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252 Madieon Avenwe * New Yort, N.V. 10017+ Telaphone: (I1D) 679-8020

Noveaber 29, 1973

SUBJECT: ORGANOLEAD ANTI-
FOULING PADNTS

TO THE MNRXEERS OF THE LEAD DOUSTRUES ASSOCIATION, INC,:

This feature article from the October issus of
“Paint and Varnish Production,” describes successful
exposure tests of organalead antifouling peint in salt
and breckish vaters in Connecticut and Maryland.

The psinta, developed in an JIZRO reseerch
project, offer extended protection against marine
fouling and are under trial by the U, 6. Nevy.

LIA bas reprinted 6,000 copies and is mailing
3,000 to our 1ist of Paint Associatiocn mesbers, Peint
Production clubs and Psinters. The remaining queatity
vill be used to answer inquiries.

Additional copies are available to our members
vithout cherge for as long ss they last.

Very truly »

Levis K. é

Assistant Becretary and
Director of Comsunications
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Promising new antifoulant

ORGANOLEAD-ELASTOMERIC coarings have been

Sound to offer extended protection against the growth of fouling or-

ganisms because of their gradual release of toxicants over the life

span of the paint film. Here are the results of exposure tests carried

out in fouling waters of Connecticut and Maryland.

BY OR. MAX KRONSTEIN

CHOMISTRY DEPARTMENT, MANHATTAN COLLEGE, BROMX, ALY,

A sw form of amfouling pant, ia
whech an ocgancicad chamucal 18 used
s the loaxant in solvent dnpenions
of  synthetic  rubbers  compounded
from dmiomeric polymenc materials,
has shown conmdctable promise in
VRNIOUS SCEW SCT IMMCTION testh.

The new  punts  dovcloped in
rescarch spomored by lntanational
Lesd Zinc Rosearch Or ganization, Inc.
(ILZRO). differ basicaMy from pre-
viowaly devdoped organoicad<on-
tuning antifouling paints in that the
earbicr costings were based on the
principle that if cuprous oxde (CuO}
prgrment were conunuowsly exposed st
the pamnt surface, manne plant and
animal life would not be abic 1o attach
themsetves. Ths fype of resinows
pant. with its high degree of pigmen-
tatron, has & hmitad surface stability
under water, and this s manifested by
“chalking.” As the surface layer chalks
away 0N 8 CONtinUOUs baus new layers
of paint are cxposed, and with them
now quantities of cuprous oxide as tox-
icant.

The new clastomeric antifouling
paints do not develop surface chalking.
Instead, they permit the organolead
toaicant 1o be relcased gradualty from
the coating surface by diffusion. Such
reicase  continues  to  prevent  Lhe
growth of plant and animal organisms
on the costed murface during the kfe of
the costing.

The amount of the lead-reicasc. i
terms of mucrograms of kad por uart
of arca and ume, n Quite small. Ex-
posure toats have shown, however, that
#t n dlective in protcting costed
panch, boats, cutboard cngincs and
other immened wurfaca 10 8 high
degree aganst fouling growth during
exposure tet periods ranping from 12
0 21 mooths. Laboratory tests have
shown that the rate of lead-reicase
remaing. for a Certain paal material
ncarty constant dunng test pariods of
one year or enore.

Previous rescarch  conductod by
ILZRO established the effectvencs of
organolead compounds in antfoulmg
paints (/). The pant systems studeed
then were of the vinylvosin systoma,
such s US Navy Spcaficstion 121,
of MIL-P-15931A, and the vinyl-hgh
rosin paints of U.S. Navy Specification
121/6) of MIL-P-159318.

In the finnt of these groups, the
costing vehwcle consists of PVC/IAC
copolymer Vinylite VYHH of Unioa
Carbide Corp.. and WW gum rosin of
Hercules Incorporated in 8 ratio of 1:1.
Ia the sccond group, the ratio s 1:4. In
both text formulations. trictesyl phos-
phate was used m the plasticizer. A
antifouling  toxicant, both speifi-
Calnons use cuprous ousde M aR
amount about five times the total
weight of viayl resin and wood rosin i
each paimt.

In the earlser work. the amount of
cuprows Otide I kKW punt wms
reduced by 50 per cent and replaced
by equal perts of an organcicad com-
pound, such = triphenyl kead ace-
taze (TPLA) or tributy! lead acciase
(TBLA). and by prgments, such s red

formulation proved superiar 10 that
obtancd with formutations containing
cuprous oxide alome.

Clostomeric Yohicies

H must be noted that synthetic
rubbery, or clastamers, reprosent poly-
mer materiak which posscss mechan-
ical propertics similar 10 those of asty-
ral rubber: high deformability, raged
recovery of dcformation and good
mechanicsl strength. These materials
may be dexcnbed as “heterophase™
substances (2). meaning that they con-
sist of more than one state, or “phase™
of their csscntial base material.

The base material it contained in &
high potymer, or Orrec-dimcralonal,

‘phase which, slone. @ not molecularty

dispennible and a0t wolatike (cvem
under vacuum @ whea exposed 10
elevated temperatu.x). Ia this state the
polymer ia capable O incresring s
volume when # comes w.lo contact
with suitable fluide, fusidle matter or
“sweliers™ that penctrate the polymer
natier.
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sanes in creed Nowing into Severn River, Md. Top row showt panets after four monthe of exposure, haly

Exposure
to November, 1971. Botiom row shows same penels sfter 18 moths. Peneis {from left] sre costed as follows: test psint
Pb-1-39 wathout tomicant, Same pant weth ten g TPLA par 100 g navy antifouting pat (MIL-P-15931, 1. 1218631

The “swollen™ potymer has & ue-
form appearance. The woluble statc. o
“phase.” of the basc maicnial repre-
scnts a swetler subntance that i, alone.
volatile (at beast under vacuum or ot
clevated tempersture). and can. there-
fore, form & rubber k¢ substance wth
the tni-dimenuonal phase matier The
organcicad  matter  penctrates  the
swcihing or swollen polymer matcriak,
ar, in particular, thewr sotvent dnper-
wuoms, and influences the rubber-bike
materiak, becoming a pert of thee
rubbers.

These clastomerc solvent dnper-
wons can be combened with bali-mlied
dispersions of pigment in sobverts.
When miztures of the clastomerc
dnpeniions and the pigment disperiion
are further ball-milied together, a uni-
form dispeniion s obtsined. The or-
ganoicad component can be added to
the vehicle, during pigment milling. or
0 the final ball-milled paint.

{n order 10 aasure compicte entry of
the organolkcad componemt, the paimt
should be warmed during stirnng o

50°C. (122°F.). Thus treated. the
pamt can tx applred 1o mctal, plastica,
concrete of potymer-treaied fiber glase
surfaces. As the volatile sweller sol-
vents evaporate, the pigmenticd rubber-
based films dry into highly cobewve
and deme coating filma that are stable
undcr frosh of sea waer and under
varying temperature conditions.
Coaventionsl rubber  dupernoms
require for their “curng.” or drying
nlo deme coatings, the prasence of

creaing rats0 of thest tn-demenucnsl
phase matter, and wnce the of ganolead
matures cxamined i thes study have 8
tendoncy 1o ncrease the wolume of the
available rubbcry polymery the re-
mlting costings have stronges mechan-
xal propertics than had been the Case
for the carbier mutures of clastomers.
Furthcrmore, it s possible, during
cvaporasion of the volatike yweller sob-
vents from the coating film, to apply
two or more additonal coats of the
clas . paint, which sweil together

wilfur or org fur compounds of
accelerators. The application of heal i
aho usually required 1o transform the
dnpenions into stable rubber or “vul-
canized” rubber layers. The new clas-
tomeric dispertions, however, a8 well
& their pigmented forma, which con-
tain organolead compounds
throughout, do not require the pres-
ence of sulfur or organosulfur com-
pounds, or the application of heat,
They form highly coherent, denee
coatings al foom temperature.

Since the properties of hetcrophase
polymer substances vary with the in-

n uniform, heavier coatings.

Since the organoicad compound has
been incorporatod nto the costing me-
terial itsell, i b8 10 be found in each
layer of a mubi-coat dry film. The
lcad-relcase takes place undormly and
continuowsly throughout ait layers of
the film. It ks pomible, thercfore, o
remove by abrasives (such as brush
bosts) any part of the film while re-
taining the icad reicase property in the
portion of the film thet remaine.

It i evident that such properties
offar imporieat posibilitios for the

-3t




RRU BT SeNE SRt e

gy

AR R e T e

vy

AT TSR TR AP T I

!
3
3

Figure 3 — Outboard engines sfier exposure in Connectrcul coeslal wat
Moy 10 1ate tail. 1972 Oniy lower portion of engine ot et wes Costed

elastomenc sntifouling pat Contawung TPLA. Entire immersed portion of engine
ot NG was COed with the Now St rioulant pasnt.

It was one of the purposes of the
laburalony soaty W0 cbacrve the Charac-
rnira of the Wl panch undcr ex-
wnded aapanute 10 frah waler or
syntheix wawaicr. §a changing the
MM WAt 3t Yarcun time sndcrvahl #
becomay povuhic 10 1eM the water of
the procoding porvod far i comtant of

watery of several exposu ¢ penadh. one
may cuablh the statuiety of the rate
of cadccicane Over a peen cxpomsre
uw or study eventual changn whech
Mgt occwr dunng alended  ex-
poswtes. it m aho powmiblc to campere
corponding Losts paivh Contarneng
one Amd of or ganoicad maiicr axch =

PAPIRY SR

tcad matier. bty ) icad acetaie, with other panh
By companing such rawi with contamung anothcr Organcvcad com-

Compenents in Elostomanc Peints Dvring Loberwtery
Immersion Tests in 3500 mi Water

fu! Tnghoayt Lewd Aariese (TRA)
$oue 75 1.9 anth § g TRLA par 100 g poent ~ Mumersed = datlod weter

e ITI don Avevage \eod reieans — 0012 marogrom Pukom Yooy
Totol lod rviesme 176 mcrog e Pk ¥27] dove

Neet 100 doys Averoge leed relesne - 0011 mcrogrom Phi=tigey
i Toro! towd rvtecne - 1 100 mecragroms Pk =1 100 dwys
Tooad - 4 376 mucregrowe PRk =117) doye

Colcdosed. pot your (348 dovr) 4 T8] mucregroms Phiimt

Cobcviwred bor | sq ¥ ol surbace por your (1 sa b = ¥79 oq cmy
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Bore PO 179 wth 33 g TRIA/I00 g pomnt — bmma-sed o GomRod waser
£t 307 doyn. Average ved relvase — 0 0% Mucrogrom Pk miigey
Teso! tead relocee - 18 912 mcrogroan Foh ~1/302 deye
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Cokviared, por poor (363 dove) 16717 muregrans Pokm?

Colcvicrod tor 1 0q I erioes por yomr
Lowd rvivane 15 330 mcragroms
Tosol leod releese € 015330 g kwddig It surfocelyenr

pound. mxch = triphenyl fcad acetate.

The detormination of the leed
matter W the immension water was
made ln sccordance with the dithizons
test methoo (6) s 8 modification of
ASTM  Standard C-3355-64-T (a
methad developed - originally for the
determination  of kead feicase  from
glazed ceramic surfaces). Table | offers
data on thi type of cxicnded investigs-
uon o0 two corraaponding st painta,
one of whiach contained (riphenyl fead
scetste. Here the jcad-relcase
mictograma of lcad per square centi-
mcicr per day was nearty the same in
the firm 273 days of immerion s
dunng the naat 100 days (0.012
microgram  Ptécmitday and 0011
mcrogram Pticmtfday).

ta the cane of the paint containing
nbutyl lead acctate, the kead<cicans
was conuderably higher ia the first
)02 dayr, showing a decrease in the
winequent 100 days. This phenome-
non roewits from the fact that tnbutyl
ad acciaic has a greater leachmng rase
than the tnphenyl kcad acetate, which
has ¢ comuderable degree of stabalaty
that o dourabic for longdcrm ex-
possten.

it » 0 be ntcd that keadrcicae
doxs mat take place w the form of am
incrgamec  ad sl The released
maticr can be cxtracicd from the -
menion walcy by shaking it with etivyl
cther. Whoen the cther extract i
appiwd to a microscope shide, and the
cther 1 allowcd 1o cvaporate, the resi-
due, when vicwed under the macro-
wope (450 X). has the appearance of
typecal polymeric maicial.  (The
chemucal comtitution of wch waser-
reicased matier has not a yet been in-
vestigated )

Laed Reloase Deta

Table 1 aho shows the total kead-
redcase per square centimeter of costed
wtface per year of immenion
vaned  SO0-mitliliter Quantities of
watcr, and # cakulates the annual
fead-teicane from a square foct of sur-
face. For the tiphenyl kad acciate
paint, the lead-rclcase amouns b0
4,000 micrograms, or 0.004 gram of
Pb par year. If the paint were applied
t0 2 ship, this 10tal of Scad would be
reicased per square foot of murface
ahroughout sl the waten through
which the ship might travel during the

It i of intcrest, therefore, 10 com-
parc these data with the knowa kead
content of the water before the immer-
sion of the costed surface. A recest
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maintenance of “clean™ surfaxces ia
wopicel walcrs where manine foubag e
pecvalont. This cleaning action can
occur even afller removal of the 1op
coating layers, and while the surface is
under water, without requiring s dry
dock.

Eiastemers Used

The following clastomeric polymen
have been used in the development of
this study:

(1) Sotvent dispersions of & commer-
cial potyisoprene, Goodyear's Natwyn
400, a styrenebutacieneatyrene block
polymer, Shell Chemicals Kratom
1101; a chloroswsfonated potycthylene,
Du Pont’s Hypaloa 30, and a modifice-
uon of the costing by the addition of
an umatursted polyamide reun, Gen-
eral Milh' Veralom 1140. The or-
ganoicad chemical was. in mos! Casen,
wed a the only acceleraior ia the
drying of the costings. )

(2) Ia another system, a fluid be-
tadrenc-acrylonitnk polymer, B. F.
Goodrch Chemxcal's Hycer 1332, was
used poantly with 3 Nusd potyurcthane.
Du Poru’s Adiprene | 167, agun vang
the crganoicad compound s the only
accricrator component 3a the system,

(3) Other clastomens have boxa -
troduced 1n umilar compositiona. such
= a poly<cpchlorohydria, B F.
Goodnch Chermcal's Hydrm 100,

Orgomsicsds Used

Generally, organoicad chemustry
dcals  with compoundh ia which 3
carbon stom of at kast one organs
group m altached directly 10 3 kead
stom (1), The materiah that have
primanty boen used in the coatngs of
tha study belong 1o the group of or-
gancicad salts of the general type of Ry
Pb X. in which R repraents a group
attached 10 dcad by carbon, and X aa
aonC group.

The maicrials umed for the most part
can be further clamified s triaryt or
trialkyl kcad acylater, wch = in-
phenyl oad acetate, tnbutyl fead ace-
Waie and others. These matarials were
developod nitially by the Institute for
Ocganic Chemustry, TNQ, in Utreche,
The Nctherlanda, and have since been
produced industriallty in the United
Statcs m well as in Europe.

In one intcresting form, the or-
ganoiead malcrial is delivered after
being wetted with 3 high-boiling aro-
maiic flud 10 avord dust formation
during handling and dispersion. This
product m supphed by CibaGeigy
Marnienberg GmbH in Germany under
the name lrgarol Bl 347,

Figure 2 — Ship's nudder psinted with
apenmental  elastomenc antifouling
costing sfter exposurs in Connectiant
cosstsl waters from June to December,
1971.

1t has boeon paintad oul that the or-
ganoicad matict m ntroduced in the
pecparation of the now  antifouling
pants cither 1o the clastomenc vehacle,
during pugment drnperuwon of into the
baltmilied punt. The clastomeric
polymens  are commercially wadcly
availlsble. In the ycan botween 1962
and 1972, the peoduction of synthetic
rubben increased in the Uniled States
from 1,574,000 long tons 10 2,424,000
long tom, an increase of 34 per comt
4).

Expocnre Studies

In order s0 foliow the development
of the clntomerx antifouling coatinga
in sclected exposure taats, studics were
made in laboratory water immeniion
tosts as well a3 in ocean undeaywater e
posurcs. For the laboratory tests, cold-
tolled stecl panch coated with two
coats of wash primer (MIL-P-13328B,
formula 117) and two costs of the or-
ganolcad clastomeric  antifouling
paints were used. In the outdoor
scawalcr exposurcs, hot<olled, sand.
blasted steel panchs coated with 0.7 to
0.8 mil of wash primer and 4.3 1o
415 mik of red lkead vinyl primer
(MIL-P-139298, formula 119) were
utilized.

On the carly exposure test panels,
these primen were followed by sbout
13 mik of elastomeric paint with no
organolead component but containing
slfur and & sulfur accelerator. These
coatings were topped with 3.0 0 3.8
mils of organolead elastomeric anti-
fouling paint (withowt sulfur compo-
nenta).

The witfurcontainiag costings wece
developed in the course of the work of
this roscarch group (3) under the
spomonship of the U.S. Naval Applied
Science Laboratory, Brookhym, N.Y.,
which wam later transferted to Aa-
npols,. Md. The oargenolead clas-
tomeric antifouling coatings without
sulfur components were developed by
the wame racarch group under the
womsonhip of 1LZRO. These panche
comprised Exposure Grouwp I, and
were axposed in fouling waters of the
cstuary of the Scverm River ia
Maryland.

In latcr tests, the organcicad elas-
tomeric antifouling paints were ap-
plicd durectly over the primer costs in
8 thickncws of ainc 10 Wcn mils. These
pancls comprised Exposure Group [l

The test paints of Group | were dark
n color, since therr pigmentatron con-
wsted of ninc ide and channeltype
carbon black; the panch of Group [
were kight gray im color, and were
coated with cxperimoental tost paiat
reforred 10 as G4 pant. The same G4
paat formulation was used ia other
apowte tosts. such aa on a fiber glass
motor boat where, over the wash
primer, it was applicd a the only addi-
tional costing material.

Afict cxpomurc for 8 semon i bar-
nacierich comtal waters of Connecti-
cul. no trace of manine growth was ob-
scrved, and the cxposurc st was
repeated during the following semoa.
In another test group, the G4 paint
was used a8 8 proiective costing o8
outboard ship cngines and caposed ia
Connecticut coastal waters. The resuits
of these cxposures are dncussed Later
n this ancle.

Most recently, the paints have beea
applied 10 aluminum and 0 formed
acrylic polymer objocts. The paint was
aho applicd 1o hotsolled steel test
pancis over 8 commercial inorganic
anc primer of the type of U S. Spacifi-
cation MIL-P-38336. Here, the paints
of Group 1, ss weil as those of Group
11, were applied succemfulty.

It is aho worth mentioning that the
viscosity of the clastomeric paints can
e modified for wprey application e~
stcad of brushing.
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Book (7) reports that the global mesa

for lake or river waler Is onc 1o e

micrograms of tead per liter. Higher
valucs may caist in arves adjscent o
fead oOre deposits, heavily traveled
highways, esc. What thase data reveal
& that the amount of icad relcased
from one square foot of painted sur-
face would not have significant influ-
ence on the caisting lcad concentration
in scawater,

Control iests were made on two
watet sampica, ane taken from the e-
tuary of the Scvern River st Aa-
napolisn. Md, the other from the
Harlem Rivar adjacent 10 the NYU
Acrospace facility in the Brons, N.Y.
The first test showed an average fead
content of 12.6 microgr ame per liver ia
dithizone tots: the other showed 64
micrograrm of Pb per hter.

Frooh Water Expeswre

The panch of Exposure Group |
were doxcribed earlier in thin paper.
Thar antifouling coatings comprised
clastomenc paunts contarmung five to
ten grama of triphenyl kead acetate or
tnibuty! kead acctate per 100 grams of
test paint. These were aaposed wde by
ude with a umilar clastomenc pant
bacd 0n s mulfur acccierator, but not
contaning organcicad toacant. They
were cxposed together with panch
coated with the same primer and clas-
womenic paints, but topcosted with a
common type of anufouling pamt
based on cuprous omxde pgmentation
with 8 vinyl-high rosin vehicle (Navy
Specification MIL-P-15931B, Type
121763). Thes same paint was also used
contaming cuprous oxxdc m well as
some organolcad component

The expaure tess tn the fouling
waters of 8 creck flowing nto the
Scvern River in Maryland showed that
aficr four monthe, from July %o
November, 1971, the clastomer paint
without toxicant wam covered with g
beginning plant growih which, afier 18
months of exposure, became the wte of
barnack sttachment. The samc paint
with organolcad tamcant showed the
attachment of barnacla to the sup-
porting exposure board, but none on
the painted panel. The anufouling
paint, MIL-P-1593iB, showed (he
beginning of plant growth aficr four
months of exposure, with progresaive
fouling afier 19 months.

Another organolead elastomeric
paint was aho exposed. This paint wes
bascd on a butadienc-acrylonitrile
polymer and a flud potyurethane, but
was  heat-reacted  with a  smalier
amount of triphenyl lead acetate and

pigmented eithar with carbon  black
and ninc oxide or carbon black and
onc-half zinc oxid¢c and onc-half
cuprows oxide. Nather type of thes
paint showed fouling growth aficr 18
montha of exposurc. (They have boen
furiher irapacted after 22 monthe of
expooure and are sull without any
marine attachmwent of fouling growth).
Some of the cxposcd panch are shown
i the photos of Figure 1.

In expowre toats of Group [, wsing
organolcad elmtomerc antfoulmg
paints directly over the primer system,
the coalings were prgmenticd cither in
the same mannct a Group 1, or with
the magor poction of the carbon black
replaced by 8 fine-particlesuzed aomor-
phonm mlxca that n produced by
hydrotyus  of mlcon tetrachionde.
This matcrial i commerciaily avail-
sbie from Deguasa. Inc., under the
Acroul-180 trade name, at 3 partiche
size of sbowt five millimictons. The
prigmet dnperuoa I the test paint
comnts, then, of zine oude, amor-
phous silca in some caser, and a shight
unung — cither a wmall amount of
carbon dlack, red kead oxide or other

pgrnents.

The paints were exposed in Mary-
land, on the same type of test pancis s
were the costings of Group |, & well
a in the barnacic-nch comtal waleny
of Conneclcut, the fests are con-
tinuing. Especially interesting was the
application of the experimental G4
peint on & fibcr glass motor boat di-
rectly over & wash primer undercoat.
While the Connecticut coastal watens
in which the boat was operaied are
heavily infesied by bamacles, the
painted rudder (Figure 2) sthowed high
resistance to fouling afier cxposure
from June to December, 1971,

The results were the same when sim-
ilar applications were carried out oa

the boat during 1he following semon.
Thn time. however, a new form of

triphenyt kead acetate was wned, com-
tuning ich per cent of an aromatic
anti-dusting agent (Ciba-Geigy Ma-
nenberg GmbH s Irgarol Bl $47).

Cosstal Water Lxposnce

The ocgancicad antifouling elas-
someric pant G-4 was applied 10 oust-
board enpnes which were exposed e
the Connecticut coastal waters. One of
the engincs was pamicd only on the
Jower part; mhile the other mgine was
painted over the entire immened arce.
The cngines were exposed from May
0 late {all. 1972, when they were pho-
wgraphed. & shown a Figure ).
There n sn abundance of mannc
growth on the unprotected pant of one
enpne, whnle the test pamt shows hugh
rantance 10 fouling whercver it was
applied.

Concemning the use of such costings
on engines. #t i of interest that the
clastomenc antifouling paints arc aot
affecied by contact with mineral oils,
daspiic thar being air-dried. The paint
was not deotved afier a 15-day -
MHCILION N WAITH VACUWT pump miner-
al ool a1 [00°F. (38°C.). The rciesse of
lcad matter into the ol was tested in a
manner umilar to that previoualy
dexctibed for lead content ia immer-
son water.

The lead<ciease aftcr the 15-day
tesl amounted 1o 2.84 mictograme per
square inch, indicating that organciead
clmtomeric antifouling peint can alo
be cmployed under immersion condi-
tions where contact between fauling
water and oil I8 10 be expected, such
with offihore drilling rigs.

Other cxposure tosts are under way
in Australian waters, and in an area of
Rhodesia where the antifouling paint
has been applied to irrigation ditches
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Figure 5 — Sorry ApohCcation over sand biasted steel. Panefs » top row
costed with fourCOmoonent rubber syems, while those in bottom row
costed with flud Dutadiene-scrylonitnie-polyurethane system. All systeoms
120 organciesd compounds. Paneis A sre bare steel, B wers precosted with

131

primar, C were pre-comted with MOMEAC N Prwrver.

harboring snails which tranemit the
wopscal discase, schustosominss (akso
known as snait fever). The prelminary
retults are encouraging.

Recent Dovelopments

In view of the fact that the new clas-
10MeTic paints are based on dispersions
of polymeric swelling materish, the in-
fluence on drying and adhesion of wet
wbstrates and low temperatures was
studied. In those tests, the clastomenic
paints were applrad 10 movstened wash-
primed steel pancls and. in some cases,
al lemperatures below narmal for con-
ventional coatings spplication.

Controtied conical mandrel tosts, m
shown in Figure 4, were carried out on
the panch. It was found that mch
applications do not inlerfere with the

clcaning equipmcnt of sca, i mught be
daurable 10 apply additranal costs of
pant over most surfaces or when the
mocsture content of the air s high.

I a current development, modifica-
tions of the vixomties of the cla-
tomarc G4 painty were made. These
modificatiom facilitate the formula-
Gon of paint vehiches that can be
apphed by spray or brush over ex-
ended arcas. This developmental work
i sull in progrem, but Figure S shows
weay apphications oOver bare sand-
blasted sicel (A) over wash-primed
sand-blasted sicel (B), and over sand-
blasted weel with inorganc ziec
primer (C).

Aok dod

drying or sdhevion of the elast L
antifouling pamnts.

These application characteristics of
the ncw antifovling paints are of con-

Tbcmlhmrw‘dv-ulda
taken m the Costing Research Labora-
tory at the School of Enginecring and

Science, New York Univensity, Uni-
veniity Heights, Bronx, N.Y. under
the spormorship of the Internations!
Lecad Zinc Research Organization, inc.
(Dr. S. F. Raditke, executive vice-
peesident and diractor of rescarch)
The suthor was asisted by a number
of studenta: Kevin A. Babiak, Anthoay
J. Chisamida, Katherioe M. Jarac-
ewnki, Tunokhy F. Murphy, Jobn G.
Pizzolo, James J. Webber and Rimas
V. Vetetiuna.

Since New York Univensity diwcon-
tinued its School of Engincering and
Science. ia mid-1973, the Coatings
Rescarch Laboratory has boen trans-
ferred 10 the Chemistry Department,
Manhaitan Collcge, Hayden Hall,
Broax, N.Y. 10471, where these
studics are contieuiag.

The we of the exposare site ia the
estuarial waters of the Severn River of
Annapoln, Md. was madc possible
through the cooperation of Dr. Eugene
C. Fischer and Mr. Edward Dyckman
of the Occanographic Laboratary, U S
Naval Shp Research sad Devedop-
mt Laboratary. The author ex-
premes his appreciation for this assis-
tance.
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