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PART I
ABSTRACTS OF PUBLISHED RESEARCH WORK

( August l97& — Now)

1. Advances on Ariticorrosive and Antifou).ing Coatings.

In this paper, the merits of introducing lamellar

aluminium in anticorrosive coatings, and a swellabl e

non—hydrolyzable plasticizer in antifouling coatings

are demonstrated by long—term tests in natural environment.

It was concluded that raft testing in a natural enviro-

nment which combines rather severe climatic conditions

. with non-toxic pollution provides valuable information
• • . •as to the efficiency of underwater protective systems.

In anticorrosive paints, incorporation of lamellar

aluminium provides better protection than when inhibiting

pigments of the anodic passivation types were used

without aluminium.

In antifouling paints, a swellable but nonhydrolyzable

plasticizer is superior to both nonhydrolyzable and hydro-

lyzable counterparts in regulating toxin release and

allowing retention. of surface copper in the form of basic

copper salts. (Document No. 1).

2. Limit of Protectability of Vir~yl— Cuprous Oxide—Based Anti—

fouling Coatings in Fouling—Ric3i Regions.

Iii this paper three sets of antifouling paints varying

only in the Cu,O contents were prepared and submerged for -~
testing in the fouling—rich Alexandria Harbor. The series

• I 
included paints with the maximum tolerable cupr~us oxide

i.
• I
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content. It was concluded that there was an upper limit

for the period for fouling prevention by coatings mainly

dep ending for their toxicity on cuprous oxide. It appeared
that the maximum period attainable by such compositions in

temperate, fouling— rich waters i~ 13 months. It was advi-

sed that for extended periods of protection, research

should be directed to areas where other binder systems are

used, or higher efficiency toxics may supplement or replace

cuprous oxide. (Document No. 2).

3. Preparation and Testing of Antifouling Coatings Based on

Tributyltin Fluoride.

This paper presents tributyl,tin fluoride (TBTF) as

alternative to cuprous oxide in the antifouling coatings

for fouling— rich regions. The results were very promising

• with respect to animal organisms but not very much so with

respect to plant fouling. It was concluded that TBTF

formulations function by a slow—release mechanism which is
independent of a soluble ingredient in contrast to cuprous

oxide formulations. (Document No. 3) .

4. Preparation and Testing of Antifouling Coatings Based on

Triphenyltin Fluoride.

This is an extensive study on the role of triphenyltin

fluoride (TPTF) on antifouling coatings in which three sets

of environmental testing took care of the effect of the

amount of TPTF in the formulations, the role of rosin as

soluble ingredient and the effect of the type of ’ the pi~ uent

4 extender, respectively.. It was concluded that TPTF at 20%
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by weight in the formulation was sufficient for longterm
protection, that incorporation of rosin was of disadvan-
tage and that china clay and lithopone were the best and
barytes was the po~ rest for efficient idngterm protection.

(Document No. 4).

5. Some Studies on Aluminium Paints

This paper deals with the p~’eparation and use of co ting

for steel structures for marine applications. The coatings

are mean t for preventing corrosion under antifouling coat-

ings in sea water. They are also meant for preventing

corrosion in marine atmosphere. The conclusions were that

~ltiminium paints with chlorinated rubber or a blend of

vinyl copolymer and coumarone—indene resin showed good

corrosion resiqtance , and that the efficiency of the coat—

ing was improved by addilig inhibitive pigments. Also,

incorporation of china clay improved the anticorrosion

efficiency. (Document No. 5).

6. A testing Station for Above-Water Pair.ts.

This is an illustrated description of a new station

for testing different metals, alloys and coated materials

in marine atmosphere. The station is situated on the

roof of the Oceanographic Institute on the eastern harbor

of Alexandria facing the testing raft (Document No. 6).

7. Classification of Some Commercial Inhibitive Pigments.

The paper describes a method of classification of seven

new inhibitive pigments according to the manner by which

they yield inhibitive material. (Document No. 7) .
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8. Anti—Corrosion Behaviour of Some Laboratory Prepared

Barium Metaborate Based Paints.

This is a short review of an extensive program employing

barium rnetaborate as corrosion inhibiting pigment in a large

number of formulations and testing then for their corrosion

protecting properties in marine environment and in the

laboratory. It was found that surface treatment of barium

metaborate with -silica waè important for achieving the

desired properties, that some binder systems are better

than the others and that barium metaborate-based paints

are ñiore suited to above water constructions than to

:~urfaces containuously submergad in sea water. (Document

No. 8).

I

I

4 4 ’
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PART II
RESEARCH WORK UNDER PUBLICATION

The following research papers are completed and are

ready for publication. Their abstracts are as follows:

1. Settlement and Larval Behaviour of the rube Worm Spiro—

rbi s corrugatus Montague .
The work carried out -in Alexandria easter harbor

showed that the serpulid Sp~rorbis corrugatus Montague 
-

settled abundantly on the green alga Cauler~~ prolifera

Forssk. Warms.wer~ .iound more numerous on the basal

part of Caulerpa blades. The distance between the newly

settled worms was 1.9 mm on the average. In laboratory

settling larvae showed indifferent choice between ~~~~~~~~~
—

lerpa and Ulva blades. The gre~test liberation of larvae

occured between April and June. The larvae of this

species carried two large attachment glauds and it passed

through rapid swimming, rotation and craw ng stages before

metamorphosis. Labo ratory tests proved t}~at znetam o rphizing

larvae were negative to. light and to gravity. The length

of the larval period never exceeded 12 hours af ter  lib-

eration but this period was shorter in darkness, at htgh
t emperatures and in the presence of rough substrates.

2. High Copper in the Waters , Suspended Material and Sediment s

in the Suez Canal.

This work was stimulated by the increasing ship t raff ic

l,hr ou,rh t I i  ~i i niportan t waterway since i t B  reopening for
I .

- -

~

--

~
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wo rld navigation in 1975. In view of absence of any copper
contamination from wi thout , the , only source of pollution
was believed to be antifouling coatings extensively used
until the present time for ship protection. Atomic absox’-.

ptiori measurements proved very high copper in water, sus-

pended material and sediments indicating accumulation which

is unsurpassed by tide or current. In water and suspended

matter, the results show peaks of copper concentrations at

particular locations which coul d be ascribed to hydrdLogic&1

factors and ship schedules. In sediment s, the amount of

copper depended upon the extracting reagents and the nature

of the substrate.

The potential dangers of this situation stimulated

investigations of effects of other heavy-metal pollutants

on chroni c toxicity in fouling invertibrates and in fish.

3. The Inhibition Mechanism of Barium Metaborate as Anti—

corrosive Pigment.

This is an ext ensive electrochemical study aiming at

throwing light on the mechanism of corrOsion prevention ’

by coatings employing barium metaborate as inhibitive

pigment. From the electrode potential, resistance and weigh

loss measurements, it was concluded that barium metaborate

acts as an anodic inhibitor of limited solubility. Its

solution under the paint film has an alkaline pH 9.3. The

hydroxyl ions are capable of giving protection at this pH,

since the effect  of the bo rate is to buffer the solution

and so prevent the anodic pH from falling. It appears that

as long as the anodic pH does not drop below 9 ferrous 



hydroxide can be rapidly oxidized to ferric oxide and thus
leads to inhibition of corroaidn. Modification with sodium

silicate which is later changed to silica i mproves the

pigment properties by reducing its solubility and raising

the electrode resistance of the coating.

4. Seasonal Variation and .Settl ement Behaviour of the Principal

Fouling Organisms in the Suez Canal.

This is an extension of the wide study of the principal

fouling o rgani sms performed in Alexandria harbor a few

years ago. The present study was carried out on two succ-

essive years 1977—1978 with mbnthly sample collecting trips.

The survey included settlement rate, growth rate, influence

of depth on quantity and quality of settlement, effect of

surface orientation and color and sea~ona3. succession.

Twelve sam pling sites were selected along the 165 lan water-.

way: Port— said, Ras I~1—1~sh, E1—Kantara, El—Teena , ~l— Ba11ah ,

~l— Ferdan, Ismailia, Defresoir, Kabrit, El—Shaloufa, Genefa

and Suez0 Fouling in the Suez Canal was found to be dense

except in Suez.’ Growth rates are generally remarkably

high. Some organisms were found for the first time , for
example, molluscan bivalves belonging to genus Arnonia.

Invasion by isopods especially Sphaezoma ~~ which are wood

borers was also discovered. The most severe fouling was

always found in Ismailia waters for which the following

summary is given: In February — the lowest temperature

month (17°C) — large number of tube worms (Hydroids and

Spi ro rb is ) ,  Bryo zoa ( Bineritina), Amphiboda tubes and .green

‘1
-‘I.
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algae prevailed. During Spring, the species number increasec

rn addition Ascidians (Ciona) , three species of barnacles,

particularly F3-Amphitnite and the bryozoan B—turbirLata were

encountered. In May the tube wo rms were the dominan t .o~~gs-

nisms and the whole panels were covered by more than 4
species of these polychaetes. The tube worms continued to

dominate the fouling in June and were accompanied by the

barnacles B— Amphitrete and B-eburneüs which were mostly dead

due to the invasion by the abovementioned isopods. There

were many ascidians (Dip losoma, Styala partita) and the

foulI ng of each panel (15 x 15 cm) weighed about 250 g.
I ri Jul.y I,h~ rI (’ t w~ i ~ht  of’ th e fouling of a nin~ le f , r~~;t

~)R!I(~1 t ( 1 .Uh4J (t  ‘()( )  g and the bai’nacles ( about 4~ ( . ~ipe ciiflenU

on each panel) comprised 70% of the fouling; Balanus

amphitrite being dominant. In addition to the barnacles

there were tube wo rms, Amphipoda tubes and the rnolluscan

bivalves belonging to genus Amonia was observed for the

first time. Data of similar nature are collected at each

of the twelve sites selected. The results are too exhaus-

tive and the correlations are too elaborate to be covered

in this abstract.

5. The Synthesis of Organotin Polymers and Their Testing as

Antifouling Coatings in Natural Environment.

Tributyltin methacrylate (TBTMA ) was prepared through

esterification of methacrylic acid with tributyltin oxide.

The monomer had M. .P. 18°C af ter  recrystallization. ‘ T n —

butyltin acrylate (TBT A ) was also prepared and recryst&-

- - ~ ilized to a M.P.  75°C. The reactivity ratio of TBTMA and

JL__ 
- ~~~ 

. 

- --.
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methyl methacrylate ( MMA ) was determined by the Fineman
and Ross Method. The reactivity ratio of TBTMA and butyl
methacrylate ( BIvIA) was also determined. The copolymer i—
zation of TBTM A—MMA and TBTMA—~~ A were found to show azeo—
tropic copolym erization at certain mole ratios. The azeo—
tropic composition of each system was polymenized to a big~L

conversion and was found to give a homogeneous copolymer

regardless of conversion (up to 9Q% conversion) with a

constant tin content .

From the monomer reactivity ratio s determined for the

sy~ tem s of’ TBTMA—MMA and TBTMA— BMA , the monomer reactivity

ratio of MMA with BMA was cal culated . Thus , the monor~er
reactivity ratios for the terpolymer , r12, r21, r13 , r~~ ,

and r32 were found . 
-

From these six reactivity ratios, the azeotropic tex’-

polymerization compo sition was calculated. This azeotropic

terpolym enization composition was verified experimentafly

and was found to give a homogeneous terpolymer with a

constant tin cont ent regardless of conversion .

Terpolymers with different tin contents were prepared

from interaction of BMA—TBTMA—MMA in different molar ratios

including the azeotropic composition — to give tin contents

of 15.9, 19 l and 24.0%, respectively. These polymers were

found to be soluble in many organic solvents. Their solu-

tions were found to give strong adherent films on P.V.C.

sheets and were not affected by sal t water for long immersi

times.

: Pigmented (wi th  Ti02 ) and non—pigmented films of’ the

above terpolymers on P.V.C. sheets were submerged in the

marine testing station in Alexandria harbor on August 18,

1976. Acco rding to the last inspection report dated Decemb

30 , 1978 all panels are 100% free of macro— fouling.

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
- 
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PART III
CUURENT AND FUTURE ACTIVITIES

The current and future activities can be read out from a

new “Proposal for a Research Project” submitted to the Ocean
Science and Technology Division of the Office of Naval Research.

The Proposal is in fact an extension to the present contract

with the Microbiology Division of the same Office. Its general

objectives are to expand studies of coastal sea water and

land adjacent to the sea for corrosion, and fouling and boring

organisms, and to continue developing, testing, and using

F environmentally competant protecti’ve coatings for metals,

concert e and wood surfaces used in or near sea environment and

the best methods for surface preservation.

A
’ 
summary of the current and future activities is as

follows:

I. Fouling and Wood Borer Organi sms:

1. Identification, for the rest of ‘the second-’ running year,

the monthly settling of marine fouling organisms along

the Suez Canal from Port—Said in the North to Suez in

the South, including settlement rate, growth rate, in-

fluence of depth on quantity and quality of settlement,

and the seasonal succession.

2. Concluding and up—to—dating the fouling picture from ‘

Alexandria to Port— Said East, and from Port—Said to

Suez South.

3. To find relationships between reproduction and propagation

of fouling organisms, and feca]. pollution. ( Some of the
-~ -r - 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

_
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H u~ t t  L L A ~~ I , ~~~~~~~~ 
;t ations ~~~ui~~ ~ar untreateci— :;ewa~’c,

d i sp O ~3ui ~~ pe~i ~Ll1 he1 these studies).

1— , 2— and 3— are useful not only for work on antifoulin~
coatings but also for current and future plans of cons-

tructional developments along the Egyptian coast , e.g. ,

po wer plants.

4. Ident if icat ion and growth rate deter.nination of wood

boners at various sites ( see item 26 in this l i s t) .

5. Labo ratory raring of the larval stages of wood boners

until metam orphosis and the relative infection o~f cliff—

erént kinds of wood under different  conditions.

o. llet—lab cultures of larval stages .of various fouling

animal s (Ascidians, tube worms, molluscs, hyd.coids,
- barnacles, bryozoans ... etc)  for determining the

du ration of each stage and i ts mo rtality.

7. Specifi c studies on the mechanism of settlement vs.

repellancy or mortality of fouling larvae of polymers

and coatings of toxic and non—toxic natures.

TI.  ~Iyd rography :
9 . Comp leting the wo rk on the high copper-in the waters,

suspended matter and sediments along the Suez Canal

(165 kin ) by finding relations between the observed

state of equilibrium in favo r of toxin accumulation
( and various environmental factors such as currents, and

tides , and ship traffic. •

~. Determination of toxic elements, other than copper ,
S 

1 - -
emerging fro m anticorrosion and antifou ling coatings

or o ther  sources in the waters arid sediment3 of the

1,

- 

-
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Suez Canal. These elements are: lead, cadmium , arsenic,

tin, zinc and chromium.

10. Determination of toxic elements in ~iole body arid tissue

of fouling organisms, flesh, bone and guts of fi sh native
in the Suez Canal.

11. Comparative study of the waters of Alexandria, -Port—Said

and Suez for organic m atter of various kinds and its

relation to fouling flourish.

12. h ydrological factors governing the infestation by wood

- borers including salinity, calcium, magnesium and sul—
• 

- ph~
’ate determination. -

.

13. The origin nature and composition of the peculiar salt

deposit at the bottom of the Bitter lakes at the Suez

• Canal.

14. Analysis of black bottom deposits and adjacent water

layer at commercial harbor and their influence on -

materials and coatings.

III. Anticorrosion:

15. Establishment of a durability and corrosion resistance

program for testing metals, alloys, wood and other

uatenials coated and uncoated, under different clirna—

tical conditions, mainly marine, to opt~ii~ize on the

use of materials and coatings .

1t .  Underwater physical—barrier and inhibitor-containing

anticorrosion coatings for ship bottom and water line.

17. New methods of applying cathodic protection aLLd the use

of sacrificial replacable electrodes.

I
•T h

--  ---.~~~~~~~~ -~~~ - - 
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r.~~pect to the ~r.:’iailing hyd rographical , foul ing  and

• pollution cur i d it i op s .

19. Ponnulatin~ antit
’ouling coatings containing both Cu2

O

(for its wide toxic coverage) and selected organotin

compounds ( f o r their  low toxic impact)  and their  testing

• - in natural environment.
• 20. extended laooratory studies on the ~jnthesis of surface

coatings of copolymers and terpolymers wi th one monomer

bea ring o rganotin moie ty  and t he i r  app ) i cation in p ro-

perly fo rmulated ant i foulIng coatings .

21. . Continuing search for new non—toxi c  ant ifouling coatings

for extending the protection period from 30 days ( t h e

period already achieved in fouling—rich Alexandria

harbor) to 6 months ( t he -pe r iod  specif ied in staMard

specifications).  ‘ 

-

22. De vising in vivo faci li ty  in a wet lab for t e s t ing  the

efficiency of combined Cu 20— o rganQtifl , o rgan&tin , and

non—toxic an t i fou l i ri g coatings in repell ing cpecifi c

fouling larvae.

23. A study of problem s connected wi th the interface between -

anticorrosion coatings and antifouling coatings such as
. 

~ 
- •

cohesion, compatibility , etc.

-
~~ ~~ T’ ~~~ -~~~~~i~~iT ~~~~~~~~~~~~ ~~~~ ~~~~~~~~~~~~ —-



— .-•~~—~•-- ---•- -—. - —ii--- - - 
- 

- - 
- --

~~~; 
-
~~~~~

— Ii , —

24. A study of the coatings systems most competent in the

Red Sea area in collaboration with the Ghardaga Insti-

tute personnel.

25. A program of substitution and replacement of some of
the imported raw materials for marine coatings by

- 
_ indegenous ones. - 

-

V. Wood Borers:

26. Continuing the biological studies on wood borers aiming

at characterization, seasonal variations, etc. at

different localities in the Mediterranean, the Suez

Cai~aJ. and the Red Sea.

27. Continuing the technological studies with respect to

the extent of infistation of different woods, imported
and indigenous , ~y wood borers in different localities,
aiming at specifying infested localities on one hand
the most resistant kinds of wood on the other.

28. Processing wood for high resistance to ~orez& attack

by i rr:pri~ nation with extracts or preservatives and/or

by coat~ng~.

S 
-

.4-

~
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• PART IV 
-

Installations and Major Equipment

• 1. Five Testing Rafts:

Five testing rafts are now in normal function at five

different environmental sites; one in the western harbor

of Alexandria, one in the eastern harbor of Alexandria,
one in Po rt—Said harbor , one- in the Timsah lake at Ismailia

and one at the Southern end of the Suez Canal at Suez.

These rafts offer valuable information on the hydrolo~~r,

— fouling ecology and wood bo rers at the selected sites which

serv e to optimize protective measures for submerged mater-

ial . Materials under test in these rafts cover a wide

range of metal s and wood , ‘coated and uncoated .

2. Marine Atmosphere Exposure Sta~nds:
Five atmosphere exposure stands—inclined 450 facing

South — are in normal function at various interesting

near—sea locations near the aforementioned rafts. The

capacity of each stand is about 85 plates each 15 x 15 cm.

The aim is to establish a “corrosion map” and to compare

the resistance to corrosion and erosion of materials of 
-
~

construction, coatings and other substances under ~ ar o ~ a

climatical conditions which will be simultaneously recorded.

3. A Chemical_hydrological—BiolOgiCa]. Research Unit in

Alexandria Area:

A m od e r n  design of a labo ratory unit serving the researc

) t eam is now under construction on par~ of a 20 acre land.
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• belonging to the N RC at a suburb of Alexandria in the
South—east only about 2 Ian from the sea shore. A microbus
will be at constant service between the laboratory and the

sea facilities. The unit includes a hydrographical— chemice~
labo ratory , a marine biology lab , an o ffice, a store— room,
a reading room, a photography room, a terrace, etc. The

unit i~ expected to be completed near the end of’ this

year (1979).

4. Atomic Absorption Instrument:

A Pe rk in—~ lmer model 370 atomi c absorj tion spectrometer

was purchased and is a1read~ in no rmal function in a

special room at -the laboratory of Polymers and Coatings

of the National Research Centre. The instrument serves

the extensive program of heavy metal pollution particu—

larly in the Suez Canal waters, determines leaching rates

of coppa r and or~;anotin ar~tifouling coatings and assi~ ~s

defining the nature of underwater sediments.

5. Other T~iajor equipment:

All research groups are now almost fully equipped with

t h e  rj ’~r -  5 ~~~~ •~iven in items “Equipmen and “Consumable

~upp 1ie~;” of t :ie projec t . Apart from the atomic absorption

in~;trur :t~ - u ’ , Lie hydrology group is in possession of al].

basic - ‘tr anti uernical s for proper sampl e collection and

analysi.~. A salinometer and an autoanalyzer are still 
-

lacking. The fouling ecology team, now expanded to include

wood borers studies is equipped with microscopes and camera~

Their monthly visits to the sites are facilitated by the

-
~ microbu s and its regular driver. The antifouling and anti—

L ~ 
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Corro sion teams have noL comp leted yet their preparation,

application and testing equipment and yet  has already

a .established a world wide reputation for thetr created for-

mulations and the impressive results of their testing in

natural, fouling— rich environment. When the already

ordered instruments and equipment are received the qualit~ -
~

of the work will be even more exciting. 
- -

t -:
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-
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PART VI

TITLES OF RELEVANT. RE SEA R CH WORK
(Published before August 1976)

1. The Physical and Chemical Characteristics of Alexandria

Western Harbor Waters. Part I. The Unique Characteristics

of the Harbor and Work Orientation.

By N • A • Ghan em and M • M • El— Awady

Marine Technology Society Journal, 9 ( 5 ) ,  41, 1975.

2. The Physical and Chemical Characteristics of Alexandria

We~tern Harbor Waters. Part .11. The Physical’ Character-.

istics of the 1-larbor Waters. 
-

By N.M. El—Awady and N.A. Ghanem
- Marine Technology Society Journal, 9(6), 3, 1975. -

3. The Physical and Chemical ... Part III. The Chemical
Characteristics of the Harbor Waters.

By M.M. El—Awady and N.A. Ghanem

Marine Technology Society Journal , 9(6), 12, 1975.

4. Marine Fouling and Antifouling Paints (A review in Arabic)

By N.A.  Ghanem

Journal of Li l i tary and Civil Industries of E~~rpt , 1, 42,

1964. - ,

5. A Modified Preparation of Sodium Diethyl Dithio carbamate

and its Use in Determining the Leaching Rate of Anti—

fouling Paints. -

By N.A.  ~hanem and M.M. Abd El—Malek

J. Chemistry of Arab Rep . E~~rpt , ~~~~, 377 , 1966

‘
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6. Composition and Leaching of Antifouling Paints.
By M.M. Abd El—M al ek , M.A . Abou— Khalil and N.A . Ghanem
Paint Manufacture, 10, 32, 1970.

7. Compounding and Testing of Weather Resistant Rubber.
Antioxidant Effects on the Accelerated Light—Aging
of Rubbers of Different Network Structures.

By A.A. Yehia, W.D. IChalifa and N.A. Ghanem .
European Polymer Journal, 7, 549 , 1971.

8. Crosslinking and Degradation of a Side— Chain—Unsaturated

Polyester.

By N.A. Ghanem, M.H. Nosseir and N01 . Hussein

European Polymer Journal, 7 , 943, 1971o

9. A New Device for Testing Rubber Vulcanizates.

By A.A. Yehia, N.A. Ghanem and W.D. Khalifa

Rubber World , 164(1), 68, 1971. 
-

j

10. Composition and Characteristics of Some Underwater

Anticorrosioli Coatings.
By N.A. Ghanem , A0B. Moustafa and M.A. Abou-Kha].il

Farbe urid Lack, 77(10), 961, 1971.

11. Zinc Dust and Zinc Dust— Zinc Oxide Underwater Anti—

corrosion Coatings0 
-

By N.A. Ghanem anf M,A. Abou—Ithalil

Farbe und Lack, 7 9 ( 3) ,  201, 1973. -

12. Compo~;i Lional. I’;Lctors Affecting the 1~fficiency of Under-

water Antico rrosion Coatings of the AnodiC Pasaivation 
-

• Typo.

By N.A. Ghanem and M.A. Abou—Khalil -

Farbe und Lack, 79(11), 1041, 1973.
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13. A Novel b~arine Paints Testing Station in- Alexandria Harbor

By L I S L E . A’bd El—Malek and N.A. Ghanem
Journal of Paint Technology, 47, 75, 1975. - -

14. ~otne Factors Affecting the Efficiency of Undex~ ater Anti—

corrosion Paints.

By I.~.A. Abou—Khalil and N.A. Ghanem

Proceedings of the 4th International Congress on Marine

Corrosion and Fouling, 14—18 Jun e i976 , pp. 43.

C.R.E.O., 73, Rue de Sevres, 92100 Boulgne, France.

15. Pouling Ecology in Alexandria Eastern Harbor.

M.Sc. Thesis by A .1I. I~iegal1y, 1972

Facul ty of ~cicnce , Alexandria University , Thesis

- 
supervised by !~l—Magh raby and Ghanem .

16. Effect of Rosin on High— Toxin Antifouling Paints.

By N .N • Abd E1—Mal ek and N .A • ahanem

Proceedings of the 4th International Congress on I arine

Corrosion and Fouling, 14—18 June 1976, pp. 33.

C.R.E.O., 73, Rue de Sevres , O100 l3oulogne, France.

17. Interaction of Coatings with &ivironment

By N .A .  Ghanem

Paper read at the aid International conference on the

Science and Technology of Surface Coatings .

Athens, July 19—24, 1976. ‘

18. Seasonal Variation and Settl ement Behaviour of the

Principal Fouling Organi sms in the Eastern Harbo r of

Alexandria. 
-

By A.F.A . Ghobashy

Proceedings of the 4th International Congress on Marine

Corrosion and Fouling, 14-18 June 1976. pp. 213

C.1( .E .O., 73, Rue de Sevres , 9 2100 Bo~ilogne , France.
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19. A Preliminary ~icrobiologi cal Examination of Coastal

~Yators North and East of Alexandria in Non— Sewage

!)isposal Sites Between June— Aui~ust 1976.

By A.. ~l—Lakany

Internal Re po rt. -
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- Advances in Antifouling and Anticorrosive Coatings.

- Industrial a Engineering Chemistry, Product Research

- 
-~ -~ !)evelopmeflt, 17, 44, 1978.

By

N.A. Gh anem , N.M. Abd El—Malek, I~.A. Abou— lChalil

- - and N .M .  El—Awady .
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Advances in Anticorrosive and Antifouling Coatings

N. A. Ghanem , M. M. Abd El.Malek , and M. A. Abou-Khalil
Laboratory of Polymers and Pigments , National Research Centre, Dokki, Cairo, Eg”pt

M. M . El-Awady

Institute of Oceanography and Fisheries, Kait Bay, Alexandria , Egypt 
- -

! - ~The reasons why the waters of Alexandria’s eastern harbor present an interesting natural spot for testing under-
water protection coatings are given. In continuation of a program for establishing structural properties relation-
ships in anticorrosive and antifouling paints, well formulated protective systems are proposed encompassing
up-to-date international industrial trends of ingredients and techniques. In this paper, the merits of introducing —

lamellar aluminum in anticorrosive coatings, and a swellable nonhydrolyzable plasticizer in antifouling coatings
of otherwise unified composition are domonstrated by tong-term tests in natural environment. Correlation is

• given between the laboratory determined leached toxicity from the widely used cuprous oxide antifouling coat-
ings and their effectiveness in preventing fouling in the natural environment. Laboratory as well as in-nature tests
exhibit distinctive mechanisitic differences among formulations differing from each other only by the type of a
minor constituent: the plasticizer.

• 
Intro duction is always above 21 o~~ (except between December and March).

The waters of Alexandria ’s eastern harbor provide a very and is constant in salinity at about 3.8% throughout the year.
interesting marine locality for testing underwater coatings The pH value ranges from 8 to 8.3, which is similar to that of
systems (A hd El-Malek and Ghanem, 1975). The water is at- natural sea water in the open sea, and the dissolved oxygen
most free of oil and toxic pollutants, rich in fouling organisms, content is very close to 3.5 mL/1. except in the less warm

_______ - 
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months when values near 6 mL/L are reached (Megally, high ratios of Cu20. The reason for failure of fouling protec-
1970). tion for the required period of time was believed to be the use

Trials to establish underwater coatings systems which of the wrong type of external plasticizer, which was of a
protect steel from corrosion and fouling for reasonable periods nonhydrolyzable chlorinated paraffin type.
of time were carried out continuously during the last years in In the present work , two minor modifications in the for-
a specially built station floating in the vicinity of the Institute mulations are performed: one in the anticorrosive and one in
of Oceanography and Fisheries where the final preparations the antifouling coating. In the anticorrosive coating, the pig-
for the tests were performed. ment composition was modified by introducing aluminum

The trials were guided by the results of a systematic pro- powder, which is known for improving the impermeability to
gram of analysis and testing anticorrosive and antifouling moisture and its ability to exclude ultraviolet light. The Ia-
coatings of various natures. The work included quantitative mellar pigment particles have the property of laying them-
compositional characteristics of the respective coatings selves horizontly and concentrating in the outer part of the
(Ghanem et al., 1971; Abou-Khalil et al., 1970) and the impact paint film. This “leafing” action, which may be due in part to
of the composition on the performance of the coating in the the aluminum stearate film on the particles, serves th lengthen
laboratory and in nature. For anticorrosive coatings, the materially the path which the moisture must traverse to get
laboratory tests included water uptake, electrode potential through the film and may eliminate encountered blistering.
of coated steel , electrical resistance of the film, and pH of (Abou-Khalil and Chanem, 1977).
pigment extract after long periods of immersion (Ghanem et In the antifouling coating, the nonhydrolyzable chlorinated
al., 1971, 1973a,b). For antifouling coatings of the copper type, paraffin plasticizer was replaced in one series by the hydro-
the laboratory tests comprised acce lerated glycine and acid— lyzable plasticizer tritolyl phosphate and in another series by
alkali tests as well as normal leaching rate tests (Ghanem and the nonhydrolyzable but swellable plasticizer, polyvinyl
Abd El-Malek , 1966; Hippi et al., 1962; Marson, 1964; U.S. methyl ether.
Naval Institute, 1952). Laboratory tests on organometallic- The modifications created remarkable protection im-
containing antifouling coatings which are gaining commercial provements which fulfilled the Egyptian Standard Specifi-
importance are being performed using a newly developed cations (1962, 1966) requirements for the first time.
neutron activation anal ysis technique ~Ghanem et aL, un-
published data). Formulations

Incidentally, successfu l raft-testing results of antifou l ing Anticorrosive Formulations. As it is the aim in the
paint compositions were already recorded (Abd El-Malek, present investigation to exam ine the value of introducing
1972). The formulations were based on a vinyl copolymer and aluminum powder in the formulation, a typical already ex-
a high content of cuprous oxide; the films were free of fouling amined paint (Abou- Khalil and Ghanem, 1977) was used as
and retained their physical integrity after a period of 12 reference. Its composition is given in Table I; its anticorrosive
months of continuous immersion. But this result was still not function may he ascribed to the presence of high content of -
very convincing from a practical point of view , since plastic the inhibiting pigment basic lead sulfate believed to act as an
sheets were used as substrates , whereas what is required by anodic passivator.
the Egyptian Standard Specifications (1966) is a paint system, The formulations containing aluminum powder were pre-
applied on a steel substrate, that should provide protection pared and arranged in three series. Series 1 (Table II) exam-
from fouling and rusting for a minimum period of 6 months ines the effect of different binders on the efficiency of the
in local marine environment, paint. Series 2 (Table Ill) examines the effect of introducing

W iork recently published (A hd El-Malek and Ghanem, inhibitive pigment in the aluminum-containing paint. Series
1977; Ahou-Khalil and Ghanem, 1977) revealed that certain 3 (Table IV) examines the effects of some common inert pig-
compositional factors in both anticorrosive and antifouling ments, extenders, and fillers on the paint efficiency.
paints greatly affect the efficiency of the protective sys- Antifouling Formulations. The antifouling paints for-
tems. mulated with nonhydrolyzahie, hydrolyzable, and swellable

In anticorrosive coatings of the type containing anodic re- nonhydrolyzable plasticizers are given in Tables V, VI, and
action inhibiting pigments, conc lusions were reached that the VII, respectively.
pigment/binder weight ratio should not he less than 0.9, that The individual paint compositions are given under serial
50% by weight of the total pigment should be any of seven numbers I to 27. With each plasticizer nine formulations were
inhibitive pigments examined (only three of which are suitable made; each three of them have the same pigment/binder ratio
when cathodic protection is used), that the incorporation of of 3.5,4, and 4.5. The increase of the pigment/binder ratio was
the rosin-modified phenolic resins in vinyl binder improves performed mainly through the increase of iron oxide and zinc
the film properties hut impairs the alkali resistance of the oxide contents rat ier than through the increase of the content
paint fi lm, and that under cathodic protection the acidic
hinder content (acid value 20) should not exceed 10% of the
total hinder mixture. Table I. Reference Anticorrosive Formulation without

In antifouling coatings , 17 different formu lations all de- Aluminum
pending upon cuprous oxide as toxin, a vinyl copolymer as Constituent Amountstable hinder, and rosin as solunle binder were tested in a raft
on steel plates protected from corrosion by formulations se- Vinyl copolymer 19~

-
‘ ~~~~~ - lected from those mentioned in the above paragraph. While Chlorinated paraffin 22

no sing le system satisfied the specifications requirements , Rosin-mod. phenotic resin 110

important conclusions were reac hed (Ahd [‘.l-Ma lek and em) ic resin 
• 

I It)
Ghanem, 1977). To obtain any reasonable period of protection TO! AL HINlfl~H 440

- . . - . l3asR lead sulfate 280under the prevailing natural cond~tions, a high (u20 c rntent Iron oxideshould be supplemented by a high ratio of rosin in the stable Tal - 84
hinder. Thus, the relatively more success ful formulations were Barytes 14))
those containing 65—55% (‘u20 with 27—36% of the total binder ‘I’O’I’AI. PIGMENT
as rosin. It is noteworthy that the above series concentrated Pigment:binder

I 
- on finding out the role played by rosin in coatings containing PVC 24

~~~ I~~~~~~~ ~~~~~~~~ — ~~~~
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Table Il. Anticorro s ive Formulations with Aluminum and Different Binders

- AC no.
Constituent 1 2 3 4 5 6 7 8 9 10 

—

Epoxy resin 37 37 37 37 37 — — — — —

Hardner 13 13 13 13 15 — — — — —

Vinyl copolymer — — — — — 45 45 45 45 45
Plasticizer — — — — — 5 5 5 5 5
TOTAL BINDER 50 50 50 50 50 50 50 50 50 50
Aluminum 50 40 30 20 10 50 40 30 20 10
Talc 10 20 30 40 — 10 20 30 40
TOTAL PIGMENT 50 50 50 50 50 50 50 50 50 50
Pigment:binder 1 1 1 1 1 1 1 1 1 1

________________ _________AC no._______
Constituent 11 12 13 14 15 16 17 18 19 20 21

Chlorinated rubber 37 37 — — — — — — — —

Plasticizer 13 13 — — — — - — -
~~ 

— —

Vinyl copolymer — — 22 22 22 22 22 — — — —

Coumarone—indene -— — 25 25 25 25 25 — — — —

Plasticizer — — 3 3 3 3 3 -— — — —

Vinyl copolymer — — — — — — — 22 22 22 22
Phenolic resin — — — — — — — 15 15 15 15
Rosin-mod. phenolic resin — —- — — — — 10 10 10 10
Plasticizer — — — — — — — 3 3 3 3
TOTAL BINDER 50 50 50 50 50 50 50 50 50 50 50
Aluminum 50 30 50 40 30 20 10 .50 30 20 10
Talc — 20 — 10 20 30 41) — 20 30 40
TOTAL PIGMENT 50 50 50 50 50 50 50 50 50 50 50
Pigment:binder 1 1 1 1 1 1 1 1 1 1 1

Table HI. Anticorrosive Formulations with Aluminum and Different Inhibitive Pigments 
_________________

- AC no. __________________

Constituent 22 
— 

23 24 25 26 27

Vinyl copolymer 22 22 22 22 22 22
Phenolic resin 15 15 15 15 15 15
Rosin-mod. phenolic resin 10 10 10 10 10 10
Plasticizer 3 3 3 3 3
TOTAL BINDER 50 50 50 50 50 50
Aluminum 30 30 30 30 30 30
Talc 5 5 5 5 5 5
Basic lead carbonate 15 — — — —

Basic lead sulfate — 15 — — —

Calcium plumbate — — 15 — —

Zinc phosphate — — —- is - - —

Barium metaborate — — -
~~ — 15 —

Basic lead silicochromate — — — 15
TOTAL PIGMENT 50 50 50 50 50 50
Pigment:hinder 1 1 1 1 I

Table IV. Anticorros ive Formulations with Aluminum and Different Inert _Pigment s , Extenders , and Fillers

— 
AC nu. 

—( onstituent 28 29 ~0 0 ~2 I

Vinyl copolymer 22 22 22 22 22 22
- . Phenolic resin 15 IS IS 15 IS iS

p Rosin—mod . phenolic resin 10 10 10 10 10 10
- 

~~~~ 
- ‘ Plasticizer 3 1 3 3

TOTAL BINDER 50 .50 50 so so so
Aluminum 35 35 35 :t.s 35 :15
Talc 15 — —
China clay — 15 —-

Baryte - - - - 15
Titanium dioxide -- is

Micac eous iron oxide - - ms
Iron oxide is

TOTAl. PIGMENT so so 5)) 50 5))
g t’igment:binder I I I I I I 
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Table V. Antifouling Formulations with Nonhydrolyzable Plasticizer

AF no.
Constituent 1 2 3 4 5 6 7 8 9

Vinyl copolymer 127 127 127 115 115 115 104 104 104
- Chlorinated paraffin 12.5 12.5 12.5 11 11 11 10 10 10

Rosin-mod. phenolic resin 22 22 22 20 20 20 18 18 18
- Ester gum 25.5 25.5 25.5 24 24 24 22 22 22

Rosin WW 33 33 33 30 30 30 27 27 27
TOTAL BINDER 220 220 220 200 200 200 181 181 181

- Cuprous o)~ide 724 645 567 744 664 584 76)) 679 .592
Iron oxide 25 99 103 26 100 106 27 104 110
Zinc oxide 14 19 93 1:1 19 93 1.5 19 95

- China clay 16 16 16 16 16 16 16 16 16
- Additives 1 1 1 1 1 1 1 1 1

TOTAL PIGMENT 780 780 780 800 800 800 819 819 819
Pigment:binder :3.5 :3 .5 3.5 4 4 4 4.5 4.5 4.5

Table VI. Antifouling Formulations with Hydrolyzable Plasticizer

____________________ 
AF no. ______

Constituent 10 ii 12 13 14 15 16 17 18

Vinyl copolymer 127 127 127 11 5 115 115 104 104 104
Tritolyl phosphste 19 19 19 IT 17 17 15 15 15

- Rosin-mod. phenolic resin 22 22 22 2)) 20 20 18 18 18
Ester gum 19 19 19 18 18 18 17 17 17

- Rosin WW 33 33 33 :to 30 30 27 27 27
TOTAL BINDER 220 220 220 200 20)) 200 181 181 181
Cuprous oxide 724 645 567 7-44 664 S84 760 679 596
Iron oxide 25 99 io:t 2~~ 10) ) 106 27 104 111

- Zinc oxide 14 19 93 13 19 93 15 19 95
China clay 16 16 l6 16 16 16 16 16 16

- Additives 1 1 1 1 1 I 1 1 1
- TOTAL PIGMENT 780 780 780 80)) 00 8(X) 819 819 819

- Pigment:binder 3.5 3.5 3.5 4 4 4 4.5 4~5 4.5

Table VII. Ant ifouling Formulations with Swellable Plasticizer 
_________________________

-
- Constituent 19 20 21 22 23 24 2.5 26 27

Vinyl copolymer 127 127 127 115 11.5 115 104 104 104
Lutonal M40 38 :38 :18 :15 35 35 :32 32 :12
Rosin-mod . pheno lic resin 22 22 22 20 20 20 18 18 18

- Rosin WW 33 33 :33 :30 3~ 30 27 27 27
TOTAL BINDER 220 220 220 200 200 200 181 181 181

- 
Cuprous oxide 724 645 .567 744 664 .584 760 679 596

- Iron oxide 25 99 103 26 100 106 27 104 111
- Zinc oxide 14 19 9:3 13 19 93 15 19 95

China clay 16 16 16 16 16 16 16 16 16
- Additives I 1 1 1 I 1 1 1 1

TOTAL PIGMENT 780 780 ‘780 800 800 80)) 819 819 819
Pigment:hinder :1.5 :i.s 3.5 4 4 4 4.5 4.5 4.5

of the main toxin (Cu2O) in order not to mask the effects Testing
- 

- 
created by the different plasticizers. However , the contents

- of Cu2O with respect to total solids were kept at the high The paint systems were immersed in the testing station
- copper content of the contact-leaching types of antifouling (Abd El-Malek and Ghanem. 1975) in Alexandria harbor on

I paints, i.e., 58 to 76%. May 24 , 1976. Periodic visual and biological examination and
photographic recording of the condition of the plates were

Paint Application performed. A few days after the examination on Dec 9, 1976.
- Steel plates 30 X 20 X 0.1 cm were cleaned in the usual way the station was hit by a sudden storm and sank. Much dis-

- until a uniform shiny surface of the metal appeared. Several tortion occurred to most of the plates which made continua-
anticorrosive coatings were applied until a thickness of at least 1 ion of the exposure impossible. However , the rusting condi-
200 ~m was obtained, allowing sufficient periods for drying tion at that stage was recorded by scraping and visual exam-
between each coat. The edges were then protected by a two- m a t  ion.
component epoxy resin. One to two coatings of the antifouling The normal leaching rates of the ant ifouling paints were
paints were then employed to produce a thickness of at least simultaneously determined and the test is continuing until
80 ~m. The plates were hung in frames each including one or the present date. The water temperature in the beakers during

L 

two plates coated with nonantifouling paint to serve as the test (Ahd El-Malek and (‘.hanem. 1977) was always kept
blanks, at 24 ~ 1 °C. 
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Figure I. Temperatures. - ‘ 
.
‘ - .

1 2 3

L~~~1 2 3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Figure 1. Antitouling paini~ ~iih noohvdrolvzable pl~— i n-rn r 1:37
days immersion; B. blank ,I~i .- . I , A I” 00 . 5; 2. A F no. 1; :4 , A F no . 2:
4, AF no . 1 . (See Table V .)
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Figure 2. Comparison between Al-containing and Al-Iree anticor- 
- - —~~

rosive paints: 176 days of immersion: AF no. 25 . Table VII: 1, A(’ no. / J~~ ‘

211; 2. AC nil. :30; 3, AC n~ . :41: 4. AC ~~~,. :l2~ 5. A( no. 33 ( Table IV) :
and 7. Al-free (Table I). — - .
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,

. -

~~~~~ ~~~~~~~ - 1 - ’ .F 
~~~~~~~~~ ~~~~~~~ 

—

- .Results and Discussion 
2 3 8

Temperature. The water surface and air temperature s
recorded at noon are given in Figure 1. It can be shown that Figure -4. Antifouling painl~ a i th hydrolyzable plasticizer: I:I7davs
throughout the immersion period, May 24 to Dec 9, 1976, the of immersion: H. blank plato- :  I. AF no. 1(1:2 . AF no. 11 : 3. AF no. 12.

t temperature never went below 20 °C; temperatures of 28 ± (See ‘Fable VI. )
I °C were prevalent.

Anticorrosive Coatings. Preliminary laboratory corrosion
tests gave satisfactory results; there was no indication of su- which has occurred caused damage to the coating system .
perior ity of coatings containing aluminum powder over those which in turn led to the heavy fouling shown in Figure 2.
containing inhibiting pigments w ithout aluminum. Antifou ling Coatings. The behavior of antifouling coat-

However , the advantages of incorporating aluminum in ings formulated with a chlorinated paraffin product as plas-
anticorrosive formulations were revealed in tests in a natural ticizer after 137 days of immersion in the marine testing sta-
environment. The two bottom plates (right) in Figure 2 were tion is shown in Figure 3. It is clear that the protection effi-
coated with the paint composition given in Table I which ciency is poor. The attachment and growth of the fouling or-
contains basic lead sulfate and no aluminum. The rest of the ganisms is so widespread that the failure cannot be attributedc, plates were coated with formulations given in Table III which to inadequacy of t-he anticorrosive coating; upon scraping the
contain aluminum with various inert pigments, extenders, and film after the test, t he substrate was found to be almost intact
fillers. The top antifouling composition was no. 25 in Table and free from rusting.
VII. It can he shown that all anticorrosive formulations con- The situation is somewhat improved in the series shown in
tam ing aluminum helped to keep the surface clean, w hereas Figure 4 employing the hydrolyzable plasticizer tritolvl
the antico rros ive paint with basic lead sulfate and no alumi- phosphate. After 1:37 days of immersion the plates carried
num failed to do so. It can be concluded that the slight rusting lesser amoun ts of fouling organisms mainly concentrating on

_ _ _ _ _ _ _ _  -U .- - .-.-.- . - --- -— - - - -~~~~~~~~ -~~~~~ 
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Figure 7 records the leaching behavior of copper, for the

I 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ same period of time, from paints also selected at random from
0 30 90 6 20 ~ 80 210 2 0  270 305 the series prepared with tritolyl phosphate as plasticizer . It

TIME ~~ 
can be shown that although the leaching of copper is higher

. . . . and is extended to a period of about 3 months, the leaching
Figure 6. Typical leaching rate ex periments of antifoulings with that follows is characterized by values very near the criticalnonhydrolvzable plasticizer.- lO-~ig line.

The influence of the swellable plasticizer on the leaching
rate is shown in Figure 8 which records high values for a much

the rims. It must be noted that the condition of fouling on the extended period of time; leaching rates higher than 15 pgl (cm 2
plates increased remarkably after the third month of im- day) are recorded 10 months after continuous immersion in
mersion. tanks in t he laboratory. The trend of the curves promises

Much better results are obtained in the series shown in longer protection periods.
Figure 5 employing a swellable hut nonhydrolyzable plasti- The differences between the leaching behavior of three
cizer. After a longer period of immersion, 176 days, the coating paints selected at random, each containing one of the three
system is completely intact and fouling is either absent or at different plasticizers, are clear ly represented in Figure 9. The
a minimal level. Any fouled spot could be ascribed to some hydrolyzable plasticizer allows initially higher leaching rates
mechanical damage which occurred accidently during lifting than the two other plasticizers but only for a period of 2 to 3
and reimmersing the testing racks for periodic examina- months after which the leaching rate falls to somewhat critical
tion. values which might allow scattered settlement. The nonhy-

Leaching Rate Experiments. Laboratory support to the drolyzahle plasticizer, ~in the other hand, does not allow suf-
above findings is provided from leaching rate experiments licient leaching after a period of not more than I or 2 months;
carried out simultaneously on the same paints (AF-No 1-27) an otherwise proper formulation is thus wasted, particular ly
tested in the raft . As already stated , the raft sank about 7 under prevailing warm and fouling-rich conditions. The for-

- ‘f” months after sample exposure; however , the laboratory mulation which gives optimum behavior is that containing an
leaching rate test is operational to the present date and will , unconsumable hut swellable plasticizer which allows opening
hopefully. gi’ on tint il the end. of t he structure without unnecessary loss of active ingredient;

Figure 6 resords the leaching behavior of copper for 10 formulations with Lutonal exhibited a greenish appearance
months) k-st reading on March 9, 1977) from paints prepared which increased in intensity along the leaching rate experi-
wit h chlorinated paraffin plasticizer. It can be shown that ment. This is most probably basic copper carbonate retained
while the leaching 1)1 copper is satisfactory during the first 2 in voids created as the plasticizer swells.
months, it sinks quite rapidly afterward to values of 10 ~g/
(cm 2 day) or less , wh ich is insufficient for a fouling rich envi- Conclusion
ronment such i’~ t hat of the present investigation Raft testing in a natural environment whkh combine’,
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ANTIFOULLNG COATINGS PART I. PREPARATION AND TESTING OF
ANTIFOULING COATINGS BASED ON TRIBU TYLTIN FLUORIDE

Nadim A. Ghanem and Moiu ir M. Abd El-Malek -

(Laboratory of Polymers and Pigments, National Research Center ,
Dokkl, Cairo, Egypt)

ABSTRACT

In view of the limited per iod of protection of cuprous oxide-based antifoullng
coatings In foul ing—r ich regions and the danger of copper accumulation In waters and
sediments In semi—enclosed areas, need for longer protection per iods with less pollut—
Ing effects has emerged. In this paper trlbutylttn fluoride Is used as alternative to
cuprous oxide in preparation of a var iety of paints meant for foul ing res istance for
long periods. The results of testing In natural environment of high foul ing Intensity
are very promis ing with respect to animal organisms but not very much so with
respect to plant foul ing. .
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INTRODUCTION

In a previous publication (1) dealIng with antifoul ing coatings depending on vlnyls
as binders and cuprous oxide as toxic pigment, it was determined that the maximum
period of protection In’ fouling-rich regions was thirteen months. ft was claimed
that research should be directed to areas where other binder systems are used or
higher efficiency toxins may supplement or-replace cuprous oxide. This trend Is
prompted by recent InvestigatIons (2) in which copper at two orders of mkgnltude
higher than the natural limit was determined In the waters and sediments of the Suez
Canal. This threatening level was attributed - solely - to copper leached out from
ships traversing the international pathway at a rate estimated at 3000 vessels per
month. The phenomenon of Increased copper levels was also observed In other places
such as the harbors of Antthes, La Pallice and La Rocheus In South France (3). The
high copper concentrations were attr ibuted to the great number of pleasure boats Which
use copper and cuprous oxide ant ifoul ing coatings. High copper concentrations were
also determined Lu the waters of the docking areas of San Francisco Bay (4). The
same author found copper contents In abundant tharine algae, TJlva ~~~~. ranging from
10.6 to 53.4 ug/g tissue (dry weight). Further alarm was provided by Dlsalvo (5),
where the effect of copper on the survival and functioning of the lower — but most
important organisms -, the bacteria, was examined. The results indicated variable
susceptibility of bacteria to the presence of copper and suggested tIn possibility of
cumulative synergistic effect of heavy metals on bacterial motilIty. ft was estimated
that 5000 tons of copper are released yearly from copper-based antifoul lng coatings
In the oceans and seas of the world (6).

- ——--——_-_b-. the present Investigation the binder m ixture - based essentially on a vinyl co-
polymer - was kept the same, while cuprous oxide was replaced entirely by one of the
recently developed organotin compounds. Tr ialkyl- and triaryltin compounds have
been gaining ground since their fung icidal effects were discovered In 1954. They
were recommended for ant .fouling applications because of their slow but effective
release, because of the long periods of protection of as much as two years and
because they do not accelerate corrosion. An instance of protection against fouling
for 92 months has been documented (7) where trthutyltln compounds were Inclixied In
a thick rubber sheet.

The type of plasticizer for the vinyl binders was shown to play an important role
In anttfoullng coatings depending on cuprous oxide as toxic IngredIent (1); Its chemical
composition controls the leaching rate of copper and hence the prevention of fouling In
long4erm environmental Immersion. The present Investigation Lnclixies the use of 

-.

three different commercIal plasticizers - hydrolyzable, nonhydrolyzable and nonhydro—

lyzable but swellable plasticizer - to examine their role In eciajuction with trlbutyltln
fluor ide as toxic ingredient.

While It was hoped to conduct the environmental testing for much longer period,

the test was terminated after 211 days due to a sodden storm which sank the raft.
However , the photographic recording of the last Inspection coald provide evidence

of further protection periods.
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MATERIA LS -

The vinyl copolymer wa.~ Larotlex MP 35 from BASF AG, Ludwigahafen, Germany.
The plast icizers were: chlorinated paraffin (nonh ydrolyzable) n 50 from Farbwerke
Hoechst AG, Germany, trttoiyl phosphate (hydrolyzable) and polyvinyl methyl ether
(nonhydrolyzable but swellable) Lutor.al M 50 from BASF AG. Th. modifying resins
were ester gum ; a product of Carless Capa~. England, and a phenollc resin which was
Wresnyl 265, a product of Resinous Chemicals, England. Thbctrol ST, a hydrogenated
castor oil used as antisettling agent was also obtained from BASF, AG. Trlbutyltln
fluoride was obtained from Berk, Co., Ltd., England. Titanium dioxide was of the -

rutile type, a product of Titangesellachaft, AG, West Germany. Iron oxide was of
the type 130 F from Farbwerke Bayer, AG, Germany. China clay was obtained from
English China Clays, Sales Division, England. Suitable mixtures of xylene, white
spirit (145 — 185°C), butyl acetate and butanol were used as solvents.

EXPERIMENTAL 
-

Paint Preparation -

Formulations In the amount of 300 g each were prepared by mixing the selected
amounts of ingredients. The mass was matured and then dispersed In a centrifugal
ball mill. The paints were diluted to the application viscosity using a suitable blend
of solvents, filtered twice, and stored In tins with t ight lids In a cool place. The
storage time before application ranged between 2 and 4 weeks; the paints were free
from sediments or any other defects after several months of storage.

Test Panels

Sheets, 3 mm thick, of pigmented Impact-resistant polystyrene were cut to
panel dimensions of 20 x 15 cm. the edges were tapered and the surfaces were coated
with a thin layer of an epoxy paint, left to dry and then roughened with sandpaper.

- - The use of polymer panels avoided corroa Lou Interference and compl ications of Incom-
plete compatibility with the antLcorros fve layer.

The panels were coated In duplicate, front and back, with two successive coats 
- 

-

allowing an interval of 6 hours for dry ing between the two coats; the averag, film
thicimess was 90M m t lO Mm. Particular care was paid to the edges to eliminate
pores and weak points.

The coated panels were connected to boat—like cages with nylon threads through
holes bored In the panels. Each composition was represented by two panels; cee
placed In a vertical posit ion and the other at 600 to the horizontal. S
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Environmental Exposure -

The cages were submerged in the test area of the raft (8) In Alexandria, Egypt
(eastern harbor ) on 24 May at a depth of about 150 cm from the surface. ?er todlc
visual .uid biological e.’~amination and photogr aphic recording of the condition of the
panels were performed. The region Is known for its abundant foul ing organisms
almost all the year round ; there are reasons to believe that the rate of growth of
most foulers has doubled s (rice the extens ive survey concluded by Ghobashy (9) In
1975. Periodic testing of water sal irdty , temperatur e , and pH was perfor

RESULTS AND DISCUSSION

Paint Compositions -

Ten paint compositions were prepared with a common binder mixture contain ing
mainly a neutral vinyl copolymer. A slight acidity was obtained by a small amount
of ester gum resin (acid number 3—5 mg KO}I/g) ~nd some Improvement of hardness
was Imparted by a small content of a phenol ic resin. A trad itional constituent In
antifouilng coating, rosin, was absent from all formulations . It was established long
ago that ~. osin plays an important role In the performance of both soluble—matrix and
contact-leaching copper antlfouling coat ings. In tr ialkyl- or tr laryltln compounds, the
mechanism is believed to be one of slow—release which does not depend on the dissolu-
tion of rosin but rather on migration of a particle of the compound from the interior
of the coating to Its surface and then to the water (10).

Trlbutyltcn fluoride was introduced In the formulations in four different amounts,
namely, 15, 20, 25 and 30% by weight of the total dry fUm. Values Lu some of the
literature available (11, 12) on tr lbuty ltin fluor ide ant ifoul ing coatings -range between
16 — 20%; values of 30 — 40% are given in other literature (13) but these amounts were
considered to be impract ical. The wide range used in the present work was designed
for the severe foul ing cond itions at the test site. Talc and China clay were Included Lu
substantial amounts not only for improving paint properties but also for their favorable
control of the rate of release of the toxic ingred ient . The coating composit ions are given

S in Table (1) which also includes a calculat ion of the total pigment volume concentrat ion
and the toxic (p igment) volume concentration. - 

—

Test Results

All coatings were completely intact and free from fouling at the end of the first

two mouths of immersion. A general feature was the formation of slime and attach—

inent of slight algal growth. Only a few barnacles were observed at the edges and

around the holes of the panels due to bare points and some detachment of the coating

dur ing manipulation.
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From the beginning of the third month unt il the test was terminated , the intensity
of the slime tUrn on all plates was moderate but the fUm tended to be thicker on coat-
ings with lower contents of the tin compound. No serious attack of the test panels by

barnacles, tube worms ~r other foulers was observed throughout the whole pertod-of
Immersion of 211 days. Little scattered settlements took place at the edges only. -

Photographic recording of the test Is shown in FIg. (1). The great contrast bet-
ween the cleanliness of the coated panels and heavy foul ing on the supporting cage La

P clearly demonstrated. The latter carr ied such heavy loads of barnacies and tube

worms, reaching 12 to 15 cm En thickness at the last inspection , that parts of the

test panels area were hidden behind the Intensive growth.. Contin uation of the test

would have left very little room for compar ison between the individual formulations

-
S for their relat ive long-term effic iency because of encroachirbent of fouling. A new

S des ign of supporting frames which provided larger space between the test panel and

other objects was develbped and used (1).

The test per Iod (211 days) was either too short to provide different iation between

the plactic izer type or the protective functIon In the case of organotin compounds was

independent of thechemicaiflatUre of the plasticizer . Theseresults are In contrast to

cuprous oxide formulatIons where antifoul ing function was lost much earlier Lu the

- - --~ aforementioned per iod when a nonhydrOlyZable plasticizer was used (14). The second

postulation is more plausible and supports the vie w that the mechanism of protection

by organotin formulations depends on the ability of the toxic particle to diffuse from

the Interior of the film to Its surface. This diffusion is controlled by the texture and

configuration of other components of the coat Ing (15) rather than on the swellability of

the plasticIzer (1) or the solubility of other components like- rosin.

One of the disadvantages of slow—release organotln formulations Is their very

short raT~ e of protection; the repellancy to foul ing larvae takes place In the vicinity

of the surface only in contrast to copper formulations which leach out a soluble toxic

layer which has its effect over a much longer range. Full protection of the edges

and corners was tbe’cfore much more difficult In organotin formulations than In their

copper counterparts.

Another drawback Is the ineffectiveness of organot In formulations on plant fouler,

relative to copper formulations. Although brown algae was detected In the present

ser ies, ser ious plant fouling did not appear because the experiment was terminated

- - 
before the season of plant foul ing which begins early In the spring; plant fo~~Ing was

detected and character ized In a later series (16). One of the solutionS of this draw—

back La to use combined cuprous oxlde-Organotin formulations.

I
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FIgure 1. ~nvtronmental testing of tr ibutyltin fluor ide antlfoultng coatings.
Samples are Identified In Table I. From left to r ight they are:
First set:-5, 6, 7, 8, 9, 10; Second set: 4, 3, 2, 1, bb ,,k, The
row are Identified as follows: 1st row, appearance at start on
May 24; 2nd row, after 61 days; 3rd row, after 88 days; 4th row,
after 1,~9 days; 5th row after 201 days.
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C ONCLUSION

Vinyl binder coatings ~ontathIng 15 
- 30% by weight tr tbutyltln fluor ide are effect-

ive antifoulants and satisfy stand ard spec if ication (18) of six months protection Lu nat—

u ral env ironment. They function by a slow-release mechanism which La independent

of the presen ce of a soluble ingredient, and thus their effective life—time Is prolonged

in compar ison with compos itions based on cuproas oxide as toxin and rosin as aoluble

Ingred ient. A further advantage of the foriners lies in. their less hazardous effects on

mar ine ecology, particularly in harbors and narrow water pathways. The economy seems

favorable with Increasing pro ductiOzi of orga notin compounds.
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ANTI F OUL ING COATINGS PART IL PRE PARAT ION AND TESTIN G OF
ANTIFOULING COATINGS BASED ON TRIPHENYLT1N FLUORIDE

Nadim A. Ghanem and Moun ir M. Abd El-Malek
(Laboratory of Polymers and Pigments , National Research Center

Dokkl, Cairo, Egypt)
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ABSTRACT

An t ifoul ing paints were prepared us ing a v inyl copolymer as main binder and
tr iphenyltln fluor ide alone as the tox ic Ingredient. The paints were tested In a
heavily Infested mar ine locality with the aim of throwing light on the following
qnestlons pertaining to long—term protection: 1. The function of the natin’e of the
organic residue In the organotin compound. 2. The optimum concentration of the
organotin compound In the formulation. 3. The contributIon of th65 i8idàIiolüb1~~
ingredient, rosin, Lu slow-release formulations employing an organotin compound
for fouling prevention , 4. The role of the pigment extender In the proper functioning

S of the antifouling coating.

Photographic follow-up of the condition of test panels dur Ing 238 days of con—
tinuous Immers ion allowed decisive conclusions with respect to some of the afore— - 

-

mentioned quest ions which should help In producing modern, economic, durable and
less hazardous organot in antifoul ing paints for use in foul ing-r ich regions.
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S IN TRODUCTION

Notwithstanding current atte m pts to create nontox tc antifoul ing coat Ings (1), all
S 

com merc ial anttfoul lng coatlng~i until the pret3ent day depend on the development o~ a
toxic laminar layer capable of killing or repelling the larval attachment. Among the
thousands of tox ic compounds In different classes of organic, heterocyclic and inor-
ganic compounds, copper compounds (mainly cuproua oxide) meet most of the require.’
ments and have dominated the scene In commercial formulatIons (2) for many years
for reasons stated m a  previous publicatIon (3). However, cuprous oxlde—base~
paints began to lose grounds In recent years for compositions based on certain organ—

otto compounds , alone or mixed with cupr ous oxide. The reasons were a combina-
tion of fa ctors which, although invisible In the commercial literature, are poss ible
to trace In Independent research efforts . One of the reasons Is Inherent, depending
on the necessity of consumption of copper from the film at a rate not less than 1O~ g ’
czn2/day irrespect ive of the mechan Ism, and thus connecting the protection period to
the full depletion of the poison store or the clogging the pores through WhiCh the
poison may pa.~s. In a recent publicatIon, the period of protection of a highly recom-
mended class of cuprous ox ide-based antLfoullng compos itions In a region of Intens ive
fouling was set at a max imum of 13 months (3). Another reason may be extracted
from hydrological studies where alar ming copper concentrations were found In the
waters of some harbors In the south of France (4) , in organisms In the waters of San
Francisco Bay (5) and ix the waters and organisms in the Suez Canal (6).

The above problems have been solved, at least in part, by the advent of organo—
tin compounds and polymers. One of these compounds, bia-trlbiztyltlii oxide, a lkiukl

which received considerable success at one time, was however bann~d from use hi
some countr Ies. Among the rest of the oL~ anot in compounds tributyltin fluor ide (TBTF)
and triplienyltin fluoride (TPTF) are outstanding until the present time for being solids
which can be Incorporated at des [red ratios, for their slight but effective solubiltty
In sea water, and for the ir reasonable dissolution in common paint solvents. In con-
trast to matr ix dissolution or contact leaching mechanism of cuproua oxide coatings,
the mechanism In arganotln coat ings Ia believed to be one of slow-releasó depending
on the migration of toxic particles from the Interior of theutim to its surface and then
to the water (7), thus allowing a much longer period of protectIon (8). Much higher
toxic effectency of organot in compounds compared with cuprous oxide, estimated at
five t imes, is not only an economic advantage but also a u.n—pollution faotor especially
as most organot Ins are believed to be eventually converted in sea water to Inorganic tin

compounds such as the carbonate which, contrary to other metal Inorganic compounds

S 

like those of copper arsenic aix! mercury, are non—tOxIC (9). -

P In a previous publicatiOn (10), formulations based entirely on tribut yltin fluoride S

for toxicity were prepared and tested In heavily Infested natural environment (11, 12).

Their effic Iency against plant foul ing was doubtful In view of absence of finur isbing

algal growth, I.e., spr ing and early summer, from the total test period. OtherWla•,

It was concluded that coatings contaIning 15 - 30% by weight of TBTF are effective

aix! satisfy stand~rd specifications (13) of keeping the surface completely clean for
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6 months in a natural environment.

In the present work, TBTF was replaced by TPTF and the Immersion per iod
was extended to Include the season of extensive plant fouling. The aim was to throw
more light on the nature of the mechanism of fouling prevention; TPTF being claimed
to be more stable to heat , U. V. l ight and hydrolysis than its tributyl counterpart and
less soluble hi sea water (14). The studies are supplemented by a aeriea em-
ployIng graded amounts of the sea-water-soluble ingredient, rosin, which help. re-
lease In copper formulations. A series Is also devoted to examining the role of 6
different pigment extenders, theparticle size, shape and texture of which are believed
to contr ibute In controlllngthe mobllity of the toxIc particle while traversing the film
bulk to its surface. 

-

MATERIALS 
-

A full descrIpt Ion of all mater ials except TPT}’ and the pigment extendere
was gtven In Part 1. (10). TPTF was obtained as fine powder from M &
T Chemicals Inc. (Subsidiary of Amer ican Can Company), Rahway, New Jersey,
U.S.A. China clay was obtained from English China Clays Sales, England. The
other pigment extenders were obtained as trade samples through BASF, AG. , West
Germany; their sources were not given. 

-

- S EXPERIMENTAL 
—

The Paints

Three groups of a total of 12 antifoullng compositions based mainly on a neutral
vinyl copolymer were prepared. Group I comprised 3 compos itIons containing graded
amounts of TPTF which were 10, 15 and 20% by weight of the dry film, while the binder,
pigment aix! extenders were fixed except the talc from which content the toxin was sub”
stltuted. The formulations are given in Table (1).

Group II consisted of 3 compositions differing only In the rosin content which was
present In graded amounts of 15, 30 and 45% by weight of the binder mixture, while -

the toxin and other Ingredients were kept constant. The compositions of Group II
paints are shown in Table (2).

Group UI comprises 6 compositions In which the contents of the nontoxic pig-
ments were kept the same while a different pigment extender was used in each form- S

ulatton, I.e., six extenders were incorporated In this group, namely, talc, china
clay, barytes, asbestlne, lithopone and magnesium tr lsillcate. The paint compost-
tions (dry film) are shown In Table (3). -
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Table (1)
Compositions of Group I Paints .

The Effect of TPTF Content. -

AF No.
Constituent 1 2 3

Vinyl Copolymer 15 15 15
Polyvinyl Methyl Ether 4.5 4.5 4.5
Phenolic ResIn 3 a 3
Ester Gum 2.5 2.5 2.5
Triphenylttn fluoride 10 15 20
fron Red 14 14 14
Titanium DIoxide 

S 2(~ 20 20
Talc 20 15 10
China Clay 10. 9 10. 9 10. 9

-~ - 
AddItives 0.1. 0. 1 0.1

Table (2)
Compos itions of Grou p II Pa ints .
The Effect of the Rosin C ontent.

AF No.
Constituent 4 5 6

Vin~j 1 Copolymer 13.75 11.fiO 9. 00 5

Polyvinyl Methyl Ether - 
4. 50 3. 50 2. 75

• Phenol ic Res in 3.00 2. 50 2. 00

Ros in 3.75 7, 50 1L 25

Triphenylt in Fluoride 15 15 15

ironRed 14 14 14

Titanium Dioxide 20 20 20 ~~
T~ c 15 15 15

China Clay & Add it ivles 11 - 
11 11

S 

- 
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Table (3)

CuInpo:4 IL1OII.’~ of Group III PaInts.

The Effect of the Pigment Extender .

AF. No.
Const itue nt 7 8 9 10 11 12

Vinyl Cqpolymer 15 15 15 15 15 15

Polyv inyl Methy .I Ether 4.5 4.5 4.5 4.5 4.5 4.5

Phenollc Res in 3 3 :i 3 3 3

Ester Gum 2.5 2.5 2.5 2.5 2.5 2. 5

Tr lphenyltin Fluor ide 15 15 15 15 15 15

Iron OxIdes red 14 14 14 14 14 14

Titanium Dioxide 20 20 20 20 20 20

Talc -— —— 25. 9 —— — —
Chlna Clay 25. 9 -- -- -- -- --

Bar yte s 
S 

-— 25.9 -— -— -— -—

Asbestine —— — —  —— 25. 9 —— ——
Litho pone -— —— —— — 25. 9 —

Magnesium TrlsLlicate —— —— -— —— — — 25. 9

Addit ives 0. 1 0. 1 0. 1 0. 1 0. 1 
- 

0. 1
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Paint Preparation

Laboratory spec imens of 300 g. each were prepared. The pigments ~~re first
mixed and then the binder mixture in part of the solvents m ixture was added and the. -

whole was homogen ized m a  centrifugal ball mill. The toxic agent TPTF was Included
In the pgiment mixture from the beginning. When a fineness of the gr ind of less than

m was reached using a Hegemann gauge, milling was stopped. The paints were
diluted to the appl icat ion viscosity us ing the same blend of solvents, filtered twice
and stored in tins with tight lids. The storage t ime before app licat ion ranged from
2 to 4 weeks.

Panel PreparatIon 
S 

-

The test panels were cut to dImensions , 30 x 17 cm , from pigmented , impact—
resistant polystyrene sheets, the edges were tapered and the surfaces were coated
with an epoxy paint, left to dr y  ~tnd then roughened with sand paper . The epoxy layer -
served as protection aga ins t attack of the substr ate by the aromatic solvents of the

S anti.foullng paint thus avoid ing defects (cracks ) In the dry ant ifotil ing film. The use
of a polymer subs trate avo ided corrosion and rust problems and probably compl ica-
t ions of Incomplete compatibility with the ant icorr osive layer.

Each compo s ition is represente d by two surfaces , front and bac k , of one panel
hanging In a vertic al pos it ion. Two success ive coats were applie d to each face at
intervals of S — 14 hours to allow drying, the total average film th ichness was 90gim
~ lOis in. Particular care was paid to avo id pores and weak points at edges. --

The coated pane ls were supported in the test stand by nylon threads through
holes bor ed In the r~- ne ls. The present test ing stand shown In the figures is a modific-
ation of a prevk- - ~ie (10) that avoids encr oachment of fouling masses from the ribs
of the stand to tnt . t~es1ing panels.

Raft Testing

The stand s were submerged in the test area of the floatin g station (11) In eastern—
harbor of Alexandria, Egypt , on Septe mber 30, 1977 at a depth ’of 150 cm from the
surface. Periodic visual and biological exam inatio n and photogra phic recording of the
condition of the panels were performed. The region Is known for its abundant foul ing
organ isms almost all the yean round ; there are reasons to believe that the rate of
growth of most foulers , especially the tube wor ms , has double d since the extens Ive
surv ey conclude d by Megally (15) In 1970, and by Ghob ashy In 1973 (published In 1976)

(12).
5 $

S RESULTS

S The following results were derived from examination of the test panels at Inter-

vals durin g the immersion period. 
•
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-



• -
: ~~~~~

- 
Group I. Pa ints:

1. The antifoul ing effic iency was directly proportional to the tr iphenyltin fluor ide
content in the compos it ion.~ There were no remar kable d ifferences In the condition of
of the surfaces of the three compos itions dur ing the In itial period of 120 days Lmmer—
sion except for a few individual attachMents of bar nacles and tube worms at the edge.
of composItions I. and 2 (see collective Fig. (1)). Aggressive growth of heavy colon-
izers from the ribs of the stand to the Interior of these two panels covering about 50%
of the surface areas was observed in the last Inspection. Different foujers were d.—
tected, namely, barnacles , tube worms, asc ldlans and bryozoans, and these farmed
a thick layer of about 10 to 12 cm. 

S

V

2. Thick slime films cons isting of bacter ia, diatoms and det ttus materials
formed over all the panels. Aigal growth constitutes a great part of the slime f Ilm.
Brown algae were detected In the early per iod of Immersion; three species have been
recorded Histtochylum pastulaturn,, Janla subenus and Corallina sp. ft was reported
(12, 15) that the above individuals are present at the testing site all year rouud. Dur-
ing the winter months and in the beginn ing of spr ing, heavy green algal growth was
abundant; the most predominant species were: Ulva Lactuea and Enteromorpha

S clatbrata. ft is observed that the attachment of the organisms begins at the upper
parts of the panels and spreads downwards to the lower edges. The thickness of the
slime film La dependent upon the tox in content In the compo~ltLon. Three levels in
the slime Intensity can be differentiated ranging among heavy , moderate, and moder-
ate to slight. The rate of slime formation on the testing panels can be arranged as
follows : AF1>AF 2 >AF 3.

Group II Paints : - 
S

The three coinpoRitlons (4 , 5, 6) with increasing rosin contents are represented
by three panels. The following results were derived from the condition of the panels
during the period of test (see Fig. (1)). 5 

—

1. The higher the rosin content, the thicker the slime film that formed and the
heavier the attack by plant foul ing.

2. The antlfou.LIng effic iency for animal foulers was generally diminished main-’
ly due to the presence of rosin In the compositions. CompositIon 2 of group I which
contains the same toxin content , 15% TPTF, in the dry f ilm but no rosin has beeter
efficiency than any member of group IL The presence of rosin accelerated the form-
ation of heavy slime films and reduced the slow release of toxin particles and thus
encouraged the settlement of fouler s, namely , barnacles on the heavily slimed siu’—
faces (9). The condition of surfaces of compos It ion 4, which contains the lowest amount
of rosin, was n early similar to that of compos ition 2 with no ros in but smaller TPTF

content. Fig. (3) shows the heavy attack by plant foul ing after 177 days of iznm~rstOt1.
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FIgure 1 CollectIve view of pane ls after Immersion times of 34 days
(row 1), 120 days (row 2), 177 days (row 3), and 238 days
(row 4). Samples are arranged In column form and from
left to right are In the order, 12, 11, 10, 9, 8, 7, 6, 5,
4, 3, 2, and 1. ComposItions of coatings are given In -

Tables ]. 2, and 3. 
-
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Group III Paints:

This group includes 6 compositions each containing only one exte nder. The
extenders used are included in the compos itions in Table (3). Fig. (1) shows clear

S d ifferences between the 6 antifouling svstcms which are iuiif led in all const ituents
except the type of the pigment extender. Good ant ifouling effic iency was obtained with
compositions 7 and 11 which contain China Clay and ltthopo ne , respect ively. The re st
of the formul ations have eff ic ienc ies rang ing from moderate to low. The ant ifoullng
efficienc y can be arranged in the follow ing order:

Al7 (C hine clay) > AF 11 (I tthopo ne ) >AF 12 (Mg tr isli icate ) >AF 10 (Asbesttne ) >
AF 8 (barytes) >AF 9 (talc). -

DISCUSSION -

Tr iphenyltin fluor ide is one of the most promis ing orga notin compounds to be used
In antifoullng coat ings . It prov ides good res istanc e to attac hment of many fouling organ—
Isms specially the serious kinds , name ly , bar nacles and tube worms, but It fails to pre-
vent plant attachment , mainly , algae.

Vinyl—bas ed ant ifoul ing compos it ion should employ tr iphenyltin fluoride In amounts
near 20% by weight In the dry film; lower contents make the formulat ion para meters more
critical to pro per content of each of the other cons t it uents employed. In contr as t , systems
based on Cu20 with as h igh contents as 80% are eas ier to study. In a recent system em-
ploy Ing 97% Cu20 and poly isobuty lene rubber as a sole b inder (16) the role of the other
constituents disappears completely but the poor adhes ion on substrate of ant i—corros Ive
layer provides difficulties.

Comp ositions 1, 2 and 3 conserve on the use of TPT F since these conta in 10 to 20%
by we ight . It might have been preferable to increas e the conte nt to 25% or more in order
to obtain maximum performance in environments of severe and serio us fouling conditions.
Composition 3, containing 20% TPT F, was successful in controlling serious foul ing attack
for a per iod of S months (see Fig. (2)), but there is no evidenc e of pr otection for longer
periods, similar to the compositions which resisted attac hment In pane l exposure In
Blacayne Bay , Miam i, Florida , for two years. Such effic ient composit ions may be app-
lied to Idle ships of limited actlvtty .whtch remain still in war m, foul ing—r ich waters for
long perIods (17), like naval ships in time of peace and certain kinds of fre ighters whic h
spend many weeks Lu ports ; while compos itions of less tox in conte nt , i. e., 15 ~ 3% TPTF
may be used on vessels staying in ports for short per iods only , such as tanlc~rs or ships
which should go into dry -dock every 6 or 9 months for periodic maintenance. S

Introduction of rosin in ant i.foul lng coatings is of great Importance for Its effective—
S ness In maintaining adequate release of toxins . It was established long ago that rosin

• plays an importa nt role in the performan ce of both soluble matrix and contac t—leach ing

copper antifoul ing coat ings whic h oonta in mainly Cu20. In the case of systems

based on organot in compound s the stand Is d ifferent due to the wide difference

• - In the phy sical and chemical propertie s of organotin antifoulants . For example ,
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Figure 2. The appearance of Group I coatings after underwater exposure
for 238 days. From left to r ight samp]es are 1, 2, and 3.
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the most common organotins, namely , tr ibutvitj n oxide (TBTO), TBTF and TPTF
have d ifferent solubiitie s in sea water of pH S. 2 , 51. 4, 6. 0 and 0. 7, parts per mil-
lion , respectively . It is expected tha t each organotln compound has a certain behavior
either in the wet paint or as painted films In contact with sea water. Acco dIng to the
l ittle literature available no sharp conclusions on their mode of act ion can be derived.
Ac~~rdIng to Bennett and Zedler (1~) good ant ifoul ing efficiencies of paints containing
TBTO may be obta ined with b inder/r osin ratios equal to or greater than 1, but also
with rosin-free pa ints. [n ’anothe r investigation (19) by De la Court and De Vries on

• the leaching of several organotin compounds from paints based on chlorinated rubber
and vinyl b inders , the toxin release appeareix to be almost independent of rosin con-
tent but they could not establish a clear mechanism of leaching due to difficulties In
the analysis of the organotln compounds, especially In sea water. Recent studies
of effect of rosin on the release of TPTF from vinyl systems (20) sho~ed that themore effective composItions are those containing rosin in an amount equal to 66% by
weight of the binder mixture or 24% of the total dry paint ftlm~

The results of group U paints contradict the above findings; as the rosin con-
tent In the composition Increased , the antifoullng efficiency Is reduced. FIg. (3)

S illustrates that the largest unfouled area is on panel No. 4 of the least ros in content.
This may be due to defic iency of toxin concentrat ion 1 the heavy slime layer adhering
to the pa int film. bi view of the much greater dissolution of rosin than TPTP from
these compositions in basic (pH 8.2) sea water, the former would preferentially re-
act with caLcium and magnesium slats for ming insoluble soaps which would be depo.-
lied in the slime film along with other organic and Inorganic detritus material and
would Interfere with the release of TPTF from the coating surface to the water. Any

~~ieactIon between ros in and the hydrolysis product of TPTF, such as the hydroxide
or the carbonate, would give organotln soaps of unknown toxicity. This Is not the case
in formulations containing near stoicheometric amounts of rosin and cuprous oxide,
where readily formed copper roslnate contr ibutes to the toxlcltt with ionic copper
liberated through the catalytic action of chloride Ion in sea water ; both copper sources
help in reducing the Intensity of the slime film or keep it enr iched with toxins at a
level which prohth its fouling. -

The results of exposure of compositions of group III (see FIg. (4)) employIng - 
—

abc different pigment extenders draws the attention to the importance of the role
played by the morphology, particle size , shape and texture of a major component
in antifouling coatings depending on a slow-release mechanism. There Is evidence
that China clay contr ibutes to efficient release and helps In ma~ talnIng a clean
surface for long periods. On the other hand, talc and barytes should be avoided In

• - TPTF slow-release formulat ions. Other pigment extenders were ranked on a scale
S between 10 for China clay and 4 and 5 for talc and barytes, respectively. Selection

of the best pigment extender needs further study.
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FI~ure 3. The appearance of Grou p U coatings after underw~.ter exposure - 
-•

for 177 days. From left to right samples are 4, -5, and 6.
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F Igure 4. The appearance of Group LU coatings after underwater exposure
for 238 days. From left to r ight samples are 7, 8, 9, 10, ii,

- 
and l2. - I
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CONCLUS ION

Long-ter m raft testing in mar ine envlronLlleflt of Intensive foul ing provides pract—

tical data of grea t Importance to producer and user of antifoul lng paints. Moreover ,

light can be thrown on the mechan ism of function by proper des ign of the serie s

Investi gated . In the above wor k, the level of Incorporatio n of the active comp—

onent , TPTF , has been set at 20% by we ight and the change of the organic moiety In

orga notin fluor ides has no role in cont rollin g plant foulants. C ontr ar y to prev ious

belief, Incor porat ion of rosin was found to be of disadvantage to organotln formula-

tions depending on slow-release. Among the pigment extenders used , China clay

and lithopone were the best for effic ient long—term release ; talc and barytes were

the poorest. 
S
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Limit of Protectability
Of Vinyl -Cuprous Oxide-Based 

-Anti -Fouling Coatings
In Fouling-Ri ch Regions

N.A. Ghanem and M.M. Abd El Malek
National Research Center (Egypt)

Three sets of a total of 20 individual well-designed ant i- liminary swimming form to adult adherent product ive
fouling paints were tested in the fouling-rich Alexandria form , and the conditions which favor or retard t he sue-(Egypt) eastern harbor waters. More or less the same con- cession of development. ” The second is to acqu ire

S stituentswere used in all paints with Cu20 as main toxin. In knowledge on the mechanism of function of anti-foulingthe first set, the content of Cu20 ranged from 76.1 - 59.7% f’j~~~6.Iu.II which require s t horough know ledge of theby weight based on dry paint film; in the second , 42.8 - nature of the indiv idu al ingredients of the film , their
28.5%; andjn the third , 38.5 - 18.9%. Members of the first
set, which may be classified as contact-leaching, resisted in teraction with each other and with the constituents of
fouling for a period not exceeding 13 continued months, the environment, and how they are influenced by gov-
while members of the third set , which may be categorized ermng parameters4 in the surrounding nature .
as soluble-matrix , were efficient for 4-7 months only. In a team of special ists in marine ecology, hydro g-
Members of the second set , named here as combined - raphy,an t i-corros ive and anti -fou ling coat ings , the field
mechanism type, exerted an intermediate efficiency be- and laboratory investigations on the various disciplines

- - tween the contact-leaching and soluble-matr ix types , yet can be integrated to ultimately solve problems of great’were nearer to those of the first set. A longer protection technological importance in the protection of ship and
period could not be obtained in this type of compositions , submerged installations.The application of each class depends on many factors Selected background for the ecological side of theincluding economy, the physical and chemical properties
of the encountered waters , and the desired frequency of present work can be found in art icles on the succession

and settl ing behavior of fouling organisms in Alexandriarecoating.
harbor , ’ and the phys ical and chemical characteristics

INTRODUCTION of Alexandria western harbor relevant to fouli ng and
ant i-fouling pain ts . ’4 Selected investigations of direct

App lied research in the fi eld of anti-fouling (AF) coa t- relevance to the present work are found in an article on
ings ischa llenging. An ant i-fo ul ingco at ing has t osa t is fy the effect of rosin on the efficiency of anti-fouling
in a protective film two contr adi cting factors: it has to paints , ’2 and another on -the role of plasticizer type and -
give away certain ingredients Ii’ kill nu i &‘pel tooling cont ent in the long term effi ciency of anti—fouling coat—
larvae , which ,~iean s consis usi p i ii ui; and yet . it has to ings -
maintain ckanl incss aitti physical iusteguil y h’u long ml -  In th e present work , which was performed prior to
mersion periods , which uiicauis flei -IuiauIC~iC y . the last two inves ti gations” but not hitherto pub—

S 5 In ass cuiv iit’uiuneuil where ill couiilu t ui~u,s lav t ’ u attac k fished, the va lise of employin g high toxin cont ent in
by foulluug ingausisuns ’ as we ll .ss ~i l ’ysutal a sud clueuuiical copious oxide—bas ed anti—fou ling coatings for prolong—
eros ion2 4 and rusIiuIg ,~ t he clialleui ge ~ ac hieving el- ing the protection period is demonstr ated b~ tests in the
lect ive durability becomes greater. ihis situation can labordtory , and in natural environment w here severe
only be met by inten sive work in two vastly different fouling conditions cannot be matched probabl y any-

-~~~ directions. The first is to tr y to determine th e mecha- where else in the world . ’4
nism of fouling attachme nt on submerg ed structures , Until the present time , cuprous oxide dominates the
the stages undergone by a mai.ro-org .*nism from pre- field of toxins in commercial anti-f ouling paints for rea-

sons already well established , such as its w idest toxic
‘i.b,wi*I.w) ,,( i’.4ym~,rs ~nJ I’ gn~~n~s Ih.~~

, ( - a ” effect on the majority of fouli ng organisms , its mod erate
P~.,cn(~J b~ Ut 6hdn,~rn ti ,Iw ~~~~~~~~ .1 M..i,rn - ..i.l P.oi. I ~~~~ PMiW s ~ 1 iii.

~~~~~~ ~~~~~~~~~ M,~~~. ~~~~~ ~~~ - ~~ u -~~, so lubi lity in sea water (being neither too high nor f 00
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VINYL-CUPROUS OXIDE-BASED ANTI-FOUUNG COATINGS

Table 1—cont.ct-t ..ching Antl-fouung Compositions (Dry film)

Con~ondon
Conedbasnt 

-
~~ I 2 3 4 8 S

Vi nyl eupolynici 
S S  10 5 S 10. 5 iO~ S 

-- — — - 

II .5 12.8 12.8
PlIiSllCj iCt I’  3.2 3 .2 .;.s ~. i

2.7 2.7 2.7 3.0 3.0 3.3 3.3
Rosin mud . pliessotic resin 1.8 1.8 IN 2.0 2.0 2.2 2.2

—--- ———---_~~~~ iia o,iidc .~ J 7~z.1. ~~~ 67.9 - :59.7 74.4 66.4 72.4 64.6
i.inco*idc 1.3 i N  2.3 1.3 1.8 (.3 1.6
Iron oxid e red 2.7 10.4 18.1 2.6 10.1 2.4 9.9
China clay & addilives L7 1.7 1.7 1.7 1.7 1.7 (.7
% Cu,O by volume 42.8 37.8 31 .3  40. 1 33.4 37.2 34.5
Pigment volume colic 47 .3 47.8 47.9 44.5 42.4 41.2 39.0
PigmeiulBinder raiio 4.5 4.5 4.5 4.0 4.0 3.5 3.5

low in comparison with other copper compounds ), its tative areas on ship hulls; the ship should be of known
being a good pigment which fulfills all the requirements schedule and the areas should be periodically exam-
of a good paint pigment , and its moderate Cost in com- m ed .
parison with heavy to x ic counter parts , such as mer- - S

Howev ’r ih’p ithn of cupu ’ous oxide in this field RESULTS AND DISCUSSION -
has been chãllengeu in recent years by competitors Three sets of formulatj’ons, each set represent ing a
wh ich claim the same wide toxic coverage with much class of anti-fouling paints , were prepared and checked
less environmenta l impact such as provid ed by organo- in th e laboratory according to the conventional tech-
tin compo unds ’5° and po lymers .’ TM ‘~‘ and purely or- niqu es emp loyed in industrial research laboratories. S
ganic toxic compounds which degrade to harmless Each set comprised compositions belonging, re-
products after being released in the sea .2” spectively. to the so-called contact-leach ing, corn-

Effective formulations containing both cuprous bined-mechanism , and soluble-matri x class. Hence,
ox ide and organotin compounds , and organotin corn- the dist inctive feature in each set is the cuprous ox- • i
pounds on ly, w ill be described in the next articles. ide content; the rest of the constituents were kept the
Wor k on anti-fouling coatings which contain no toxic same except where compositional factors call as shown
ingre dients at all is in progress after some positive sig- in the fol lowing tables. -. - - - - -

nals were obtained .2’
contact-Leaching Compositions

METHODS This set of seven compositions is given in Table I. Ii
- . . . . . can be observed tha t a small amount ci zinc oxide is

Materials used in this investigation are described in always pre sent. This small addition was meant for im-
detail in the Appendix. proving the paint film physical properties and not fon ts

Testing the effici ency of the composition was per- toxicity which is estimated at one-fifth tha t of Cu,O.
fo rmed in three manner s : 

- The pigmentation ra~
() was kept at three level s , namely,

(I) Accelerated testing in glycinc. and alt er ummer- 4 S 4 and 3.~ iigment to I binder by weight. ‘The
sian in acid and aIkali’~2’ fo r determining in a short t ime C O  content s in the pigment mixture s used were 93,83
whether or not the composition would he worthy of S

further test ing, and wh ether or not the tox ic element is _________________________________________________

released indep endent of the sol uhi l ity of the matr i x Tsbls ~~~~~~~ ~~~~ Laschsd ~~ t
ingred ient in sea water. 

. From ~~~~~~.abeng M~ l~~Uog co~~osmons
(2) Normal laboratory leaching rate exper iments ”4 th. Olydn. end Aci Alltsil Tssts

for determ inin g the con t inued leachin g of copper from 
_____

the composition for long periods of imrnt ~rs ion in sea
water. The etTective leaching rate of stra ight cupr ous 

~~~~~~~~ ~~~~

ox ide formula tions for foulin g prevention was estab - cu,O cCn.S~ m cdv ’ an., MIS,

- •
-. lished at tO ~g/cm’•day.~~’ This limit acts as a second ______________________________________________

sieve for proposed and experimental formul ations. 76. 1 4.22 19.46 27.33

(3) Raft testin g for determi ning. preu lt imate!y . bot h 2 67.9 4.22 18.41 22.6

the physical .ju ñih ility and the anti-f ouling efflcien cy ~f’ 
4.57 19 98 25.23

the coating in a natural environmen t. This simple sub- - 66.4 ‘ 4.92 14.20 21.57

merging device was used prior to building the testing 6 72.4 4.80 (9.46 18.93

stat ion in the foulin g-rich Alexand ria harbor . ’4 7 64.6 4.60 16.31 22.09

Ultimate test ing shoul d be carr ied out on represen- -
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(2) 
- 

(6)

(4) (8)

Figur. 1(A) —Con$ScHypS copper fonnulattons. Sshsvlor ol CompositIon 2 dudng 362 days of Immsealon In tM ass. Days lm*siaed
1-30; 240; 3-91; 4-121; 8212; 6-242; 7-333; and 8-362
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Figure 1(B)—COOIJCI-tYP. copper formulatIonS. Behav ior of ConiposltlOn l during 362 days of Immersion In the as.. Osys tmmsssSd:
same as Flgum 1(A)
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concentrat ion found in a satur ated sea water so lution.Table 3-—Normal Leaching Rates The slime film might have improv ed the performance ofOf Contact-L..chlng Anti-fouling Compositions the compositions by keeping relative ly high conceit-
LSSCIWIig n.t. ~~~ trations of copper at t he surface or might have increased

- -  -  the leaching rate because of the matrix attack. In viewCmu~ osl*on kiln.I AftSV 30 d. Aft ., SO d. Aft.r SO d. of the high cuprous oxide content in this set of comp o-
777 607 11. 6 26.3 sitions , t he slime film migh t have acted as a stor e (on

2 74.3 31.6 0 : 5  32.6 
- coppe r in the form of simple ionic or insoluble form of

3 64.2 13.2 2~.7 26.3 basic copper carbonate and copp er oxych lonide which
4 60.8 28.4 26.2 29.5 contributed in keep ing the painted panels clean during5 87.9 26.3 21.0 21.0
6 91.2 19.0 26 3 19.0 t he one year of immersion.
7 81 .1 31.6 28.4 24 .2 However , it must be noted that any mechanical dam-

-, age to the coated panels duri ng lifting for photographic
record ing would provide a suitable spot for larval at-
tac hment. This is clearly shown on the panel carrying - 

S

composi t ion 2 where grow th took place irrespective of
and 73% by we ight. Acco rding ly . the high Cu20 con- t he toxic edges which indicates that the range of pro-
tent which distinguishes this class ranges from 76. 1 - tec t ion of relea sed copp er is limited to the close vicin ity S

56.8% by weight ofdry film , which corresponds to42.8 - of the surface. Furthermore , it was impossible to avoid
28.2% by volume of dry film. Replacement of a port ion creeping of intensi ve fouling created at the ribs of the
of cuprous ox ide by fil lers and extenders in the anti- supporting frames and the pores and sharp edges of the
fou ling compositions was performed to te s t eti lc iency plates towards the interior of the plates. A new design of
of less costly formulations. Finally, it can be observed supportin g the plates to minimize fouling creeping
that the pigment volume concentration (PVC) is gen- emerged ’3~

7 and was used in later experiments.
erally higher than that customarily found in normal
anti-corrosive and conventional coatings. This is natu- Combin d MSChsnIim Compositions

S 

ral in AFcompositions depending on teaching out toxic 1’he three compositions shown in Table 4 are char-
particles leaving channels for Ilirther leaching from a acteriied by an intermediate cuprou s oxide content ,
strong and inert binder , namely , 42.8 , 35.6 . and 28.5’/c by weight. To help dis-

The results of the accelerated tests of an ti-fouling Integration of the matrix for sufficient copp er release , a
compositions 110 7 are given in Table 2. 1he glycine test high content of rosin amounting to about 30% by weight
gave values ranging from 3.87 to 4.92 mg/c m2.3 days , of the total binder is incorporated. A small content of a
wh ich are well above the optimum level of 1.3 - 2.5 PUt rosin-modified pheno lic resin compe nsates , with its
forward by many investigators. ” 2’ The acid-alkal i test higher molecular wei ght and lower acid ity , for the grad.

- --  gave values well above the optimum level of l0~ g/cm 2• ual reduction in fi lm integr ity caused by rosin. In all
day . three compositions the total pigment content is 7 I .74%

At th is stage normal copper leaching rates should be by weig ht of dry film ; the difference between the tota l
determ ined for the desired per iod of protection. The pigment and the cuprous oxide is covered by pigmen ts
data given in Table 3 should therefore be considered of similar specific gravities. Thus , a gradual decrease of
ind icative of etli ciency as tests were followed for three the cuprous oxide weight and volume percent is main-
mont hs only. It is shown that the leaching rates of all ta m ed from compos ition 8 to 10. The pigment/binder
compositions are well above the optimum of 10 ~g/cm2

day w ith a trend of continued above-optimum leach-
ing for several months f urther.
Coupled with physical and rheological properties of Table 4—Combined-Mechanism Anti-fouling Compositions

both pain t and coating forall com positions , the leaching (Dry film)
exper iments recommended t hem for environmental S

. ~~i~~oslU~n
test ing. —

F igure I shows photogra phs of the behavior of anti - Constituent S 8 10-

fou ling compositions 1-7 dur ing a raft testing period of 
~~~~~~~~~~~~~~~~~~~~~~ 

8.8 8.8 8.8
one year starting May 4 and ending April 30. Aller trne Vinyl copolyinur 14.7 14.7 14.7
month of immersion a very thin gelat inou s film of slinic l’ lasuiei ,er 2.6 2.6 2.6
composed of bacteria and diatoms may he obser ved ii~ Rosin mtxl .

the pictures. It was reported” that such slime film con- phenol ic resi n 2.5 2.5 2.3
Cuprou s ox ide 42.8 35.6 28.5

tains considerable amounts of organic and inorganic Zinc oxide 4.3 4.3 4.3
detr itus materials. Th is was the only type of settlement Iron Oxide 3.4 10.6 ‘ 17.7
on t his set of compositions. The slime film became Bary es 16.3 16.3 16.3

t hicker at the beginning of the th ird month and con lin- ( hina c lay & 
-additives - - 4.6 4.6 4.6

tied until the end of the iinmeisioui peri od . It wa s 
4 (u ,() by volume 20.2 15 .1 13.2

claimed ’ that a shine liliii m a y  accu mulate large quan- Pigmeni vol. con e : 35.3 35.7 36.0

t itie s of the poisons leached out t rom the co at ing and Pigm,ni/Kinder ratio 2.3 2.5 2.5
may conta in as much as a thousand limes the toxic
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VINYL-CUPROtJS OXIDE-BASED ANTI-FOULING COATING~

Tabte 5—Amounts of Copper Leached out - -

From CombIned-Mechanism Com positions In the Glycin. Test 
S - .

Cu,O Contsnt mg Cu/cm” -. 
S 
-

S Co.’-oostUon by W.lght 3 d.ys ‘ 
--

.3 .20 

-

~~~~~~~~~~ 

- 
- 

‘ S -

tO 25.60

ratio in the three compositions is down to about 2.5:1 by
weight. ~~

The results of t he glyc ine accelerated test are given in
Table 5. It is shown that copper is released ~n amounts
above the acceptable limits and is proportional to the
cupro us ox ide content in the film thus entitling the
compositions for further testing .

A photographic record of fouling resistance of these — .

compositions is shown in Figure 2. Except for a few .

— loca lized fouled areas attributed to mechanical damage
of the panels duri ng lifting and reimmers ion for photo- . .- -
grap hic recording, all three compositions showed good , • -

~
anti-fouling properties for a period of about 10 months; ‘...

at the end of one year the panels were completely fouled ~‘ 
.~

and looked like blanks with onl y small unfou led areas.
(B)

Soluble-Matrix Compositions
The compos itions belonging to th is class are given in -

Table 6. The mechanism of release depends on the ~~~~~ 
- ______

gradual dissolution of certain con stituents of the binder ____________________ .. -

mixture in sea water thus exposin g fres h toxin. In sp ite - ________________ _____ .
of its brittleness and low film properties , rosin is so far 

- 
-

V
- - -- - 

_____
__

__
__ 5 - 

. -

t he—most widely used cobinder to provide the desired - 
-- . ‘: 

-~ - - 
_________

sac rifice; it is employed in these com positions in about — - __________ 
___________

46% by we ight of the total binders . The vinyl copo lymer ~ ________

compensates for the lost stabi lit y, and ester gum and an -
alkyd resin enhance th~ required elas ticity.
The content of cuprous oxide ranges from 38.5 o -

~~~~~~~

18.9% by weight of the dry film. An overlap may seem
to occur between the com positions of the previous class (C)
and certa in compositions in this class (compositions 10,
I I . 12, 13 , and IS) . but t he total pigment to binder ratios
in the present class are much lower , being 1.8 -0.9:1.

The results of gly cine and acid-alkali accelerated - 

- 
‘ . ,

tests are given in Table 7. From the glycine test it is
poss ible to exclude direc tly compositions 16 and IS - 20 -

from further testin g as their leaching rates are 0.63 mg
cu/cm2•3 days and lower , wh ich are well below a limit of , - -

.

0.9 mg/cm2•3 days put forward by other investigators. ,~~ ~~~~~~ - - -

.

th se compositIons bdong toa pigmentation ratio of

All leachi ng rates after alka li extraction were quite , - S

- 
-‘~~ acceptab le , being well above the optimum rate of 10 ~~

. - 
~‘; - -

,~g/cm2.day . Thiswa s not 5Urpris iflg s inCe a g00d Pa1’b 0f
the matrix is rosin which would have dissolved in the -

alkali exposing Cu20 to sea water. After acid extrac-
tion , all com positions gave values ver y near the margin Figure 2—Combiflld mechanism formulatiOns. B.hsVIOr of

of efficienc y which indi cates that after removal of cop- compositi ons a, e, and 10 durIng 239 days of Immersion in Its

per from its surface , the com positions re lease Cu~O at a sea. Days lmmsrsad: A-SO; B-SO; C-152, and 0-239
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NA. GHANEM and MM. ABD EL MALEK -

Table 6- -Soluble-Matrix AntI-fouMng Composition. (Dry film)

Composition
Consiftusni 11 12 13 14 15 15 17 15 

5

Rosin WW 16.9 16.9 l~~O 18.0 18.0 20.4 20.4 23.7 23.7 23.7
Ester gum 6.1 6. 1 6.8 6.8 6.8 7.7 7.7 8.9 8.9 8.9 

-

Alkyd resin 7.1 7. 1 8.0 8.0 8.0 9.I~ 9.1 10.5 iO.5 10.5
Vinyl copulymer S .6 5 .6 7.2 7.2 7.2 8.2 8.2 10.5 10.5 10.5
Cuprous oxide 314.5 32.2 36.0 30.0 24.0 32.7 27.3 28.4 23.7 18.9
Zinc oxide 3.14 4.0 8.0 14.0 12.0 2.9 5.0 6.3 7.0 9.5
Iron oxide 12.3 10.5 14.6 12.5 14.5 9.5 4.5 11.5 7.2 9.5

- - Baryics 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4 7.4
(iu na clay & addi tivcs I 7.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1 2.1
% (‘u1() BY V O I . U M F . . . S . . . . S S  . . . .  14. 5 12 S 12.3 10.3 14.4 10.6 9.2 8.1 - 6.9 5.5
PIGMEN I VOL. (‘ON( N 26.9 24.” 26.0 23.7 24.0 20.0 17.5 17.5 15.7 15.8
PIGMENI/B INI)L lt RAl l ( )  1. 14 1.14 1.5 1.5 1.5 

- 
1.2 1. 2 0.9 0.9 0.9

rate governed by the relat ive contents of rosin to cu- to IS which have pigment /binder ratios of 1.8:1 and
prous oxide. For example , where the ratio of rosin to 1.5:1. These compositions are characterized by lower
copper was too low , as in compositions II and 13 to IS , sl ime film formation and longer anti-fouling capacity
the leaching raj e after .aci’l extraction was also rela- than the rest of the i ompos it ions , If fouling initiated at
t ively low. On ~he other hand , too high a rosin ratio - mecianically damaged areas is neglected , the overa ll
wou ld not produce the desired long term efficacy for its protection period can be estimated at not more than
objectionable effect on pot stability, fi lm properties , eight months. The second grou p comprises composi-
and its enhanced dissolution in warm waters. tions 16 1020 which have pigment/binder ratios of 1.2: 1

Photographic recordings of raft exposure are given in - and 0.9:1. It is clear from the pictures that these- com-
Figures 3 and 4~ Although this test started in Sep- positions are hardly suitable for temperate fouling-rich
tember , the cond ition of the blanks indicates intensive waters. As soon as surface copper is removed , the
fou ling activity. Water temperature of 27°C was normal leaching rate of these compos itionsis toolow to
recorded on October 27. The temperature went below protect from attachment and growth of fouling organ-
20°C only after the first half of December. isms; protection lasted three months only.

The formation of slime was general on all the plates
from the early weeks of immersion and became thic ker
with~JA~~~. In contrast to slime formed on contact- CONCLUSIONS - - — - —~~~~~~~~~ -—.‘ .

leaching composi tions, this slime does not seem to ac-
cumu late toxic concentrations high enoug h to repel There seems to be an upper limit of the period for
fou ling larvae; settlement of individuals of serious foulin g prevention by ~oat ings mainly depending for
fou ling orga nisms like barnacles and tube worms was their toxicit y on cuprous oxide. The curve ~n Figure 5 is
observed on some plates in the early months. ’ drawn from most of t~e composit ions prepared and

From the condition of the plates along the immersion tested as descr ibed above , where t he insoluble binder is
period , one cou ld classify this set of compositions in avinyl copolymerand the solubleone is mainly rosin; it
two groups; the first group comprises compositions II shows that the maximum protection period likely to be

- 

Table 7—Soluble-Matr ix Anti-f oul ing Cbmpo.ltlons;
Amounts of Copper Leached in Glyc ine Solution

- And Ses Water alter Acid and Alkali Extract ions

mg Cu/cm”3 days Mg Cu/cmn*’day
Cu,O Cont.nt in Oiyclns 5

Composition by Wsighi Solution Afte r Acid Mist Mull
- 

4 5 5  (~ w K.~~ 27.3
I - 

l~ 
4 ’  1 .65 9.99 21.0

13 ‘ h O 1.20 9.90 12. 1
14 ~(I .0 1 .44) 9.90 20.5
IS  24 II 1.20 8.42 21.0
lb ~2 7 0.63 9.99 18.9

17 27 .3 1 .10  11.05 22.6

-l 05 5  9.99 20.5

19 ‘ 4 7  (I _ S i  9.49

20 114 .9 0.33 9.99
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(A) (A)
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(B) (B)

‘Ii’Agure 3 —Solijble-ftWiilX formulations. Behavior of Compost- Figure 4— Solubte- natrix fonnuladon of io~ .pigin~nI’blfld51

dons 11 to 15 during 239 days of immersion In the ass. Days ratio. Behavior of Compositions ii to 20 during 239 days 01
immersid: urn. a. FIgure 2 immersiOn In the ass. Dsys ~~~~~~ ~ ~~~~‘• ~
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Figure S- -RelationshIp between the period of ~ 10 0 0
profsctlon In natura l environment In months ~
and cup rous oxide S In the composit ion by $

40 Is 20 25 30 35 4 0 -  45
S Ptr~.~4 Cu~ au~ 0’~~ m Co,r~~sj4o~(by voI,Ine ii IS. dry l.In, )

achieved by such compositions in temperate , fouling- (5) Abou-Khahl. M.A . and Chanem , N.A., “Proceedings dthc 4th
rich waters is 13 months. International Congress on Marine Corrosion and Fouling. ”

For extended periods of protection , research shoul d (6) Woods Hole Oceanographic Institution, “Maine Fouling and
its Prevention ,” U.S. Naval Institut e , Annapolis, Md.. 1952.

be directed to areas where other binder systems are (7) Wolf, P. Dc, J. Oil ~ Colour Chemists’ Assoc., SI. 944 ( 1968).-
used or , higher efficiency toxics may supplement or (8) Crisp. DJ .. Sd. 1.3 . 69 (1967).
replace cuprous oxide. These and other non-toxic (9) Houg htui . DR.,  u nder water Sd. Technol. .1., 100(1970).
trends are being investigated. - ~ 0) Partinglun, A.. Paint Technol. , 28, No. 3, 24 (1964).

(II) Dc laCourt , F.H. and H.H., Dc Vnes ,J. OiI & Colour Chemists’
A~soc.. 56, 388(1973).

(12) Abd El-Malek , M.M. andGhanem N.A.. “Proccdingsot the 4th
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VINYL-CUPROUS OXIDE-BASED ANTI-FOUUNG COATINGS

S APPENDIX 
-

MATERIALS

RESINS: Rosin WW: A quantity was obtained from the import/capon
Vinyl Copolynser: Ltoroflex Ml’ 35 , previously known ~ 

General Company for Trading and Chemicals, Cairo, Egypt.
Vtnuflcx MP400, was obtained front BASE. West Germany. Ii .

~
. .

is a non-hydrolyzable, internally pIasIieiLed film-Former de- OXU. AND 0~~ 0~~~ t-K,MtNTS:

rived from vinyl chloride and vinyl isobutjl ether. It is readily (‘uprous Oxide: A mocrontzed, highly dospersable quality
solub le in a large numbe r of solvents yielding high-bodied L~’u0O was obtained from Nordox A.S., Bryn , Norway. In this F
paints with comparatively low vis cosity. It is also compatible line form , 95% of the matenal has a parucular size under 4
with a wide range ol’ resins. microns. Its total copper is approximately 86%; Cu50 about

External Plasticizer: Lutonal M 40. It isa medium viscosity feb copper maximum 0.5%; and a specific gravity ci

polyviny l methyl ethera lso obta ined from BASF. lt is used as t

a plasticizing agent for Laroflex MP 35. Polyvinyl ethers are iron Oxide Red: A product imported from China by the
generally light-stable, non-hydrolyzable plast icizing resins. General Co. for Trading and Chemicals , Cairo , Egypt . IS is ci
Lutonal M 40 is soluble in water but in the presence of vinyl a mocronized grade , specific gravity 5.10.
copolymers its solubility is much reduced and would impart Zinc Q~gJe: Pure, chemical reagent was obtained from Veb
controlled swellabi lity to the composition which turns to a Laborchemie, Apolda. East;Germany.
reservoir for t opp er-sea-wa ler-constituen ts reaction prod- China Clay: 35 13MM grade. It was obtained from the En-
uets. ’3’~’ - . - . - . - glish China Clays Co. Ltd., the specific gravity is 2.6.

Rosin Modsf u ’d Phr ’nolu - Resin: hnnesi n (i .H. 103. It is a , - - - . .

product of Leon Frenkel l.t d.. l’uig land. Glycerol is the es- - 
Barj-ie. A rnicron,zed grade , imported from Chins, its spe-

terifying alcohol. Its acid value (in tog K()Il/g) is 5-10; its cutic gravity is 4.49.

specific gravity is 1.12. Sot.v ENis. TUtNNUCS ANt) DiLUENT5:
AlAyd Resin: Ennelkyd 609/75 is a long oil pcntaerithrit ol Were of the grades conventionally used in the industry.

S alkyd resin obtained from Leon Frenkel Ltd. . England. The Blends composed of ethylene glycol monoethyl ether acetate.

modifying alcohol is segregated marine oil, its acid value (in white spirit, xy lene and butyl acetate were suitable for all
mgKOH/g ) is 5- tO;’ its specific grav ity is 1 .05. composirions.

a
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S Some ~ i~~i~ ~~urni~i~ rn Pa ints

Mahmoud A. Abou-Khalil’ and Nadim A. Ghansm,
Laboratory of Polymers and Pigments , National Research Centre , Dokki , Cairo, Egypt

Thirty-nine formulations, based on the aluminium flake pigment, arising Inhibitive Pigments
aluminium, were pMpared in th. from its orientation in the plan, of the 15— Basic lead carbonate: Wu ob-
laboratory. These Formulations could paint film, is to length en the path of tam ed fro m Agociat.d Lead
be classified into thre groups. The aim moist ure as it seeks to permeate the Manufacturers , Ltd. England.
of this classification is to study the paint coaling. Aluminium has good 16— Basic lead sul phate: Was ob-
effects of type of binder, inhibitive pig~ reflectance in the v isible , infr ared and ’ ta m ed from the previous com-
ments and inert pigmeilts on the ef it- ultr aviolet. Hence it can prote ct ti -va party.
ciency of the aluminium paints. Tb. binder from these rays(7). 17— Calcium plum bate : Was oh-
prepared paints were first tested is- , the ta m ed from ~~~~~~~~ Lead
labo-atoty and then in a raft r.- 3ting Manuf acturers , Ltd . England
sCation in th. eastern ha,bour oF Alex- M.esrials ——

~ 
under the name Caldiox.

18— Basic lead silicochroma te: Wasandria, for a period oF six m o n ths. MaterialsIt has been found that a/I the for- obtained from National Lead
mu/adonis passed the actual expost s-” Pigme. fltS Company . USA.
test. The formulations which were 1— Aluminium paste (65 per cent ): 19— Zinc phosphat e: It was obtained
based on chlorinated rubber or a blond sVa~ ot~Ia.ried as a 2kg samp le from Imper ial Smelting Cor-
of vinyl copolymet binder showed n~oma (t orn th e General Company for - porat ion Ltd . England ,
corrosion prevention than the other Trading and Chemicals, Cairo. 20— Barium metabor ate : It is a
formulations. The incorporation ~, 

2—. Talc: Obtained from the product called Busan 11-Mi of
some Inhibitive pigments into t/~ 

previou s company. Buckman Laborat ories , Inc .
aluminium paints improved their ef ,- 3— Iron oxide (1 30F): Was obtained USA.
ciency. Also the addition of china clay from Bayer . Leverkusen. Get-
or talc has improved the efficiency ~, 

many. Its pH is 5,5, - 
Methods

the aluminium paints. 4— Barytes: Was obtain ed from the Prepa,ation of the paint
General Company for Trading The vehicle was dissolved in -

Since the cor rosion of iro n or st eal is and Chemicals . Cairo. suitable ~oIvdñt&. The pigme n t mixture
an electrochernical reaction in nature . 5— China clay: Obtained from was first mixed with the vehicle solu-
it follows that in order to inhibit co rro- English China Clays . Company, tio n to produce a semi-paste. The
sion it is necessary to sto p the flow of Ltd. England. pigment was dispersed in the vehicle
current by suppressing either the 6— Titanium dioxide: Was obtained solution using a ball mill. After the
cathodic or the ,nodic reaction, or ~ fr o~.’ the C’en’tr~is Comoany for ~.aint has ‘.~en grc’”sid , ‘.1- a aluminium
inserting a high resistance in the Trading and Chemicals . Cairo. paste was incorporated to produce the
electrolytic path of othe rro~’~ i’t 7 - Micac eour iron oxide: Was ob- ready-mix ed paint .
current . The thr s t methOds .s -~ s~-~ pr,~ tai iso j horn Bay er , Gerinaity.
sion are called cathodic. anodic and Binders Laboratory corrosion reslsr.nce ($t
resistance Inhibition respectivcly. 8-— Epoxy res~rs: Obtained a~ two Mild ste cl panels (5 x 10cm) were

In previous publicationst ’ - 2. 31, the components from Ciba Geigy, degreased using suitable solvents and
paints which suppress the anodic reaC- Germany. then sandpap.red. The panels were

- lion were concerned. Intc4erence With 9S~ -.~ Vinyl cop olymer: Larof lcx MP painted wi lts the prepar ed paints and
the cathode re0ction ~s mor e difficult 35 was . obta ined from BASF , left to dry for . seve n days. They were
because paint films are n ormall y SO German y . edged with wax to prevent attack from
permeabl. to ~~~~~ t~r,i~ ~~~~~~ .-~ 

~ ~ ~~~~~~~~~~~~ 26~. Otto edye~., and one face of eae.h pan.
permit the c atl c’J ic I t~,.... t i Uf l  ~) (fth5 2) was obtained from was sc ratched w ith a sharp blade to
proce.d unhindere d 40 . Resio nous Chemicals Ltd . expose the bare metal. The pansli

In this work , the aim is to t hrow Engla nd. were then exposed to synthetic sea
more light upon tha res istance inhibi - 1 1— Rosin-modif ied phenohc resin: water (or up to 670 hours. At the end
Lion paints. The protection action of Wresinite 1 (R 201) was ob- of this t ime they were washed with di,-
this class depends on the fo rmation of ta m ed from the previous com- tilled water and dried . The amount of
an impermeable f ilm to act as a pany. rust on each panel was obse rved. The
phys cal barrier between the substrate 12— Chlorinated rubber: Was oh- adhesi on along the groove was deter-
and the surrou nding medium t 5t . The ta inted from lC,t . England. mined by the normal method.
presence of metall ic aluminium as a 13— Couma rone-in~ene resin: Was preparationo~sreelpI.e.sfoetestin9Insole pigment is the main characteristic obtain ed from A. H. Cole , Ltd . natural environmentt95
of this group of paints. It has been England. Mild steel plates (20 * 35cm) weresuggested t6t that the main function of
___________________________________ Plasticizers used. Any rust present was removed by
•C.mbridg e Unive rsity. Depanment of 14— Chlorinated paraffin N50: Was sandpapening the plates. The plates
Metallurgy end Mat erials Scienc e , obtained from Hoechst AG , Ger- were cleaned with a cloth wet wit h
CambrIdge. litany pure solvents to remove any film of oil

November 1977.- PaInt M.nofecb.e
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solVents have evaporated at
The platei were allowed to dry

mperetuve. They were rubbed
with a dean lintless cloth to
any adherent thrt

e te311101
, tsst ktdudss the exposure of

- ;  4

skited plates to the actual ex- -

conditions, Tb. previously
‘d plates were paInted first by
oats of th. aluminium pu nt - -

d by on. cost of the entifouling ‘ -.4;ltlon. The antlfouling compost- steel pad was already proved to be
,fut (see Table (1)). The stands - 1
br support ing the plates were
ed and th* steel plates were

loints In order to prevent the __ ____~dIng tics-n the top frame by

kg of fouling onto the next
I Figures 1 and 2 show the old
lyNch has been used before end ____________

~rovsd stand. The exposure was . 

— 5 ~-I— I

out In a floating station in the
n-ha.bour water of Alexandria. A
etC description for thin station
s-en In ~ previous publlcationtl1 ) 

_____________tpectlon was carried out monthly
h the period of the test. The L
of the test was six months.

Fig. (1) The improved stand with the painted steel panels suspended from it. 4

imintal result. and

rty-nlne formulatloni. based on

_ _  - — -- I
s
,

iiurn, wet-a laboratory prepared.
revious publicationt3t, the factors
ing the formulations of the anti-
sive paints were concerned.

rooveformulations could be classifi ed 

[

~~~~

j  

~~ 

panel 

— 

- 
-

hree main group.. In the first -

a series of pelt-its was prepared L I.
dy the effect of binder on the effi 

-

_________________________of the aluminium paints. The
of Incorporating of sot-ne In- 

~ [, III 
— — -

c pigments Into the alumi nium
was concerned ‘n ‘hi second
The aim of the third group into

M pigments on th. behaviour of — - — — — — . 
-

‘
the effect of using different types

urelnium paints. P7g. (2) The old stand in which the panels ware supported through. groove.

.r Group No ~ 
wit h the anti foufing top coa t. Thesc cent by weight of the total paint film
phenollc-basad formulations were cx- and the inhibitive content we e 15 per

s group of paints co~nprIsie c~dded from being exposed In the sea cent by weig ht of the total paint film. - I -

~~~~~ formulations as can be water and only twenty-two formula- Al t the orrr ’.j l3tlons contained a blend
ii from table 2. SIx different types dons were tcsted in raft testing stat ion of vinyl copotymer, rosin- phonolic end;.~dei’ wer UsSd hi os-dir tb study In the east .vn, hitrbour of Al ex andria. pheno lic resin in the ratio of 5:2:3 of
•ff ~~~ on the eMois’ucy of the Al l lb. pelr-it~ ot ~~ ~‘r~i,.p p ’ sad this t i’e t nt- i Iitii dv (‘ .~~— - Tiit ’.~ fdfl .r -nlum paints. The alunilnium test which has been continued fo~ a

‘t n t rwgsd *OtTO tO tO ~O Pif C~~t period of six months. ihe laboratory corrosion test of
s-~~ght of the total p.1st fllm. these formu list ions, as shown In Table
i- ice ps-spored pals-its were firef Paints Group No!! 5, indicates that all the paints of th is
is-I It-i the l bOr.tety and then In a SIx formul ations were prepared In group, except those with basic lead

• n the eestern harbour of Alex- order to study the effect of Incor- carbon s-ito and barium metabo rate,
It - a. Table 2 summ arises the poratlng some Inhibitive pigments Into 90~ t~ goOd prr ,ventlo n against the P

retory tests data. the aluminium paints. Six different spreading of rust. It Is clear that the In-
n os-des- ti, jip~~ thes. paints to types of InMbltlve pigments were used corporation of Inhibit ive pigments
~ri ~ e Iv -,tes- test, they should be for thls purpose. Thesn pigment,were: Improved the efficiency of the
re osti d 

~ 
a layer of antlfoullng, I Basic lead carbonate; 2 Basic lead alum inium paints and prevented rust

‘it Th. antøosjffng paint used was sulphate; 3 Calcium plumbate; 4 Basic from being extend ed along the exposed

‘a.Jy proved to be successful. It has lead silicochromate; 5 Zinc phosphate; area.
‘n found that th. formulations based 6 Barium meteborate. On testing these formulat ions in a
pt es-salle resins were not compatible The alumini um content was 30 per raft , they showed good corrosion

- 5 _ _
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prevention during thd I:OUI~ S, ul t h e  I(it. t T~thIe I Ant/fouling paint 1dm
is is month s). cuinpout ion
Paints Group No Ill — -- -— - _____________

Coinposäiw,One of the Interesting things is to Cuprous os-id. • 75study the effect of in~orp oratin ~ som e Iron os-Ide —Inert pigment s in to the aluminium Talc 
______ 

3paint s and to see how the ufficiw, icy of Vinyl copolymer 16the paints will be affected. Six differen t Plasticiw 1.5• - inert pigments were used in this study. Rosin.ph.~~ijc resin 3.0Table 6 summerises the paint film Rosin - 1.6compositions of these fo rmulation s. Total bi,~J c  22 -

On testing these paints in the
35laboratory (see Table 7). it has been

found that the formulations with talc
and china clay gave better corrosion
prevention than the other formulations.

All these formulations passed the
raft test which had been continued for
a period of six months.
Consfuaionà .- 

- 
Table 2. Paint Mm compositions of Paints Group No I

1 All the labo r atory p repar ed P,v,t no - 1 2 3 4 5 6 7 8 9 70 11 12 13 14 15
aluminium paints have passed the Aluminium 50 40 30 20 10 50 40 30 20 10 50 40 30 20 10
actual expo .ure test isix mortt hs). Talc — 10 20 30 40 — 10 20 30 40 — 10 20 30 40

2 Aluminium paints formulated with Total pigment 50 50 50 50 50 50 50 50 50 50 50 50 50 50 50chlorinated rubber or with a blend of Epoxyb ind.r 50 50 50 50 50 vinyl copolymer and coumaron e—
indens resin, showed good corro-~ 

Viny l copolymer — — — -— — 45 45 45 45 45 ‘ 
Plasticisers s — — — — —  5 5 5 5 5  s’ion orevent ion when they were _ •  - - —

tested in the laboratory. Phenolic resin 45 45 45 45 45
3 The efficiency of the aluminiurr, ~~2~ !!~~

phefOl c 
!~~~~~~~~ _~~~~~~~~

-
_-:- - -

~~~~ ~~~~_
— — — 5 5 5 5 8

• paints was improved by sncor- Total binder 50 50 50 50 50 50 50 50 50 50 50 50 50 50 60
porating inh ibitive pigments. Pigment:Binder 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

4 The incorporation of china clay or Paint no 16 77 78 79 20 21 22 23 24 25 26 27
talc into the aluminium paints Al minium 50 40 50 40 30 20 10 50 40 30 20 10improved their efficiency. Talc • — 10 — 10 20 30 40 — 10 20 30 40

Chlorinated rubber • 37 37 REFERENCES Plasticisers 13 13 
1. Ghanem, NA. and Abou-Khalil, Vinyl eopotymer - — — 22 22 22 22 22 MA.. Farb und Lack~. ~~~~ ~~~~‘ Pfasticiws • 

— — 3 3 3 3 3 
201. Coumeron.-ind.n. — — 25 25 25 25 25 

2. Gh anem , N.A. anu Abou -Khati l . Vinyl copolymse 22 22 22 22 22M.A.. Farb. rind Lack 1973, ~~~~~ Plasticisers - 3 3 3 3 3
1041. Phenolic resir, 15 15 15 15 15

3. Abo u-Khaiil, MA. and Ghanem, Rosin-p h.noliC 10 10 10 tO tO ,
NA., .~ Pan~r Read in the 4* -

Pigment : jir,der 1 1 1 1 1 , 1 . 1 . I I IInternational Congress on Marine Solv ents mixture: A blend of ,cyl~neS. ethyl acetate and white spirit 
______Corrosion and roulir.g. Juan -lea- —————

~~
—-— - •  -

Pins, France . Jun. 1976.
4, Mayne. J .E.O. 1952 “The protec-

tive Actio r~ 01 Painl*”. Ct’.,o~ion.
A Series of Papers Reprinted from
Research. Vol. 5, p.29.

5. Roberts, A.G.. Organic Coatings , Tab!~3. Laboe’ato’y co,,usion teat data of Paints Group Nei l 
____________

U.S. Govsmmb~t Pnnti~g Office . A~~~,,,#um % 40 30 
- 

20 10
1968. 13. _____F r v~.,. bii ’,der Ru’.rit tj in li-ic gsoisv~ with eps-sed ieg sis.~ ii. B lists in the pilu

6. Anticorrosio:b Man~-i r.)J 1”’ ‘~~. 1 ri~’ fu n .. _______________________________________________7. Rudrani. A.i ~~ . , iho nus ~.af ~n • -- —- —  -

- Association of British Paint . Vinyl copotymer Rusting Rusting in the groove Olily.
binder In groove. No blist.iiig.

Colour and Varnish Manufac- Bliste ring.
tu rers. Bulletin No. 63, 1961.

8. Modula r Traini ng Manual . Selec- Phenolic Rusting in the groo ve only. Roiling in 
-

Rosin-phenotic No blistering , the groove.
lion and Industrial Train ing Adm. . Binder Bhs.selng
Ltd., London E.C.2. 19 7 1, Vol. Il la . -

Chlorinated Light rusting in the — — —

287. Rubber binder groov. only. — — —
9. ASTM Designation , D 609- 52 No blister ing — — -

• 10. Woods Hole Oceanogra phic In-
stitudon, Mari~e Fouling and it. Vinyl cogolymer Light rustin g In the groove only. -

Coumarone-ledene No blistering.
Prevention . U.S. Naval Inst. binder
Annapo lis, 1952. 331-348. -

11. Abd El-Malolt . MM. and Ghanem. Vinyl copolymar Rusting I,, the groove. Lois ii adhesion along the groove.
Phenollc -

NA., J. Paint Technol.. 1975 4~ Rosin-pit .aollc
H (6O8~
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Tdble 4. Paint li/in com positions ~lP,,- ’nts Group No II Paint d

F’jinisNo 
- 

28 29 30 37 32 33 .

Aluminium paste 30 30 - 30 30 30 30 Coating Industry
Talc 5 5 5 5 5 5
BdSIc lead carbonate r) - . - -  - ~~ - in N America —
0.a~.c l~.,u sulphate I - - -

Calciu m plumbats — - - lb  — — — Prospects and
Basic lead sit icochr omato — -- — 15 — —

— — — . — — Problems
Barium metaborate — —-- —- — --- 15
Total pigment 50 50 50 50 50 bCi
Vinyl copolymer 22 22 22 22 22 22
Plasticisers 3 3 3 3 3 3 continued From page 18
Pheniolic resin 15 15 15 15 15 15
Rosin-pheriolic resin 10 10 10 10 10 10
Total binder 50 50 50 50 60 .50
Pigment Binder 1 1 1 1 

- 
1 1

Solvents mixture: A blend of xy lenes, eth y l acetate and white spirit. 
___________________ Ireland have shown that a simi lar situa-

tion may exist there , with air masses
passing over Northern Germany.

Table 5. Laboratory corrosion test data of Paints Group No I/ Belgi um and Holland eventually

Type of ,nhibirivu pigment Labo d tory c~)rrOsiOfl tr’~~ 
causing high ozone levels over Great

- 
- 

- - -  —_ ._ - Brita in. If these reports are an accurate
Bas ic lead carbonate Rusting iii thu ij roove oniy repr esenta t ion ... the variou s Euro-
______ ______ - -  

Lig ht t ’ iuS?.- ~ rii I 
—- •~~~~ pean nations will also have to re-

,.~ . ecad ,.t.iph~ts - Ru’,iu~ j in 1(1.’ qmoove On ly. - examine their pollution contro l
— __________________ 

N O t .i t . , ~l l  
- -  _________•

~~~~~~~

_ . _  strate9ies.”
Cek.~um plumbate Ru.:i:i ~j  iii ui. ,...... ,i.l~ Meanwhile in Califo rnia, the Califo r-

________ 
Nob -u -r . j 

- -  
nia Air Resources Board (CARB ) is

Kj s ic lead silicochroinate tij ~~i i i - ~ i u.~ ~~~~~~~~ ~~~ rapidly moving toward the develop—
• Not , l i - , ier i r i . 

- - •  
ment of new air pollution regulations

Lunc ohosphat . Rus tin ’y ii i i - - ,  ii~uvu, - for coatings being manufactured or
No ~~~~~~~~~~~~~~ _________________ 

marketed in the State. The Board s first
Bj mi urnm etabo rata ~~~~~~~~~~~~~

_
t i ~~~~t ~~~~~~~~~~~~~ 

~~~~~~~~~ priority is to develop regulat ions to
Blistering, require architectural coatings to be -

convened to low solvent systems . ie
waierborne or high so lids. CARS
intends to exempt only those architec-
tur al coatings for which it can b.
de,~onstrat.d that no adequate low

Table 6. Paint film compositions of Paints Group No ~ solvent substitutes are ava ilabio.
Paints No 34 35 36 37 38 39 The definition of architectural
Aluminium 30 30 30 30 30 30 coating covers almost all trade sales,
Thanium dioxids 20 — — — — — i n d u s t r i a l  and cu,~ ms rc i a l
Talc — 20 — — — — maintenance coati ngs including such
China clay — —- 20 — —~ 

— paints as traffic paints and high p.rfor-
Bary iss — — -  — 20 -— mance architectural coatings. it as-
Iron oxide — ‘ — — 20 — cludes marine , aircraft end automotive
Muceceousironozids — --- — -  — — 20 refinish coatings end dpes not cover
Total pigment 50 50 50 50 50 50 factory-applied industrial coatings
Vinyl copolym.ç 22 22 22 22 22 22 NPCA and the indust ry In Californ ia
Plastic ise rl 3 3 3 3 3 3 are actively engaged in discussions
Ptienot ic resufl 15 ~ ~5 IS ~ 15 with CARS and the latest rspovt In-
Rosu’ru-phenolic resin 

- - 
10 10 10 

.._i2 _.__._~!-9~~~~ _~- -_.i2.__ dicat es some softs fl iMlOf the spptoach
- 

..fllI brd.r 50 50 5(1 50 50 50 
— 

in that priorities h~~~ been suggs st.d
Pigmsnr :Binder 

‘T_’ - 

1 ~~~~~~~~~~~~~~~~ 
i which would provi .~s more time (or

compliance fo r , certain products.
Solvents mixture: A blend of xyls fles . ethy l acetate and white spirit. the issue has not yst been

resolved.
The very str ingent regulat ions

A 
proposed last year In Queb.c may will
be a harbinger of what can be expected
in Canada at so me time in he futu re. It

j  Table 7. Laboratory corrosion test dat.e of Pants Group No ~~ would be useful for the industry in

Type of inert pigment 
- 

Laboratory COrrOSiOn test Europe to keep an eye on dsvslo p-
- di s-id Rusti ng in thi groove. Bliste ring in th. paint film. ments in the United States as well,

Titanium o e 
- ___________________________

Talc Ru sting in the groove. No blustering.

China clay 
- Rust ing in the groove. No blisterin g . — This art icle is based on a paper prsssntsd

Baryts, Rusting in the groove. Blistering in the paint f ilm , at the ~~~~~~~~~

lion oxide RuStifl0~fl tt~P iJrOOve only._Blustering in the paint film. - - permission of the Association.
Micaceous iron oxide 

- — Rusti ng ufl the qroov.. Blistering in tha paint film.

Paint Manufac tu re— November1977
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A Testing ~tat ’ion Thr Abovc_~’/atr ,r P:~in ts.

Pignent and Resin Techno1o r~j ,  Q
, Ap ri l . 1979.

By

5.M . E1—Saawy , i - .A. A’bou— Kh,alil anci ~.A . (i~hanern
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APItIL iuie P1CMLNT AND RESIN TECHNOLOGY

- 
- A testi ng stati on for

- above -wat er paint s
By S. M. El-Seawy’ M. A. Abou-IChahl’ and N. A.
Gliouiern, Laboratory of Polymers end Pigments.
NatioriaJ H ear~t Centre, Dokki. Cairo. Egypt. -

summ~~ 
• A descripti on of the station

The present work describes a test ing station The design of the tasting station was carrier
for above-water paints in Egypt. The stati on has out by the authors. It is compos ed of ste el bitt
been construc ted on Alex andr ia Seashor e. fastened by bolts and having a rhomboid shape. lit

thmensions are:
Introduction 3.00 metres length ,

The uIt male aim of our wo rk is to evo lve 1.80 metres width ,, and 
-

the best mar ine paint syst em su itable for our local - 1.50 metres height .
marine co nd it ions .t It is required to test the paints 

- 
Two photographs of the stat ion are shown in Figs

first in the labor atory and then in the actual environ- 1 and 2.
i-ncnt. . -

Marine paints comprise underw ater (anti- Angle of Exposure:
fouling and ant ic orr os uv e ) and above w ater (anti- The station was fixed in order to make an
corros ive ) co mp osi t io ns T,~ test the underwater -

painta a speci al Iloat iri y stat ioti w as built for this Cambr idge University. Department of Metallurgy
purpo se; its description is yiven in a recent paper ’ . and fvla rerial s Science. Cambr idge.

In the present work , a co ni p lute description —________________________________________

of a new exposure test ing st at io n , for abov e water
paints , is g iven. There is a tendency to carry out
natural exposure tests in a severe condition and fo r
this reason . Al exandria East ern Harbour would seem -

to be ideal.becausu of the Intensity of the sun light.
_____________________ _____ 

Fig 3. Method o~ suspending a

tSee pape r by the authors, March issue p5. “Anti - ___________ 

pointed panel.
- corrosion Behaviour of Son ic Laboratory Prepared -

Barium Meta bor ate-based P~uits ”. . ., 
~~~ - - ~~~ ~~~~~~~~~~~~~~~~~~~

-i~_ v ~~~~~~ 
‘l

T~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~
• 

.-

~~~

-- .‘-- 
- 

— - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ Fig 2. The painted panels supported on the g.iling -~ -

Fig 1. Abovc water teSlifig Station. - stati~fl.

____ _ _ _ _ _ _ _ _ _ _  - .± -
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ang le of 45 Will ) thu vertic a l and facins i ~~u th. 
- Thu test ing 5t~tion was conlr ucwd m Augus ,

Place 0! Exposure: 
1976. Seventy painte d stee l panels wer e su5pCnder
and have been exppsed up to now . --The r~~ults Cu

i nC station was constructed and fixed on the - summarised in a separate paper2
roof of a builduiu ~ I aeii if j  thu ~ea (Institute of Our progr amme will be extended to includ-
Oceanography and Fis heri es , Al ex andria). This build- paint exposure tests on the coast s of the Red iou
my is on the seushore (Lastuin Harbour of Alex- Mediterr anean Seas; many above water testing Slu
an rid). 

. 
lions will be constructed for this purpose.

Shape and Number ol Tc.~ ted Panels: Refer~nces 
‘

15 x 15cm mild steel panels we re used and 1 Abd Et-Malek4 M. M. and Ghanem, N. A. J P~in
h~uuiij~ d by short ~.t~ vl j oints (see Fu~ 3) •  The panels Technology, 47 (608). 75 (1975).
were arrantjud in live par&let ruw~., i.ac)i row r~arries 2 LI-Sauwy , S.’ M., Abou -Khalrl , M. A. and Ghanem
lb panels. N. A. Pigment and Resin Technology , 7, 3 (1918)

New BOCM Silc ock refiner y open s ot Selby 
- 

‘ ‘ 
~~~~~~~~~~~~~~~~~~~~~~~ 

—~
‘-

~~

A ru&.w I ~OU 000 L LL I i I IR aI v i 1~.tabl~ oil ~ ~i ~~~~~~~~~ ~~~~~~ 
~~

rt.fine ry has br. t ,u i oH~ i~lly ~p&.iit.d at LOCM Sil — 
~~~.. .t~~

cock ’s Mill at Sciby. Yorks . i 
-

- 
‘
~~~ ~ - rk_~ e1. ’ ~. ~~t ~~~

‘

The new rehee ry . wh iCh wil l piuLess mainly [~ 1~~~• -

lirisu~d, soya and rape oi~, ie~
,I,iccs the co liupany ’s i

ll! 
~~~~~~~~ !- ~~~~~ ~~~~~~~~~~~~~~~~~rel i ncry at Hull which waS cIu~.ed ea r l ier  this yeal r -

~~- — .• ~~
‘
f’ ’ ~~~~~~\ 

‘ 
~~~~~~~ 

-

~ 
h~ —

because the lease on th e ~~te waS due to expire. ~, ~~~~~~~~~~~ •tj ~~
‘‘ 

~~~~
‘
~‘ 

‘- It 
~ ~

Selby was chosen becaus e it already has an 4 It ” , P ; - I
oil seed cr:sh :ny p~ nt  W~~ h produces crude :d / j ~ ~~~ 

____

- ~ ,_ ..~~ ~ 
— - - - • ,-

-
.
. a ‘ it i. t .~

’ 
~~~~~~~ ~

-. ~r ~
Sir Ernest Woodru tf e . former cha irman of 

~~ ~/ . 
- 

- - ,
~~ ~~~~~~~ 

-

~~~ ~~~~~~~~~~~~ 

‘1

~~ ~~~~~~~

• - 
Uni lever — of wh ich 80CM Silc ock is part — ~jj .,J . \~~

‘. 

~~~~ 
v- I, :-~~

‘-~ 
-

planted a t ree at the si te of the new refinery on The ctnwluges and control panel at the new 80C .
March 9 to mark tha otl ici al 0~ Uflifl 9 Silcock technical oil telinwy at Selby.

The ref ined oils are used mainly in the manu-
facture of paints , res ins arid pJ’in ti r ig inks but there . tfolle d from a single panel. The oil stor age buildiru

is a significant export tra de , especially to the Midd le ~S d~~ign~d to give speedy bulk loading and dru i

East co nstr ucl ion industry , filling.
The incr ease in export sales achiev ed has ‘Oil oxidati on is sti ll based upon a batch sy ’.

been recognised by the co mpany bein g grdn tod the tern as t his does not lend itself eas~hv to automatiu-

Internat ional Export Associat ion ’s Tr iple Gold - and is highly dependent upon human experti se .

Aw ard.
Building wo rk on the refinery started early GEL PERMEATION CHROMATOGRAPHY

last ynar and was com pleted ~n Decembe r. The aim (from page 10)

has been to autom ate produc tion as fu lly as pos- ments were made fo r air, water and formaldshye

sible. but allowing b r  a wide range of visc os ity oils (com posite peak). ph.nol. mono- and d ’nethy k~
to be produced as well as enabfi n9 oils to be pro- phenofs . 

i I

f cessud to custom er ’s own spec ihcatiOfl S. •
‘ ‘ - These authorS also discuss the use rat nuch —

A proce ss and quality con trol labo ratOtY t as magnetic resonanc e spectroacopy combined with

4 been inco ,porated to mainta in high produc tion stan - magnes ium diox ids ox idation procedure. ~ hi

dard s. differe ntia tes betw een n*thy lOI and msihylst* ett

The refining line is based upon a three cenui- protons, to det .rmins the chemical suuCtwS o

fuge Laval separation systur i . divi ng a continuous bulk resin wh ich was found io be dep ndsn* up

throutihPL.t on three s hifts. Rom~waI of free fatt y the lormaldehYdS-PheflOl ratio and the ~~$i

acids and ant i -Oxsdti nts is of f u~ted at this stage. The employed . These procedures could obwtou$ly -

neutral oil then passes to tw o bleaching vessels and used to examine the indiv aduaf f ract ions that w~
self-clean ing f i lters which are all rotat ed and changed evident in the GPC traces.

ove r auto matic ally, the who le ope ration being con . To be cont inu.d an the May .ssus. 
—

a 
-

_
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Mahmoud A. Abou -Kha lil -

Laboratory of Polymer ; and
Pigments , National Ret earch
Centre , Dokki , Cairo , Egypt.

It has been suggested’ - ’, that there are
at least two ways in which a pigment Seven new commercial inhibifiv~may yield soluble uthib rivo rnateri rls: - pigments were tested and could -be
1—The pigment rnaj be .in inhibitive of classified, according to the manner by
limited solubihty; 2-- The pigment m a y  which they yield inhibitive maruthil, info
be basic and so forms soaps when two groups. The tests included -
ground in linseed oil (in the presence of immersion of mild steel specimens in
water and oxy geui the soaps autoxidise .1qe~ ’ous extracts from the pigments or
to foen soluble inhibitive ulegr~d.uiioit their paints. -

products). — ______________________ _______

- lb. urn of i; ~“ ~nnsu,,ut woik us to Methods
clas. mty sonic rn:cs u .or mui u - rc ta l j i i h ihi i ivt , 1 Steel preparations:
picjineui ts accouhimug ho the way by wh,ch Mild steel specimens 50mm by 20mm Wauor -

~~ 
-f ~~~ ~~~~~they give inhibitive materials, were used: The specimens were washed —

~ I I /
in xylene and a~eiune, befor e Immersion ~~ -1 

~ —~r-i, J s ~for fifteen seconds in c’oncentrated
Matorials and methods hydrochloric acid. Atter a brief wash in
Materials distilled water , they were washed twice -

Inhibitive Pigments in methanol and twice in acetone,
1—Zinc salt of an organic nitrog,a i Specimens were dried on filter paper ii~- , • - - ~~~uiat.d W~sCompound (Sicor urm RZI: Obtained from a° air-stream and sto~ J in a glass-free
Hardy and Company, Cngland. desiccator , over siiica gel, for tlicee days M,dSteei —.~12—C alci i ’i pho’~pho~ilicaw (Halos CW- before use. Spec,moa ~~~~~~~~~

1 Il): Obtained t io ,m i-Lilox I~igrnet ts,
EngLir d 7 lmmersio i l i i  aq ue~ai. r~~. s from
3 C.ii.H’ in bor- , - -( : :d t r.i (H ifox ~‘ .‘l ~.

~2I): S’.ipplied by b ,  i~ ’~vmo i- niii~.iy. A few grina of each l)~~rflent were —
~~~~~~

-
~~~~

. -

4—I3asrc zinc mdybd ite (Mo(~-.\t ui e placed in r~rna~l gLiss beakers i,~d SOn’il
101): Obtained twi n Sherwin ‘~i i f l - . m s  of dist illed water woo- ,.‘id.l. rho
Cf-w i ir :.i ~s, England. h ikers wr~.rc M-~~t at C , rtu -~r a bell- Fig 1. Immersion test equipm ent.
5— - “iflC p( iO~~~~f - i t  Oh ! :rrierS hr -or ~ar vi’ th a filter ‘ rat at-ui stirred
lri (J ’ ’ i J ,~I Si ri ci t r i ; - ‘~‘o ;nt- - -~i~ l~~ - ;  , - ! - - - -  c.n ;oreu j i  , ‘ -,r ~- v ~ -,‘, n-f n. Thu drying oil mixture and the resultin.j
ii - Unriti ii, rnet.uln -: - ~~ ( ( ( i i-  - iii I I ~1 II ~ii vio r i r ; prn :i i ml inn ’ I nr :nI ‘ -cimens paints were applier.l to the interior of
Oh ;,: r mr~ f f r o m  (H in -~- - [ i i  1, n- t i  - ‘ -5 , ~v ’ rr’ then - in holly non in d in the small glass beak.— rs . The paints were
USA. pigment extracts (see fig 1). Fhe test allow ed to dry tot three days befor e
7— - Basic lead silicoctiromate (Oncor was carried out in quadruplicate and at SOml of water were added . The beakers
M50): Supplied by National Lead the - end of the test (28 days ) the were allowed to stand two weeks at
Company. USA. condition of each specimen was 25°C. under a water seal (see fIg ft . after 1
8— Basic zinc chromate: Obtained from recorded. which time, pickled mild steel spec imens
lCl Ltd . England. - were partiall y immersed for 28 days and
9—Red Lead: Obtained from Assoc iated 3 Immersion in aqueous extracts from the condit ion of each specimen was
Lead Manufacturers Ltd, England. paints4 recorded.

The pigments, which have not given
Varnish inhib itive aqueous extracts , were dis- Experim ental results and discussions
Linseed Oil and Stand Oil Mix ture: persed into a linseed oil-stand oil The immersion of mild steel
Prepared in the weight ratio of 3:2. The mixture , described before in the specimens in aqueous extracts from the

stand oil was added to impro ve the flow materials. Forty per cent by weight of tested pigments gave the results
and water resistance properties of the each pigment was ball-milled w it h the summarised in Table 1. A typical soluble
Ii,msced oil. Naphthenate driers were , — inhibitive pigment, basic zinc chro mato

added until the varnish contained 0.05% •Cambridqe University, Department of was used as a reference.
cobalt 0 08% calc iun i and 0.02% Meta l lur gy and Mater ials Science . It was found th at only twe of the
manganese. Pembroke Street, Cambridge C82 302. pigments yielded soluble inhibit ive
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~~~1T 
~~~~~~~~~~~~~~~~~~~~~~~~~~ 1- Tab/e l: Aqueous exvacts from the commercial inhibitive pigm ents

Organic zinc salt (Sicut in lIZ) aimd 1- /t ~~me~ ‘1 - - 
Specimen Conditwnf aauIfic~ ion

Basic lead silicochromate (Once, MtuO), leisue zinc ch roi mmat u’ - 0 Inhibitive
thus these pigments could t~ 

Zinc salt of an organ ic compou nd tSmc o,i n RZ) 0 Inhibitive
considered as solu ble inhibitive Calcium l)I1O 4,hIUsili Ca(e (Halos CW-111) 2 No ohi~tive
pigments while the ot her pigmen ts Calciumn t,owsuiu :nuLe(Haiox CW.22fl 1 Borderline
should be further tested Basic z inc uiuolybdjto (MOlywfuimtm tOll 1 Borderline

The condition of each mild steel h im.. phuosp tujiu 1 BOrderline’
Barium rnt ,i, uI ,nmatc (buean li-Mi ) 2 Non-jnhjbitivospecimen, after immcr oh in CXt i. ic t s LI.e.ic lund ~iItco chmrumnü i~ (Oncor M!JO) 0 - Inhibitivefrom paints based on th u tested p~J used as a ruitcmetmco

ments . is described in 1 able 2. Elasic tO ~- Non e must ud ; 1 - light rusted; 2 =  Heavy rusted.
lead s ili coch ,om aw pi g m ent war ;
included in this test, owing to its lead
cOrilpOSIt ion.

From Table 2, it is clear that calcium -

phos~hosi licate , calcium bo rosili cat- ~, Table 2. Aqueous extracts from pigmented dry ing oil paints
basic zinc molybd ate , barium -

metoborate and basic lead silicochromalu Pigment Specimen condition Classification
interact with dry ing oil mixture to . 

- -

produce inhibitive materials. Basic li-nd Red ledd 0 Inhibitive
Inhibitivesilicochromate seems to yield inhibitive Calcium pl u p bosmhics te (Hahox CW-1 11) 0

Calcium borosilicate (Halox CW-221) 0 Inhibitivematerial soluble in water and at the sar n ’s
~- .,;, c zin c m m iu yhidaL lMol~~~hjte 101) 0 Inhibitive

time reacts with the drying oil mixtur e to . Z inc phosphit .~ 
- 1 Non-inhibitive

- produce soluble aqueous inhibitive ICmni u mn mmni ; t nn ra lmt f Busa n 11-Mi) 0 Inhibitive
extracts. This double bnlmavuour may l u  1. - ;  k~,j l  - , n ,cn c lumoouj t e (Oncor Ma)) 0 Inhibitive
attributed to the prern-mrm -e of c h r onmni i i mm ‘ti ed OS d mchut ,iicO
Ilinuitcd water so luble ) ~nch lead (bis e) 

- -

in t tS con ipos it ion i. (ii mc phospl mlii
pigment did riot give liii il ii t ivo irratci m .ml ~,
either as a pigmni mit 01 1’’ nt. 1mm Spite if 2 CII It. I Li III 

~
Im 051,1 mosil ic t it  0 . ( I l i  lox 2 Han ucock . P. • and Mayno , J. E. 0.

i iniuny researches havi ng Li -i - mm canu ied i -mi t  cw i i i  I , r , ulciumn m borcu~ilic.mt ’ (Ilnirix J. Chn,n. Soc., 1958, 4172. - -

on basic lead si Iicochro nmi- ite~ ~nd i n c  LW 221) . tia~ic zinc molylidite lMoly- 3 ASTM Designation DeZiS-52.
phosphate ’, these pigm ents seem to wh ite 101) and Liorium rnctaborate 4 Pryor , M. J., J. E/ecu’ochem. Soc.,
need more study. (Busan 11-Mi) pigments are drying oil 1954, 101, 141 (19~4).

derived im1hibitors . 5 Bates, B. P., JOCCA, 54 (10), 945 
-
;

Conc lusions - 
- - 

- 3 Basic lead silicochromate (Oncor (1971).
The following conclusions have been M50) and zinc phosphate -p ignients 6 Abou-Khalil . M. A., Ph.D. Thesis, H

- o
drawn: need more study. Cairo University . 1972.
1 Zinc salt of an organic nitrogen corn- REFERENCES 7 Mayne, J. E. 0., Work in Progress.

pound (Siconn Ri) is a soluble inhibitive 1 Shreir, 1. L.. ‘Corrosion’, John Wiley D~ artment of Metallurgy and Materiais
iipigment. and Sons, 1~~3, V~ l 2, Chap 15, 25-35. Science, Cambridge University.

________ -____ ________
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- 

*means that we will nced ~i~~ f j ’ ~j • TECHNOLOGISTS-to
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Anti-corr osion
behaviour of some

- laboratory prepared
barium metaborate based

- 
pain ts , 

- -
~ -: . - .

• By S. M. EJ-Saawy, MA, Abou-khahl end
N. A. Ghanern
Laboratory of Polym ers and Pigments, Nat~onsi

- 
Research Centre, Dokki, Cairo, Egypt

Summary t io ns . The testing of these formulation s is Iii. ma
Sev enty pai~m t ~. w e;e prep ared , ba~ed on six Sub ject of the present wor k.

grades of labor atory prep ared barium mut abora te Seventy formulat ions based on the si* p
~pi gments. The paiqts could be cla~s i f med into three - pared barium metabor at e pigment s, were prepare

groups uccorJ iiig to the t ,pe of the binder; each u sing three different types c~- binder. The uit imat
group comprises seven sub-groups. The paints were aim’ of this work is tc eva luate the formulatio n
t est ed first itt t~ie e l lU ;-  ~:, - -i ttm ~ n in actu al b~.sed on the prepared barium metaborate pigment
ei,-wi ronrncnt (above arid elm er Sea W oi t u t ) .  Corn- by testing them first in the laboratory, using sta r-
niercia l barium met abor at e (liusari 11-Mi) based- dard rr ’iet hods , and then in actual environment.
paints were pre pared and used u~ a bLin k . ‘nA~~ e~4- - ~t

Thu laboratory prt - i .iIcJ barium rne~aborate
pigmen t-based pai nts S( Ie.%-eC , i u t u c u m i ~~~.afl befm ~- Materiais at’td n’iethods
v iour simil ar to the comnit-uciul barium rimetaborate- 1. Materials -

based paints. It seemed t h at time paints bas ed on 1. Laboratory prepared barium metaboi’ate -

barium meta bor ate pigment , as an inhibitive pig- pigments:(’) - 
-

ment , are suitab le onl y for above water purpose s. Six grades of pigments were laborator~ prt
par ed, their compositions are given in Tabli 1.

Introduction Table 1
The present investi gation describes develop- Laboratory Prepared Barium Melaborate Pigment:

menis in barium meta bor aic -bas od paints studie s in Pigment Barium metabo rate Silica
a rese arch work entit led “ Preparat ion , Modi f ication
and Evaluation of some New Ant icorrosiv e Pig- -

NBM 100 —

ments ” which includes the followin g: BM-5 95 6
1. Laborato ry preparation , mno di fica ’ ion and evalu a BM.10 90 - 10

t ion of barium meta bora te pigments. BM-15 85 15 -

2. Incorporatin g the prep ared barium metaborate BM-20 • 80 20
• pigments into fo rmulations and testin g them in BM-20Q 80 20 (quartz )

the labora toty and in actual environr it ent. - 
-

‘ Six arades of bariu m -rn eta bor ate pigments
were l~~~~~~~ry prepared. modified and evaluated 2. Commercial barium metaboiat. pigment

F ~~~~p~gmeflts ; th~ ~~~uhts ate su mmarised in ~ 
(Busan 11-Mi):

separate paper (1 1 . The pr epared pignu ~’ its were t ita n Was obta ined fr om Buckm an Labo aiOtiS.,

Incorpor ated , with other in gredients , into formula- USA. 
-

3 ’ -
--3- - 3. Red iron oxide:

_______________________ Obtained from Bayer . Leverkus oi~. Germany - 
-

Cambridge University. Department 01 Metallurgy 4. Red iron oxide (130F1):

and Materials Science. Cam bridge Sup plied by Bayer , Germany- 
- 

-

-~~~~ :~~~
-- 

- ~~~~~~~~~~~~~~ -
. 

~~~~~~~~~~~~~~
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5. Barytes: - 5. Alk~üi resistance test:(6)
WaS obtaine d from t h e  General Company for Painted glas s plates were part iall y immers edTrading and Chr~rnicj Is. Cairo , Egypt. in 5% sodium hydr oxide solu tion and left for 168• - 6. China clay: - 

- hours . The plates were then remove d , washed andObta ined fr om Eng lish China Clays Corn - dried , and the con dition of each plat , was thanpany. Ltd . England. record ed.
7. Vinyl copuJy$lwr resin (L€.uu/k’x MP3f.i): 6. Ha,diw~s measu,wnen15:(5~Wa~ obtumntw j tront BA~ I- . Lu tl w egs haf o n . Thu Al bert K~ ri i g rocks, tester was smpl oy d -

Germany. for conilpani so n o~ hardness of the ts~ted paints .
8. Coumaro,ie-jndeno resin: 7. Liaborai:wy corrosion resistance ft,~~;th)

Supplied by B. H. Cole Ltd . En gland . Mild steel specimen s, 5 x 10cm, were paint ed
9. Phcnolsc esin (Wu.’suiyl 2o5 (lthL.2)): and ~Ilowu d to dry arid titan edged with wax. Thuy

Was obt ained fro nt hesmni ou s Chemicals Ltd . were scratch ed to expo se th e bare metal and then
En gland. nrn ,na sod in synehet ~c sea wat er fog’ up to 670
10. fi usu ,-niuthhu.J phunul,c lesnl (Wi~~siuuie I hours. l t w conditi on of each specim en was

(8207) ): record ed.
Obtained from Resi nous Chemicals Ltd . 8. Environmental exposure rest:

Eng land. a. Above water: The. test includes th. ex posure of
11. Plasticizers (chlorinated pa,’allin N50): mild steel plates, 15 x 15cm. to the actual condi-

Supp~:cd by BASF , Germnu a ni y .  tions. T h e plates were covered by thre e coats of
12. Synth etic sea water: the ri~stu d paint and allowed to dry and then sup-

Was hitiorato’ry prepared according to porz~ tJ 10 a lustin g station . A descri ption for this
Warrnw elI. t

~
1 stat ion is gi ven in a-separat e paper. The exposure

waS ca,rr ieJ out in Alexandria and has bee. con-
2. Methods t m r iuud up to now (more than one year).

a-
1. Laboe’aiory p,’c.-palatlon oh barium nwiabwaze b. Undwwawr: The mild stea l plates were painted

first by thr ee coats of the tested paint fol lowed by
Is desc rebe~ iii a sep~ - . mt ~ pal.uer. Ofle uf anitm iouling’ composition. The plates were then

2. Piep.uario:i of th~ pai,ir:P) supported to~~ painted steel stands (see Fig 1). The
The pigm ent m ixture was ball- ri u jUe d with test was carried out in a speciall y built flo atin g

~,oumme of ve-l ie!e solution. for tour - i -  i s .  The Stat iom m in the East er n-harbour w_ te r of Alexandria .
remainder ol t il e vel m iclc WaS then added to yet the (A descr iption of this station w lf  be given in the
re ad y nii ~~.. p .a m mt .  Ap r i l issue of Pigment & ‘Resin Technology).
J. Piepaiation vi ,mis Lj ~itce l pI.~t eS: (4l

The method was dc ,cni be d in a previous Experimental results and discussions
paper ”1, Seve nty paints bas ed on barium metaborste
4. Acid rcsistaflce (es( i~ , pigment , were labo rsto ry prepared aud could be

Glass plates pamm uted w ith t im e t e- . teJ paints C)~~~iui~ d into three groups. Each group of points
w ere partially i nun m ier s ed iii 20% hydrochloric acid co m pr is es seven sub-groups. The compositions of
~ulutiW) for lbd tmour~ dl roo m Lenmupera tur e . The the -prep ared paints are summarized in Tables 2. 3
pI~ t~~ were (lien removed, washed with water and and 4. -

dried. Thu condition of each plate was recorded . Commercial barium’ metaborat. (Buun 11-

Table 2. P~lrmt Film Compositions of Patt* Group ~1o. I
Sub.group 1 Sub-qroup 2 Sub.group 3 Sub .qtoup4 Sub-q~oup 5 Sub-group S Sub-group 7

Cum n~jositsonm 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 21

NOM — — — - —  20- 3C 40 50
C8M• 20 3040 b0 --- -- — — — —  —

~~~
- —  —— - 

-

20 30 40 508M-5 
— 20 30 40 60BM-lO 20 30 40 60 S aM-iS ._ 20 304060BM.20 2030 40 60 -8M.~0Q

Red iron oiridu 5 5 5 5  5 5 5 5 6 5 5 5 5 6 5 5 5 5 5 5 ~~~~~~~~~~ 
5 5 1 5

Iierytes 30 20 10 — 30 20 10 — 302010— 30 20 10 30 20 10 ’— 30 20 10 — 30 20 10
Chino cley 5 5 6 5  ~~~~~6 5  6 5 5 5 5 6 5 - 5 5 5 5 5 5 5 6 5  ~~~~ b 1 S t

Vm ny ’ copolymer 21 27 27 27 27 27 21 27 27 27 27 27 27 27 27 27 27 27 27 27 3727272727372737

PI.mal CizenS 3 3 3 3 3 3 3 3 3 3 3 3 3 3 3 -3 3 3 3 3 3 3 3 3 3 3 3 3

Caum.ron..inden• 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

T,itaI pigm iluot ~i0 60 60 ti0 bt) OO bO bO 60 60 60 60 60 60 60 60 60 50 10 10 $0 10 60 60 $0 10 50 10

Total binder 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40 40

Pigment: binder 1.5 1.5 1.51.5 1.51.6 1.51.6 1.~ 1.51.61.5 1.51$1.5 1.5 1.51.6 1.115 161.61.61.6 141.61111 -

•Comm mr rCiel barium mulaburaIa (Susan 11-Mi) ,

- ,.%_ • I
— t

- - 
_
~

_i 
- -~~~~~~~~~~~~ -~~~~~~~~~~~ __
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Ml) Was used as a blank and f ormu Lati on s , based .

on it . w~me prepar ed and put in sep arat e sub-groups. ‘~~~j  -51 
- 

— -
All th e for m ulat io ns co ntained red ir on o* id t.,, -. ~~ 

- 

~ ~~~ ‘ . ~ ~~~~ • 
. 

~~ ~~ ~ ~~burytus end ClIiIId clay as int u it pi giumu n mt ~ . ~~~~~~~~ ~ 
‘ “~~1i~~~~~~~ ~ 

- 

~~~~~~ ~
Paints Group No j ~fl~~~e;mis 

- 

- ~~~~~~~~~~~~~~Ihmi~ u~ous~ of pain ts Cumnip (as us twen t y om Ulit ‘~‘;7 ~~~~~~~~~~~~~~~~~~ ~~ ‘
~~~~ :~- 

~~~~~ - 
-formulations, ba~.ud mainl y o sm a iieu ral tn ridur (u -. - 

- ~~~ 

I . ~~~ ~~~~~~~~~~ .mfliXtUnu of viny l cug. ol yn im ur arid cou mu i . in onu- , ri dumm u ,, - — - - . ‘ : — 

-

vejsmgi (3:1)). Acco rdin g to thu typ o of thu inhibitive I.. - 
~~~~~~~~~ 

¶j L . .

pigment , this group coul d bu cl~ s~itmuiJ into seven 
- ~4’’ ~~~~~~~~ ~~~~ - , . .

‘
~~-

sub- g roup s amid each SU i ) -j ~t.Uli Coi i .p r ise s four ~, -~~~ -~~ ,~~~~~~~
_
-... 

~~~ -t ~~~~~~~~~~~~~~~~~~~~~ •s- 
-

for mulation s The percen tag e of the iiilmiti mt nve pig ~— -~ —~~~~~ 
•‘
~~

-
_ -.

‘-— 
.F

ment ronqus fru .ii ~O to ~~~ of thi. tOt ,m l ~..~irit h In t. ~~ .. . -,.. - - - 
~ •~~ ~~~: ~ ~ - . - , ~v ~~~~~~ -

All the t es t ed pamnm t ~ of Lfmm ~ g cu p pass ed ~~~~~ ~~~~~~~~~~~~both acid and dlk ~ Ii r es ms t . m t m ce t esC ~ w m t t uut t~~mtu re .  - ,  
-

They also passed the fubuiCLuly corros ion scratch Fig 1. The painted plates before undegwoto, irnme.
te s t wh ich conti mm ued for eo ,~~ blO h ou r s and th~ ~~~~rust w as fo rmed onl y am t he g rooves without

- ‘ s p ruadiimg . - - 

-
Thu atmo s p heric eApo s ur e of thuse paints ~~~~~~~

— was carri ed out in A leAaim d tm a clos e to th e sea-shor e , - 

- - 1)~~~ ~~~~~ - ~
.• •

~
, 

~~
on an ex posur e t es t in g stat ion and co nt inued for 

~~~~~~~~~~~ 
%~~~~~~ igjt. ~~~~~~~~~~~~~

more lu au one y e ar.  ihmu i rm ~.pectmo rm at nhcsu pain ts , 
~ ~~ 

-

- - a,~~~~Lw1LLQ1jjme test , has ~how~~ it o rust forr na- 
~

‘ 

~~~~~~~~ - - - ,
~~ ~~~~~~ ~~~~lion arid ~l~o no change iii colour. It s ee m s that this ~ ~~~~~~~~~~~ -

group of paint5 could reSis t t he s eve re atn nt osp her ic - ~~~~ : . . 
~~.

condit ions tor up to one year . : - 

/~ ‘~ 
- 

~
— . ~~~~~~~~ ~.

Mild ste el painted plates were immersed in I 
- 

— ~“ ~~~~~~~~~~~ ~~~~~~~~~~~~~ 
.
~~ ~~~~ ,

sea wa ler after beiiig CvdiC d by a layer of anti ~~~~ ‘ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
fouling composition Th6 i1i~,pectmon wa s carri ed out ,. ~~~~~~~~~~~ 

i~~~~~~~~~~~~ - - i  ~~~ I
monthl y and photograp hs were take n (See Figs 1 ~ — —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

-

and 2 ) .  Fig 2. Th~ painted plotes after low montha iinrnci -
The paints , based on lab oratory prepared sion in sea watei’. -

barium met aborat e pi gments , have shown blister ing
eat t he end of I l i m ee month s ’ im m ersio n Thu com~ Peint ~ Group No H
mnu,cial barium rnetabo raiu -baso d paints showed The aim of preparing the paints of this group
bh istu ri ’ mg with in emtJ~it nnmumu t his anmmmnie:sroii . The bbs- us to study the eff ect of replacing a part 0$ the
luring was forni ed w ithout ucco muip a mmy ruig rust or zi~ UIIal L,.ndur. used in paints group No I. by pheno-
damage. Thesu pain ts Si-elm to Lie ur i- ~um abIe for tic and rc.an-phenoliç resins (acidic reSin) Twenty
Lm uidtJrwdter purposes eight f ormu lation s were prepared based o a Mix-

T,,tjlv 3. P.uimu t uIrn Conmpob1Lwus ~ ut Pdint5 Group No. II
Suit 

~
j t. ,up 1 : u1, am.~ui. 2 Sub -g ro up 3 SuIt Ufu u 1~ 4 ~ab -group5 Sub-group S Subjioup l

Cumpo~ition 29 30 31 32 J3 34 3t 36 31 38 3~i 40 41 42 4.1 44 45 46 41 45 49 50 61 62 63 64 66 65
c~~i. 20 3u 44.) bU 
NUM — - — - — —- 20 30 40 50

- -  — —- 20 30 40 50  
2u 3u 4O bO - 20 30 40 50 

3030 40 50b — - -— — - - — - - —  - - 20 30 40 60
.~-2~iQ —

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ 5 5 5 S  5 5 6 6 6 6 6 6Hud uuum uAtj *t 
3(~~~~~~~~

_ ,,&a~~u io  30 20 10 — 30 20 10 — 3~~2~~1 - ~ 30~~~~% O —  30 30 %: —

~~~ui ynier i~ i~ li 1~ ill ill 1 i  18 18 lIt lB 111 U: 1~ t l b  18 ib iS 18 18 18 15 18 11 18 II II 1*
— ~ i 2 2 2 2 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

I-t tie i ,. m lsc rcsi n 10 11 1 1 ’  lO 10 10 10 1~ in 10 itt 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

Pigriwol . t~ ndur 1j  l~~ 1 1 , 1 5 1 S  a -

Con mmerc ol Lw n,uflm n mtt td tt o mdtu (busd fl 11-Mi) 
- 

-

_ _  _ _ _  
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- . LuLl. 4. Paint I din Conipoaitiunur of Paunt~ Group No. Ill
Composi ti on 

Sut~uiuup ’ Sub~~mu up 2 buIm - ta roup 3 SuLi•9roup 4 Sub-gro up S Sub-group S Sub-group l

~~~~~ 

~~~~~ 

~~~~~~ ~~~~~ ~~~~~ ~~~~~ ~~~~~~

l~M-20Q ::: :: :: :: : :—  — —  — —  3O ttO
—~~- 

~~~~ ~~~~~~~ 
2L~ ~~ 

6 6  ;~:~ ~~~ :~
:
~Stdfluluc nusuni JO JO JO JO JO JO JO 30 30 30 30 30 30 30

Ho sifl .p huri olmc: . • 10 10 10 10 10 10 10 10 io io io 10 10 13
1 otal piUluie fli - . ItO ItO 00 hO 00 ItO 60 Itt) 00 bO 60 bO 60 60

• TuidI bmru(kr ~ 40 40 40 40 40 ~ 40 40 40 40 40 40 40 40 40
Pui~ln~nmt . binder 1.b 1 5 1 5 1 b 1.5 1.5 15 1 5 1.5 

- 
1.6 1.6 1.6 1.6 1.6

‘Cou ,mu ,w rc ,oI b,uiunm nmuI~bocutu (Uu~~mi 11-Mi).
tune of vinyl copo l y mer , pheriol ic arid rosu n-p henolic be attributed to the so lubi lity of the barium mets -
resin (acidic) (2:1:1). borate (O3çj / lOOm ls I’f 20) which makes the w ater .

The laboratory and exposure tests of these in intimate contact to the s ubst reate~, alkaline and
paints have s howm r sim ilar betr av uo um s as paints of thus discou uagey ust formation.
grou p No I. Conclusions
Paints Group No HI The following conclusions have been dtawr .~

In this gnoup of paints a itt ixtun u of phurio liC • 1. TIre paints based on the leaboratbry pta-
amid rosrri-ptwniu me resin (

~~~
. I was ust:d •‘~~ a n aifl 

~~~~ 
pared s ix ~mad~~ of bars um -mutaboratu showed good

i . . u l - n .Imt ~i lutim I~~ ii i i  - I t S  t - . .I. - ~ pu~~ Cd r os ,uIm IC..  . .LJ m hce u~j ai Iibt seve-ro condi t uon~ .

f h.m ed auut i CJaSS mt l i -~j mu t t ,  I ~s - I SLi t J~~) m i ~~ S - - 2. Al ; t Ime prepared barium mnetabor ate-base d

l h i s  ~ nuup ol pa , mnLs pass ed UuUI t h e  acid paint s aIn~ wed the same ant i-Corro s ion behav iour .
and alkali tests to SQul iC e x t e m i t .  Must of thu paints irre s pective of sili ca content . -

liuuis of tI irs group were broken dow n on laboratory 3. The for m ulations based on viny l copolym er

co rro sio n test i It~J with th i lo r m i . j t m o r i  of rus t  between and c o u nuu ~ :o ne-indene resin (3:1) or viny l copoly-

t he f ilms and the sub str ates. 1 Im m ~ beIi~ivi o ur may be men and ph eno lmc resins (1:1 ) we re more effective

due to th~ typo ~I tIm e birmiier used. - 
agai nst corros ion than those based on phenohc

The atmospheric am id i mme rs mor m exposure re5~ns Onl y.
tests for thes e p~n uit- .i tJ .~~c t tm i ~ . - s-: ri~suits 

~~ / ~ 4. Thu barium metaborate -basc d paints see~fl

t um u l t s  groups No I .- ‘ ~ 
/ - - 

- t a  be rlio re suitab le for above water pu poses

T h u  pain t li tm us of all .;roups were rem oved
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