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The  obh ety v 0f thie anvestigation were to gzl a3

clecores urcer Ltanding of the natire of the corrosion neodous b

forman G Uu o oalloys i eulfide-nolluted seawator . I

particular, wer wantege o o 1dentifyv the chemical and ohiveical

conditione arder weich Ythe variaus copper sulfide miner slc
tormed adherent -- anc potentiaslly protective -~ fiimse o
thece alloavye., ln ovder tco do this, wes immersed Cugahiz i

coupens in a“ft1r1cial seawater sclutions containing Varving
amounts of 0o and S . The oxygen content of the solutions

was controlled by purging the artificial seawater solutions

tc varvying deqgrees with Mo aas. The sul“ide levels ware

regulated bv the addition of Nap5 PHpO. To enhance the crvs-
tallinity of the corrozion producte, the seawater luticng

were not stirred, nor were their compositions monitored or
adjusted., during the 11%2-13% days of corrosion-product forma-
tion.

The results presented in this repaort are preliminary. In
fact, it represents more of a status report than a final
report becauce the analyses of the corrosion products are not
vet complete. Because this contract was later supplemented
by Contract # NOOO14-920-J~6010., the additional analvtical
methods made possible by the latter contract are onlv in Lhe
initial stages (i.e., X-ray Photoelectron Spectroscopy (XRS)
analyses to be conducted by Dr. James Casile of the Univer-
sity of Surrey). At this time, the chemistrv of the art:ifi-

cial sesawater solutions to which the copper counamNsg wWere
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M caupons hMave Leern vhetagranhed! 1o provide a pormaos-t
TeCorad a1 bhee o s vt texture ang calor of the COVY G LG

cradut a4 werl o ot Y adherenc syt Tabile 2. The SEM are
EDX wortk 1s n the vinal stages. hut ‘ne svnthesis of theece
resulis 12 incompiete (Tables © & 30,

The tables included 1 this renurt dgescribe the resulte
we have so far., o still have a iena wav to go to interpret
all this information, and even te determine the best way to
disnlay it. Ags we proceed with our aralysis we will undoubt-
ediv discover the most cignificant features of the sémplés
angd solutions, and be hetter able to oraw conclusions as  to
the rprocesses occurring during the cerrosion of the cobper
coupons. The XPS analyses from Dr. Castle, providing defini-
tive mineralogical identification, will be indispensable in
unraveling the complex history of these specimens.

The only <culfide mineral ac vet identified with any
certainty s chalcocite, although a phase tentativelvy la-
belled covellite has also been observed. A number of other
Cu—-S zompounds with differing morphologies remain to be 1i1den-
tified. The presence of the potentially protective phase
djurleite (Cuy ggu-1. 975 can not be determined by SEM and EDX
analvses alone, but car hopefully be determined bv XPS analwv-
sis. Some of the Cu-E phases centain significant amounts of
Ni., which may give us an indication of the chemical cendi-

tions under which significant de~alloying of the Cu-Ni cou-

pons occurs. Cuprite (Cup0) has been i1dentified in some of
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mav  nelp us te determine the conditiaones which contribute o
farmatiaon ot an adhoront - oand poteatially protective -
sulfirde fi1lm,

A few general ohservations can be made about the condi=
tione under which sulfide films form. Adherent films apoear
to form onlv in solutions with less than 0.10 mg/L Op or with

Rricgh mitial sulfide levels (i.e.. S > 200 ppm). Sclutions

V)

with a final pH less than 7.0 were aiso less likely ta form
adherent sulfide coatings. The thickest, most adherent sul-
fide films formed in solutions with an initial Op level less
than 0.02 ma/t. and with inittial sulfide concentrations
greater than 113 ppm. The sulfide m:inerals formed in various
solutions have not been definitely identified, nor has the
degree of corrosion protection afforded to the Cu-Ni coupons
by the wvarious sulfide films yet been determined.

In summary, Cu-Ni coupons have been expnosed to corrocsiaon
bv sulfide-rich seawater solutions for up to 139 days. The
coupons have been removed from the solutions. photographed
and analyzed bwv SEM and EDX. The pH. EFh., oxygen and sulfite
concentrations «f the sclutions have been determined. ¥Pg

analvses of the corroded coupons remain to be done and final

- -

interpretation of the results is still in its initial stages.
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Table 4
Sample Data in aerated solutiocns

Sample weight weight precipitate corrosion solution

Number begin end weight time

(grams) (grans) (grams) (days)
1 2.2950 2.4814 0.1864 139 1-A
2 2.0010 2.0759 0.0749 139 1-A
3 2.3640 2.4793 0.1153 139 2-A
4 2.3585 2.4934 0.1349 139 2-A
5 2.2525 2.4156 0.1631 139 3-A
6 2.7315 2.8203 0.0888 139 3-A
7 2.5822 2.6670 0.0848 139 4-A
8 2.2845 2.4084 0.1239 139 4-A
16 2.3967 2.4862 0.0895 122 5-A
17 2.2175 2.3267 0.1092 122 5-A
10 2.2359 2.4043 0.1684 i22 6-A
11 2.2817 2.4390 0.1573 122 6-A
12 2.5205 2.5366 0.0161 122 7-A
13 2.4172 2.4360 0.0188 122 7-A
14 1.9882 2.0000 0.0118 122 8-A
15 2.2970 2.3125 0.0155 122 8-A




Table 5

Sample data in Deaerated Solutions

Sample Weight Weight Precipitate
Number begin end weight
grams grams grams
20 2.2155 2.3506 0.1351
21 2.2292 2.3668 0.1376
22 2.4475 2.6237 0.1762
23 2.2265 2.3857 0.1592
24 2.2137 2.4062 0.1924
25 2.2175 2.3926 0.1751
2 2.3466 2.5285 0.1819
27 2.2312 2.4090 0.1778
30 2.2150 2.2198 0.0048
31 2.4994 2.6145 0.1151
32 2.2017 2.3661 0.1644
33 2.2289 2.3820 0.1531
34 2.4984 2.674G6 0.1756
35 2.4577 2.6267 0.1690
36 2.2084 2.3934 0.1837
37 2.1588 2.3216 0.1628

Corrosion Solution

tire

days
120 1-D
120 1-D
120 2-D
120 2-D
120 3-D
120 3-D
120 4-D
120 4-D
119 5-D
119 5-D
119 6-D
119 6-D
119 7-D
119 7-D
119 8-D
119 8-D
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