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STATEMENT OF PROBLEM:

& and in

i wd ull
ouling orgenisms. In generdl,
aeir Loxielyy, their oncen-

o
abberpts at pa¢ ﬂiné bhe
;

of polsouns depends on

iz on their solubility. Thus, the more soluble the polson
t film, the mors effective 1L will be to prevent Aoui;n&,
gnd the shorter the time 1t will be effeculive, slince the supply of
selurated solvenb, sea water, is to ull Intents and pu rposen infinize.
It secemed to the Laboretory thuat & fresh methou of approach to the
problem was to try to produce gurfaces such that there would be a
forece ln & directlioa awsy from the surface, slther a surfzce tenslon
20 mi

or smeil elecirical force, so that the minute orgoniems could not ap-

proach closely enough to sdhere.

iuco“dLﬂ gly, & number of metallic soap palnts were made
izd to qzwpl test psnels. £Lmong these was one on the sur-
n powdered metallic selenium had been roughly melted.
: s were suspended bencath the water gt Norfolk for zbout
our months. Uome of them proved about zs good as the standard Navy
ntifg ulxﬁ paint. Thn penel hsaving & metzllic selenium surflace was,
however, markedly betier in that 1t hed no fouling of zny kind. The
ozting hgd becoms loosened In some places becaurﬂ of corrosion of
the steel plate. Other panels containing metallic selealum and tel-
lurivm in suspension in paint vehicles showed no unique result.

R

It was decided, therefore, to work in the dirsctloa of producing
durable surfaces of selenium, etc., and permis sian wae requested on

June 1933 to continue this work officially. thorizatlon wag
given shortly afterwards.

sJ“’“thu H

;' L By iuuuht, 1933, & number of test pansls had been pre-
o pured by methods developed at the Luborstory consisting eaze nthullj
g "t“el in & bath )f noltan se quum ut ab t SO G for

ments, sand blasted wild stsel panels 12" x 127

r‘j.‘.
estments were as follows:

Panel #1 was dipped in & dilute acidic copper sulpn ate solution,

4 weshed in water, dried, and dipped in & selenium bath et & tempera-

WiLsr

ture oib about 45U U for about live Hlnutes.

DECLASSIFIED C




e .

Panel #< wes washed In hot carton tetrachloride, dried, and copper
dipped as above, znd then trezted with gelenium a3 zbo

Penel #3, the unbtreated sand blasted plate, was given a double
dip in the selenium bath.

Penel /4 wes treated the same as panel #3.

Panel #¢ and 77 were sund blasted plates with one coating each of
standard Navy cantizcorrosive and antifouling paints.

These photographs show the pansls before shipment to Norfolk for
were taken of the standard Navy panels.

test. No photographs
Results of the test showed much corrosion and conseguent loosen-
ing of thne protective coating.

\ OBTAINED:

These plates were exposed at Norfolk Navy Yard from 25
Auzust 1933 to 22 November 1933. Plates #9 and #10 ars photographs
of the panels after exposure. The panels were in the following con-
dition as reported by Norfolk Navy Yerd at time of ingpectlon after

exposure:

5+

B Fronts of Panels

Fouling: Light bryozoan slime and scattered very small bar-
nacles on portions of film remuining on pznel. Grade (not con-
- sidering 3/4 of area covered by heavy rust and therefore no

o8 fouling) - 85.

3 Corrosion: Heavy on 3/L of area; light where film remeins -
b Grade 20.

& Film: Remaining film mushy and thin. Grades (considering all)
20; (considering only remzining film - 60).

slime and few scattered hydroids (emall)

Fouling:
film. Grzde {(not considering sbout 1/2

Light bryozoan

5. on remaining portion of

area covered by rust) - 85.

Corrosion: Heavy on 1/2 area; light on remaining film. Grades

N (considering all) - 40; (considering only remaining {ilm - 70).

E Film: Feir, weshed tain and 1/2 ruined by rust. Grade 40.
slime and few sm&ll ascidians and short

Fouling: Light bryoszoan
Grzde (not considering 1/2 area

i hydroids on remaining film.
covered by rust) - 80.

About 1/2 aree covered by heavy rust; remainder has
considering all) - 10.

Corrosion:
light rust - Grade (

Film:
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#,. Fouling: Light bryozoan slime and &« [ew hydroids on remaining
film - Crade (not consldering 3// of area covered by rust) - 70
Corrosion: Heavy on 3/4 of ares and remaining film full of
light rust - Grade 0O,
L=
Film: Ruined by rust.
#6. Foullng:

Light slime - Grade 90.
Corrosion: BModerate. OCrade 80 {no rust except on few spots where
film is not intact).

Film:

Bare under few rust spots; remuzinder excellent - 80.
(Note: Film dried out similarly to a shellac film; that is,
eracked and spalled).

Same as #6.

Backs of Panels
#1. Fouling: Light slime and short hydroids - Grade {not consider-
ing 1/2 of area covered by rust) - 85.
Corrosion: Heavy on 1/2 area; sufficient on remainder of area
to ruin film. Grade O.
¥ilm:

Thin; ruined by rust.

#2. Fouling: Light slime and hydroids - Grade (not considering areaz
covered by heavy rust) - 75.

Corrosion:

Heavy on 3// ares; remainder has considerable light
rust - Grade O.

Film: Ruined by rust.
#3. Fouling: Slime and short hydroids. Grade (not considering area
covered by heavy rust) - 80.

Corrosion:

Heavy on 3/4 areaz; remaining film contsins much
rust - Grade 10.

Films

Ruined by rust; mushy, thin.

Grade 0.
#4,. Fouling:

|
Light slime and short hydroids; three barnacles 1/2"
diameter and a few small ascidians - Grade (not considering area A
covered by heavy rust) - Grade 70.
3 Corrosion:

_ Heavy on 1/3 area. Remaining film full of rust.
rade 0.

film: Ruined.

Same as #7.
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mall ascldians. Grade 88.
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#7. Fouling: \Very light bryoczoan slime and two
Corrosion: Very light - Grade 95.
Film: Excellent.

Wood frame {painted with Navy antifouling paint No. 16): Fouling: Con-
sideruble slime; few hydroids; nc shell growth. Grade 75.

Gelvanized iron welghts attached to frame. Fouling: Practically cov-
ered with barnacles about 1/2" diameter.

Piate #11 is u photomicrograph of a steel specimen trested in a se-
lenium bath at a temperature of about 450° C for asbout five minutes. The
light portion is the polished steel shading off into a reaction zone
which probably consists of a mixture of iron selenide and selenium, this
in turn shading off into the thin coating of pure selenium.

I;i‘ Plate #12 is the same specimen under high magnification. The re-
o action or bonding zone can be more clearly distinguished.

It was determined the continue the research by developing alloys
of selenium, sulphur and tellurium in the hope of developing a more
plastic, adherent surface which would still retain the antifouling prop-
erties of selenium.

& large number of these zlloys was prepared and from these & number
chosen for salt spray corrosion tests. While making these alloys a num-
ber were found to possess unusual physical and electrical properties.
These are deult with in the appendix to this report.

b Ten of the most promising of these alloys were chosen for corro-
sion tests. These alloys were as follows:

i Selenium Tellurium  Sulphur
o Alloy % % %
“ 1 70 0 30
3 2 63 12 25
b 3 65 5 30
4 60 5 35
& 5 60 10 30
o 6 55 5 40
Ry 7 65 2 33
. 8 70 2 28
i 9 60 2 38
10 100 0 0

RESULTS OF TEST:

B 6. 1 21 day selt spray test of 2" x 4" mild steel samples coated with
ten of these alloys by dipping gave the following results:

In all cases corrosion started at the edges, and wherever blisters
oc:urred 1n the Poat;ng, theraafter ﬁorklng underneatn the protectlve

iy - - -
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roded in sSpots appearing on both sides of the plate. The corrosion

had not, 5 on some of the other plates, eaten into the plate. Of the
remaining samples, seversl showed bad flsking and corrosion on one side
with hardly any on the other. Whersvser the coating remained, it was
tough and in good coundition.

CONCLUSLONS:

7. (a) The selenium groups of metals appear to have value as anti-
fouling agents.

(b} The anticorrosive properties of the selenium groups must
be greatly improved before the antifouling properties can be properly
evaluated.

RECOMMENDATIONS :

8. 1t is recommended that work with the selenlum group be
continued along the following lines:

(a) Improve anticorrosive properties by devsloping an anti-
corrosive coating to be applied to the steel before the
antifouling coating is applied. Test anticorrosive prop-
erties by salt spray test.

(b) When antlcorrosive properties have been sufficiently
developed, prepare standard antifoullng test panels for
further test at Norfolk.

APPENDIX

9. While making the selenium, tellurium and sulphur alloys,
a number were found to possess unusual physical and electrical prop-
erties. Measurements of the dielectric constants and power loss fae-
tor of these alloys were made both freshly cast and after ageing
about two weeks. Results are shown in Table 1.

Those samples marked "A" and '"B" were found to retain their
plasticity to a marked degree.

There is a possibility of some of the alloys finding & use in
radlo or electrizal work.
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Plate #1. Front view of Panel #1 before test.




Piate #2.
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Plate #3. TFront view of Panel #2 before test.
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Plate #4. Back view of Panel #2 before test.
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Plate #5. Front view of Panel #3 before test.
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Plate #6. Back view of Panel #3 before test.







te #8. Back view of Panel #4 before test.
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