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SUMMARY 

Autoclave testing, utilizing modified Huey procedures, under 
conditions simulating those anticipated in removing H„S from geothermal 
steam by scrubbing with CuSO, has shown that the higher austenitic stain­
less steels will be generally useful materials of construction if con­
ditions leading to crevice corrosion can be avoided. 

It is recommended that the scrubbing column and trim for the 100M 
PPH field test facility be constructed of C20Cb3 and C20 alloys insofar 
as possible, and that titanium, which is passive under all conditions 
tested, be considered as a back up material. 

In the presence of (NH,)2SO, at the expected levels of concentra­
tion (50-100 g/JQ and controlled acidities (H-SO, < 30 g/Jl) a concentration 
of 1-2 g/£. of copper is sufficient to passivate austenitic stainless 
steels in the "bare metal" state. While little evidence has been seen of 
stress or weld corrosion or pitting attack, all alloys tested were sub­
ject to crevice corrosion, probably due to local depletion of the solution 
copper content. The order of passivity of the alloys tested under simulated 
process compositions is: 

Ti » EB26-1 > C20Cb3 'v UHB904L > T330 ̂  T310 > T304 ̂  T316 

These results were confirmed in field test work on an 8" scrubbing column 
system on real geothermal steams. In general, the wrought alloys appear 
to show superior resistance to the comparable cast version. 

Continuous on-line monitoring of the corrosion rate in an opera­
ting system with a current measuring instrument (Magna Corporation's 
Corrator®, Petrolite Corporation's Corrosion Rate Instruments) will not 
be feasible due to the cupric/cuprous redox reaction occurring in parallel 
with the metal dissolution reaction. The use of a resistance measuring 
instrument (Magna's Corrosimeter®) would be possible, however. 
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OBJECTIVES 

Preliminary autoclave testing in synthetic solutions under simulated 
scrubbing conditions had demonstrated that austenitic stainless steels 
showed promise as generally useful materials of construction, although 
they could be activated and corrode rapidly under some conditions. There 
is an obvious economic advantage to the use of stainless steel vis-a-vis 
titanium, which is known to be passive, particularly in trim components 
such as pumps and valves. 

The objective of this task is to verify the suitability of austenitic 
stainless steel under a wide range of operating conditions and for forms 
which would be utilized in the construction of process equipment. This 
would entail testing a variety of solution compositions and alloy types 
and for testing alloys in the plain, stressed, and welded states as well 
as testing for galvanic and crevice corrosion and for wrought and castable 
alloys. 

The limits of utility of various alloys was to be defined in terms 
of maximum allowable acidity or chloride or minimum allowable copper 
contents for manageable corrosion rates for the bare metal, stressed, 
welded, creviced, and galvanically coupled states. Potentiostatic and 
corrosimeter probe testing would be used to supplement the results of 
coupon immersion testing. 

TEST PLAN 

The corrosion rates of commercially available austenitic stainless 
steels under simulated scrubber conditions were to be determined by pene­
tration rates calculated from weight loss measurements on test coupons. 

A variety of alloys was to be tested, and mill test reports were 
to be obtained for each so that exact compositions would be known. The 
coupons would be immersed to varying degrees to test for interface corro­
sion, and welded and stressed (bent) coupons would be tested. Galvanic 
couples would be formed with dissimilar alloys and crevices would be created 
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between coupons by bolting them together with and without gasketing 
material. 

While the temperature and pressure of the test would be limited to 
a nominal 175°C, 115 psig, test solution compositions would be varied over 
wide range of copper contents (0.5-5 g/l), acidities (4-42 g/2. H_S0,), 
pH's (derived from varying (NH.) SO, contents from 50-200 g/it), and 
chloride contents (0-25 ppm Cl~). In addition to weight loss (penetra­
tion rate), the corrosion mechanism was to be determined visually and 
metallographic examination would be carried out as required. 

Limited potentiostatic testing would be carried out at process 
conditions in addition to the coupon testing to determine the relative 
passivities of the alloys tested in the absence of the cupric ion. Also, 
the use of commercially available corrosion monitoring instruments would 
be evaluated in this system in an attempt to obtain back up or alternative 
data to supplement the results of coupon testing and to determine their 
suitability for use as a direct readout field analytical and control 
instrument. 

EQUIPMENT, PROCEDURES, AND ANALYTICAL TECHNIQUES 

Coupon testing was carried out in stirred and unstirred autoclaves 
and in the laboratory (4" dia) scrubber on simulated fluids and in the 
8" dia field scrubbing unit during a test on geothermal steam. Potentio­
static testing was carried out in an unstirred autoclave on simulated (but 
copper free) fluids while tests with commercially available corrosion 
monitoring instruments were carried out on both the laboratory and field 
scrubbing units. 

Coupon Testing 

Coupon testing was carried out as a modified Huey test according to 
procedures specified in NACE Standard TM 02-70, "Laboratory Corrosion 
Testing of Metals on the Process Industries". Generally, however, the 
tests were of shorter duration than recommended in an attempt to cover 
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as wide a variety of samples and conditions as possible in a limited time. 
2 Occasionally, more coupon surface than recommended,(125 ml/in.) was exposed 

as well. 
The coupons were inserted in about one litre of test solution which 

was contained in a two litre glass liner fitted inside two litre Parr 
autoclaves, Model No. 4522. The autoclaves were equipped with pressure 
gauges and one was fitted with a thermowell, agitator, and sample tube. 
A thermocouple was inserted in the thermowell to measure and control the 
temperature in the autoclave by varying the heat input to an electrically 
heated jacket. A six bladed turbine agitator was used in the stirred 
autoclave, with the speed controlled, as desired, from 0-600 rpm. The 
temperature (pressure) in the unstirred autoclave was controlled by varying 
the Variac setting to control voltage input to heating tapes wrapped around 
the autoclave. Generally, the stirred autoclave was used for short term 
tests (< 72'hrs) because of the difficulty of maintaining a shaft seal 
under the conditions run while the unstirred autoclave was used for longer 
tests. ^ 

For testing in the 4" laboratory and 8" field scrubbing units, the 
coupons were mounted directly on test racks and inserted in the column 
sumps. 

Test coupons of certified composition were obtained either directly 
from the alloy manufacturers or from Corrosion Test Supplies Co. The coupons 
used were generally 1/2" x 3" x 1/16" or 1/8" thick, 1" x 2" x 1/8" thick, 
or were disks of about 1-1/2" dia x 1/4" thick. The composition of all 
alloys tested is summarized in Table I. Since, in general, the test coupons 
were used more than once, they were inspected visually and their condition 
and test history noted prior to each test. The dimensions and state of the 
coupon (plain, welded, stressed, etc.) were noted and they were weighed on 
an analytical balance, along with a "blank" sample, to within ± 01. mg. 
Crevice or galvanically coupled specimens were then prepared if required 
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Table I 

Composition of Alloys Tested 

Alloy 
304 
304 
304 
304 
304L 
304L 
304L 
304L 
316 
316 
316 
316 
316L 
316L 
316L 
316L 
310 
310 
310 
330 
330 
C20Cb3 
D20 
IS0-20 
Worthite^ ' 
UHB904L(1) 
EB26-1 
Tl 
Ti 

Sample 
No. 
1-6 
11-17 
7-10 
18-20 
1-6 
11-17 
7-10 
18-20 
1-6 

• 11-17 
7-10 
18-20 
1-6 
11-17 
7-10 
18-20 
1-3 
4-8 
9-10 
1-3 
4-6 
(all) 
(all) 
(all) 

(all) 
(all) 
1 
2 

C 
.062 
.05 
.055 
.07 
.025 
.024 
.014 
.026 
.018 
.067 
.059 
.050 
.009 
.022 
.030 
.020 
.042 
.069 
.054 
.04 
.04 
.03 
.043 
.06 

<-07 
<.02 
<.0010 
.014 
.012 

Mn 
1.63 
1.45 
1.71 
1.78 
1.73 
1.83 
1.64 
1.70 
1.34 
1.65 
1.38 
1.75 
1.60 
1.82 
1.82 
1.56 
1.86 
1.77 
1.64 
1.46 
1.68 
.20 
.75 
.67 

1.75 
.01 

P 
.016 
.026 
.022 
.032 
.020 
.015 
.032 
.019 
.023 
.030 
.028 
.017 
.029 
.014 
.030 
.022 
..022 
.028 
.023 
.013 
.012 
.02 
.024 
.011 

.012 

S 
.007 
.009 
.025 
.004 
.015 
.007 
.013 
.012 
.026 
.017 
.020 
.019 
.011 
.024 
.020 
.014 
.020 
.014 
.011 
.013 
.015 
.002 
.018 
.01? 

.013 

Si 

.53 

.70 

.55 

.55 

.48 

.56 

.53 

.40 

.54 

.46 

.79 

.71 

.45 

.44 

.75 

.54 

.52 

.46 
-69 

1.11 
1.32 
.47 
.93 

.35 

.22 

Hi 
8.23 
9.10 
8.40 
9.05 
10.06 
10.10 
10.30 
10.08 
11.67 
13.31 
12.32 
13ill 
13.07 
13.43 
13.39 
13.60 
19.59 
20.40 
19.84 
35.04 
35.63 
33.08 
28.20 
27.7 
2<t 

.10 

Cr 
18.35 
18.50 
18.34 
18.10 
18.45 
18.38 
18.00 
18.63 
16.84 
16.48 
17.33 
17.63 
17.42 
17.08 
17.60 
17.71 
25.04 
25.30 
24.32 
19.03 
18.08 
19.37 
20.38 
19.9 
20 
20 
25.69 

Mo 

.06 

.11 

.26 

.11 

.19 
2.14 
2.17 
2.63 
2.76 
2.15 
2.54 
2.05 
2.67 
.31 

.20 

2.19 
2.18 
2.05 
3 
4.5 
1.03 

Cu 
.13 

.08 

.22 

.06 

.32 

.13 

.14 

.27 

.39 

.20 

.12 

3.21 
3.23 
3.10 

1.5 
.01 
• 

IL 

.07 

Bal 
Bal 

Co Al Sn 

.34 

.11 

.17 

.26 
.05 .005 

.06 
' 

Others 

Pb .001 

Fe 
.049 
.02 

N 0 H 
.014 .093 .008 
.013 .114 .0030 

Nominal composition. 



and the samples were immersed to the desired extent (completely, half, or 
unimmersed) in the test solution by hanging them with wires looped over 
the top edge of the autoclave's liner. 

Test solutions were made up by dissolving the required amount of 
reagent grade CuSO,-5H20, (NH,) SO,, and H2SO, in distilled water. The 
desired chloride concentration was obtained by adding in the required 
amount of a standard 1000 ppm CI solution prepared from sodium chloride 
and distilled water. The copper content of the solution was checked 
against calibrated standards before and after the tests by spectrophoto­
metry analysis at 825 u. The solution pH's were also measured before 
and after the test with a Corning Model 109 pH meter. 

After the samples had been immersed, the liner was placed inside 
the autoclave, the system closed, and the space above the solution swept 
with nitrogen to purge oxygen while the solution was brought to boiling. 
The flow of nitrogen was shut off when the solution temperature approached 
100°C, but the vent was left open for at least five minutes after a steady 
stream of steam was evolved to insure all inerts had been purged. The vent 
was then closed and the autoclave brought to temperature as rapidly as 
possible. Care was taken, however, to minimize the "overshoot" of the 
control set point by decreasing the rate of heat input as the temperature 
approached 150°C. 

At the conclusion of the test, the autoclave was removed from its 
heat source and quenched by immersion in cold water. The pressure (vacuum) 
in the vapor space above the cooled solution was recorded, and the 'auto­
clave was opened. The level of coupon immersion, the state of the coupons, 
and the appearance of the solution were recorded. The solution copper 
content and pH were then recorded, the coupons were cleaned, inspected 
under a metallograph if they showed evidence of attack, and reweighed. 
Corrosion rate was calculated from the observed weight loss and the known 
coupon density, immersed area, and test duration. 
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Coupon testing carried out in the 4" laboratory and 8" field 
scrubbing columns was conducted in a similar manner, except that the 
specimens were mounted on test racks inserted in the column sumps and 
the solution compositions and test times were dictated by H„S scrubbing 
efficiency test considerations. 

Potentiostatic Testing 

Anodic oxidation behavior is a measure of the passivity of metals, 
and can be related to the metals resistance to corrosion. This method 
has been useH to survey the properties of five alloys under conditions 
of temperature and solutions composition comparable to those expected 
in an integrated process. The samples were potentiostatted at a series 
of potentials anodic of the rest potential. At each of these potentials 
the current was monitored as a function of time. From these data, current 
density potential curves were derived which provide the characterization 
of the metals. 

The test cell was a glass lined two litre autoclave similar to 
that used in coupon testing except that no stirrer was used. The ther­
mocouple well and gas dispersion tube were Teflon coated to prevent 
corrosion since these were immersed in the solution during the experi­
ments and the test solutions contained no copper. 

Three solutions were tested: 

• 2N H2S04 

• 100 g/S. (NH4)2S04, 24 g/£ H2S0 , 5 ppm Cl" 

• 100 g/«, (NH4)2S04, 24 g/J. H2S04 

The solutions were purged for 30 minutes with N„ gas prior to bringing 
the contents of the autoclave to test temperature and pressure. 
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The five alloys tested were: 

• 304 stainless 
• 316 stainless 

■ • 310 stainless 
• C20Cb3 
• E Brite 

Leads were spot welded to the samples and the sample and the 
leads were covered with heat shrinkable Teflon tubing. The one exposed 
face of the sample was then polished. 

For the potentiostatic measurements, a shiny Pt counter electrode 
and a dynamic hydrogen reference electrode (DHE) were used. The potentials 
were set with a potentiostat (Wenking) and the currents were recorded 
with a strip chart recorder. The current was followed until it became 
relatively constant. Typically this required 3 to 10 minutes. 

Corrosion Monitoring Instrumentation Testing 

The use of on­line corrosion measuring instrumentation was evaluated 
in both laboratory and field testing. 

A Magna series 7000 probe with either stainless steel or Carpenter 
20 elements was inserted in the sump of the 4" laboratory columns for 
certain test series. The probe output was read directly, in mills per 
year, on a Magna Model 1120 Corrator. Test coupons were also inserted 
in the sump during these tests so that the instantaneous corrosion rate 
read outs could be checked against the integrated corrosion rate deter­
mined by coupon weight loss measurements. 

The operating principal of this instrument, which measures the 
current (voltage) flow between electrodes for a small potential difference 
(current) is essentially the same as for Petrolite's Model M­212/AA­509 SS­E 
except that a third•element is not used. 
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A Magna Model 2053 Corrosimeter probe with a 40 mill Carpenter 20 
wire element was inserted in the sump of the 8" field test column. The 
probe output (resistance readings) were read on a Magna Model CK­3 

/ ' • • . ■ • • ■ 

Corrosometer. Test coupons were also inserted in the sump during these 
tests so that the corrosion rate derived from probe readings could be 
checked against the integrated corrosion rate determined by coupon weight 
loss measurements. 
TEST RESULTS 

Coupon Testing 

Thirty three coupon test experiments were carried out in seven 
test series in which the coupons were exposed to: 

• Solutions containing varying H«S04 contents at a fixed Cu, . 
(NH,)_S04, Cl~ content. 

• Solutions containing varying (NH,)2S0, contents at a fixed Cu, 
H2S04, Cl~ content. 

o Solutions containing varying Cu contents at a fixed H2S0,, 
(NH4)2S04, Cl~" content. 

• Solutions containing varying CI contents at a fixed Cu, 
H2S0,, (NH,)_S04 content. 

« Solutions as above but in which the coupons were welded or 
stressed. 

• Solutions as above but in which the coupons of dissimilar 
metals were galvanically coupled. 

• Solutions as above but in which the coupons were fastened 
together to form crevices between the flat surfaces. 

The test conditions and results are summarized in Table II. In 
about a third of the tests, conditions were such that significant 
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Table II 

Corrosion Test Log 
Coupon Testing, Closed Autoclave 

Tc?t 
No. 

3 

2 

Sample 
ncalp.natlon 

304-4 
3041.-2 
310-2 
3! 61.-4 

304!.-7 
316-11 
316-18 
316 L-18 

Sample Composition, X 
Nl Cr No 0_thera_ 

0.062 8.23 10.35 0.06 
0.025 JO.06 10.45 0.11 
0.018 11.67 J6.84 2.14 
0.009 11.07 17.42 2.15 

0.014 10.3 18.0 -
0.067 13.31 16.40 2.17 
0.05 13.11 17.63 2.76 
0.02 13.6 17.71 2.67 

3041.-0 0.014 10.3 18.0 -
1H.-4 0.010 11.67 16.84 2.14 
•JI6-I9 0.05 13 . l t 1/.63 2.76 
3161,-19 0.02 13.6 17.71 2.67 

304-4 0.062 0.23 10.35 0.06 
304I.-4 0.025 10.06 18.45 0.11 
316-19 0.05 13.11 17.63 2.76 
316L-4 0.009 13.07 17.42 2.15 

304-4 0.062 0.23 10.35 0.06 
3041-4 0.025 10.06 10.45 0.11 
316-19 0.03 13.11 17.63 2.76 
3161.-4 0.009 13.07 17.42 2.15 

304-4 0.062 8.23 18.35 0.06 
316-19 0.05 13.11 17.63 2.76 
310-1 0.042 19.59 25.04 0.31 
330-1 0.04 35.44 19.03 -
Tl- l 0.01.2 - >99.0 Tt 

KU 26- t - l 0 . 0 1 . 0 .3 26.0 1.0 
max max nom nom 

Sample Sample 
. State Hlotory 
P, 1/2 New 
P, 1/2 
V, 1/2 
P, 1/2 
W, 1/2 New 
S, 1/2 
W, 1/2 
W, 1/2 " 
W, 1/2 New 
P, 1/2 
W, 1/2 
V, 1/2 
P, 1/2 From J 
P, 1/2 
W, 1/2 From 3 
P, 1/2 From 1 
S, 1/2 From 1,4 
T, J From 4 
W, 1/2 From 3,4 
P, 0 From 1,4 

Solution Comp., 
Test Duration 

2 g / i Cu •> 0.4 
ptt 2 •*• 1.7 
100 B/*(NII/i)2S04 
5 ppm Cl~, 24 hr 

2 g / i Cu •► 0.4 
pll 2 * 1.7 
100 c/*(N»/|)2S04 
5 ppm CI", 24 hr 

2 g/« Cu 
ptl 2..10 
100 g/1. (Nil/,)2SO/, 
5 ppm C1­, 63 hr 

2 C./4 <•'" 
pll 2.00 
100 g / i (Nll« )2S0i, 
0 ppm CI", 64 h r 

2 z/l Cu 
pll 2.42 
100. g/ t (Nil* )2S°4 
2 ppm C1­, 62 hr 

Corrosion 
Rate 

4.5 
l.l 

2200 
10.4 

2800 
0.9 

1200 
900 

Comments 

S, 1/2 From 1,4,5 2 g/i Cu 
W, 1/2 From 3,4,5 pit 1.95 
P, 1/2 New 100 g/4 (Nl!« )2S04 
P. 1/2 New 5 ppm C1­, 63 hr 
T, 1/2 New 
P, 1/2 Now 

No effect 
No effect 
Cencrnl metal loss, sulfide film 
No effect 
Gcnernl metal Iocs, sulfide film 
No effect 
Ccncral metal Ions, sulfide film 
Ccnernl metal loos, sulfide film 

4.3 Light staining, spotting 
38.2 Metal Joss above Inter face 
0.0 Light ntnlnlug, spotting 
19.0 Metal loan under dried soildH 
0.4 Llf.ht staining, spotting 
0.4 Light staining, spotting 
0.9 Light staining, spotting 
0.5 Light stalnlnc, spotting 
1.0 Light staining, spotting 
0.4 Light staining, spotting 
2,2 Light staining, spotting 
0 No change 
J.2 Light staining, spotting 
1.0 Light staining, spotting 
0.2 Light spotting nbovc interface 
0.5 Light spotting above interface 

Ltp.ht staining, spotting 
0.1 LIBht upoUlng nliow interface 

Noteni 1 « Completely Immersed, 1/2,■ half immersed, 0 
P « Plain (r.tratghC), W » Welded, S ­ Stressed 
All tents at (nom) 175"C, 115 pnig. 

unimmcrsed 

J 
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Table II (continued) 

Corrosion Test Log 
Coupon Testing, Closed Autoclave 

Test Sample 
No. Designation 

7 310­1 
330­1 
Ti­1 
E026­1­1 

0 C20Cb­l 
C20CM>­2/3 
KH26­1­1 
EIJ26­1­2/3 
Ti­1 

9 304L­8 
316L­4 
310­2 
C?0Ct>­l 
nn?o­i­ l 
Ti­1 

10 304L­0 
316L­4 

310­2 
C20Cb­l 
1 ^ 2 6 ­ 1 ­ 1 

Ti­1 

Sample Composition. 7. Sample Sample 
£ SL £EL i!2. Others State History 

Solution Comp., Corronlon 
Test Duration Hate, MPY 

0.042 19.59 25.04 0.31 P, 1/2 From Test 6 2 g / l Cu *■ 0.05 700 
0.04 35.04 19.03 ­ P, 1/2 " pll 1.00 * 1.26 >3000 
0.012 ­ >99.8 Ti P, 1/2 " 100 g/t(NHA)2S0/i ­

.Olmx .3mx 26 nom 1 nom P, 1/2 " 5 ppm Cl~, 93 hr 21.7 

.03 

.03 
.Olmx 

33.08 19.37 
33.08 19.37 

.3mx 26 nom 
i t i> 

2.19 Cb+Ta.8 
2.19 CWTn.O 
1 nom 

New 

.012 ­

.014 10.3 18. 

.009 13.07 17.42 

.042 19.59 25.04 

.03 33.08 19.37 
.Olmx .3mx 26 nom 
.012 ­ 0 

P, 1/2 
C I " 
r', 1/2 Trom 6,7 
S, C, 1 New 

>99.8 Ti P, 1/2 From 6,7 

2 g / t Cu ­»• 0.1 
pll 1.00 ­v 1.20 
100 g/Z(MII/l)2S0/, 
3 ppm Cl~, 40 hr 

2.15 
0.31 
7.19 Cb+Ta.O 
1 nom 

W . 
r, 
r, 
P. 
p . 

­ >99.8 T i P, 

.014 

.009 

.042 

.03 
■ Olmx 

.012 

10.3 18. 
13.07 17.42 

19.59 25.04 
33.00 19.37 

.3mx 26 nom 

2.15 

0.31 
2.19 Cb+Ta.O 
1 nom 

W, 
P. 

r, 
P. 

r. 

1/2 
1/2 
1/2 
1/2 
1/2 
1/2 

1/2 
1/2 

1/2 
1/2 
1/2 

.Trom 3 2 g / t Cu 
From 1,4,5 pll 1.60 + 1.67 

New 100 g/KNH/r^jSO/, 
From 0 5 ppm Cl~, 00 hr 
From 6,7,0 
From 6,7,0 

>99.8 Ti P, 1/2 

From 3,9 
From 1,4, 

5,9 
From 9 
From 8,9 
From 6,7 , 

8,9 
From 6,7, 

8,9 

2 g/ t Cu + 1.9 
pll 1.26 ■*■ 1.31 

100 g/t(NH4),S0/i 
5 ppm CI", 65 hr 

220 
260 

33.6 
4.9 

4 . 1 
1.5 
0.6 
3.4 
0.4 

4.4 
3.2 

1.7 
5.7 
1.9 

11 C70­1/316­12 . 0 3 / 33.08/ 19.37/ 2.19/ 

C20Cb­2/3 
C20Cb­4 
C20Cb­5 
UP26­1­4 
Ti­1 

.067 13.31 

.03 33.08 

.03 33.08 

.03 33.08 
,Olmx .3mx 
.012 ­

16.48 
19.37 
19.37 
19.37 

2.17 
2.19 Cb+Ta.O 
2.19 Cb+Ta.O 
2.19 Cb+Ta.8 

C, 1 Trom 0,9, 2 g/t Cu * 1.02 5.1/9.6 

26 nom 1 nom 

C 
W, 
S, 
P, 

1 
1/2 
1/2 
1/2 

10/New 
From 8 
New 
New 
New 

pll 1.26 * 1.21 
100 g/t(NIl4),S04 
5 ppm CI", 70 hr 

­ >99.8 Ti P, 1/2 From 6­10 

7.2 
2.4 
1.6 
0.5 
0.3 

Comments 

General loss of metal 
Ccneral loss of metal 
Light staining, spotting 
Light staining 

Dark staining 
Dark ntain, crevice corronlon 
Intergraniilnr corrosion 
No effect 
Light staining 

Light staining 
Light staining 
Light staining, 
Light staining 
No effect 
Light otnlning 

Stain removed 
Stain removed 

Stain removed 
Stain removed 
Light staining 

spotting 

0.7 Light staining 

Light crevice corrosion, 
316­12 
Stain removed v 

Light staining, spotting 
Light staining, spotting 
Light staining, spotting 
Light staining, spotting 

Notes: 1 " Completely immersed, 1/2 ­ half immersed, O ­ unimmerscd, 
P » Plain (otraight), W ­ welded, S ­ ntresond, C - with crevice, 



Table II (continued) 

Corrosion Test Log 
Coupon Testing, Closed Autoclave 

Test Samplo 
No. Designation 

Sample Composition. X 
Ni Cr Mo Others 

to 

12 304L­0 
3J6­12 
C20Cb3­4 
C20Cb3­5 
CU26­1­4 
Ti­1 

13 304L­8 

316­12 
C20Cb3­4 
C20Cb3­5 
CB26­1­4 
Ti­1 

14 

15 

310­2 
C20CL3­4 

C20Cb3­2/5 

KU2G­1­4 

Ti­1 , 

3041.­9 

316­12 

C20Cb3­4 
C20Cb3­5 
EB26­1­4 
Ti­1 

16 1SO­20 

C20Cb3­4 
C20Cb3­2/5 

EB26­1­4 

Ti­1 

.014 

.067 

.03 

.03 

.01 rax 

.012 

.014 

.067 

.03 

.03 

.01 mx 

.012 

.042 

.03 

.03 

.01 mx 

.012 

.014 

.067 

.03 

.03 
.01 mx 
.012 

.06 

.03 

.03 

.01 mx 

.012 

10.3 18. 
13.31 16.48 2.17 
33.08 19.37 2.19 Cb+Ta.8 
33.08 19.37 2.19 Cb+Ta.8 

,3mx 26 nom 1 nom 
­ >99.8 Ti 

10.3 18. 

13.31 16.48*2.17 
33.08 19.37 2.19 Cb+Ta.8 
33.08 19.37 2.19 Cb+Ta.8 

.3mx 26 nom 1 nom 
­ >99.8 Ti 

19.59 25.04 0.31 

33.08 19.37 2.19 Cb+Ta.8 

33.08 19.37 2.19 Cb+Tn.8 

.3mx 26 nom 1 nom 

­ >99.8 Ti 

10.3 10. 

13.31 16.48 2.17 

33.00 19.37 2.19 Cb+Ta.8 
33.08 19.37 2.19 Cb+Ta.8 

.3mx 26 nom 1 nom 
­ >99.8 Ti 

27.7 19.9 2.05 

33.08 19.37 2.19 Cb+Ta.8 
33.08 19.37 2.19 Cb+Ta.8 

.3mx 26 nom 1 nom 

Sample 
State 

W, 1/2 
P, 1/2 
W, 1/2 
S. 1/2 
P. 1/2 
P, 1/2 

W, 1/2 

P, 1/2 
W, 1/2 
S, 1/2 
P, 1/2 
P, 1/2 

P, 1/2 
W, 1/2 

P/S.C, 
1/2 
P. 1/2 

P, 1/2 

W, 1/2 

P. 1/2 

W, 1/2 
S, 1/2 
P, 1/2 
P, 1/2 

P. 1 

V, 1/2 
P/S.C, 
1/2 

P, 1/2 

Sample Solution Comp., 
History Test Duration 

/ 
From 3,9,10 2 g/t Cu ­» 2.07 
From 11 pH 1.05 •► 1.0 
From 11 100 g/KNH/^SO^ 
From 11 5 ppm CI", 40 hr 
From 11 
From 6­11 

From 3,9,10 2 g / t Cu + .09 
12 

From 11,12 pll 1.25 •» 1.20 
From 11,12 200 g/t(NH4)2S04 
From 11,12 5 ppm CI", 62 hr 
From 11,12 
From 6­12 

From 9,10 2 g / t Cu 
From 11,12 pi! 1.17 + 1.11 

13 
From 9­11, 200 g/tCNH^SO^ 

11­13 
From 11,12, 5 ppm Cl~, 62 hr 

13 
From 6­13 

Corrosion 

New 2 g / t Cu •«• .12 

Prom 11,12 pll 1.17 ­v 1.06 
13 

From 11­14 200 g/t(NH4)2S04 
From 11­14 0 ppm Cl~, 86 hr 
From 11­14 
From 6­14 ' 

New 2 g / t Cu + .03 

From 11­15 pH .8 + .98 
From 9­12. 100 g/1 (NIU)2S0A 

11­15 
From 11­15 0 ppm CI", 40 hr 

Rato. MPY 

14.1 
12.6 
2.4 
3.2 
5.8 
2.6 

780 

10.6 
15.9 
­

0.1 
­

Comments 

Light staining 
Light staining 
Light staining 
Light staining 
Light staining 
Light staining 

Cencral loss of 

Light staining, 
Light staining 
Light staining 
Light staining 
Light staining 

metal 

spotting 

>99.8 TI P, 1/2 From 6­15 

1.5 No effect 

3.5 Stain lightened 

5.6 Stain lightened 

2.0 Dark staining 

3.1 Light staining 

26.2 Interface p i t t i n g , 
oulUdc film 

5.1 Light p i t t i n g 
1.7 Light s ta in ing 
2.2 Light s ta in ing 
1.8 Light s ta in ing 

Light s ta in ing 

500 Pitting, general loss 
of motal 

260 Dark staining 
230 Light crevice corrosion 

65.6 Intcrgraunular 
corronlon 

­ Dark staining 

Noteat 1 ­ Completely Immersed, 1/2 ­ half immersed, 0 » unimm ­d. 
P ■ Plain (stroight), U ■ welded, S ■ stressed, C ­ vitL <reviee. 



Table I I (continued) 

u> 

Test 

17 

18 

19 

20 

Sample 
Designation 

316­12 

Durlnet 20 

ISO­20­2 
C20C1O­3 
EB26­1­5 
T i ­ 1 

316­12 

Durlmet 20 
1S0­20­3 
C20Cb3­3 

EB26­1­5 
Ti­1 

Durlmet 20 
C20Cb3­l 

C20Cb3­3 

C20Cb3­2/4 

F.n26­l­5 
Ti­1 

Durlmet 20 
Worthlte 
C20Cb3­2/3 
F.B26­1­0 
E1526­1­6/7 

EB26­1­12 
T l ­ 1 

Snmnle Compooltion, 
C 

.067 

.039 

.06 

.03 
. 01 mx 

.012 

.067 

.039 

.06 

.03 

.01 mx 
.012 

.039 

.03 

.03 

.03 

• 01 mx 
.012 

.039 
,07 mx 

.03 
.01 mx 
,01 mx 

,01 tnx 
.012 

Ni 

13.31 

27.83 

27.7 
33.00 

. 3 mx 

13.31 

27.03 
27.7 
33.00 

.3 mx 

27.83 
33.00 

33.00 

33.00 

.3 wx 

27.03 
24 nom 

33.00 
.3* mx 
■ 3 wx 

. 3 mx 

Cr 

16.40 

19.2 

19.9 
19.37 
26 nom 

16.48 

19.2 
19.9 
19.37 

26 nom 

19.2 
19.37 

19.37 

19.37 

26 nom 

19.2 
20 nom 
19.37 
2G nom 
26 nom 

26 nom 

Corro 
Coupon Te 

X 
Ho Others 

2.17 

2.05 

2.05 
2.19 Cb+Tn.8 
1 nom 

­ >99.0 Ti 

2.17 

2.05 
2:05 
2.19 Cb+Ta.O 

1 nom 
­ >99.0 Ti 

2.05 
2.19 Cb+Tn.8 

2.19 Cb+Ta.O 

2.19 Cb+Ta.O 

1 nom 
­ >99.0 TI 

2.05 
3 nom 
2.19 Cb+To.8 
1 nom 
1 nom 

1 nom 
>99.8 T i 

s ion Test Log 

s t ing, 

Sample 
Sta te 

P, 1/2 

P. 

P, 
P , 
r , 
P, 

r . 
P, 
r , 

P . 
P. 

P, 
P, 

P. 

1 

1 
1/2 
1/2 
1/2 

1/2 

1 
1 
1/2 

1/2 
1/2 

1 
1 

1 

P/W.C, 
1/2 

P, 1/2 
P. 1/2 

Closed Autoclave 

Sample 
History 

From 11­13, 
15 

From Scop­
ing Toots 
Hew 
From 8,11 
New 
From 6­16 

From 11­13, 
15,17 

From 17 
New 
From 8,11, 

17 
From 17 
From 6­17 

From 17,10 
From 0­10, 
rcf inished 
From 0,11 
17,10 
From 9­12 
c. 16,11­16 
From 17,10 
From 6­10 

P, 1 From 17­19 
P, 1 New 
P, C, 1 Seo 19 
P. 1/2 New 
S/T, C, Kew 

i it 

V, 
P, 

1 
1/2 

New 
From 6­19 

Solution Comp., 
Teat Duration 

1 g / l Cu ­v .92 

pll 1.6 * 1.63 

100 g / l (NT14)2S04 
5 ppm Cl" , 40 hr 

5 g / t Cu 

pH 1.63 
100 g / t (Nll4)2S0A 
5 ppm Cl", 64 hr 

2 g / t Cu + .09 
pll 1.02 •» 1.15 

50 g / t (NltA)2S04 

5 ppm Cl", 64 hr 

2 g/1 Cu * .02 
pll 1.1 + 1.22 
50 g / t (NlI/l)2S04 
5 ppm Cl" , 65 hr 

Correoio 
Rote, MP 

2.2 

1.3 

16.9 
1.7 
0.3 

3 .1 

1.4 
3.4 
1.5 

0.3 

240 
80.3 

02.1 

160 

27.6 . 

110 
79.1 
05.7 

9.4 

10.5 

n 
{ Comments 

Light s ta in ing 

Ho effec t 

Servere p i t t i n g 
Stain l ightened 
Spotting above i n t e r f ace 
Light s t a in ing 

Dark s ta in ing 

No effec t 
Light p i t t i n g 
Dark s ta in ing 

Light s ta in ing 
Light s ta in ing 

Severe p i t t i n g 
Dark s ta in ing 

Dark s ta in ing 

Crevice corronlon 

IntcrgrnnuJnr corrosion 
Light s ta in ing 

T i t t i n g 
P i t t i n g 
Crevico corrosion 
Light s ta in ing 
Light s ta in ing 

Dark s t a i n on heat zone 
Dark s t a in ing 

Notes: 1 ­ Completely"immetoed, 1/2 ­ half immcrned, O • unlmmerncd. 
P ­ Plain (straight), W » welded, S ­ stressed, C ­ with ecevlee, 



Table II (continued) 

Corrosion Test Log 
Coupon Testing, Unstirred, Closed Autoclave 

Test 
No. 

21 

22 

23 

24 

15 

Sample 
Deilgnntlon 

304L-9 
316L-4 

310-2 
€200.3-1 
EH26-1-7 
Tl-1 

310-2 

C?0Cb3-l 

C70Cb3-2/5 
KB26-1-7 
Tl-1 
310-2 

C20Cb3-l 

C20Cb3-2/5 
rB26-l-7 
Tl-1 

Durlmet 20 
316-13 
C20Cb3-2/316-14 

FB26-1-7/316-15 

Tt-1 

Durlmet 20 
316-13 
<:20Ch3-2/316-i4 

IH76-1-7/316-15 
Tl-1 

Sample Compos) 
C 1 Nl 

.014 

.009 

.042 

.03 

.01 mx 

.012 

.042 

. 0 3 

.03 

.01 mx 

.012 

.042 

. 0 3 

.03 

.01 mx 

.012 

.039 

.067 

.03/.067 

.01/.067 

.012 

.039 

.067 

.03/.067 

.01/.067 

.012 

10.3 
13.07 

19.59 
33.08 

.3 ox 

19.59 

33.08 

33.08 
.3 mx 

19.59 

33.08 

33.08 
.3 mx 

27.83 
13.31 

33.08/13.31 

.3/13.31 

-

27.83 
13. 11 
33.08/13.31 

.3/13.31 

t t o n . Z 
Cr 

18. 
17.42 

25.04 
19.37 
26 nom 

25.04 

19.37 

19.37 
76 noa 

25.04 

19.37 

19.37 
26 noa 

19.2 
16.48 
19.37/16.48 

26/16.48 

-

19.? 
16.48 
19.37/16.48 

26/16.48 

Mo 

2.15 

.31 
2.19 
1 noa 

. 3 1 

2.19 

2.19 
1 nom 

.31 

2.19 

2.19 
1 noa 

2.05 
2.17 
2.19/2.17 

1/7.17 

-

2.05 
2 . 1 / 
2.19/7.17 

1/2.17 

Others 

CWTn.8 

>99.8 Ti 

' 

Cb+Ta.8 

Cb+Tn.8 

>99.8 TI 

Cb+Ta.8 

Cb+Ta.8 

>99.8 TI 

Clrt-Tn.8 

^99.8 Tt 

Cb*Tn.8 

>99.8 TI 

Sample 
State 

v . V 
P . •« 
P . >J 
P . l 
P . >J 
P . "» 

P . •» 
P. i 
P/8.C,«| 
p . 'J 
p . <J 
P. >! 

P. 1 

P/S.C,!. 
P. V 
P. >i 

Sample 
History 

From 15 
From 1,4,5, 
9,10 
From 9,10,14 
Pron 8-10,19 
From 20 
From 6-20 

From 9,10,14 
2i 
From 8-10,19, 
21 
See 20/16 
From 20,21 
From 6-21 
Prom 9,10,14 
21,22 
From 8-10,19 
21,22 
See 22 
Prom 20-22 
Prom 6-22 

P, 1 New 
P, \ New 
P. 1/P.V.C See 22/ 

P. »J, c 

P. '» 

From 20-23/ 

From 6-23 

P, '» Prom 24 
P, <j Prom 24 
P. l/P.V.C-Sce 23/ 

P. 4. .C 
P. 'J 

From 20-24 
From 6-24 

Solution Corap. 
Test Duration 

2 g/t Cu 
pll 1.59 + 1.46 

100 g / t (N1l4)2 SO* 
5 ppm Cl", 89 hr 

2 g / t Cu 

pll 1.6 

5 ppm Cl", 48 hr 

2 g / t Cu 

pll 1.62 -* 1.41 

200 g / t (NH4)2SC-4 
S ppm C l - , 183 hr 

2 g/ t Cu 
pH 1.6 
200 g / t (Kn4)2S04 

5 ppm Cl", 185 hr 

2-g/ t Cu 
pll 1.48 
100 g/ l (NllO2«!0A 

5 ppm Cl" , 96 hr 

Corrosion 
Rate. MPY 

9.4 
5.5 

2.2 
9.3 
3.2 
0.2 

1.9 

5 . 8 

13.1 
2.9 
1.1 
1.1 

3 . 3 

3.3 
0.8 
0.1 

2.8 
5.9 
1.9/5.7 

0.8/5.5 

0 . 1 

4.5 
7.8 
2.4/7.6 

2.3/9.7 
0.2 

Comments 

Light s ta in ing 
Light s ta in ing 

Light s ta in ing 
Light s ta ining 
Dark s ta ining 
Light s ta in ing 

Light s ta in ing 

Stain lightened 

Stain lightened 
Dark s ta ining 
Light s ta ining 
Light s ta ining 

Light stalnlnp, 

Light s ta in ing 
Light s ta in ing 
Light s ta in ing 

No effect 
Dark s ta in ing 
Ho effect /dark staining 

Light s ta lnlng/dark staining 

Light s ta ining 

No effect 
Dark stnlnlnR 
No e f f ec t / l i gh t staining 

Light stalnlng/dnrk staining 
LlRht s ta ining 

Nutesr I - completely Immersed, *j • half immersed, 0 • unimmerscd 
P » Plain (straight), V ■ welded, S ■ stressed, C « with crovlco. 



Table II (continued) 

Corrosion Test Log 
Coupon Testing, Unstirred, Closed Autoclave 

Test 
No. 

26 

27 

28 

Sample 
Designation 

316­13 
D20­2 
C20Cb3­2/316­14 

EB26­1­7/316­15 

Tl­1 

D20­2 
C20Cb3­2/316­14 

T.B26­1­7/316­15 

Tl­1/316­16 

316L­11/12 
316L­13/Eb­10 

316L­14/T1­2 

EB26­1­4/T1­1 

Sample Composition, Z 
Nl Cr Mo 

X 
Others 

.067 

.039 

.03/.067 

.01/.067 

.012 

.039 

.03/.067 

.01/.067 

.012/.067 

13.31 16.48 2.17 
27.83 19.2 2.05 
33.08/ 19.37/ 2.19/2.17 Cb+Ta.8 
13.31 16.48 

.3/ 26/ 1/2.17 
13.31 16.48 
­ ­ ­ > 99.8 TI 

27.83 19.2 2.05 
33.08/ 19.37/ 2.19/2.17 Cb+Ta.8 
13.31 16.48 

.3/ 26/ 1/2.17 
13.31 16.48 
­ / ­ / ­/2.17 > 99.8 Ti 

13.31 16.48 

.022 13.43 17.08 2.54 

.022/.01 13.43/ 17.08/ 2.54/1 
.3 26 

.022/.012 13.43/ 17.08/ 2.54/­

.01/.012 

29 304­14/C20Cb3­3 .05/.03 

316­16/C20Cb3­2 .067/.03 

304­13/FB26­1­13 .05/.01 

304­12/T1­2 .05/.012 

.3/ 

9.1/ 
33.08 
13.31/ 
33.08 
9.1/ 
.3 

9.1/ 

26/ 

18.5/ 
19.37 
16.48/ 
19.37 
18.5/ 

26 
18.5/ 

1/ 

­/ 
2.19 
2.17/ 
2.19 
­ / 
1 

­ / 

Sample 
State 

P.'S 
P. 1 

P.l/P.'i.C 

P.'i.C 

P.«l 
P.l 
P.l/P.'i.C 

P,»s.c 
P. !i.C 

P.'i.C 
P.'i.C 

> 99.8 Ti 

> 99.8 TI 

P.'i.C 

P.'i.C 

Cb+Tn.8 P.'i/l .C 

Cb+Tn.8 P.'i/l .C 

P.'i.C 

> 99.8 Ti P.'i.C 

Sample 
History 

From 24,25 
From 24,25 
Sec 25 

See 25 

From 6­25 

From 24­26 
See 26 

See 26 

From 6­26/New 

New/New 
New/See 
B.l­3 
New/See 
B.l­3 
Sec 16/Prom 
6­27 

See B.1­4/20 

See B.1­4/27 

Sec B.l­4 

See B.1­4/28 

Solution Comp. 
Test Duration 

Corrosion 
Rate. MPY Comments 

2 g/t Cu ­► 1.8 5.2 Light staining 
pH 1.22 2.4 No effect 
100 g/1 (NH4>2S04 2.0/4.4 No effect/light staining 

25 ppm Cl , 
153 hr 

2 g/t Cu * .05 
pH .98 ■* 1.13 

0.2/3100 No effect/local galvanic corrosion 

No effect 

15.3 
6.0/156 

75 g/t (NH4)2S04 ­/110 

5 ppm Cl", 255 hr ­/2800 

Dark staining, pitting 

Dark stain/general loss of metal 

Intergranular attack/general loss of 

Light stain/local galvanic corrosion 

2 g/t Cu 
pH 1.22 

20.7/17.4 Crevice corrosion above interface 
58.8/1.2 Galvanic corrosion above interface 

100 g/t (N1!4)2S04 180/­

5 ppm Cl", 237 hr 1.8/0.7 

Crevice corrosion under clamp 

Dark staining above interface 

2 g/t Cu •* .7 2.4/13.7 Light staining 

pH 1.22 1700/7.4 Interface corrosion/light pitting 

100 g/i (NH4>2S04 2.8/ Light staining 

5 ppm Cl", 162 hr 2.7/­ Light staining 

I = Completely Immersed, lj ■ half immersed, 0 » unimmerBed. 
P • IMuIn (atrulght), U ■ welded, S «• stressed, C •> with crevice. 



Table II (continued) 

Corrosion Test Log 
Coupon Testing, Unstirred, Closed Autoclave 

c* 

Test 
No. 
30 

31 

32 

33 

34 

Sample 
Deslp.nation 

C20Cb3­6 
904 L­2 
EB26­1­15 
Ti­2 

C20Cb3­6 /7 
9046­1/5 
EB26­1­13/15 
Tl­l/Ti­2 

304­8/9 
904L­2/6 
C20Cb3­4/7• 

304L­19/20 
D20­3 
C20Cb3­l 
EB26­1­18 

304­19 
304L­11 
316­7 
316L­16 
UHB904L­4 
EB26­1­17 
C20Cb3­12/13 
C20Cb3­10 
Ti­2 

Samp] 
_ C _ 

.03 

.02 not 

.01 mx 

.012 

.03 

.02 mx 

.01 mx 

.012 

.05 

.02 mx 

.03 

.026 

.039 

.03 

.01 mx 

.07 

.024 

.059 

.022 

.02 mx 

.01 mx 

.03 

.03 

.012 

e Composition. 1 
Ni 

33.08 
25 

.3 nm 
­

33.08 
25 

.3mx 
­

8.4 
25 
33.08 

10.08 
27.83 
33.08 

.3mx 

9.05 
10.1 
12.32 
13.43 
25 

.3 mx 
33.08 ' 
33.08 
— 

Cr 

17.37 
20 
26 nom 
­

19.37 
20 
26 nom 
­

18.34 
20 
19.37 

18.63 
19.2 
19.37 
26 nom 

18.1 
18.38 
17.33 
17.08 
20 
26 nom 
19.37 
19.37 
­

_Mo_ 

2.19 
4.5 
1 nom 
­

2.19 
4.5 
1 nom 
­

.11 
4.5 
2.19 

.19 
2.05 
2.19 
1 nom 

.26 
2.63 
2.54 
4.5 
1 nom 
2.19 
2.19 
­

Others 

Cb+Ta.8 

>99.8 

Cb+Ta 

Ti 
.8 

>99.8 Ti 

Cb+To. 
Cb+Ta. 
>99.8 

8 
8 
Ti 

Sample 
State 

P.% 
P.'i 
P.'i 
P.* 
P.'i.C 
P.'i.C 
P.'i.C 
P.'i.C 

W/P,«i,C 
P/W,>I,C 
W/P.lj.C 

W/W.lj.C 
p . l 
p.'i 
p.'i 

W.l 
p . l 
W,l 
p . l 
p , l 
p . l 
w.i.c 
w.l 
p . l 

Sample 
History 

Kcw 
New 
New • 
Sec 29 

See 30/B.1­5 
New/New 
Sec 29/30 
See 28/30 

See B.l­5 
See 30/Nev 
See B.1­3/31 

New/New 
See B.l­3 
See B.l­4 
New 
New 
New 
See B.l­3 
New 
New 
New 
New 
New 
See 3* 

Solution Comp. 
Test Duration 

2 g/lCu 
pll 1.12 
/5 g/t (N!V2S04 
5 ppm Cl", 160 hr 

2 g/t Co + .1 
pll 1.12 ­► 1.42 
75 g/t (1^)2504 
5 ppm Cl", 63 hr 

2 g/t Cu ■*■ .01 
pH 1.22 + 1.38 
100 g/t (NH4)2S04 
5 ppm Cl, 135 hr 

Corrosion 
Rate. MPY 

2.5 
1.8 
1.8 
1.0 
25.5/23.6 
60.5/60.8 
1.64/.56 
.67/­

85.4/87.5 
46.6/34.3 
38.1/24.2 

2 g/t Cu,refreshed 575/895 
pH 1.18 
100 g/t (NIIA)2S04 
5 ppm Cl", 48 hr 

3 g/t Cu 
pll 1.4 
60 g/t (NH4)2S04 
50 hr 
(field test 
in 8" column) 

42.8 
14.9 
0.5 
4.8 
1.8 
0.1 
2.3 
0.6 
0.2 
95/95 
3.2 
­

Comments 

Light staining 
No effect 
Dark staining 
Light staining 

•Crevice corrosion 
Crevice Corrosion 
Light staining 
Light staining 

Light crevice corrosion 
Crevice corrosion 
Crevice corrosion 

Crevice corrosion 
Pitting 
Light staining 
No effect. 

Light 9toining 
Light staining 
No effect 
Light staining 
No effect 
No effect 
Crevice corrosion 
Light staining 
No effect 

1 » Completely immersed, >< ­ half immersed, 0 • unfmnersed. 
1> ­ Plain (straight), W ­ welded, S ­ stressed, C ­ with erovlee. 


