    0.0007    2.590   0.35      0.18       +/- 0.03 
 Al-K      0.0006   1.925    0.19      0.11      +/- 0.02 
 Si-K      0.0013   1.462    0.33      0.19      +/- 0.02 
 Ca-K     0.0006   0.782    0.06      0.05      +/- 0.02 
 Ti-K      0.9930   1.002   99.08     99.47     +/- 0.25 
 Total                              100.00    100.00     
  

 
 

 

Element  k-ratio  ZAF   Atom %  Element  Wt % Err. 
               (calc.)                             Wt %    (1-Sigma) 
   
Al-K    0.0352   1.870   11.13      6.58        +/- 0.06 
Si-K    0.0011   1.551    0.28       0.17        +/- 0.03 
Ti-K    0.8791   1.014    84.90     89.11      +/- 0.24 
V -K    0.0387   1.029    3.57       3.98        +/- 0.13 
Fe-K   0.0014   1.158    0.13       0.16        +/- 0.04 
 Total                            100.00    100.00             

Figure 5:  EDS of the first batch of posttest Titanium Grades 7 and 29 specimen surface 
without visible deposits showing the main constituent to be elemental titanium for 

Titanium Grade 7 and titanium, aluminum, and vanadium for Titanium Grade 29. 
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Figure 6:  Images of the first batch of posttest specimens after being cleaned with 

HCl solution showing that all the white deposits were cleaned, but the 
oxide remained 

 

 
Ti 7-1 Front Side Subject to Dripping Ti 7-1 Back Side 

 
Ti 29-1 Front Side Subject to Dripping Ti 29-1 Back Side 

Figure 7:  Surface of some of the third HCl cleaned posttest titanium specimens showing 
that the dripping side was corroded uniformly and the polishing scratches were 
smoothed out.  However, there was less general corrosion at the back side as 

evidenced by the polishing scratches (scale bar is not available because of the limitation 
of the system). 
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Table 3:  First batch sample weight before and after test at temperature of 80 °C [176 °F] and relative 
humidity of 85 percent 

Sample 
Identification 

Ti 7-1 Ti 7-2 Ti 7-3  
Without 
Dripping 

Ti 7-4 
(Control) 

Ti 29-1 Ti 29-2 Ti 29-3 
Without 
Dripping 

Ti 29-4 
(Control) Subject to Dripping Subject to Dripping 

Initial 
weight, g 

43.85001 42.33159 43.11402 42.58403 52.63078 53.48684 53.57979 34.33493

Posttest 
weight 
before acid 
cleaning, g 

44.05787 42.57674 43.11535 N/A 52.83661 53.68799 53.57991 N/A 

Weight gain 
after test, g 

0.20786 0.24515 0.00133 N/A 0.20583 0.20115 0.00012 N/A 

First HCl 
cleaning  

43.85039 42.33199 43.11437 42.58402 52.63115 53.48718 53.57983 34.33492

Second HCl 
cleaning 

43.85037 42.33199 43.11429 42.58403 52.63113 53.48712 53.57982 34.33502

Third HCl 
cleaning 

43.85021 42.33188 43.11428 42.58403 52.63099 53.48697 53.57986 34.33475

First HNO3 
cleaning 

43.84963 42.33132 43.11335 42.58380 52.63055 53.48649 53.57963 34.33472

Second 
HNO3 
cleaning 

43.84965 42.33135 43.11329 42.58370 52.63046 53.48629 53.57954 34.33449

Weight 
loss, g 

0.00038 0.00027 0.00067 N/A 0.00023 0.00035 0.00016 N/A 

Corrosion 
rate, nm/yr 

49.5 35.9 69.9 N/A 28.7 43.7 15.9 N/A 

 
cleaned away as shown in Figure 8.  However, the Titanium Grade 7 control specimen also 
showed weight loss of about 0.2 mg [7 × 10−6 oz], which suggests that the HNO3 solution 
slightly dissolved some base metals in addition to the corrosion products.  Compared to 
Titanium Grade 7, the Titanium Grade 29 control specimen showed minimal weight change.  All 
the specimens were further cleaned with HNO3 solution and showed very little weight change.  
 
Because further HNO3 cleaning led to metal dissolution indicated by the control specimen, the 
weight loss used to calculate the corrosion rate was determined from the difference in the 
weight of the specimen before the test and after the first HNO3 cleaning.  The weight loss was 
not corrected by cleaning as recommended by ASTM G1–03,8 although some weight loss was 
observed on the control specimens for the following reasons:  
  
• The oxide film on the tested specimen was aged and thickened in the humidity chamber 

as indicated by the color change, while the oxide film on the control specimen was fresh 
and thin, possibly resulting in more dissolution of the control specimen in HCl.  A simple 
correction by adding the weight loss from the control specimen to the weight loss of 
tested specimen may underestimate the actual weight loss of the test specimen. 
 

The corrosion rate calculated from weight loss without correction is more conservative.   
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Titanium Grade 7 Front Side 
 

 
Titanium Grade 29 Front Side 

Titanium Grade 7 Back Side 
 

 
Titanium Grade 29 Back Side 

Figure 8:  Optical photographs of specimens after first HNO3 solution cleaning showing 
that most of the corrosion products were cleaned 

 
The corrosion rate was calculated using Equation 1   
 

Corrosion Rate [nm/yr] = (8.76 × 1010 × ∆w) / (ρ × A × t)    (1) 
 
where ∆w is weight loss (g), ρ is material density, A is exposed surface area, and t is exposed 
time (hours).  For the specimens subject to dripping, the surface area is the entire surface area 
excluding the area covered by the PTFE cylinder.  The material densities used for the 
calculation are 4.5 g/cm3 [0.16 lb/in3] for Titanium Grade 7 and 4.4 g/cm3 [0.16 lb/in3] for 
Titanium Grade 29.  For the specimens subjected to dripping, the corrosion rates were in the 
range of 20–50 nm/yr  [7.9 × 10−7–2.0 × 10−6 in/yr], similar to those observed in literature data.4  
This suggests that the corrosion rate obtained from the current dripping condition is comparable 
to what Sandia National Laboratories4 obtained from immersion conditions.   
 
The Titanium Grade 7 specimen without dripping showed the highest corrosion rate, and the 
surface was covered by a colored surface film.  This could suggest that dry oxidation without 
deposits from dripping water covering the surface could lead to higher corrosion rates than the 
specimens subject to dripping. 
 
After the removal of white deposits with HCl solution, the specimens were examined with a 
microscope along with the control specimen.  For the tested specimens, there were some 
localized features protruding on the surface that persisted through the cleaning process.  Similar 
features were shown on the control specimens.  Figure 9 showed several examples of the 
localized features.  Both the tested and untested specimens showed similar features and these 
features were protruding from the surface. Therefore, these features are not pits or any other 
localized corrosion form generated from the dripping process, but are features of the material in 
the as-received condition.  They are considered to be artifacts of the manufacturing process or 
from the surface preparing process. 
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Ti 7-1 Front Side Subject to Dripping 

 
Ti 29-1 Front Side Subject to Dripping 

Ti 7-4 Untested Specimen 

 
Ti 29-4 Untested Specimen 

Figure 9:  Optical photographs of second HNO3-cleaned tested and untested specimens 
showing that the dripping test specimens had similar features as the untested control 
specimens.  The imperfections shown on the posttest specimens likely existed before 

the test and did not result from the corrosion process. 
 

Second Batch of Tests at a Temperature of 95 °C [203 °F] and Relative Humidity of 
75 Percent 
 
The second batch of tests was terminated after 64 days.  Figure 10 shows the posttest 
specimens. The specimens subject to dripping were covered with white deposits.  EDS showed 
that the chemical composition is similar to that from the first batch of tests.  The specimens 
without dripping showed some stains on the surface.  Table 4 summarizes the weights before 
and after the test, the weight loss, and corrosion rates.  All the specimens showed weight gain 
after the test because of the deposits and scales that formed on the surface.  After the first HCl 
cleaning, all the specimens subject to dripping still showed weight gain compared to the original 
weights, while the specimens without dripping showed weight loss.  All the specimens were 
examined under a microscope.  No localized corrosion was observed.  After the second HCl 
cleaning, all the specimens showed weight loss compared to the original weight.  It appears that 
the scales from the second batch of tests were easier to clean, possibly because of the shorter 
test duration.  Because the control specimen consistently showed weight loss during cleaning, 
the weight loss of the tested specimens was calculated based on the weight after the second 
HCl cleaning.  This was compared to the original weight without correcting it for cleaning for 
reasons stated for the first batch of tests.  The corrosion rates were calculated based 
on Equation 1 and are shown in Table 4.  The corrosion rates for Titanium Grades 7 and 29  
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Subject to Dripping 

 
Subject to Dripping 

 
Without Dripping 

 

 
Without Dripping 

(a) Titanium Grade 7 (b) Titanium Grade 29 

 

Figure 10:  Second batch of posttest (a) Titanium Grade 7 and (b) Titanium Grade 29 
specimens at temperature of 95 °C [203 °F] and relative humidity of 75 percent 

 
 
 
Table 4:  Second batch sample weight before and after tests at temperature of 95 °C [203 °F] and 

relative humidity of 75 percent 

Samples 

Titanium Grade 7 Titanium Grade 29 

Subject to Dripping 
Without 
Dripping Subject to Dripping 

Without 
Dripping 

Initial 
weight, g 

42.97176 42.36883 42.63832 42.62994 53.31863 33.63283 34.32682 34.14560

Posttest 
weight 
before acid 
cleaning, g 

43.02630 42.40567 42.73694 42.63050 53.34756 33.66642 34.43903 34.14598

Weight 
gain after 
test, g 

0.05454 0.03684 0.09862 0.00056 0.02893 0.03359 0.11221 0.00038 

First HCl 
cleaning  

42.97266 42.37071 42.63862 42.62974 53.31882 33.63344 34.32722 34.14561

Second 
HCl 
cleaning 

42.97075 42.36847 42.63741 42.62832 53.31715 33.63197 34.32613 34.14311

Weight 
loss, g 

0.00101 0.00036 0.00091 0.00162 0.00148 0.00086 0.00069 0.00249 

Corrosion 
rate, nm/yr 

372 133 336 473 521 333 267 755 
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under dripping were 130–380 nm/yr [5.12 × 10−6–1.50 × 10−5 in/yr] and 260–530 nm/yr  
[1.02 × 10−5–2.09 × 10−5 in/yr], respectively—higher than what was measured in the first batch 
of tests.  The higher corrosion rates could be caused by the shorter test duration and higher 
test temperature because corrosion rate tends to decrease with time and increase with 
temperature.  The specimens without dripping showed the highest corrosion rate.  Similar to 
what was obtained from the first batch, dry oxidation without deposits from dripping water 
covering the surface could lead to higher corrosion rates than that of the specimens subject to 
dripping. 
 

SUMMARY 
 
In this work, the corrosion behavior of Titanium Grades 7 and 29 was evaluated under seepage 
water dripping conditions.  Two batches of tests were conducted.   
 
• The first batch of tests at 80 °C [176 °F] and 85 percent relative humidity for 181 days 

showed that the corrosion rates of the specimens subjected to dripping were in the 
range of 20–50 nm/yr [7.9 × 10−7–2.0 × 10−6 in/yr], similar to data obtained from 
immersion tests in the literature.  No statistically significant difference in corrosion rate 
and corrosion feature was observed between Titanium Grades 7 and 29. The front side, 
which was subjected to direct dripping, corroded more than the back side, which was not 
subjected to direct dripping.   

 
• The second batch of tests at 95 °C [203 °F] and 75 percent relative humidity for 

64 days showed that the corrosion rates for Titanium Grades 7 and 29 under 
dripping were 130–380 nm/yr [5.12 × 10−6–1.50 × 10−5 in/yr] and 260–530 nm/yr 
[1.02 × 10−5–2.09 × 10−5 in/yr], respectively—higher than what was measured from the 
first batch of tests.  The higher corrosion rates could have been caused by the shorter 
test duration and higher test temperature because the corrosion rate tends to decrease 
with time and increase with temperature.   
 

• No localized corrosion was observed on either material from the two batches of tests. 
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