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: : BUBJECT: ORGANOLEAD ANTI-

TO THE MDEERS (F THE LEAD DIUSTRUES ASSOCIATION, INC,:

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

e The paints, developed in an JIZRO research
project, offer extended protection against merine
fouling and are under trial by the U, 6. Navy.

LIA bas reprinted 6,000 coples and 1s mailing
3,000 to our 1ist of Paint Association mesbers, Peint
Production clubs and Painters. The remaining quantity
¥ill be used to ansver inquiries.

;. Additional copies are available to cur members
13 vithout cherge for as long &s they last.

Very truly yours,

Assistant Secretary 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 KROMSTEIN

CHORSTRY DEPARTMENT, MANHATTAN COLLEGE, BRONMX, MY,

A mw form of snufouling paint, ia
whech an organcicad chomical 18 used
s the toaxant in solvert dnpensons
of  symthetic  rubbers  compounded
from cdmtomeric polymerc materials,
A shown commdcrable promose in
VRNOUS ICEW MCT IMMCTION Lesth.

The ncw punts. doveloped in
rescarch spomored by lntornational
Lesd Zinc Rocarch Or ganization, Inc.
(ILZRO). differ basicaMy from pre-
vicumly developed  ocganoicad<con-
tuning antifouling paints in that the
earbics coatings were based on the
principie that if cuprous oxsde (CugO)
prgment were conunuowsly exposed o
the pamnt surface, manne plant and
animal life would not be able 1o attach
thomactves. This rype of resinows
pant. with its high degree of pigmen-
tatron, has & hmited surface stablity
under water, and this s manifested by
“chalking.” As the surface layer chalks
away 00 8 Continuons bass new layers
of paint are cxposed, and with them
now quantities of cuprous oride as tox-
icant.

The new clastomeric antifouling
paints do not develop surface chalking.
Instead, they permit the organolead
toaxcant to be released gradualty from
the coating surface by diffusion. Such
reicase  continues  to  prevent  Lhe
growth of plant and animal organisma
on the coeted mirface during the life of
the costing.

The amount of the fcadrcicase. i

terms of mucrograms of kad por uasrt
of area and ume, m Quite small. Ex-
posure toats have shown, however, that
t u cffective in protxcting costed
panch, boats, outboard engincs and
other immened wurfaca 10 8 hgh
degree against fouling growth durmg
exposure tet periods ranping from 12
10 21 mooths. Laboratory tests have
shown that the rate of lead-reicase
remaing, for a certain paint material,
ncarty constant dunng tost periods of
ONe year of enore.

Previous  rescarch conducted by
ILZRO established the effectivencs of
organcicad compounds i antifoulng
peints (/). The panl systoms studeed
then were of the vinylrosin systoma,
such ;s US Navy Speaificsion 121,
of MIL-P-139)1A, and the vinyl-hgh
rosin paints of U.S. Navy Speciflcation
121/6) of MIL-P-159)18.

In the fint of these groups, the
coating vetucle comsints of PVC/AC
copolymer Vinylite VYHH of Unioa
Cartude Corp.. and WW gum rosin of
Hercules Incorporated in a ratio of 1:1.
In the sccond group, the ratio i 1:4. In
both sest formulaviom, tricresyl phos-
phate was used m the plasticizer. As
antifouling  toxicant, both spexifi-
calions use cuprous onde o an
amount about five times the total
weight of vinyl resin and wood rosn ia
each paimt.

In the earlscr work. the amount of
cuprows Otide i WKW panh wm
reduced by SO per cent and replaced
by equal parts of an ocganvicad com-
pound, such as triphenyl jead ace-
tate (TPLA) or tributyl kead acctase
{TBLA), and by pugments, such ss red

formutation proved superiar 10 that
obtaincd with formulatrom containing
cuprouws oxide alowe.

Clostomeric Yohicies

H must be moted thet synthetic
rubben, or clastomery, reprosent poly-
mer materiab which posscss mechan-
ical properties similar (0 those of natw-
ral rubber: high dcformability, raped
recovery of deformation and good
mechanicel strength. These materiale
may be dexnbed a “heterophase™
substances (2). mweaning that they con-
sist of mocre than one state, ar “phase™
of their csscntisl base material.

The base material is contained in 8
high polymer, or threcdimcmional,

- phase which, slone. & not molecularty

dispersible and #ot  volatile (cvem
under vacuum & when exposed b0
elevated temperatu. ). ja this state thw
polymer in capable M incresring ta
volume when R comes w.io contact
with suitable fluide, fusible matter or
“swelicnn™ that penetrate the polymer
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Fgure 1 —

senes in creed fowing into Severn River, Md. Top row thowt panets after four monthe of exposure, haly

Exposure
to Novermber, 1971, Botiom row showi same penels after 18 moaths. Perwis {from left) sre costed as follows test psint
PD-1-39 wathout tomicant, $ame paent snth ten g TPLA per 100 g navy antifouting pant (MIL-P-15931, 1. 121831

The “swollen™ potymer han & um-
form appearance. The soluble statc. of
“phase.” of the basc matcrial repre-
scnty a swelier subniance that i, slone,
volatile (at ket under vacuum or st
clevated temperature). and can, there-
fore, form a rubber -hik e substance with
the tni-dimenuonal phase matier The
organclead  matter  poenctrates  the
swcling or swollen polymer matcriaks,
ar, in particular, thesr sotvent dnper-
soms, and influences the rubbeor-like
materiak, becoming & part of these
rubbers.

These clastomer solvent dnper-
sons can be combened with ball-milied
dupervions of pigment in solvents.
When mistures of the clastomeric
drpersions and the pigment drspersion
ace further ball-miliod together, a uni-
form disperiion s obtsined. The or-
ganolead component can be added to
the vehicle, during pigment milling. or
0 the final ballemilied paint.

{n order 10 amsure compicte entry of
the organolcad component, the paimt
should be warmod during stirring o

Y L

30°C. (122°F). Thus treatcd, the
pamt can bx applred 10 mctal. plastice,
concrete of polymer -trested fiber glas
surfaccs. As the volatile swciler sol-
venty evaporate, the pigmenicd rubher-
based filims dry into highly cobarve
and deme coating filma that are stable
undcr frosh of ses waer and under
varying emperature conditrans.

Coaventionsl rubber  dupersioms
require for their “cunng.” or drying
o deme coatings, the prosence of
wiur or organosulfur compounds ot
acccierators. The applecation of heat in
aho usually required to transform the
dnpenions into stable rubber or “vul-
canized” rubber layers. The new clas-
tomeric dispertions, however, as weil
a their pigmented forma, which con-
tain organclead compounds
throughout, do not require the pres-
ence of wufur or organosulfur com-
pounds, or the applcation of heat,
They form highly coherent, denee
coatings at foom temperature.

Since the propertics of hetcrophase
polymer substances vary with the ia-

creaing rato of thest t-<demenuonal
phase matter, and unce the of ganolcad
mature cramined i this study have 8
tendoncy 10 increase the volume of the
available rubbcry polymers the re-
wmhting costings have stronger mechan-
xal propertics than had been the case
for the carlier muntures of clasiomens.
Furthormore, it s possible, during
cvaporsison of the volatile yweller sol-
vents from the coating film, o apply
two or more addibonal costs of the
cmtomernc paint, which swell together
n uniform, heavier coatings.

Since the organcicad compound has
been incorporstod into the coating me-
terial itell, K s 0 be found in each
layer of a mulicoat dry film. The
lcad-reicase takes place uniformly and
continuously throughout all layers of
the film. It s pomible, thercfore,
remove by abrasives (such st brush
boata) any pert of the film while re-
taining the icad reicsse property ia the
portion of the film that remains.

It i evident that such properties
offer imporisat powmibitities for the

i
£
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Figure 3 — Outboard engines sfter exposure in Connectrcut Cossial wat
Moy to iate tail. 1972 Oniy lower portion of engine ot et wes Costed

elastomenc sntifouling pat contawing TPLA. Entire immersad portion of engine
ot ngt was COated with the new sntrioulart peint.

It was one of the purposes of the
labursiony o Lo cbmerve the charac-
rnia of the sosl panch undcr ex-
wrded apunute v frah waier ov
syntheix wawaicr. 1o chanping the
WM waton 5t vardcun tine intovah #
becoma povubic t0 test the water of
the preceding porvad far ey comtont of
Icad mateer.

By comparing such rawin with

watcrs of several cxposut ¢ peniada. one
may crablich the stabebety of the fate
of icadccicans over 3 peen cxpowure
ume or sudy eventual changa whech
Mg ocxwr dunng alended  ex-
powites. it m aho pomible to camperc
corraponding It painth Contarneng
onc bnd of organolcad maticr uxh m
bty ) icad acetate, with othetr panh
contamung saothet organcicad com-

Toble | — Leod-Release Differences Betwesn Orgonelesd

Cempenents in £l

W Peints Duting Laborwtery

lmmersion Testy in 300 mi Water

fu! Yaphuayt Lowd Aaritese (TMA)

Bome 70 139 anth § g TALA por 100 g paent ~ dumersed o datiod woter
e 37 o Averoge leod reiease — 0012 macregrom PulomYeoy
Tosol locnd reieene
Neet 100 doys Averoge leed reieeme - 0011 mcrogrem Pk eligey
f Torol lowd reiecee

Toved

Colcduted, peet your (IS dove) 4 T8 mucregroms Paiwt

Cokcvdwrod for | 4q W ol suviace por your (1 og & 9270 oq cny
Laod relvote 3978 mvrogroms (| muregrom = 12 0 Sy
Torol toad reiecne O OCIV7E g iradhg M suriocalvenr

Tosed

Colcviarod bor 1 0q W surioee g yomr
Lood rviease 15 330 mc

L (el Tritet yl tond nentene (TREAY
Sone PB 1.39 wth 33 g TRAI00 g pomnt — bumarsed o darfod wonr
frat X0? dovn Avernge lred rviwase - 0 0% mucrogrom Pk miidey
Tesot lead relocee - 14 912 ancrogroes Poh 1207 deys

Neer 100 dove: Aweroge eed reloaer — 0013 mucrogrom Pl doy
Tosol lnad releaee

Colkcviored por yoor (43 daym) 16717 e regraes

Tosal lead release C 015330 g lewudq  surfocelyenr

= 3376 mcrog ey Pakom Y171 dowe

= 1100 mucragremu Pk =2 100 deye
- 4 370 mucregrone Pk =227) doye

= 1.8 mucrogroms Puicmd; 100 doye
~ 18 417 mcrograms Pk mUe0T duve
Fohom?

pound. mxch m triphenyl fcad acetate.

The determination of the loed
matter @ the immenion water was
made in sccordance with the dithizone
lest methou (6) e & modification of
ASTM Standard C-333-64-T (a
methad developed - originally for the
determination  of kad teicase  from
glazed cerumic surfaces). Table § offers
data on thin type of ealended investigs-
uon on two cortaaponding st paints,
one of which contained (riphenyt fcad
xetate. Here the icad-relcase (m
mictograma of lcad per square centi-
metcr per day wa nearty the same in
the first 273 days of immerion a8
duting the naat 100 days (0.012
microgram  Ptécmiiday end 0011
mcrogram Pticmtiday).

1a the cane of the paint containing
nbutyl lead acctate, the kead-ceicanse
wm consuderably higher in the firmt
302 dayr, showing a decrease in the
winequent 100 days. This phenome-
non rewis from the fact that tinburyl
Sead ncctate has a greater keacheng rase
than the triphenyl kead acetate, which
ha o comuderable degree of stabalty
that » doursbic for longdcrm ex-
pousten.

it » 10 be nted that beadrcicme
docy mat take place s the form of an
ncrganc  kead . The relcased
maticr can be extracied from the -
menion wsicy by shaking it with ctivyl
cther. When the cther oxtrct s
applwcd to & mictoscope shide, and the
cther i allomcd 1o evaporate, the resi-
due, when vicwed under the micro-
wope (450 X) has the appearance of
typcal polymerxc  maicriah.  (The
chemucal comtitution of swch water-
roicased matier has not a yet been in-
vestigated.)

Lsed Retease Dota

Table 1 aho shows the total lend-
relcase per square cantimeter of costed
wtiace per year of immcnion m
varied  SOO-milliliter quantitis of
water, and # cakulaics the annuasl
fead~tchcane from a square foot of war-
face. For the tnipheny! kad acetste
paint, the leadtcicase amouns 0
4,000 micrograms, or 0.004 gram of
Pb per year. If the paint were applved
t0 3 ship, this 1ota! of Scad would be
reicased per square foot of surface
Ihroughout all the waten through
which the ship might travel during the

It i of intcrest, therefore, 10 com-
pare these data with the knowa ead
coment of the water before the immer-
sion of the costed surface. A recemt

AV ot ¢

|



maintenance of “clean™ surfaces in
wopical waicrs where manne foubng e
peevalont. This cleaning action caa
occur evea afler removal of the 10p
coating layers, and while the surface is
under water, without requiring s dry
dock.

Eiastemmers Used

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

(1) Sotvent dispersions of & conmwmer-
cial polyisoprene, Goodyear's Nateyn
400, a styrenc-butacheneatyrene block
polymer, Shell Chemicals Kratom
1101, a chlorosslfonated polycthylene,
Du Pont's Hypaloa 30, and & modifica-
uon of the coating by the addition of
an umsturated polyamide reun, Gen-
eral Milh® Veralon 1140. The or-
ganobcad chemical was. in most casen,
wcd m the only accelerator i the
drying of the costings. )

(2) In another sysiem, 3 Nuid be-
tadrenc-acrylonitnk polymer, B. F.
Goodrh Chomcal's Hycar 1312, was
used josntly with 8 Nusd polyurcthane,
Du Port’s Adiprene 1. 167, again waing
the crganoiead compound as the only
accricrator compunent 1 the system,

(3) Other clastomens have buexa ia-
troduced 1n umilar compositions. such
= a poly<pchlorohydria, B F.
Goodrnch Chemacals Hydoa 100,

Orgonsiesds Used

Generally, organolcad  chemstry
dcal with compounds 1n which »
carbon stom of at kcast one organs
group = Mtached directly 10 & bead
stom (1), The materiah that have
primanty boen used 1a the coatngs of
thn study belong to the group of or-
gancicad salts of the goneral type of R,
Pt X. in which R repraents a group
attached 10 bead by carbon, and X sa
anionc group.

The matcnials used for the most part
can be further clamified s triaryt or
triafkyl iead scylater, wuch = tn-
phenyl lead acetate, tnbutyl lead ace-
tate and others. These matcrials were
devclaped witially by the Institude for
Ovganic Chemistry, TNQ, in Utrecht,
The Netherlands, and have since been
produced industrialty in the United
Statcs m well s in Europe.

tn one intcresting form, the or-
ganolcad malerial is delivered after
being wetted with 8 high-boiling aro-
maiic flud to avord dust formation
during handling and dispersion. This
product m supphied by CibaGeigy
Marienberg GmbH in Germany under
the name lrgarol Bl 347,

Figure 2 — Ship's rudder painted with
openmental  etastomenc sntifouting
costing sfter exposurs in Connectiat
coastal waters from June 1o December,
1971.

1t has been posnted out that the or-
ganolcad matict m mtroduced in the
preparation of the new antifouling
paunts cither 10 the clastomernc vehucle,
during pigment dnperuon of into the
balt-milled pant. The clastomenc
pohymen  are comemcrcially  widcly
availlable In the ycan briwcen 1962
and 1971, the production of synthetic
rubben increased n the United States
from 1,574,000 long toms 1o 2,424,000
long tom, an increase of 54 per cemt
4).

Exposure Studies

In ordet 10 follow the development
of the clastomesic antifouling coatinga
in sclected exposure tats, studics were
made in laboratory water immersion
tosts s well & in ocean undeywater ex.
posurcs. For the laboratory tests, cold-
rolled steed panch coated with two
coats of wash primer (MIL-P-15328B,
formula 117) and two costs of the or-
ganolcad clastomeric  antifouling
paints were usod. In the outdoor
scawaler exposurcs, hot<olled, sand.
blasted steel pancis costed with 0.7 to
0.8 mil of wash primer and 4.5 0
415 mik of red kead vinyl primer
(MIL-P-139298, formula 119) were
utilized.

On the early exposure lest panels,
these priment were followed by sbout
13 mik of elastomeric paint with no
organolead component but containing
sulfur and & sulfur acceleraior. These
coatingy were topped with 3.0 w0 1.8
mils of organoiead elastomeric anti-
fouling peint (withowt sulfur compo-
nenta).

The sutfurcontaining costings were
developed in the course of the work of
this roscarch group (3) under the
spomonship of the U.S. Naval Applied
Science Laboratory, Brookhyn, N.Y,
which wm later tramsfertred to An-
nspols, Md. The organolesd elas-
tomeric antifouling coatings without
sulfur components were developed by
the wame roscarch group under the
wpomsonhip of ILZRO. These panch
comprised Exposure Growp I, and
were aposed in fouling waters of thwe
cstuary of the Scverm River ia
Maryland.

In latcr tests, the organcicad elas-
womerc  antifouling paints were ap-
plicd derectly over the primer costs in
8 thickncws of nine 10 Wn M. Thase
pancls comprised Exposure Group Il

The test paints of Group | were dark
n color, since theyr pigmentation com-
wusted of zinc caide and channcltype
carbon black; the panch of Group I}
were kight gray in color, and were
coated with cxpetimental test paist
referred 1o a3 G4 pant. The same G4
pant formulation was used i other
oxpowre 1oty such s on 3 fiber glas
motar boat where, over the wash
primer. it was apphed a8 the only sddi-
tional costing mascrial.

Afict cxpomure for 8 scmon i bat-
aackeich comtal waters of Connecti-
cut. no trace of manne growth was ob-
scrved, and the cxposurce test was
repeated duning the following semon.
In another test group, the G4 paint
was Used 8 2 proiective costing o8
outboard ship engines and cxposed ia
Connecticut comtal waters. The resuits
of those cxposures are dncussed later
n this artcle.

Most recently, the paints have beea
applied 10 aluminum and 0 formed
acrylic polymer objects. The paint was
aho applied to hotcolled steel test
pancls over 8 commercial inorganic
anc primer of the type of U.S. Specifi-
cation MIL-P-38136. Here, the paints
of Group 1, s well as those of Group
11, were applied successfulty.

It s ako worth mentioning that the
viscosity of the elastomeric paints can
e modified for spray spplication e~
sticad of brushing.
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book (7} reports that the global mesa

for lake or river waler is onc 1o tew

micrograms of tcad per liter. Higher
valucs may exist in arcas adjscent O
tead ore deposits, heavily traveled
highways, etic. What thae dats reveal
i that the amount of lcad released
from on¢ square foot of painted sur-
face would not have significant influ-
ence on the caisting lcad concentr ation
in scawater,

Control lests were made on two
waler sampics, ane taken from the e
tuary of the Scvern River at As-
napolin. Md, the other from the
Harlem River sdjacent 0 the NYU
Acrospace facility in the Brons, N.Y.
The firnt test showed an average Sead
content of 12.6 microgr ama per titer ia
dithizone tots; the other showed 64
micrograrms of Pb per liter.

Frosh Water Exposure

The panchs of Exposure Group 1
were doxcribed earbier in this paper.
Thar antifouling coatings compeised
clastomenc punts contarming five to
ten grama of triphenyl kead acetate oe
tnibuty! kead acctate per 100 grama of
test paint. These were axposed nde by
ude with a umilar clastomeric pant
bascd 0n & wlfur accelerator, but ot
containing organcicad toncant. They
were cposed together wath panch
coated with the same primer and clas-
omerc paints. but topcostd with a
common type of anufoubing paint
based on cuprous otide prgmentation
with 8 vinyl-high rosin vehscle (Navy
Specification MIL-P-15931B, Type
121763). Thes same paint was abyo used
contaming cuprous oxxic m well as
some of ganolcad component

The cxposure tess in the fouling
waters of 8 creck flowing nto the
Scvern River in Maryland showod that
aficr four monthe, from Juby %o
November, 1971, the clastomerx paint
without toxicant was covered with &
beginning plant growth whch, afier 18
months of exposure, became the wte of
barnaclke sttachment. The wame paint
with organcicad toxcant showed the
attachment of barnacia o the sup-
porting exposure board, but none on
the painted panel. The anufouling
paint, MIL-P-1593iB, showed the
beginning of plant growth afier four
months of exposure, with progresaive
fouling after 19 months.

Another organolead elastomeric
paint was aiso exposed. This paint wes
based on a2 butadienc-acrylonitrile
polymer and 8 fluid polyurethane, but
was  heat-reacted  with a  smaller
amount of triphenyl kead acetate and

pigmented cithar with carbon  black
and nec oxide or carbon black and
one-half rinc oxid¢c and  onc-half
cuprows oxide. Nather type of thes
paint showed fouling growth afier 18
montha of exposure. (They have boen
furiher irapectcd after 22 mantte of
expooure and are sull without any
marine attachment of fouhing growth).
Some of the cxposcd panch are shown
i the photos of Figure 1.

In expowre toats of Group U, wsing
organocicad elmiomenc anufoulng
painty directly over the priumer sysiem,
the coatings were pigmenied cither ia
the same mannct a8 Group 1, or with
the major paction of the carbon black
replaced by 8 fine-pantcie-suted amor-
phoun ulxa that n produced by
hydrolyus of wmlcon ctrachionde.
This matcrial i commerciaily avail-
able from Dcgussa. Inc., under the
Acroul-380 trade namec. ot a pantiche
size of sbowt five milimicrons. The
prgment dinperuoa | the test paint
comsists, then, of zinc oxide, amor-
phoun silica in some cases, and a shight
unung — cither 3 wnall amount of
carbon dlack. red kead oxide or other

pigrnents.

The paints were exposed in Mary-
land, on the same type of lest pancis s
were the costings of Group |, & well
a in the barnacic-nch comstal waleny
of Conneclicut; the (csts are con-
tinuing. Eapecially interesting was the
applicaion of the experimental G4
paint on & fibcr glass motor bost di-
rectly over 8¢ wash primer undercoat.
While the Connecticut coastal walens
in which the bost was operaled are
heavily infesed by bamacies, the
painted rudder (Figure 2) showed 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 the following semoa.
This time. however, 3 new form of
tripheny! lead acetate was wned, con-
tuming tch per cent of an aromatic
anti-dusting agent (Ciba-Geigy Ma-
renberg GmbH s Irgarol B1 $47).

Cosstal Water Lxposnse

The ocgancicad antifouling elas-
someric paint G-4 was applied 10 out-
board enpnes which were exposed i
the Connecticut coastal waters. One of
the engincs was pamicd only on the
lower part; mhike the other engine was
painted over the entire irmmencd arce.
The cngines were exposed from May
10 late all. 1972, when they were pho-
ographed. @ shown i Figure 3.
There s sn abundance of manine
growth on the unprotected pant of one
enpne, whilk the test pamt shows hugh
rastance 10 fouling whercver it wms
applied.

Concerning the use of such costings
on engines. #t is of interest thal the
clastomenc antifouimg paints are aot
affectod by contact with mineral oils,
dapitc their being air-dried. The paint
was not dmeotved aflcr o 15-day im-
MELON N WAITH YACULT PUMP Miner-
al onl at FOOF. (38°C.). The reieane of
lcad matter into the ol was tested in a
manner similar to that previoualy
dexcribed for kead content ia immer-
son water.

The lkead<clease aftier the 15-day
test amounted 1o 2.84 micTogram per
square inch, indicsting that organciead
clastomeric antifouling peint can alo
be cmployed under immersion condi-
tions where contact between fauling
water and oil s 10 be capected, much
with offihare drilling rigs.

Othet exposure tosts are under way
in Austratian watens, and in an ares of
Rhodesia where the antifouling paint
has been applied to irrigation ditches

&
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Figure 5 — Sormy apoicaton ower sand blasted steel. Paneis wi top row
costed with fourCOMOONent rULDEr Syems, while those in bottom fow
o

harboring snaiks whech tranemit the
ropscal disease, schotosomiass (akso
known s snai! fever). The prebiminary
rerults are encouraging.

Recont Developments

in view of the fact that the new clas-
1OMETiC paints are based on dispersions
of polymeric swelling matcriah, the in-
fluence on drying and adhesion of wet
wbetrates and low temperaturcs was
studied. In these testa, the clastomernic
paints were applied 10 Movstened wash-
pomed steel pancis and. in some cses,
al temperaturas below narmal for con-
ventional costings spplication.

Controlied conical mandrel tosts, =
shown in Figure 4, were carried out on
the panch. It was found that such
applications do not interfere with the
drying or sdhesion of the elmtomeric
antifouling pamnts.

These application characteristics of
the new antifovling peints are of con-

mousture content of the air i high.

In a current developenent, modifica-
toms of the vicouities of the clas-
tomax G4 paints were made. These
modificationm facilitate the formula-
ton of paint vehiclhes that can be
applied by spray or beush over ex-
tended arces. This developmental work
i sull in progrem, but Figure $ shows
wray apphcations over bare sand-
blasted steel (A) over wash-primed
sand-blasted sicel (B), and over sand-
blasted stecl with inorgan  Binc
primer (C).
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