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From the Honorary Editor 

O v e r  the last decade it has been sad to see the shutting down of many well-known established UK surface 
coating manufacturing companies. It was, therefore. a great pleasure for me to rcprcscnt OCCA at the 
Paisley factory of Ciba-Geigy on 21 August and to witness them receiving their Queen's Award for Export 
and to have the opportunity to tour theirf39M investment in new plant for Azo and Phthalocyanine pigments 
manufacture. The Azo unit is computer controlled and incorporates the latest design, he;llth & safety and 
environmental concepts. 

The feature for this month is Marine Ct Offshore which is an important part of the UK Surfacc Coatings 
Industry due to our involvement in the North Sea Oil & Gas facilities and shipping. Topics covered in this 
issue include fireproofing of offshore structures. epoxy sealants in seawater service. various aspects of 
corrosion and anti-fouling coatings. 

Another year has flown by since I last announced our Editorial programme and for this year we will see an 
expansion in this programme. Besides the usual main feature topics and show coverage there will also be 
special features on specific areas of process operation. The process operation articles will highlight each 
month the latest developments in a particular area of manufacturing equipment and machinery. The editorial 
programme for 1990 is as follows: 

JOCCA EDITORIAL PROGRAMME FOR 1990 

Month 

January 
February 
March 
April 
May 
June 
July 
August 
September 

October 

November 

Feature 

Corrosion 
Quality Assurance 
Adhesion 
Polymcrs & Resins 
Can Coatings 
Pigments 
Printing Inks 
1992 
Additives & Renewable 
Resources 
Physical Testing of 
Coatings 
Application & Film 
Formation 
Weathering (natural and 
artificial) 

Process Operation - Show 

Dispersing & Mixing 
Computer Controls SURFEX Prcvicw 
Filtration SURFEX Preview 
Metering Equipmcnl SURFEX Guide 
Storage & Handling 
Milling & Grinding 
Environmental Control SURFEX Report 
IR & UV Curing Systems 
Pumping 

Energy Conservation European Paint Show 

Valves 

Fccding & Packaging 

Contributions are welcomed and should be received by at least five weeks prior to thc month of  publication. I 
would be happy to discuss preparation of your article and our rccently published 'Guide for Authors' is available 
on application to Priory House. 

Finally. 1 would like to thank the Honori~ry Puhlic;~tion Secrctnrics. C'onfcrcncc Reporters, Works Visitors 
and Book Reviewers for providing us with excellent contributions throughout the yc;tr. 

J .  K. Ticylor 

Marine Paint ForumIOCCA 

Organotin Anti-fouling Compositions 
The Impact on Shipowners and Shiprepairers 

of Existing Legislation 
25 October 1989 

General Council of British Shipping, London 
Contact Derek Trotman 0225 448712 or Chris Pacey-Day 01 908 1086 
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From the General Secretary 

1989 has seen the launch of a 
new initiative to support the UK 
and Irish Sections in the 
promotion of their individual 
programmes of technical meetings 
and social functions. A very great 
deal of hard work, detailed 
planning and imagination is 
expended on the development of 
the programmes which are at the 
centre of each Section's activities 
and the committees are always 
looking for new subject matter to 
be presented and novel social 
activities to attract more 
participants. 

Sections are rightly concerned 
about attendance at some of their 
meetings. but, given the 
membership of some Sections, the 
participation is respectable and 
compares well with much larger 
organisations. Sections have 
developed a variety of methods to 
attract members and nonmembers 
to attend meetings, including 
individual notification of meetings, 
posters. notices in the Bulletin and 
Section diaries. For the 1989190 
season all UK and Irish Sections 
have been provided with 
individual 'pocket-sized' 
programmes produced to a 
common OCCA format. Two 
copies of the programme have 
been sent to each Section 
member. together with a letter 
from the Chairman and other 
information on the Section 
activities. Ample copies of the 
programme are available for 
distribution at meetings and for 
membership campaigns. 

The Section programmes have 
already attracted great interest and 
it is understood that another 
learned society is considering 
adopting a similar presentation for 
their activities. It is also likely that 
the programmes will be offered to 
overseas Sections for 1990191. 

1989(10) 

In addition to the individual 
programmes, the combined 'Diary 
of Events' found in the Bulletin 
has been redesigned as a 
chronological listing i n  the form of 
a poster and is included with this 
issue of JOCCA, ~h~ poster also 
gives details of Section venues and 
contacts and it is hoped that it 
be displayed on staff notice 
boards and at technical colleges and 
perhaps sixth form colleges. 
Additional copies of the poster 
will be sent to Sections and are 
available from Priory House. 

1 make no apology for the 
amount of detail on the poster 
which merely reflects the range of 
technical and social activities 
offered by the ~ ~ ~ ~ ~ i ~ t i ~ ~  to the 
surface coating industries. Almost 
80 meetings, within an eight 
month period, ranging from 
leading edge technology to a liar 
dice tutorial is no mean 
achievement! Support your local 
Section and make a commitment 
to attend at least one technical 
and social activity during the 
1989190 session. 

British Standards Institution 

Representatives are sought on 
the following Committees: 

PVCIllS Red Lead Pigments 

PVCR1 Surface Preparation of 
Steel 

PVCl2S Organic Finishes for 
Aluminium 

PVCl271-I3 Zinc Phosphate and 
M I 0  Paints 

pTC/l4 ~ ~ ~ h ~ d ~  for 
Determination of Viscosity of 
~ i ~ ~ i d ~  

GMEl2911 Test Sieves 

GME12912 Test Sieving and 
Sizing Methods 

member wishing to serve 
On these Or make a 

the 
General Secretary. 

Priory House 
% 

Ksi tors  to Priory House will 
notice that the offices have now 
k e n  modernised, r e - e q u i ~ ~ e d  and 
repainted internally and externally. 
The three storey building, of which 
the Association is the freeholder, 
has been re-organised and the 
Association's administrative staff 
are now situated on the upper two 
floors, freeing the ground floor for 
lettingto acommercial tenant. 

Council is now considering the 
future development of the site and, 
in particular, the conversion of the 
large garage to the rear of the 
budding into additional commercial 
office accommodation or for use as 
an Association meeting room. 
Further ideas under consideration 
include the upward extension of the 
garage block and the provision of a 
librarylarchive store for the 
Association's records. 

The Association is in the 
fortunate position of owning its 
headquarters building without the 
burden of debt and intends to use 
some of the surplus funds generated 
through its exhibitions and 
publications to invest in the future 
development of the site. 

OCCA TIES 
OCCA ties are available from the 
Association's Offices with a single 
Association insignia on either a 
blue or maroon background. The 
price is €4.25 (including VAT). To 
obtain your tie(s) please fill in the 

order form below. 

To: Oil & Colour Chemists'  
Association, Priory House, 967 
H a r r o w  R o a d ,  W e m b l e y ,  

Middlesex HA0 2SF. 
Please arrange for me to receive: 

............ Association tie(s) with a 
blue background @ f4.25 each. 

............ Association tie(s) with a 
maroon background @ £4.25 

each. 
I enclose a cheque for f ............ 

made payable to OCCA. 

Name ............................................ 

Address ........................................... 

......................................................... 

......................................................... 
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Ciba-Geigy commissions new pigments plants 

Ciba -Gigy  Pigments has 
announced the commissioning of new 
pigments production and processing 
plants at its headquarters in Paisley, 
Renfrewshire. 40 years after pigments 
production began there. Representing 
an investment off3YM when fully 
completed, the new plants include 
production facilities for azo and 
phthalocyanine pigments and a 
pigments grinding unit. using 
internally developed technology. 

The Paisley works has been widely 
recognised as the most modern 
pigments factory in the world. The 
new plant should ensure that it 
maintains this reputation. 

The azo unit. built at a cost of 
f l2M. represents the largest 

The synthesis floor in Ciha-(;rig)'\ 'ALII \. ' clurinl: n~mrnissi~~ning whcrc pigment products 
are li~rmed in rcaclion \e\scls. 
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investment of the three new units. Its 
capacity will in part replace older 
facilities. 

The new grinding unit has its own 
built-in system for dealing 
automatically with dust explosions or 
fires which can occur in this kind of 
processing. The basis of this system 
has heen developed over the years in 
the existing grinding unit. It ;~lso 
provides a much cleaner environment 
for operators through the use of new 
materi;lls handling techniques. 

The phthalocyanine unit introduces 
a revolution;~ry new process developed 
hy Ciha-Geigy Pigments for the 
production of crude blue to thc 
highest environmental standards. 

Safety of and quality Of 

product were uppermost in the 
designing of all the new plants. 
Hazard and operability (HAZOP) 
studies were carried out on all aspects 
of the processes to ensure that 
potential hazards were recognised and 
removed at the design stage-safety is 
built-in. 

Recognising its responsibility to the 
environment. and in particular its 
neighbours in Paisley. Ciha-Geigy has 
carried out full Environmental Impact 
studies on the new units. 

Designed in close co-operation with 
IIM Industrial Pollutiilll Inspector;lte, 
the new units are ahead of current and 
anticipated UK and European 
legisletion. Indeed, they are planned 
to operate to virtually a zero 
atmospheric emission level. 

To ensure quality products all three 
new units make full use of the very 
latest technology. Computer control in 
particular is used throughout. In the 
azo unit, for example, sophisticated 
sensors detect minute variations in the 
process. This information is fed back 
to the control computer which 

Ciba-(;ei 
Queen's Award from Major .I. I). M. Crichton-Mailland. Kcnfrcwshirc's Lord 1.ieutenanl. 

automatically makes corrections to the 
process. ensuring consistent quiility 
combined with improved productivity, 
The product is, in fact. never touchetl 
by the plant operators. 

~h~ introduction st;linless 
intermediate hulk contiliners ( I B C ~ )  i n  
,II the new plan t s  has draln;ltic;llly 
improved handling, ~h~~~ ~ B C ~  arc, in 
turn, stored and used through f u l l y  
computerised system. 

Nearly XOO p e ( ~ l e  are employed ;1t 
the Paisley works in Research & 
Development, Manuf;lcturing ;lnd 

i ts  products I h f l  
countries. 

Research has played ;I major role in 
the development of the Division's 

worldwide. More than 25'X of its 
current sales of around f lOOM 
Come from products developed in the 
last seven Years. 

Ciba-Geigy Pigments is this year 
celebrating its second Queen's Award 
for Export Achievement, having 

increased exports to more than XO'V of 
totill production. Its First w;~s received 
in 1974. The new Award was 
presented to the Division on 21 
August by Major D;ivid 
Crichton-Maitland. the Lord 
Lieutenant of Renfrewshire. In 
accepting the Award. M;ln;lging 
Director Dr Jean-Luc Schwitzguehel 
referred to the company's commitment 
to continuous improvement and 

;I ity at R~ialey. qu..bu I. a ~ t y  is the only way we can 
secure the future of our business: 
consistent quality of product and 
quality of service to meet the 
requiremelits of our customers. quality 
of research to maintilin ;I competitive 
product range. quillity of our 
employees. and qu;~lity of our 
response to the needs of our local 
cotnmunity and the environment. This 
Queen's Award and our recent 
BS 5750 accreditation show that we 
arc ;I quality business. Our investlncnt 
progr;~~nmc will help us remain so". 



News 

RhBne-Poulenc buys chemical 
businesses from GAF and RTZ 

R hbne-Poulenc. the French 
state controlled chemical group, 
has purchased RTZ's chemical 

existing Health and Safety at 
Work etc Act (HSW Act) in 
setting out broad general duties to 
ensure health and safety in 
virtually all places of work. Much 
of the directive is alreadv covered 

ope;ation for f568M and GAF's 
speciality chemical interests for 
f303M. RTZ Chemicals employs 
5,000 people and major product 
areas include paint thickeners. 
The business had sales last year 
of f226M in the UK andf236M 
to N. America. 

Becker's wood division 

T h e  wood finishing sector of 
Becker Industrial Coatings in the 
UK has changed its corporate 
identity to bring it into line with 
its Swedish parent group's timber 
finishing called AcrOma. 
The introduction of 
Becker-AcrOma in the UK will 
further strengthen the already 
extensive research and 
development facilities both here 
and in Sweden, with particular 
emphasis on producing 
environmentally friendly products 
to meet the new European 
guidelines. 

New EC framework directive on 
health & safety 

T h e  European Community 
framework directive on health and 
safety at work, adopted by the 
Council of Ministers on 12 June 
1989. has been published in the 
Official Journal of the EC. The 
UK now has until the end of 1992 
to bring its health and safety laws 
into line with the objectives of the 
directive. 

In the coming months, the 
Health and Safety Commission 
(HSC) will be considering what 
proposals should be drawn up to 
implement the directive in Great 
Britain. In due course these 
proposals will be published for 
consultation before being 
submitted to Ministers. In view of 
the wide scope of the directive. it 
will be necessary to seek a very 
broad range of views on its 
implementation. 

The directive mirrors the 

1989(10) 

by existing legislation.   ow ever, 
new regulations will be needed 
where the directive is more 
detailed or goes further than 
present law. The regulations 
would be intended to maintain the 
existing system of UK health and 
safety law by building on the 
general principles of [he HSW 
and in the main would be designed 
to make explicit what is implicit in 
existing law. 

(See Tony Hinton's article on 
~ 4 1 5 ) .  

Tankfreight-Vinamul 

Tankfreight, the UK's largesr 
third party bulk distributor, has 
won a £3 million contract to move 
chemicals for the Unilever 
company, Vinamul, which 
produces polymer emulsions 
for the adhesives building, paint 

"'lied industries' 

European coated steel standards 

P e t e r  Munn. one of OCCA's 
representatives on BSI 

reports on a new 
European standard: 'The 
European Committee for Iron and 
Steel Standardisation is 
establishing a new Working Group 
for the preparation of European 
Standards on automatically 
blast-cleaned and coated steel 
products,' and the inaugural 
meeting of the Group will take 
place shortly. International 
Standards ( IS0  8502) and several 
national Standards already exist in 
this area. 

'It is not clear at the moment 
through which organisation the 
interests (if any) of the UK will be 
represented. Since the work may 
be parallel to work currently 
under way in the European 
Committee for Standardisation 
CEN/TC 139, on which the BSI 
looks after UK interests, they 
have been asked to contact their 
Committees for a nominee to 
participate in the Working Group 
as a paint expert.' 

- Crown Protective Coatings have 
developed Ferox moisture-cured 
urethanes for offshore steel 
protection. They can be applied to 
surfaces as low as freezing point, 
and will cure as low as -90C with 
a coating thickness of only 150 
microns needed for application. 
On platforms Ferox Pure 

Tar Pitch 
Composition, a high build coating, 
is ideal for splash zone protection. 
It sets quickly giving early 
resistance to corrosion and can be 
applied in very thick coatings. 
Other platform surfaces are coated 
with a primer, an intermediate and 
a top coat. Micaceous Iron Oxide 
paint provides a build coat for use 
on undercoat. This has a high 
resistance to water and chemical 
attack. The top coat is of Ferox 
Pure Urethane Gloss, a high gloss 
retention paint with excellent 
resistance to UV discoloration. 
abrasives and chemicals. 

F(lr Jtmhc~r in/ormuliotr EnrerJlYY 

New UCAR oil industry coatings 

Union Carbide have introduced 
advanced new thermally sprayed 
coatings (often designated 
'overlays'). designed specifically 
for the oil industry. These have 
been developed to reduce wear and 
corrosion problems in sub-sea and 
surface equipment used in offshore 
oil production. LW-26 is from the 
UCAR coatings family of fused 
high density materials with typical 
applications for gates and seats in 
valve assemblies. 

LW-45 is a tungsten carbide1 
cobaltlchromium material 
introduced to protect components 
in a wider operating range. This is 
ideal for critical valve components 
and other high pressure 
applications. UCAR LW-2. based 
on tungsten carbide and cobalt. can 
be applied to 0.045" thickness and 
can be used to repair worn 
components. without requiring a 
separate salvage undercoat. 

For firrrher it~jormrrtion E~rrcr J2OKJ 
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News 

Equipment 
Computer confrolled dispensing 

&uglas Instruments has 
released a new addition to its 
range of Liquld Handling modules 
which can be easily adapted using 
an IBM-compatible computer to 
any automatic dispensing protocol. 
This is a compact high-resolut~on 
syringe driver for almost any 
disposable or gas-tight syringe. 
The system includes stepper-motor 
driven pumps, valves and syringes, 
and can be expanded to any 
number of modules. For example, 
several syringes or pumps can be 
loaded with paint components and 
mixtures can be dispensed on 
demand, o r  using the user's own 
software. 

For further informahon Enter J2Ol 

Baxi's timely Volcoater 

A major move towards 
Just-in-Time production has been 
made possible by major heating 
appliance manufacturer Baxi of 
Preston, following the installation 
of its third Volstatic Volcoater 
powder coating plant. 

The latest equipment installed 
by Baxi consists of a Volstatic 
Volcoater with two Waggler units, 
one unit carrying five of the new 
Volstatic HPlOOO automatic 
powder guns and the other unit 
carrying three guns. Also included 
in the contract is an eight-gun 
generator console, fluid bed and 
venturies, and a Solidspray 90 
'XC' manual powder coating unit. 

Extraction from this booth is 
directly to a reverse pulse 
cartridge filter incorporating a 
fluidised base from which 
recovered powder is automatically 
drawn, sieved and returned to the 

fluid bed. The cartridge and 
collector module is dedicated to 
one colour and can be easily 
removed and replaced with 
another. 

The complete system is mounted 
on a platform to allow fast and 
efficient removal from the line so 
that colour change clean down can 
be carried out without loss of 
production. 

For furrher information Errtrr JZO, 

New limpet case taper 

A new fully automatic uniforrr 
size case taper. Model XL33 from 
Limpet Tapes Ltd, co-ordinates 
top flaps closing with top and 
bottom flaps sealing for on-line 
packaging operations. Handling 
uniform runs at a rate generally up 
to 20 cases per minute. the XL33 
accommodates units up to a 
maximum of 500mm wide x 
500mm high x 650mm long. The 
XL33 can be free standing or 
mounted on casters for mobility 
about the packing areas. The 
casters feature a 'clip-down' safety 
brake that. once engaged, ensures 
no extraneous movement during 
operation. 

3M establishes RPE helpline 

Intended to help users, specifiers 
and other suppliers, the 
respiratory protective equipment 
(RPE) Helpline service from 3M 
Occupational Health and 
Environmental Safety has been 
specifically designed to assist with 
queries relating to the new UK 
Regulations as well as the 
~roposed European directives. 
The helpline number is 0344 
58546. 

Literature 
Latices in Europe 

V a n  Goph might have stuck to hir 
oils. hut he'd he increasingly illone in 
Europe today: environmental concerns 
over paints and ;~dhesives will create a 
$1.48 hillion (B) European market in 
vinyl and acrylic latices by 199.1. says ;I 
new 306-p study. at the expense o f  
solvent-based products such as ail 
paints. 

This is the prediction o f  "V~ny l  and 
Acrylic Latices in Europe" (#E1077). 
a report puhlished hy Frost and 
Sullivan Ltd. which an:llvzes what's 
happening at present with projections 
to 1993. The 1993 dollar volume will 
represent growth over ;I 1988 hase o f  
$1.178, using constilnt I988 dollars. I n  
tonnage terms. more than 1.12M metric 
tons o f  latices used in IYXX i n  Europe 
will pile up to 1.24M metric tons hy 1993 

"Over the next live years i t  is 
expected that speci;llizcd emulsion 
paints for use on wood. now sm;lll in 
volume, will gain in ni;~rkct share as 
the advantages o f  water-horne paints 
over solvent-thinned products become 
more iipprcciated. Pure :tcrylic latices 
in particular will benefit from this 
trend." Accounting for 431,000 metric 
tons o f  latices used i n  1988. or 3 7 1  of 
the entire market consumption. paint5 
comprise the largest applications area. 
The study predicts some 484.O00 
metric tons will go here hv 1993. 

Uses in adhesives amounted to 
317.000 nietric tons In 1988. constituting 
the m:~rket's second largest sector. 2XV 
of  its total; the expectation is that hy 
1993, 357.000 metric tons will he hound 
up here. 

Nationally. W. Germany's high 
paint offtake and particularly strons 
adhesives industry made i t  the largest 
individual market. $3X3M, or ;~lnlost 
DM663M in  IYXX, or 325.000 metrlc 
tons o f  latices. There is ;I "vigorous 
DIY market for emulsion paints and 
substantial latex consumption" i n  the 
UK, the second-largest consumer. 
$?20M was spent here in 19x8. or 
f 121M for 197.000 metric tons of 
latices. France has ;I notable capacity 
i n  producing latex raw materials. 
including Europe's largest vinyl 
monomer plant. The 1988 
consumption of latices there ran $143 
M. or FrX34M. spent toward 146.000 
metric tons o f  product. 

The report detilils the recent 
competitive position of suppliers ;IS 

well. showing BASF and Hoechst to 
be overall largest i n  the field. 
The price of report #El077 is $3,550. 

For lrrrrhrr i r r~nrrot i~~rr  Orrc,r J2lN 



The New Generation 
The versatile BENTONE SD series of rheological additives is outstandingly easy to use. 

Pregelling and polar activators are no longer necessary- simply incorporate them directly 
into the millbase.You can thus increase manufacturing flexibility and reduce labour and 

raw material costs. Simplicity itself.. . 
For more information on the BENTONE SD series contact 

STEETLEY M l N ERALS LTD. 
P.O. Box 2, Retford Road, Worksop, Notts. S81 8AF U.K.,Tel. (0909) 475511,Telex 547901 

NL CHEMICALS EUROPE, INC. 
rue de 11H8pital 31,B-1000 Brussels,Tel. (02) 5120048,Telex 24662 

BENTONE IS a trademark of NLChemcals.Inc 

Enter Jl02 on Reader Reply Card - . 



Strong worldwide chemical merger and acquisition activity 

T h e  scores have been tallied and the results are in (see tables below) 
The number of mergers and acquisitions in the chemical and ;~llied 
industries hit nearly 1,300 in 1988, up 11% from 1987. Eastman Kodak 
topped the list of big deals with its US$5.1 billion take-over of Sterling 
Drug. And three European firms--Elf Aquitaine, ICI and Rhone 
Poulenc-were tied for the distinction of most transactions completed: 
each wrapped up 13 deals last year. according to Kline & Company. an 
international business consulting firm based in Fairfield. NJ. 

Kline have just released their comprehensive report. Chemtrak. which 
covers 1988 chemical mergerslacquisitions and is available upon 
subscription. 

Transadions in chemicals and allied products by region 1988 
- -- 

Number of 
Regionlcountry transactions % of total 

United States 723 5670 
western Europe 
Japan 
Other 

Total 

a - does not add due to rounding 

Most active acquirers worldwide 1988 

Number of 
Company Headquarters acquisitions 

Elf Aquitaine France 13 
ICI UK 13 
Rhone-Poulenc France 13 
Laporte Industries UK I I 
Akzo Netherlands I1 
Cookson Group UK 10 

Acquisitions and mergers in chemicals and allied products hy type of 
business 1988 

Number of 
Catenow transactions % of total 

Speciality chemicals 217 17% 
Pharmaceuticals and health care 21 1 16 
Fabricated plastics and rubber 148 12 
Tonnage chemicals 136 I1 
Consumer products 80 6 
Other 491 38 

- - 
Total 1,283 IGU% 

Meetings 
Analytical Chemistry 

O p e n  learning courses in 
Analytical Chemistry from October 
1989 to January 1990 with 
Workshop 3-5 January, Thames 
Polytechnic. For further 
information contact: L. A. Hart, 
RSC, Burlington House, London 
WIVOBN. UK. 

7 b e  steel structures Painting 
Council will hold its National 
Conference and Exhibition 
"Protective Coatings for Industrial 
Structures" at the George R. 
Brown Convention Center in 
Houston, USA. from 3-8 
December 1989. For more 
information contact Rose Mary 
Surgent on USA-412 268-3326. 

( FSCT's 54th Paint Show 

L a r r y  Speakes. formerly Chief 
Spokesman for the Reagan 
Administration, will present the 
Keynote Address at its Opening 
Session on 8 November. in the 
Grand Ballroom of the New 
Orleans Marriott Hotel. The topic 
of his address will be "A Look at 
the Bush White House." The 
Annual Luncheon Speaker on 10 
November will be thc distinguished 
writer, George Plimpton. The 
Federation's 67th Annual Meeting 
and 54th Paint Industries' Show will 
be held on 8-10 November 1989 in 
Ncw Orlei~ns. LA. 

The Paint Show. with over 220 
exhibitors from the US. Canada 
and Europe. will be held at both 
the New Orleans Hilton's 
Exhibition Hall and the adjacent 
Rivergate Exhibition Center. 

The theme of the Federation's 
annual Meeting is " Coatings 
Worldwide: Meeting the Needs of 
the Nineties." Program Chairman 
George R. Pilcher. Hanna 
Chemical Coatings. and his 
committee are developing a 
schedule of presentations which 
will focus on timely issues 
including: Corrosion 
Seminar - "New Approaches to 
Corrosion Evaluation"; 
Professional Development 
Committee Seminar on 
"Advanced Topics in Coatings 
Research"; Session on " Use of 
Computers in the Nineties": 
Manufacturing Committee 
Seminar on "Manufacturing for 
Quality and Profitability"; 
Symposium on "Regulation in the 
Nineties": Symposium on "Raw 
Materials in the Nineties"; Roon 
Award Competition Papers; 
Constituent Society papers and 
Papers presented on behalf of 
affiliated overseas coatings 
organizations. Culminating the 
Annual Meeting programming will 
be the Mattiello Lecture. 
"Learning to Leap: Rising to the 
Technical Challenge of Today's 
Coatings Industry." to be given by 
Dr Marco Wismer. formerly Vice 
President. Science and 
Technology. PPG Industries. Inc. 
For further information contact: 
FSCT. 1315 Walnut Street. 
Philadelphia. PA 19107. USA, or 
Tel: USA-2151545-1506-1507. . 
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A new approach to the development - - 
and testing of antifouling paints 

by C. T. Bowmer and  G .  Ferrari ,  TNO, Laboratory for Applied Marine Research, Post Box 57, 1780AB, Den 
Helder, The Netherlands 

A growing problem which currently faces the manufac- 
turers of antifouling paints is how to maintain a high standard 
of performance for coatings used on ships and offshore 
structures, under increasingly stringent regulations for the 
protection of the marine environment. 

The problem of fouling 

Fouling and corrosion are the two most important 
problems in the protection of ship hulls and other metallic 
constructions at sea. This article is concerned with fouling. 
and attempts to weigh up the economic necessity of its 
prevention against the potential damage (also economic) to 
the marine environment. The second aspect of marine 
corrosion is not considered here. 

The term fouling implies the growth of plants and animals 
which settle as spores and larvae on submerged surfaces, and 
attach themselves, sometimes very firmly, as in the case of 
barnacles (see Figure 1). The speed of settlement. the species 
settling and the~r  subsequent growth vary geographically 

Figure 1 
Fouled coat in^. 

Fouling is generally faster in the troplcs with warmer 
temperatures. However. even in cold north European waters. 
a luxuriant growth of plant and animals can appear with 
alarming speed. The consequences are that the frictional 
resistance of ships is greatly increased, affecting cruising 
speeds and fuel bills. The corrosion of surfaces is accelerated. 
as the fouling organisms increasingly damage the protective 
coating. Navigation buoys and offshore constructions 
increase in weight, so affecting their buoyancy. The catalogue 
of problems created by fouling has a long history and the 
economic costs are large. 

In general, fouling is combatted by means of antifouling 
(AF) paints containing one or more toxic compounds. These 
toxic compounds are present at the paint-water interface and 
kill off the settling organisms, so preventing fouling at the 
initial build-up stage. Thus, for an effective prevention of 
fouling, a definite and constant threshold concentration of the 
toxic compound is desirable at the paint surface; the so-called 
lethal concentration. The release rate of the toxic compound 
from the matrix in which it is incorporated has to remain high 
enough for long periods (preferably years). Antifouling 
paints may be classified into three basic categories. 

1. Conventional AF paints 

The binder or matrix in these older types of paints is usually 
rosin. This natural product is soluble in seawater, and in this 
way, the toxicants (biocides) initially dissolved in the paint 
became available at the coating surface. The biocides used in 
these paints are (or were) lead, arsenic, mercury and copper, 
as oxides. 

However, with a rosin matrix, only thin and structurally 
weak films are possible. Furthermore, the leaching rate of the 
toxicant(s) is very high. The net result is that the concentra- 
tion drops quickly below the lethal level necessary for the 
prevention of fouling. The working life of such paints is 
relatively short, between 6 and 12 months. 

2. Long-life AF paints 

The binder of these paints is insoluble in seawater and the 
toxicants have to diffuse to the paint surface through the 
polymer matrix. The main binders employed in these paints 
are: vinyl and acrylic resins and chlorinated rubber, while the 
main toxicants used are cuprous oxide and organotin com- 
pounds. Although the release of the toxicant occurs through 
channels in the paint, caused by the dissolution of the biocide 
and other substances contained in the layers nearer to the 
paint surface, diffusion of the toxicants along concentration 
gradients is the main driving force. It is understandable that 
the leaching rate decreases with increasing distance to the 
paint surface and that after a given period of use, the 
diffusion distance becomes too large. Despite high quantities 
of remaining toxicant in the paint, the concentration at the 
surface eventually falls below the necessary lethal levels. 
With these paints, it is possible to realise an effective 
protective lifetime of between 18 and 24 months, after which 
the coating must be removed and completely replaced. 

3. Self-polishing copolymer AF paints (SPC's) 

In these paints the biocide, in most cases tributyltinoxide, is 
chemically bound to the acrylic polymer. On contact with 
seawater it is released by hydrolytic processes occurring at the 
paint surface; release rates are no longer dependent on, 
diffusion. Release occurs in a controlled and constant 
manner. depending on water movement along the coated 
surface. After release of the toxicant, the empty matrix of the 
polymer is effectively washed away, e.g. when a ship is 
sailing, or by tidal currents around fixed structures, exposing 
a fresh layer of coating. Besides tributyltinoxide (TBTo) the 
paints may also contain tributyltinfluoride (TPTF, TPTIC1). 
Furthermore. they may contain substantial amounts of 
cuprous oxide. SPC's possess a broad spectrum activity 
against a large range of fouling organisms. 

The consistent performance of SPC's during the lifetime of 
a coating and the knowledge that its durability is predictable 
and proportional to the film thickness, are great advantages 
in comparison with other systems. The average working life 
of an SPC coating is roughly 4 to 5 years. Other secondary 
advantages are the hydraulic smoothing effect on the paint's 
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The Organotin story is far from being over. One of the 
knock-on effects already being felt is that far stricter testing 
(on environmental grounds) is being demanded by many 
regulatory authorities for new antifouling products than was 
previously the case. Moves to restrict paints on the basis of 
maximum allowable release rates are designed to prevent the 
wasteful and unnecessary use of toxicants. This again comes 
back to problems of testing. only this time to the efficiency of 
the paint itself. 

Antifouling paint testing at TNO Den Helder 

The TNO Laboratory for Applied Marine Research has 
played an important role in the development and testing of 
various antifouling systems over the last 25 years and has the 
experience and necessary test facilities to evaluate products 
along the lines stated above. The laboratory in Den Helder 
houses two research groups: the paint and corrosion research 
group of CPM-TNO and the field ecology group of MT-TNO 
(Biology Department); both have long experience and apply 
the most up-to-date methodologies in their respective 
fields. 

Through a pooling of information and ideas, combined 
with a large variety of test systems (both in the paint field and 
in the area of environmental research). the Den Helder 
laboratory can now offer an integrated approach to paint 
research. suited to the changing cl~mate of economic and 
environmental awareness. 

1. Facilities for testing coating performance 

Test Raft (Figure 2): This is used to test the growth of 
fouling communities on antifouling treated test panels. To 
achieve this, the panels are mounted in racks and exposed ;it 
the desired depth in the sea. at ;I sheltered location known for 
its fast rate of fouling growth. A useful procedure is to expose 
test panels in the growing season until a reference panel with 
a paint coating but no toxicants is 100% overgrown. 

Figure 2 
Test raft with lifting hearn, in Den Helder harhuur. for testing the 
antifouling properties of paints exposed en submerged test panels. 

Rotor Apparatus (Figure 3): This consists of a cylindrical 
drum with a diameter of 80cm. placed in a container with 500 
litres of natural seawater. Curved. ;~ntifouling-trellted. test 
panels are attached to the outside of the drum. and the 
erosion rate of the coating is measured. The drum is rapidly 
rotated and its circumferential speed is usually equivalent to 
17 knots. but can be varied between 10 and 20 knots. 
Throughout the test, the paint thickness is measured with a 
micrometer at regular intervals (I4 days). always on the same 
10 places on a test panel. Knowing the decrease in paint 
thickness as a function of time. the erosion rate is calculated. 
T o  perform these measurements accurately. a special 
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Figure 3 
Rotor Apparatus. showing (he revolving drum with attached painted 
test panels lifted out of the seawater vat. The rotor apparatus is used to 
test the rate of erosion of an AF coating at a standard 17Kt. 

apparatus has beeti developed, with which it is possible to 
repeat thickness measurements at ex;~ctly the same locations. 
Kegistr;~tion and ;~n;llysis of me;lsuring data is done by a 
computer. On each drum, up to 70 ponels '(XxlZcm) can be 
mounted. so that this test IS ideally suited to the development 
of the optim;ll p;~int formul:~tion. 'l'he "rotortc\t" in 
combin;~tion with exposure on the ri~ft ;Ire es\enti;~l for 
asscsslng the eroding propertic\ and the antifouling 
perfnrmance of pi~ints. 

The Rotating Disc Test: The ;ldv;lnt;~cc of ;I rot;lting di\c is 
that the flow rate nf the seawater is ;I function of the radius of 
the disc. 

In this way it is pnsslhle to est;~blish the relationship 
between the erosion rate and the flow rate (simulated ships 
speed). using antifouling p;~inted test discs with a diameter of 
up to XOcm. Furthermore. it is possible to apply cathodic 
protection and to study the hehaviour of a complete p i n t  
system. By alternating the rotation exposures with expowre 
on the raft. one can stimul;~te a ship which is sailing for some 
time and then lies still in the hirrhour for a defin~te period. 
Figure 4 illustrates this t e t  system. 

Figure 4 
Rotating di.x apparatus. 'The photo shows a .xries of tanks with 
hvdraulic and electric motor driven arnib for rotating up 111 XOcm 
diameter antifouling painted discs. The thickness of the nvating at 
fixed distances from (he centre i* measured peritdically to indicate the 
relationship between speed of waterflow and the erosion rate of the 
paint. 







Performance of some commercial epoxy-based 
coatings for use as sealants in seawater service 
by J. A. Carew, J. K. Cheriyan and  A. M. Hadi, Materials Application Department, Division of Petroleum and  

Petrochemicals, Kuwait lnstitute For Scientific Research, Kuwait 

Abstract 

The suitahility of some commercial epoxy-based coatings as 
sealants for welded carhon steel piping joints under 
hydrodynamic seawater conditions were investigated. 

The effects on the sealants' adhesive shear strengths at 
different curing temperatures and humidity levels during the 
curing stage were determined. The ageing characteristics of 
the sealants under ultraviolet irradiation were studied. The 
erosion resistance and adhesive properties of the sealants were 
investigated using a rotating disk apparatus. 

The results show that surface preparation had an effect on 
the overall performance of the sealants. The adhesive shear 
strengths of the sealants improved with an increase in curing 
temperature. The erosion resistance of the sealants appeared 
to have some correlation with their adhesive shear strength. 

Introduction 

Cement-lined carhon steel pipes are commonly used in the 
petroleum and petrc~chemical industries for seawater piping 
systems. Connecting one length of pipe to another by flanges 
is effected by welding. After welding the flanges to the pipe, 
gaps of ahout 3.2 to h.4mm are left hetween the cement 
linings of the flanges and adjoining pipes. These gaps have to 
he filled with a protective coating to prevent seawater attack 
on the welded carbon steel joints. 

One of the local refineries in Kuwait experienced a series of 
leaks in their cement-lined carhon steel piping seawater- 
carrying system. These leaks were associated with areas 
around welded sections near the flanges that were originally 
sealed with a straight epoxy as specified by the piping 
contractor. The seiilant was applied after mixing 50% epoxy 
resin with 511% hardener. Inspection of scverel failed joints 
reveiiled various st;iges of scalant deterioration. including 
complete removal of the sealant from some welded joints. 
The majority of these failures occurred on the return 
seawater line with ;i temperature of ahout 60°C. 

Bccause of the design configuration of the piping system. 
the tlow velocity varies from 7fps in some sections of the 
system to as much as 30fps in others. The reduction of flow 
velocity in the section!, higher than 7fps, cannot be effected 
without adversely affecting the production process of the 
plant. The relationship of the rate of erosion damage to fluid 
velocity is not completely understood, hut the damage rate 
increases to the sixth power of the velocityi. 

Information on the performance of sealants used for the 
protection of welded joints. particularly in high velocity 
setiwatcr flow conditions, is rather scanty. Certain plastic 
coatings hiid higher erosion resistance and were efficient 
erosion resistant coatings'. The suitahility and choice of 
sealants for shielding the welded joints are dependent on a 
number of factors. These factors include: adequate surface 
preparation of the substrate. good adhesive shear strength 
(bonded characteristics) and erosion resistance of the 
sealants. 

In view of these problems. this investigation was principally 
directed towards the evaluation of some commercial epoxy- 
hased coating systems used as sealants in seawater. The 
location and size of the welded gap to he protected made it 
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impractical to use a sand blasting technique for the surface 
preparation. Therefore, the selected epoxy based coating will 
be expected to possess excellent adhesion strength under less 
stringent surface preparation conditions. 

The adheasive shear strengths of four different two- 
component epoxy-based coatings cured at different 
temperatures were measured according to a standard ASTM 
method'. The erosion resistances of the coatings applied on 
carbon steel samples were also determined under accelerated 
test conditions in seawater at 60°C, and at a velocity of 56fps. 

Experimental method 

Substrate 

The specimens used for the adhesive shear strength 
measu remen t s  were hot-rolled mild s teel  shee t s  
(100mm x 2mm x 24mm). The composition of the mild 
steel was (in wt %):C-0.25, P-0.04, S-0.25 and Mn-0.3. 

The specimens were divided into four batches to he used 
as: (i) uncleaned (as received); (ii) wire brushed, air-jet, and 
solvent degreased; (iii) wire-brushed and cloth-wiped; and 
(iv) chemically cleaned. An inhibited acid de-scaling liquid 
was used for chemical cleaning. 

Sealants 

Four commercial two-component epoxy-based products 
were selected for use as sealants. These sealants were: 
( I )  A - straight epoxy; Hardner used - hisphenol A. 
(2) B - solventless epoxy with dark green pigmented filler; 
Hardner used - polyamide. 
(3) C - solventless epoxy with pastel green pigmented filler: 
hardner used - polyamide. 
(4) D - solventless epoxy with grey pigment; Hardner 
used - polyamide. 

Products B and C contain silica of varying particle sizes as 
filler material, and with the exception of A, all the products 
contain different pigments to give varying color shades. The 
exact constituents of the sealants are not known since they are 
all commercial patented products. 

Effect of cur ing temperature  on 
adhesion of sealants to steel substrates 

Two specimens were selected from each batch of the 
pretreatment cycle. and the respective sealants were applied 
over an overlap area of 12.7 + 0.25mm as recommended by 
AsTM'. The sealant was applied along a sufficient length in 
an area across the end of both specimens so that a space of 
approximately 6mm longer than the overlap was covered. 
The specimens were assembled and held rigidly in a clamping 
device so that the length of the overlap was controlleld within 
0.25mm. The sealant was allowed to cure under controlled 
temperatures for seven days. The different curing 
temperatures used in this study were 5 .  23, 60 and 80°C. 
respectively. for each type of sealant. After curing for seven 
days, the specimens were tested for shear strength of the 
different sealants by tension-loading according to ASTM 
method', using a tensile testing machine. The rate of top- 
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loading was maintained at 8-10kg/mm2/min at a crosshead Figure 1 
speed of 1.3mm/min. I Effecl of cnring temperature on adhesive strength. 

E f f e c t  o f  c u r i n g  a t  d i f f e r e n t  
temperatures and humidities 

Batches of specimens were coated with the different 
sealants and exposed to high and low temperatures, as well as 
high and low relative humidities for seven days. This method 
is a slight modification of the ASTM method4, and the 
selected conditions were: 23 2 1°C. 95% RH; 60 f 3°C. 
100% R.H;; 80 + 3'C, 25% R.H; 23 + 1°C. 25% R.H; and 
60 f 3"C, 25% R.H. After the exposure period. the 
specimens were tested for adhesive shear strength on the 
tensile testing machine using the conditions recommended by 
ASTM~. 

Effect of accelerated weathering on the 

12 - A Type A (Uncleaned Substrate). 

$ A Type B IUncIeaned Substrate), 
I 

O Type C IUncleaned Substrate). '1 . Type D (Uncleaned Substrate). 

;j 

- --- 
0 ---  ~ - ~ -  

durability of sealants 

H o t - r o l l e d  mi ld  s t e e l  p a n e l s  o f  d i m e n s i o n s  
150mm x 75mm X 2mm were prepared by wire-brushing 
and acetone cleaned. Duplicate test panels were coated on 
one face with the respective sealant material and allowed to 
cure at room temperature for seven days. The sealants were 
subjected to accelerated weathering according to ASTMS, by 
exposure to UV light (280-315nm) at a rate of 8hId at 35°C for 
a period of 27 days in a chamber. Another set of coated test 
panels was exposed to UV light at 50°C for 60 days. 

Accelerated erosion resistance of 
sealants 

The erosion facility used was a rotating disk a p p a r a t u ~ ' . ~ . ~  
with some modifications made to meet the needs of the 
specific study. Mild steel samples (70mm X 2mm x 24mm) 
were used. The samples were cut into two pieces and then 
joined by electrical arc-welding. Subsequently, the samples 
were cleaned, coated with the sealants and allowed to cure for 
seven days under controlled temperatures of 5, 23, 60 and 
80°C. respectively. the hardness values for the coated 
specimens after curing were determined. 

Duplicate specimens (eight at one time) were placed 
diametrically opposite each other on the disk. Filtered 
seawater, thermostatically controlled at 60°C. was circulated 
through a test chamber via a pump and a 250gal open 
fiberglass reservoir. 

The disk was rotated in the water-filled chamber at 
1440rpm to produce a linear peripheral velocity of 56fps 
(16.8mls). The duration of the test period was a maximum of 
72h during which specimens were periodically inspected. 

Results and  discussion 

Effect of curing temperature  on 
adhesion of sealants to steel 

The average adhesive shear strengths of the sealants under 
each treatment are shown in Figures 1 and 2. The values 
represent the average for five samples at the respective curing 
temperatures. The figures show that as the  ring 
temperature increases, the bonding strength of the sealant to 
the substrate metals increases, irrespective of the method of 
surface preparation. In general, there appears to be a gradual 
increase in the bonding strengths of the sealants with an 
increase in curing temperature. The effect of curinp 
temperature on the Type C sealant applied to uncleaned 
substrate (Figure 1) showed a marked increase in bonding 
strength compared with other sealants. Whereas this level of 
adhesive shear strength was maintained after the substrate 
was wire-brushed and cloth-wiped, the adhesive shear 
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Figure 2 
Effect of curing temperature on adhesive strength. 
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strength of sealant type B and D improved to within the same 
range. Type C sealant showed higher bond strengths at all 
curing temperatures. except at S°C after chemical-cleaning 
(Figure 2). compared with other types of sealants. Sealant 
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Types B and C showed significantly higher bonding strengths 
at all curing temperatures when chemically cleaned than 
those obtained for types A and D sealants. The changes in 
adhesive shear strengths of the different types of sealants with 
changes in surface preparation methods are shown in the bar 
charts (Figures 3 and 4). The bar charts demonstrate the 
relative sensitivity of the different types of sealants to the 
steel substrate conditioning and curing temperatures. In 
general. the sealant types (A. B. C and D) showed a marked 

Figure 3 
Effect of surface preparation on adhesive strengh. 
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improvement in adhesive bond strength on substrates 
prepared by wire-brush, air-jet and solvent-clean, and by 
chemical cleaning. The adhesive shear strength of all the 
sealants applied after chemical cleaning, however, were 
significantly higher than those of corresponding samples 
prepared by any other surface preparation methods. The 
bonding strength for Type A sealant cured at 23°C was 
6.139MPa for the cleaned substrate. whereas for the 
uncleaned substrate, it was 3.096MPa for Type C sealant 
cured at 6(PC, and the lowest strength was 5.366MPa for 
Type A sealant cured at 5°C. 

E f f e c t  o f  c u r i n g  a t  d i f f e r e n t  
temperatures and humidities 

The test conditions of teniperature and humidity, as 
recommended by AsTM~. were modified to correspond to 
local environmental parameters. Table 1 summarizes the 

effect of curing at different temperatures and humidites on 
the investigated shear strengths of sealant-bonded mild steel 
substrates. The results show that curing under low humidity 
improves the shear strengths of the sealants. At 25%RH, 
increasing the temperature caused an increase in bond 
strength, whereas at 95% and 100%RH, a decrease in the 
bond strength occurred. Table 1 also indicates that the filled 
epoxy systems of Type B and Type C possess superior bond 
strength than the unfilled systems (Type A and D) under 
these conditions. 

The addition of filler mateiral to the epoxy system was 
reported to reduce the susceptibility of the expoxy adhesive 
to moisture absorption and increase its adhesive strength7.'. 
This may account for the greater bonding strengths obtained 
for Type B and Type C sealants compared with those 
observed for Type A sealant under high humidity conditions. 
The combined effect of temperature and moisture were 
observed to give rise to residual stresses that are potential 
sources of dimensional instability of adhesivesx~'. 

From the results shown in Table 1, the decrease in bond 
strength from curing under conditions of high humidity can be 
attributed to the presence of a weak boundary layer created 
along the interfaces of the bonded test samples due to 
diffusion of water through the sealants"'. Temperature, time 
of exposure and type of sealant, however, are contributory 
factors to the magnitude of the decrease in bond strength. 

Figure 4 
Effect of surface preparation on adhesive strength. 
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Table I 
Effect of curing at different temperatures and humidities on the adhesive s h r  strength 
of sealants. 

Wire brush -2.0 3. 

Air-jet B 1.8-2.0 4.575 4.921 3.184 6.182 7.5% 
+ 

Solvent C 1.8-2.0 5.223 5.518 3 . 8 0 1  6 661 7.698 
D 1.8-2.0 3.9yl 4.151 2.9643 5.648 6.571 



durability of sealants 

Epoxy coatings a re  susceptible t o  hydrothermal 
degradation and UV degradation. The adsorption of moisture 
results in a decrease in the glass transition temperature and 
mechanical properties, which is reversible by dryin ".12, 
whereas the effects of UV are considered permanent'. 

The effects of exposing the sealants to UV radiation (280- 
315nm) in an accelerated weathering chamber are  
summarized in Table 2. Type A sealant was the most affected 
under exposure to UV irradiation at 30°C. Its colour changed 
from cream to yellowlorange in the first 24h, became darker 
after 48h, and remained so until the end of the test period of 
27 days. Type B and Type D sealants showed no change in 
colour, whereas Type C sealant changed colour from pale 
green to yellowish-green in the first 24h. with no further 
change up to the end of the test period. Visual examination of 
the exposed sealant samples after the test period showed no 
indication of degradation or defect such as cracking or 
blistering. 

As a result of exposure to UV radiation at 50°C. Type A 
sealant suffered the highest degree of degradation compared 
with the other sealants (B, C, and D) after 30 days of 
exposure. Apart from yellowi~g and chalking. surface crazing 
of type A sealant was observed. As the exposure time 
increased, chain scission occurred. and the Type A sealant 
appeared to degrade more quickly than the other sealants (B, 
C. and D). At this exposure temperature (50°C). some post- 
curing with a subsequent increase in crosslink density of the 
sealant is to be expected when the sample is first exposed'". 
Type C sealant showed a loss in the degree of surface 
glossiness, change in colour, and some crazing marks. 
whereas for Types B and D sealants, only a small loss in 
surface glossiness was observed after the test period. 

For practical applications, the surface degradation of 
epoxy-based systems is important since chalking leads to 
erosion, and microcracks may lead to crack propagation into 
the bulk of the sealants when loaded. 

The erosion resistance of the different sealants under 
hydrodynamic conditions are summarized in Table 3. When a 
sealant is completely removed, as in the case of Type A after 
2-4h. it indicates a qualitative condition of gross failure. 

It can be seen from Table 3 that Type A sealant showed low 
erosion resistance compared with all other sealant types 
testsd. This low erosion resistance was reported for epoxy 
enamel and epoxy paste'.". Unfilled epoxy is not suitable for 
use under erosion conditions of high intensities, although it 
can adequately he used as a corrosion resistant coating in 
areas of no erosion or of low intensity erosion. The high 
erosion resistance of Type B and Type C sealants can be 
attributed to the presence of fillers (sillica powder) of varying 
particle sizes in the polymer matrix. Type C sealant contains 
much coarser silica particles compared with Type B sealant. 
and the differences in erosion performance of the two 
sealants may be due to the differences in particle size and 
loading of the fillers in the polymer matrix. The erosion 
resistance of Type D sealant can be classified as moderate in 
comparison with those observed for Types A. B, and C 
sealants. 

There appears to be some correlation between the adhesive 
shear strength of the sealz~nts and their erosion resistance. 
Type B and Type C sealants. which showed high adhesive 
shear strength (Figures I and 2). were more erosion-resistant 
than Type A. Although no direct relationship between 
erosion resistance and surface preparation method could be 
established. the erosion resistance improved when the mild 
steel substrates were cleaned by wire-brush, air-jet and 
iolvent-clean. as well as when prepared by chemical cleaning 
[Table 3). In general. chemical cleaninggave the best erosion 
2erformance for all sealants tested. This could be due to the 
Improvement in the substrate surface that allowed hetter 
wettability of the surface by the sealant". 

A comparison of the hardness values ohtained for the four 
sealants confirms the effect from the presence of silica in the 
oolymer matrix of hoth Type B and Type <'. Typc A sc;~l;~nt i \  

Table 2 
Accelerated weathering of sealants under UV irradiation 

olour changed from Change of colour from 
cream to  yellowish1 cream t o  yellowtshl 
orange after 48h; no orange after 24h; dee er 
further change till end of yellowish colour aRer 

24h; evidence of crazing 
marks, cham scls51on 
and chalklne after 30 - 
days. 

ge in colour. No definite change in 
c o l o u r  t h r o u g h o u t .  
Slight chalking and loss 
in glossiness after 60 
days. 

change Change in colour from 
n to  pale green to yellowtsh- 
24h; green and craztng marks 

ange till after 60 days. 

olour No definite change in 
colour. Sli ht loss in 
glossiness aifer 60 days. 



a softer material (<.50R hardness numher) than Type B ~~f~~~~~~~ 
(YXR). Type C (IMIR) and Type D (64R) - Tahle 3. The ( 

with the other sealants. irrespective of surface preparation at;d D ~ ~ ~ I ~ ~ ~ ~ ~ ~ .  washington D,C, ONR-I-~. 
method. However. wire-hrush. air-let and solvent-clean are I , " 7 ,  

marked differences in h:~rdness can also he attributed to the 
fact that hnth Type B and Type C contain silica. This 
difference in mechanical properties is again reflected on the 
adhesionlerosion performance of Type A unde r  
hydrodynamic conditions. which was very poor compared 

the most practical methods of surface preparation for welded 
joints inside pipelines. 

~ i ~ h ~ ~ ~ ~ .  J .  Z , ,  D. H.. chatten C, K. and 
cochran E. p. J ~ . ,  corrosion, 1961. 497. 

2. K ~ ~ ~ ~ ~ .  D, H . ,  Lichtman. J. Z. and chatten. C. K. 
yavi ta t ion erosion resistance coatings. seventh joint 
Armv-Navv-~ i r  F~~~~ conference on ~l~~~~~~~~ 

Conclusions 

From thc results of this investigation. the following 
conclusions may he drawn: 
1. The presence of moisture during the curing stage of the 
sealants result?, in a decrcasc in shear hond strength. 
2. Surfilce prepariltion influences the adhesive shear strength 
and erosion performance of the sealants. 
3. Erosion resistance of each sealant is related to its adhesive 
shear strength. 
4. Unfilled epoxy (Type A) has low erosion resistance, and 
Type D has moderi~te erosion resistance. 
5. Type C and Type B sealants showed higher shear strength 
and erosion resistance under hydrodynamic conditions than 
Type A and Typc D. 
6. Type B and Type C sealants arc suitahle for protection of 
welded joints under hydrodynamic conditions (<I6 mls). 
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Table 3 
Ernsion ralinl: IPI the different .sealants at 60°C and %ips 116.8 m/s) velwity. 

Surface Preparation 

Coating Hardness Wire-brush Wire-brush 
Sealant Curing Temp Thickness Rockwell As + + AirJet Chemical 
Type ("C) Range (mm) (R) Received Cloth-wipe + Solvent Cleaning 

A F-2 h F-2 h F-4 h 
B 5 F-26 h F-18 h F-36 h 
C F-30 h 1-72 h F-46 h 
D 2.0-2.9 64 F-4h F-8h F-16h 
A 1.0-1.5 <50 F-4 h F-4 h F-4 h 
B 23 2.0-2.9 98 F-IX h F-16 h F-28 h 
C 2.0-3.8 160 F-24 h F-30 h F-40 h 
D 2.0-2.9 64 F-8 h F-10 h F-18 h 
A 1.0-1.5 <50 F-2 h F-8 h F 4  h 
B 60 2.0-2.9 98 F-48 h F-45 h 1-71 h 
C 2.0-3.8 160 1-72 h 1-72 h 1-72 h 
D 2.0-2.9 64 F-8 h 1-24 h 1-72 h 1-72 h 
A 1.0-1.5 <50 F-2 h F-8 h F-8 h F-15 h 
B 80 2.0-2.9 98 F-29 h 1-72 h F-56 h 1-72 h 
C 2.0-3.8 160 F-44 h 1-72 h F-56 h 1-72 h 
D 2.0-2.9 64 F-12 h F-28 h F-36 h 572 h 

F = Failed. I = Intact 
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Abstract I Experimental 

The paper analyzes the hehaviour of a steellvarnish system 
in atmospheres polluted with SO2 and/or NaCI, with an 
emphasis on the quantification of the underfilm corrosion of 
steel. Concentrations of 0.008% (SOppm) and 0.016% 
(160ppm) of SO2 and 0.017% and 5.0% of NaCl were 
employed in humidity-saturated atmospheres. The tests were 
run for 500 hours. 

The effect of the SO2 permeated through the varnish film is 
shown to he decisive for underfilm corrosion of the steel. On 
the contrary, the NaCl does not interact with the steel due to 
the low ionic permeahilities of the varnish. In the joint action 
of both contaminants the underfilm corrosion increases as the 
SO2 concentration increases, whereas it decreases as the NaCl 
concentration in the atmosphere increases. 

Introduction I 
Atmospheric pollution heavily influences the durability ot 

the anticorrosive paint coatings. promoting: ( i )  the 
atmospheric corrosion of the metal surface that later receives 
the organic coating; (ii) the degradation of the film properties 
during its application and curing; and (iii) the progressive 
deterioration of the metallpaint system as a consequence of 
its exposure to atmospheric agents. This paper considers the 
latter of those effects, i.e. the degradation of the steellvarnish 
system caused by the contaminants SOz and NaCl present in 
the atmosphere where the system is exposed. It is well-known 
that the durability of the paint coatings decreases significantly 
as atmospheric aggressiveness increases. Nevertheless. there 
are very few studies which quantitatively relate the paint 
durability with the SO2 concentration or salinity in real 
atmospheres1. Most of the existing data in the bibliography 
refer to laboratory studies conducted in accelerated corrosion 
chambers where the concentration of pollutants is excessively 
high. For example, in the Kesternich test (DIN 50018) SO2 
concentrations of up to 7.000ppm are used, whereas in 
industrial atmospheres highly contaminated with SO2 the 
concentration of this gas rarely exceeds Ippm2. Fewer still are 
the studies considering the joint action of the pollutants SOZ 
and NaCl ever though this is a frequent situation in practice 
(industrial zones near the coast). 

The present research studies the effect of continuous 
exposures to atmospheres contaminated with SOZ or NaCI, 
and to both atmospheres (in alternate exposures), in the 
decay of a steellvarnish system. The underfilm corrosion of 
the steel base is mainly considered from a fundamental point 
of view, in order to arrive at a better understanding of the 
corrosion process, as well as the mechanist~c aspects involved. 
In this way a model coating of a very low thickness (3pm) was 
applied over flat steel plates. The painted specimens were 
then exposed to controlled atmospheres polluted with SO: 
and NaCI. 

The concentrations of SO2 in the atmosphere. 80 and 
160ppm, are, with relation to Kesternich test, an attempt of 
approximation to real conditions, although they remain 
distant enough to be not directly applicable to practical 
situations. 

From a flat coltl rolled mild rtccl plkltr 0.5mm thick. 
5xScm specimens were prepilrcd. After degreaslng with 
trichlorethylene they were weighed (in ;in iin;llytical balance 
with a precision of 11. lmg. Then 21 vinyl "\tripp;ihle" varnlsh 
film. 3wm dry thickness, w;ls applied by means of a wire- 
wound rod. After ;I wcek of curing iit room tempcr;iture. the 
edges of the xpecimens were protected by dippinp in ;I melt 
mixture of wax and paraffin. 

For the exposure to SO, p~illuted ;~tniosphrres a C;K 5011 
chamher (Teletric ('orporaticln) whlcli eniployh mixtures ot 
humid air and SO2 was used. 'The teniperature ~nstde the 
chamber was maintained close to 25°C. with the relatlve 
hum~dity being between '15 and YH'X. The SO, w;~s of Y9.Yr+ 
purity and the air flow 5tllllllir. Two ;ltmo\pIierc\ \\ere 
considered: one with a SO, conccntratic~n of O.OOX"i 
(XOpprn), and the other w~th O.(llhiZ (IhOppm). 

A salt fog ch:lmhcr (Erichscn. model 351) was employed 
for the exposure to N;ICI pollutetl atmosphcrcs. The 
temperature inside the ch;lniher was kept between 20 and 
25°C and the condensation level was; maint;llned to 1-1 mllhr. 
as according to ASTM 8-1 17. The concentrations of sodium 
chloride in the saline solution were 11.017% and 5.117f. Within 
t h ~ s  p;lpcr the rcsultinp ;irm~~splicres will he de\ignatcil h! the 
correspc~nding concentr;ltion of the saline soluticin used. 

Two types of running tests were carried out: "continuous 
exposure'' up to a tottll of 500 hours in atmospheres with 
either SO, or NaCI. and "alternate exposure" to both types of 
atmospheres for 10 cycles. Each tcst cycle cons~sted of ;I ?-I 
hour exposure in the SO: conti~minated atmosphere followed 
by another 24 hour exposure in the NaCl contaminated 
atmosphere. 

Various series of specimens were prepared and removed 
from the test chambers at different times of exposurc. 
Unpainted steel specimens were simultane~usly exposed as 
contrcils. Onc serics of specimens was prcparcd for the 
determination of the underfilm corrision of steel. Once the 
specimens were withdrawn frnm the test chamhers. the 
varnish film was peeled off and the steel support pl;lccd in an 
inhibitcd hydrochloric ;lciiI bath to remove the cc~rro\ion 
products. Then. the steel plate was weighed in order to check 
for weight loss (corrosion). 

The other series of specimens were employcd for the 
analysis of corrosion products and electrochemical 
measurements. The former was done by X-ray diffraction. 
The technique and the equipment employed for the 
electrochemical measurements have been described in n 
previous paper1. 

1 Permeability measurements 

For the determination of the permeation rates of water 
vapour and oxygen through the vilrnish coating, free films of 
the coating material to a dry film thickness of 311m were 
prepared. 

The permeability of the water vapour was carried out hy 
means of permeability cups. using ;I gradient ItIO!O of 

.relative humidity. The temperature was kept constant ;it 



Table 1 
Water vapour permeshilitv of varnish films. 100 Itm thickness. Iktr 
compiled from reierenceh 6 and 7. 

Varnish Water vapour permeability Ref. 
(gH20.cm-'.&I) 

Melamine resin 
(water soluble) 4.8 X 10-.' 6 
Polyurethane 1.4 X 10.' 6 
Alkyd melamine 1.2 x 10" 7 
Phenolic resin 1.1 x 10.' 6 
Chlorinated rubber 1.0 x 10'" 6 
Epoxy polyamide 1.0 x lo-? 7 

Table 2 
Permeability to oxygen of varnish films', 100 pm thickness. 
Temperature: 20°C. 

Varnish Oxygen permeability 
(g 02.cm'2.d") 

Cellulose nitrate 1.06 x 10.' 
Alkyd melamine resin 1.03 x 10'5 
Epoxy resin 0.73 x 1o'z 
Vinylchloride/vinylacetate 
87/13 copolymer, air dried 0.75 x 10" 
Chlorinated rubber 0.22 x lw5 

20°C. The average value of six measurements was 
I I .X6X I03g.cm"d~'. 

For the  oxygen permeabili ty measurements  the  
electrochemical technique was followed. employing a 
selective oxygen e~ectrode'.~. The free film was located in a 
permeation cell between two compartments, one with 
distilled water kept constantly saturated with oxygen. and the 
other with de-aerated distilled water in which an Orion 
selective oxygen electrode (model 97-08) was placed. The 
water in both compartments was maintained at 20+ 1°C. The 
readings of the oxygen transferred through the varnish film 
were taken with an Orion Analyzer-Processor, model 901. 
The avcra e value of six measurements was 1 . 2 3 9 ~  
10~3g.cm-'d-'. 

In Tables 1 and 2 water vapour and oxygen permeabilities 
obtained by other researchers with different varnish films. 
100pm thickness. are compiled. They show permeation ratcs 
much lower than ours. The lower thickness of our films and 
possibly the presence of film defects at such a low thickness 
might explain the relatively high water vapour and oxygen 
permeation rates found. 

Results 

Corrosion of steel beneath the varnish film 

Tables 3 and 4 illustrate the results of the weight loss 
(corrosion) of the steel. both unpainted and painted. at  
different times of exposure in diverse atmospheres. The 

Table 3 
C~~rrosion sf steel, in mgicm2. uncoated and coated with a varnish 
coating l.3lim thickness) in cenlinunus exposure to different 
atmespheres. 

Time of exnosure. davs 

Atmosphere Steel 
Condition 1 2 6  10 I5 21 

SO.. O.(W)X% Uncoated - 2.11 2.75 3.23 4.16 5.20 
Coated - 0.40 0.94 1.37 1.42 1.70 

SO,, 0.016%, Uncoated 1.23 2.36 6.00 10.68 20.20 28.00 
Coated 0.38 1.03 1.26 2.76 3.36 4.14 

NaCI. 0.0017%. Uncoated - 6.77 14.70 18.06 20.00 21.46 
Coated 

NaCI, 5% Uncoated - 5.86 14;20 21;W 30;05 38.52 
Coated 

* Corrosion products on thc steel surface are not visually observed and gravimetric measurements do 
not show any rignilicant weight loss of steel. 

Table  4 
Corrosion of stml, in mg/cm2, uncoated and coated with a varnish coating (3pm thickness) in alternating 
exposure to dinerent atmospheres. 

Number of cvcles* 

Atmosphere Stcel 
Condition 1 2 3 5 8 10 

SO,. O.O08%/NaCI. 0.017% Uncoated 3.49 5.19 5.42 5.91 7.77 16.03 
Coated 1.14 1.40 - - - - 

SOZ, O.(X)X%,NaCI. 5.0% Uncoated 4.29 5.85 6.90 8.76 16.03 18.32 
Coated 0.23 0.48 0.61 1.19 1.76 4.35 

SO.. O.Olh%INaCI. 0.017?6 Uncoated 3.23 7.46 19.82 32.66 51.00 79.10 
Coated 1.80 3.53 8.12 14.00 17.52 23.52 

SO,, O.Ol6%lNaCI. 5.0% Uncoated 4.23 7.00 7.90 12.07 16.27 19.57 
Coated 1.05 2.79 4.12 5.48 7.20 8.05 

* 1 cycle = 24 hours of exposure to the atmosphere with SO2 + 24 hours of exposure to the 
atmosphere with NaCI. 



presence of the varnish coating obviously reduces the
corrosion of the underlying steel. However, in certain
situations (the most unfavourable ones). this reduction does
not represent more than 20-30%.

It must be pointed out that there is an absence of underfilm
corrosion in the NaCI polluted atmospheres. On the contrary.
in the S02 polluted atmospheres underfilm corrosion
increases as the concentration of S02 in the atmosphere
increases too; a direct relationship between underfilm
corrosion and S02 content in the atmosphere has been found.

Film deterioration and nature of the corrosion products

In the exposure to SO~ polluted atmospheres the films
rapidly develop small blisters that are uniformly spread over
the entire surface of the specimen. The blister size increases
slightly as the S02 content in the atmosphere increases. The
blister size also increases with the exposure time.

A simple visual inspection. however. cannot detect
breakage of the blisters over the 50{) hours of exposure. The
corrosion products formed under the varnish film had a
brown colour and were constituted exclusively of or-FcOOII
(goethite ).

In the NaCi polluted atmospheres the varnish film remains
intact after 500 hours of exposure. No rust formation on the
steel was detected.

In the alternate exposure to both atmospheres the
deterioration of the varnish film in the first cycles of exposure
is similar to that of the continuous exposure to S02 polluted
atmospheres. however, as the exposure time increases the
blisters burst. permitting the outset of corrosion products.
These products, that had a brown colour when they were
beneath the film. change to a reddish colour when they leave
the blister. Even when the corrosion products are mostly
constituted by or-FeOOH. a certain amount of Fe.10.

(magnetite) was detected along with traces of y-FeOOH
(Iepidocrocite) in the most corroded samples.

Impedance measurements

Figure 1 illustrates the Nyquist diagrams for the
steel/varnish system once weathered in the different
atmospheres. The graphs also indicate the ionic resistance
and the capacitance of the varnish film calculated from the
high frequency zone of the diagram".

From the aforementioned values it may be inferred that the
exposure to the NaCI polluted atmospheres hardly alters the
varnish coating. The film ionic resistance and the film
capacitance maintain their initial values; the Nyquist
diagrams show a practically capacitive behaviour.

In the remaining atmospheres the ionic resistance of the
varnish film decreases notably in the first days of exposure.
the greatest decrease being in the atmospheres with a higher
SO~ content. The capacitance of the film. however. do not
undergo great changes.

Discussion

The corrosion of painted lllC'tals. ,IS with hare metals.
follows a mechanism of electrochemical nature. There are.
however, two main differences: the reactants must go through
the paint film to enter into contact with the metal. and the
corrosion process is restricted to the narrow interfacial
region IU,

In neutral media. oxygen and water must pass through the
paint film for sustaining the cathodic reaction of oxygen
reduction. Besides. for significant corrosion to take place. a
conductive ionic phase must he constituted at the interphase
metal/paint. This phase will facilitate the ionic transport
hetween the anodic and cathodic zones on the metallic
surface-'-

Figure I
Nyquist dia~rams for the steel/varnish system once weathered in the different atmospheres.
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The ionic component of this conductive phase can come 
either from existing hydrosoluble residues on the metallic 
surface (before painting), as was shown in an earlier stud$, 
or from hydrophilic compounds of the paint formula. which 
are lixiviated and dragged towards the interphase as water 
ingress through the coatlng thickness. When the metallpaint 
system is exposed to polluted atmospheres. the constitution 
of such an ionic phase will depend upon the possibilities to 
which the aggressive agents of the iltmosphere can enter into 
contact with the metallic surface. 

The klnetic of the corrosion process under the paint film 
also will depend on the possibilities of the corrosion products 
to diffuse outside the interphnse. In this sense the adhesion of 
the paint film to the metallic support should play an 
Important role, which still has not been clarified". 

The corrosion of the base metal will induce blisters. 
delaminations or loss of adhesion of the paint film with 
relation to the metal surface. Once the coating has been 
perforated by the corrcmon products accumulated in the 
metallpaint Interphase. the aggressive chemicals of the 
atmosphere can dlrectly interact wlth the metallic surface 
without havlng to permeate through the paint film. 

To study the mech;~nisms of corrosion of painted steel 
exposed to contaminated atmospheres1'. it was considered 
interesting to use a paint coating with the following 
char;lcteristics: (i) very low thickness, whlch would facilitate a 
faster penetration of the aggressive agents of the atmosphere. 
enabling a s lgnif i~~nt  corrosion of the base metal in a test 
tlme of reasonable length. ;lnd ( l i )  not pigmented. nor 
containing hydrophilic components that could interfere with 
the corrosion proceqs under study. To comply with these 
characteristics a vinyl "rtrippable" varnish coating was 
formulated. It:, tr;lnspilrence also permitted the visual 

. observ;~tion of the corrosion process in the interphase from 
outside. and lts low adherence facilitated the collection of the 
corrosion products for their posterior identificatlon. 

Permeation of SO, through the varnish film 

From the observ;~tion of T;~ble 3 it can be inferred that 
significant corrosion of thc underlying steel takes place when 
the system is exposed to atn~ospheres containing SOZ. To 
what can this attack be attributed to?. The following three 
possihilitie\ can he considered: 

( a )  Severe deteriori~tlc~n of the coating by the SO?. which 
enables the posterior direct attack of the steel by the 
aggressive agent. The heavy ahsorptlon of the SO? in many 
polymeric materials that constitute the vehicle in 
anticorrosive paints is well-known (e.g.. In epoxy paints the 
solubility of SO, can reach up to 20-30% In weight1'. The 
absorbed SO2 can react with the hydrocarbon groups (RH) of 
the polymer, giving rise to sulfinic acids (RfISO,) and 
sulfonic acids (RFISO,)". 

This severe deterior;ltion of the v;lrnish films. at least 
during the ftrst days of exposure, is not inferred from the 
visual ohscrvaticln of the coating exposed to the SO? 
atmospheres, as well ;IS from impedance measurements 
(Figure I). The moderate decrease of the ionic resistance 
values of the varnish film ;IS the SO, content in the 
atmosphere increases seems to suggest a certain deterioration 
of the film at microscopic scale. The higher oxygen 
permeation rates found in weathered free films seems to 
corroborate such a deterioration. 

(h )  The stimulation of the corrosion process under the 
coating by the permeation of ions towards the 
bteellvarnish interphase. To corroborate this point free films 
of the varnish were exposed between two compartments of a 
pt'rmc;lhility cell .  One  colnpartment contilined ;I 

concentrated solution of H2S04 and the other had distilled 
water. Thc permeation of SO,'. ions and, therefore. of Hi 

reported by other researches13.". 
(c) SOZ permeation through the coating in a gaseous state 

andlor dissolved in water. The chemical nature of the sulphur 
that permeates through the paint film is open to question: 
SO2 in gaseous form. SO2 disolved in water. the not 
dissociated fraction from the H2S0,, etc. Because of the 
above-mentioned reason, an ionic penetration of dissociated 
fractions from HZSO, or H2S04 must be discarded. According 
to Svobodal'. the SO2 dissolved in water can exist in 
molecular form over a long period of time, while coexisting 
with a small fraction of H2SO3, very weakly dissociated. 
Therefore, SO2 penetration as a gas and/or dissolved in water 
is feasible. The few available data in the bibliography about 

Table 5 
SO, permeation rate through paint films. Data compiled from 
references 13 and 17. 
Temperature: 23'C. 

through the film, would result in a decrease of pH in the 
compartment of distilled water. No change of pH was 
observed after X hours of contact with the solution, even at 
SN concentration of sulphuric acid, which indicates the low 
permeability of the paint films to ions, as has been 

Paint 
Dry film Permeation 
thickness rate Ref. 

(pm) (g~O~.cm '~ .d" )  

Cellulose nitrate 100 4.05 x 10" 17 
Alkyd res~n 88 2.0 x 1V2 17 
V~nylchlorideN~nylacetate 
copolymer 77 l . l x l ~ - ~  17 
Butyl methacrylate 40 15.1 x 10.' 13 
Alkyd melamtne SO 2 7 X 1 0 - '  13 
Acryl~c/polyurethane 70 3.2 x 1 0 ' ~  13 
Alkyd, medlum oil 75 1.8 x 10'' 13 

Table 6 
Permeation of chloride ion through varnish films. Data compiled from 
references 15, 18 and 19. 

Varnish 
Dry film Permeation 
thickness (gCl-.cm-2.d-1) Ref. 

Cellulose nitrate/ 
alkyd resin 50 0.35 x 1v6 18 
Neoprene 50 0 . 8 5 x 1 0 - ~  18 
Epoxy resin 50 0.71 x 18 
Cellulose acetate 50 22.0 x 10" 18 
Pentaerythritol 
alkyd resin 
modified with 
llnseed oil 
Epoxy polyamide 100 0.17 x 1 r 6  19 
Alkyd 100 0.62 x 19 
Phenolic 100 1.70 x 10" 19 

Table 7 
Permeation rates of SO2, O2 and H,O through the varnish film (3pm 
thickness). Estimated consumptions from corrosion rates and ohtained 
by permeability measurementb. 

Estimated conumption Permeation rate through 
from corrosion data free varnish films, 

(g.~rn'~.d-') 3pm thickness 
(g.cm '.da') 

so2 4.4 x About 10 (estimated from 
data of Table 5) 

0 2  0.27 x 10" 1.2 x loA3 
HZO 1.8 x 1 0 4  1.2 x 1u2 



the permeability of SO2 through paint films (Table 5) suggest the hydrolysis of FeSO, leads to the form;ition of rust and to 
high permeation rates of this gas. in the order of the regeneration of the SO, as sulphuric acid. Corrosion 
10~2-10~Zg.cm~~.d~ ' .  progresses in the steel/varnish interfacial region even without 

Permeation of NaCl through the varnish film 

In contrast to what accounted for the SO: polluted 
a tmospheres .  the exposure to NaCl contaminated 
atmospheres, even at as high NaCl concentration as 5%.  did 
not show any appreciable attack on the underlying steel after 
500 hours of testing (Tahle 3). 

An earlier stud$demonstrated that for an active corrosion 
process under the paint film two conditions were needed: (i) 
the presence of oxygen and water at the metallpaint interface: 
and (ii) the existance of a conductive phase that provides the 
~onic  conduction between the anodic and cathodic zones of 
the metal surface. In the case of exposures to atmospheres 
containing NaCI. it would be the entrance of the CI- andlor 
N~r'ions through the varnish film that would cause an increase 
in the ionic conduction at the interface. Flowever. this is not 
feasihle due to the low ionic permeabilities, and In particular 
to the chloride ion (Tahle 6). that the paint films present. 

So. it is therefore possible to understand the inappreciable 
underfilm corrosion of steel exposed to atmospheres 
containing NaCI. 

Corrosion of the steel beneath the varnish film 
The rusting under the varnish film must occur by a simil;~r 

mechanism to that which takes place on the unpainted steel 
exposed to atmospheres contaminated by SO,'. 

After an initial formation of ferrous sulphate by the 
reaction of sulphur dioxide with the steel 

SO2 + OZ + Fe - FeSO, (1) 

Figure 2 
Evolution of steel corrosion under the varnish film during the fint 
cycle of alternating exposure CI differenl almospheres. 

2 0  t 

new SO? coming in from outside. due to thewell-known cvclic 
process of rusting. 

2 FeSO, + 0: + 2 11?O + 2 Fe0011 + 2 f12S0, ( 2 )  
t 1 

2 FeSO, + 2 H,O + 2 Fc + 0: + 2 fj2SO4 ( 3 )  

In accordance with Eqs. [I]-(31. the formation ot rust will 
depend on the arrivzll of SO,. 0: and H 2 0  to the steellvarnish 
intertiice. Tahle 7 mav help to know which c ~ f  these three 
chemicals species control the mrroslon process. The table 
shows the theorettc;~l consumptions ot these species as 
calculated from the expcr~niental weight loss data (Tahle 3 )  of 
the steel under thc coating after the first day of exposure to 
SO, atmospheres. It shows also lhe permeation rates thrnugh 
free varnish films. 

With rel;ition to the water and sulphur dioxide. the 
permeation rates are far superlor to the estimated values 
(approx. by two ordcrs of magnitude). However. the data for 
the oxygen fits quite well, which seems to indicate that the 
arrival of oxygen to the stecllvsrnish interphase. permeating 
through the varnish film. is the controlling factor of underfilm 
corrosion. 

Effect of alternate exposures to atmospheres containing 
SO, and NaCl respectively 

111 altcrntttc cxposurcs of thc bytern to ntniosphercs 
containing SO: and NaCl respectively (Table 4).  the 
corrosion of steel increases ;is the SO: concentration 
increases. whereas it decreases as the NaCl content in the 
atmosphere increases. This fact is griiphicallv shown in Figure 
2 where the corrosion due to the first 24 hours exposure to the 
SO2 cont;lminated i~tmosphere and the tottll corrosion 
oht;iined after the first test cycle (which includes iilso ;I second 
exposure of 14 hours to the NaCI polluted atmosphere) are 
shown. 

Corrosion of steel incre;ises as the SO, content of the 
atmosphere incre;ises. an;~logously to how it occurred in 
continuous exposure to SO, polluted atmospheres. But 
corrosi~n of steel also increi~scs durinp the subsequent period 
c~f expnsure to the ;rtniospheres contilining NaCI. something 
that did not occur in continuous exposure to NaCl 
con t ;~mina ted  a tmosphe res ,  where  corrosion was 
inappreciable. How to justify this peculiar hehaviour',' The 
first cxp(1surc to the SO: polluted ~~tmosphere promotes the 
forn1:ition of ferrous sulphate on the steel surf;~cc I Equ;ition 
( I ] ) .  The hydrosoluble nature of this compound. already 
pointed out in :In e;lrller stud!' induces the entrance ot water. 
by osmosis. through the v;irnish film. even dur~ng exposure to 
the NaC'I polluted atmosphere. The repeated formation of 
rust cau\ed by the above mcnticlned cyclical process 
(Equations (21 and (31) would explain the high corrosion rates 
found in such situ;~tions. 

Figure Z iilso shows that corrosion of steel i \  higher at the 
lowest NaCl content in the ~itmosphere. It seems prohahly 
that the wilter penetr;~tion towilrds the interfacial region is 
favored in the atmospheres w~th a lesser NaCl content. where 
the water sctiv~ty on the v:irnish film i!. higher. It seems 
paradoxical that there is inhibition of the underf~lm corrosion 
process as the saline content of the atmosphere is increased. 
whlch is just the opposite to what occurs to bare steel exposed 
to  marine atmospheres'". If these results could be 
extrapolated to practical situ;itions. the industriirl marine 
atmospheres would promote more underfilm corrosion as 
they got further away from the coast. ('or~rinrrc,cl ~ I I I  P..?Yh 
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The resistance of paint and varnish films
as measured by D.C. and A.C. techniques

by G. T. Burstein. G. (;ao and J. E. O. Mayne. Department of Materials Science and Metallurgy. University of
Cambrid~e. Pembroke Street. Cambrid~e CB2 3QZ. UK

Abstract

The resistances of a numher of paints and varnishes. both in
the form of free films. and as coatings on mild steel. have been
measured using a.c. and d.c. techniques. The resistances as
measured by both techniques were the same for protective
high impedance coatinlls. A.C. measurements made on
painted steel on which corrosion was observed heneath
blisters. were resolvable into two components.

In the absence of corrosion either a.C. or d.c. methods may
he used to measure the resistance of paint coatings.

Introduction

In 194i! Bacon. Smith and Rugg'. using a d.c. technique.
measured the resistance of over 300 paint coatings immersed
in sea-water. and concluded that for good performance. a
coating should have a resistance of more than IOKHcm!.
Coatings having reisistances in the range 1O"-IOKHcm! were
unreliahle and those whose resistances were less than
IltHcm! behaved poorly.

A comparison of d.c. and .I.C. methods of measuring
resistance was made hy Buller et al!' and it was reported that
at a fixed frequency of 1592 liz the resistances of detaehed
films were always lower when measured using a.c. Further
measurements covering the frequency range 2(XlIlz to 20kHz
with free films and films supported on mild steel and platinum
showed a steady faU in resistance with increase in frequency.
However. analysis of the data of Buller' shows that in this
frequency range the impedance is dominated hy the
capacitive component. Extraction of the resistive component
from this frequency range is extremely difficult and unlikely
to he achieved with a sufficient degree of accuracy; the
reported resistances must he regarded as containing a
significantly large residual capacitive component.

Callow and Scanllehury '-K puhlished a series of papers
dealing wilh a.c. measurements of paint coatings in neutral
and acidic solutions. Their most resistive films !!ave
resistances of the order of Ilt!lcm! and consequently suffered
rapid hreakdown which they were ahle to follow as it
progressed.

The ohject of the work reported here was to compare the
use of d.c. and a.c. techniques for the measurement of the
resistance of polymer films.

Experimental

Preparation of free films

An investigation into the cross-linking of epoxy resins hy
polyamines was in progress; consequently cast films were
availahle with resistanees varyin!! from 1O"-IO '!Hcm!.
The films were prepared hy casting the paint nr varnish onto
the adhesive side of a gummed paper lahel. 14 x 9 cm which
was resting on a glass plate. 23 x 10 em. by means of a
spreader bar with a gap of O.lXI6 inch (150!!m). The coatings
were stored under a filter paper screen for at least two weeks.
The paper was then soaked in water. the film removed. dried
and mounted in cells. as shown in Figure I. by means of Dow
Corning Silastic 738. This was allowed to cure for two days.
after which the cells were filled with 0.1 M KCI.

19H9( 10)

Figure I
Cell u.'Ied for me-...urement of electrical properties or froe paint mOl..
sandwiched belw..,n two half..,"•• elOCh conlaining AK!AlCCI/0.1M
KCI.

Preparatioo of supported films

Mild steel specimens. lOcm x 100m X O.2cm. werc lightly
abraded with emery paper (Oakley Grade 3). cleaned by
swabbing with xylene. dried and coated with a paint by means
of a O.lX16inch (15O\1m) spreader bar and then stored under a
filter paper screen for at least two weeks. Three halt-eells
were then attached to the painted surface. as shown in Figure
2. by means of Dow Corning Silastic 738. which was allowed
to cure for two days. The cells were then filled with ll.1 M
KCI. the specimen area over which measurements were made
was ...... 1 cm1.

Figure 2
Cells used for measurement of electrical properties of supported paint
ftIms. 1be half-cells e...,h contain AK!AgCIIO.IM KCI.

Measurement of D.C. resistance

In the case of the free films Iwo AglAgCI electrodes were
inserted into the arms of the cell and the resistance of the film
measured by means of a Keithley electrometer. Model 61OC.
The leads to the cell were then reversed and a further reading
taken and the average of the two readings was recorded as the
resistance of the film.

The resistances of the attached films were first measured
across the cell/metal interface and then from half-cell to half­
cell; this gave rise to six measurements. I.e. 1 : 2, 2 : I. 1 : 3. 3
: I. 2 : 3. 3 : 2. where the numbers refer to the half-cell
numbers given in Figure 2. The measured value for each pair
of half-cells was taken to he the sum of the resistances of the
two coatings.
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In order to determine the limit of measurement by the 
electrometer the leads were removed and a measurement 
made; a resistance of 3 x l0"R was recorded and this was 
taken to be the highest resistance measurable by the 
instrument. 

Measurement of the A.C. impedance 

~h~ a,c, impedance of the detached epoxy coatings was 
measured as a function of frequency using a Solartron 1250 
frequency response analyser connected to the two 
Ag/AgCI/O,l~ KCI via a potentiostat (Solartron 
1286). One electrode functioned as working electrode and the 
other functioned as both counter and reference electrode. 
With the potentiostat set to OV, no d.c. current flows through 
this cell and the AgIAgCI electrodes are unpolarised. Under 
application of the a.c. perturbing voltage, only at very high 
frequencies was the measured value of the modulus of the 
impedance sufficient to cause polarisation of the A~,A~c~ 
electrodes. E~~~ in this region however, which is of little 
interest in the present no effect of the A ~ / A ~ c ~  
electrodes on the measured frequency response could be 
observed. This feature was examined further by measuring 
the frequency response of the impedance using several 
different amplitudes of the a.c. perturbing voltage. 

~h~ a,c, impedance of the painted steel specimens 
described above (Figure 2) was also measured via the three 
half cells, again using one Ag/AgCI/O.IM KC1 electrode as 
both counter and reference electrode. The working electrode 
terminal was then connected either to the metal giving a cell- 

potentiostat gave negligible polarisation. 
The frequency response for each specimen was measured 

over the range 65kHz to - lmHz in 5, 7 or 10 steps per 
decade of frequency using 3 or 5 cycles per measurement; the 
lowest frequency limit of measurement was set by the 
frequency response itself. The amplitude used was 
determined by the resistance of the paint and the lower 
current limit of the potentiostat (0.1 to InA). For resistances 
-1OhR an amplitude of 5mV rms (7mV peak) gives a 
maximum current variation of + 7nA at low frequency. For 
the highest measured resistances of - 101'11 (see below) 
amplitudes of up to 6.5V rms (9.2V peak) were used 
producing maximum current variation at low frequency of - 
O.lnA. Whilst application of high a.c. perturbing voltages is 
not common within the context of corrosion, in the present 
systems it is most appropriate, providing the perturbing 
voltage does not itself affect the impedance. This feature was 
checked by variation of the applied a x .  voltage. and re- 
checked by comparison of the resistance as measured by a.c. 
response at low frequency with the d.c.  resistance. 
Impedances greater than - lU1'R could not he measured 
accurately with the present system sincc this approaches tocl 
closely the input impedance of the potentiostat. It is a viable 
technique provided it is demonstrated that the perturbing 
voltage does not itself alter the nature of the interface and the 
steady state nature of its reactions. These properties are in 
fact determined by the current flowing, rather than by the 
magnitude of the voltage used to generate the current. The 
effects can be checked as follows. 

(i) Since corrosion of painted steels is an irreversible 
phenomenon, and necessarily leads to reduction of the 
interfacial resistance, measurement of the impedance 
spectrum more than once at the same amplitude should 
provide irreproducible data, with a progressive change in the 
magnitude of the resistive components if the steady state 
nature of the interfacial reactions is affected by the applied 
voltage. 
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(ii) If the applied voltage affects the reactions, the 
frequency response spectrum IS expected to be a funct~on of 
that voltage. Otherwise. only the scatter observed at low 
frequencies is affected. 

(iii) The frequency response spectrum can be measured 
with the specimen polarised by application of a superimposed 
polarising potential. This spectrum should show resistive 
components different from those measured in the absence of 
polarisation if the nature of the interface is affected by the 
polarising potential. 

All these methods were tested for the present data. 

An impedance spectrum of a typical detached epoxy resin 
is Presented in Figure 3 in terms of log IZI vs log w (Figure 3a) 
and 'T Vs log (Figure 3b) where co, V and are the 
frequency. phase angle and impedance respectively. This 
diagram (the Bode plot) demonstrates that the detached film 
Can be described electrically as a simple parallel network of a 
capacitance (at high (0) and a resistance (at low w).  The 
gradient of the capacitive region. a log lZ(la log w = -0.90. 
a little less negative than the value of -1 anticipated for a 
pure capacitor; this leads to a value of rp of a little less than 
90" in the capacitive region of Figure 3b. There is no evidence 
Of anY second component of the simple network. The same 
data are presented in Figure 4 as (the imaginary 
component of the impedance) as a function of Z' (the real 

to-metal measurement, or to another A ~ / A & I  half-cell 
giving a cell-to-cel' measurement. In the former case the Open 
circuit potential of the metal was -10 to -20mV relative to 
AglAgCII0.1M KCI; thus application of OV from the 

~i~~~~ 3 
Bode plots of the impedance of paint C. OV d.c., O.IV(rms) a.c. (a) log 

~1 ,,. log ,a, (,,) vs. long ,,,. 



component of the impedance). 
A single semicircle is seen. 
equivient circuit described abovd. Both Figures 3a and 4 iv i 5 .  the resistance. R of the epoxy resin film as being 2 . 2 ~ 1 0  I, 
and the capacitance. C = 63 pf (measured at I(X1OHz). Th 
value is 100 pf measured at IHz. Because the gradient c 
Figure 3a ; ~ t  high (o devi;ltes slightly from -I ,  all cap;~citanct 
quoted are those mc;lsured at ( 1 ,  = Ikflz. using C = I/? 
(ttZ,. IIowrver. the error introduced by c;llcol;~ting C at 
specific frequency is sm;lll: ovcr the frequency riinge IOm11 
to h5kIlz (the maximum frequency i~pplicd) the v;~ri;~tion in 
is a factor of 3.4. 

Figure 4 
Nyquist p l d  of the impedance of the paint shown in Figure 3. 

To demonstrate the effects of the applied a.c. voltag 
Figure 5 shows the Bode plot of one epoxy resin measured a 
O.ZV(rms). and at O.XV(rms). The ordinate has been shifte~ 
by an order of magnitude for the two plots to allow distinctio 
of the data. It is seen that the magnitude of the impedance i 
independent of the applied amplitude. Only the scatte 
observed at low frequency is significantly reduced h 
increasing the amplitude. 

Figure h shows the effects of applying ;I d.c. bias across 
detached cpoxy resin film. There is a small reduction i~ 
resistance us the d.c. hias is increased, hut no change i~ 

Figure 5 - 
Bode plots of the impedance of paint 1) measured a1 different a p p l i ~  
ax .  voltage. OV d.c. (a) log (%I. O.ZV(rrns1 ax. .  Ih) long 101% 
0.XVlrmsl a.c. 

representing the Nyqu~ct plot. 
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capacitance. The observed reduction in resistance is 
completely reversible. however, in that removal of the d.c. 
bias'returns the resin to its original resistance. An expanded 
discussion of the effects of an applied d.c. bias will be given in 
a subsequent communication. 

The resistances and capacitances of the series of detached 
epoxy films, as measured by frequency response analysis. are 
listed in Table 1. together with the conditions under which 
they were measured. Also listed in Table I are the resistances 
of the same detached films as measured by d.c. using the 
electrometer, and they are in excellent agreement with the 
a x .  values. Table I also shows that the effect of the a x .  
amplitude and the d.c.  bias are negligible. No a.c. 
measurements are presented for film F (see Table I )  since this 
exceeds the maximum resistance measureable by the FRA 
using an amplitude of 6.5V rms; it was found that the 
frequency response spectrum for this film was identical to that 
achieved with the potentiostat leads (with the reference and 
counter electrode leads short-circuited) in open circuit in air. 
Using the maximum amplitude available via the potentiostat. 
it appears that the maximum resistance measurable by the 
FRA is - 3x 10" in this configuration. 

Figure 6 
Bode plots of the impedance of paint c measured at different applied 
d.c. voltage. O.IV(rms) a.c. (a) log 1x1. OV d.c., (b) log 1OIZ1, I.OV 
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Measurements of the impedance of supported paint 
:oatinas were similar in form to those given in Figures 3-6. 
rhey were made separately from cell to metal (using the 
metal substrate as the working electrode), and from cell to 
cell. as described above. For cell-to-metal measurements. 
data achieved potentiostatically are equivalent to open circuit 
data if and only if it can be demonstrated that the applied d.c. 
potential causes negligible applied polarisation. Thus for each 
of these systems. the open circuit potential was measured 
prior to frequency response analysis. It varied between -30 
and -1OmV (relative to AglAgCIIO.1MCI~). and application 
of OV (AgiAgCliO.lMCI~) provided no observable current 
flow. For cell-to-cell measurements, no polarisation can 
occur. Typical results of both types of measurement are 
presented in Figures 7 and 8. Again. each system can be 
described as a single parallel network of a resistance and 
capacitance. The technique is unable to resolve the 
metalipaint interface as a distinct component of the 
equivalent circuit. It is also unable to resolve the separate 
components of the two-coat system (zinc chromate primer 
plus finishing coat), as shown in Figure 8. 

The numerical values of the components for the supported 
films are listed in Table 2, together with the measured d.c. 



resistances. Again, the resistances measured by the a.c. and 
d.c. techniques are in excellent agreement. Moreover. the 
table demonstrates, as expected, that the impedance 
determined by the cell-to-cell measurement is approximately 
equal to the sum of the impedances of the appropriate cell-to- 
m e t a l  m e a s u r e m e n t :  i . e .  R,,, = R,  + R h  a n d  
1ICah = lIC, + 1/Ch where a and b are the cell numbers in 
Figure 2. 

One coating, film 111, which was based on polyurethane. 
showed signs of failure with the formation of blisters; 
however, the coating appeared intact with no rust. but when 
removed patches of rust were observed on the metal. In this 
case no d.c. measurements of resistance could be made with a 
single cell, but only from cell to cell and this appears to be 
characteristic of a system where corrosion is taking place 
underneath the coating. The resistance of the coating had an 
average value of I08flcmz, which is just in the region whict 
Bacon, Smith and Rugg regarded as unreliable. 

Figure 7 
lmoedance of oaint I measured from cell 3 to metal. OV d.c.. 

The frequency response spectrum of this coating was 
characterized by two relaxation times. representative of two 
RC networks, although generally one or both of the 
semicircles represented in the Nyquist plot, Figure 9, was 
depressed. This general feature appears to be common with 
other work in which painted specimens show signs of 
corrosion beneath the coating4'*. 

Discussion 

The data presented above demonstrate that the resistance 
of an intact paint coating measured by a.c. frequency 
response analysis and by high impedance d.c. voltmeter is the 
same. The resistance as measured by a.c. is not a function of 
frequency; neither is it lower than the measured d.c. value as 
reported earlier2.'. This is true both for detached paint films 
and for attached films. Moreover. the resistance of the 
attached coating may be determined using cell-to-metal or 

Figure 8 
Impedance of paint I measured from cell 2 to cell 3: 0.SV d.c.. 
O.I5V(rmsl ax. 

Table 1 
D.c. and a.c. resistances (R(d.c.1 and R(a.c.l), and capacitances (C) of 
delached clear epoxy lilms. l'he d.c. values are each the mean of two 
measurements made with the leads reversed. 

Coating Thickness R(d.c.) V(rms) V(d.c.) R(a.c.) C 
Clm f1 v v i1 pf 

F 95 6 x 10" n 
n - not measured. 
* - measured at I Hz. 
V(rms) is the applied ax. voltage. 
V(d.c.) is the superimposed d.c. voltage. 



Table 2 
I).c. and a.c. resistances (R(d.c.) and R(a.c.)), and capacitances (C) of paint films 
supported on mild steel. With the exceptit~n of paint no. Ill each d.c. resistance is the mean 
of two measurements taken with the leads reversed. For paint Ill the individual 
measurements are given. 

cell-to-cell measurements, of the type illustrated in Figure 2, 
the latter method giving the sum of the two appropriate cell- 
to-metal resistances. The resistances of the coatings described 
in Figures 3-8 and Tables I and 2 are all high (> lox (1) and 
none of the painted specimens, save for specimen Ill ,  showed 
any sign of breakdown or corrosion, before. during or after 
measurement. Measurements have shown that films with 
initial resistances of 10"'- 10'' flcm' usually fall in resistance 
by an order of magnitude after some months of immersion. It 
seems that the limit for reliability of Bacon. Smith and Rugg 
should he raised from 10X dlcmL to l(fJ ilcm2. 

The maximum amplitude of the applied a.c. voltage under 
such circumstances is determined purely by the magnitude of 
the current flowing: this must be sufficiently low that no 
damage is induced by the perturbation, but high enough to 
provide measurable current at low frequency. For the present 
apparatus this is apparently viable at a minimum current of - 
O.lnA. At 10V peak amplitude the mean electric field 
impressed across the 100pn1 thick film is IOOOV cm-'. This 
field is insufficient to cause damage to the films, at least for 
the present high resistance systems. The a.c. technique was 

Paint Th~ckness Cell R(d.c ) V(rms) V(d.c.1 R(a c.) C 
pm Measurement R V V R pf. 

unable to resolve any component of the intact painted metal 
surface. other than the paint coating itself, although clearly. 
electron transfer at the metallpaint interface should be 
considered as a separate component with a distinct RC time 
constant. 

Specimen 111. whose frequency response is given in Figure 
9. showed visible signs of failure of the paint, with formation 
of blisters. Since failure of the specimen took place at isolated 
spots one can view the equivalent RC network as shown in 
Figure 10a. In this figure it is imagined that the paint coating 
covers the entire surface with a single resistance: this 
component is defined as R,, CF. Beneath the paint coating 
lies a number of isolated patches of corrosion, with a local 
electrolyte beneath the intact paint film within each blister. 
Each blistered region is defined as Rp,. Cp,, and these are all 
connected in parallel, but in series with the paint coating. the 
circuit then resolves into two components with two RC time 
constants. The fact that there are many corroded areas over 
the specimen surface. covering a distribution of sizes. and 
presumably of development, results in apparent depression of 
one of the semi circles shown in Figure 9. 

I : zinc chromate 
11 : white gloss dry 



Figure 9 
Impedance of paint 111 measured from cell I to cell 3. OV d.c., 
O.JV(rms) a.c. 

, 1 

Figure 10 
Possible equivalent circuits desrribing the impedance of paint Ill. (a) 
Corrosion beneath isolated blisters is covered by a paint coating of 
constant impedance characteristics, (h) The impedance characteristics 
of the paint coating covering each corrosion blister is unique to that 
blister. 

One may alternatively view the equivalent circuit as shown 
in Figure 10b. Here. each metallelectrolytelpaint blister 
system is a separate component, with R,,. Cpi describing the 
corrosion process beneath the blister, and RFi. CR describing 
the properties of the paint overlying the blister. The 
difference between Figures 10b and 10a is the assumption in 
Figure 10b that the paint overlying the blisters has undergone 
a significant reduction in resistance during development of 
corrosion and thereby effectively shorts out the higher 
resistance of the paint overlying uncorroded areas of the 
specimen. Again because of the number of blisters. an 
apparent depression of the semicircles shown in Figure 9 is 
anticipated. For the present data both equivalent circuits are 
equally suited. 

One may use the magnitude of the capacitance to 
determine which of the two components shown in Figure Y is 
associated with the paint coating. The first component gives a 
capacitance of 271 pf; the second component gives a 
capacitance of - 0 .2  pF (measured at 45 mHz). Comparison 
of these values with those given for other paint coatings in 
Tables 1 and 2  shows the former to be that associated with the 
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paint coating and the latter with the corrosion process 
beneath the paint. 

Conclusions 

1.  In the ilbsence of corrosion the rcsist;inces of paint films 
measured by a.c. and d.c. techniques are the same and no 
polarisation resistance is detected. 

2. The amplitude of the perturbing voltage used to 
measure the a.c. impedance of paint coatings is determined 
purely by the magnitude of the current response. The more 
resistive the coating. the higher the amplitude which can be 
applied without causing signif~cant damage. 

3. Cell-to-cell measurement of the impedance provides a 
suitable method for measurement of the a x .  impedance and 
eliminates the need for knowledge of the open circuit 
potential and its variation with time. 

4. For a painted metal in which corrosion is occurring 
beneath blisters in the paint the equivalent circuit is 
resolvable into two overall RC networks with dispersion of 
the time constants arising from variation in the size and 
degree of development of the blisters. 

5. The a.c. method allows resolution of the ind~vidual 
components of the system and provides a means of detecting 
corrosion beneath the coating. 
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Fireproofing of offshore structures 
with epoxy intumescent materials 

by J. V. Dunk. Avco Speciality Materials, 7b Ongar Rd, Brentwood, Essex CM15 9AU, UK 

Introduction 

Since the ei~rl~ect days of offshore exploration and 
production. there has been a requirement to fire protect steel 
structure3 and firew;~lls ;lgainst the effect of hydrocilrhon fire. 
In the early d:~ys materials were used which were derived 
from fire protection of structural steel in buildings iind, to a 
certain extent. structural elements of onshore petroleum and 
petrochernic;rl inst;~llations. Over the years. the shortcomings 
of traditional materi;lls used in this fashlon became very 
evident particularly in the North Sea environment. 
Cementitious products with very limited physical strength and 
flexibility are e;~sily dilmaged during the normal operation of 
a platform and also during loadout and installation of 
modules during construction. Additionally, all water-based 
and cementitious materiills rely on a weatherproof topcoat to 
retain their fire integrity and that of the substrate steelwork 
against corrosion. The cost of maintaining these materials 
offshore has never hecn fully documented but on some major 
Norwegian platfbrms it is known that maintenance costs run 
into some hundrcds of thousand of pounds per year. 

As well ;IS durahility of product. there are a number of 
other f;stors which are very relevant to the selection and use 
of material for fire protection off\hore. 
considerations are: 

Installed weight 
Toughness and durability 
Maintenance requirement 
Ease of applic;ttion . 
Prevention of corrosion underneath 

m:,t~ri:,l 

Some ot 

the fire 

the major 

protection 

re-radiates the fire's heat back to the fire itself. It is this 
thermal blockage which contributes significantly to the ability 
of a thin film coating to provide significant levels of fire 
protection at low applied weight. Intumescent materials vary 
greatly in their intumescent action.They can be formulated to 
expand many hundreds of times original material thickness 
with resultant very weak char. or to a few times the original 
thickness with a much tougher and stable char which IS able to 
withstand not only the thermal draught of a fire situation but 
also active water protection systems without removal or 
detriment to the char itself. Our own particular products. 
Chartek 59 and Chartek Ill. have been formulated to provide 
protection of the latter type. 

Intumescent fire active ingredients can be introduced into a 
number of mediums including solvent, emulsion and epoxy 
bases. As a manufacturer of epoxy intumescent coatings for 
14 years and with the same period of real time experience in 
the field, we are confident that experience has shown epoxy 
systems to be the best carriers for intumescent products. 
particularly wheil used in external locations and harsh 
internal locations such as wellhead and processing modules 
on offshore structures. 

What are the advantages of epoxy intumescent 
materials? 

There are a number of advantages of epoxy intumescent 
products for offshore fire protection. the following. are some 
of the most significant: 

Weatherability. Epoxy materials are well known for . . . .. . - . . - . , 
~~~~~h~~ factclr to hecclme more evident in recent years has 

heen the dimensions <,f the fireproofing As 
platforms are designed to be lighter in weight, structural 
dimensions are reduced and the congestion in modules for 
services and utilities becomes more evident. The thickness of 
the fire protection material surrounding structural members, 
therefore. can be of consequence when designing 
to the clash of pipework and other utilities with 
structural elements. 

prohahly one of most impor tan t  factors to be 
when reviewing passive fire protection materials is 

the additional weight that will be added to the structure. 
~ ~ ~ ~ b i l i ~ ~  and low maintenance are requirements for fire 
protection materials have come to the fore i n  only the 
most recent years as operators recognise the significant costs 
involved in ensuring that their fire remains i n  
ser\.,iceahle condition. i , e ,  i t  will provide the designed fire 

should the fire incident happen. On many 
projects. however. there s t i l l  remains considerable 
differences of opinion between those building the platform 
who are interested in capit211 expenditure costs and those 

the platform whose maintenance budget will pay 
for fire protection m :~lntenance. 

Epoxy intumescent fire protection materials 

Intumescent materials provide thermal insulation to the 
substrate by reacting to the fire's heat and creating an 
insulating blanket of char which. as well as insulation. 

excellent weatherability without degradation. even in severe 
marine environments. Encapsulating fire active ingredients in 
an epoxy medium results in a product which is inherently 
weatherable and will not degrade in terms of its fire 
Performance due to exposure to the elements. Our Own 

products have been tested by the American 
Underwriters Laboratories for their exterior listing 
programme. This programme evaluates the reliability of a 
material in terms of its fire performance after exposure to 
accelerated ageing and weathering. Both Chartek 59 and 
Chartek 111 products have passed Underwriters Laboratories' 
proprdmme wirhour a topcoat. 

Durability. Epoxy intumescent products have outstanding 
resistance to mechanical damage both in terms of impact and 
abrasion resistance. Despite having a compressive strength 
several times in excess of that of dense concrete. Chartek I11 
also remains a material which is more flexible than the 
substrate steel itself. Therefore, under-flexing during loadout 
of modules or in operation. the material does not crack and 

from the 
Maintenance. Epoxy intumescent products are essentially 

maintenance free because of their built-in weatherability. 
Whilst topcoats are often used on these products for colour 
purposes and to enhance their weatherability. the integrity of 
the material is not deteriorated should the topcoat be lost. 
Maintenance of the topcoat therefore can take place as and 
when desired, whereas topcoat maintenance with 
cementitious and water-based products is crucial to the 
integrity of those materials. 

Corrosion protection. Epoxy paints are known to provide 



outstanding corrosion protection and are often used at 
thicknesses of approximately one third of a millimetre to 
provide total corrosion protection for offshore structures. 
Epoxy intumescent materials are applied at thicknesses 
generally in excess of 5mm and provide corrosion protection 
as an additional benefit to fireproofing in the one coating. A 
significant concern with other fire protection mediums is the 
potential of corrosion taking place to the substrate steel, and 
mesh reinforcement which holds the material to the steel in 
the event of a fire, which is undetectable from the surface 
viewpoint. 

Application procedures. Application of any passive 
fireproofing is viewed with some dissension by most construc- 
tion yards because of the necessity to keep the application 
area clear during application of product. The environmental 
requirements for all passive fire protection materials used 
offshore differ very little. One advantage of epoxy 
intumescent materials is their ability to cure to full hardness 
within 24-48 hours in comparison with up to 14 days for 
water-based and cementitious materials. 

What  a r e  the disadvantages of epoxy intumescent 
materials? 

Whilst the advantages significantly outweigh the 
disadvantages of epoxy intumescent materials, there are some 
points to note: 

Smoke and fume generation. Epoxy materials are organic 
and therefore in a fire situation will liberate a certain level of 
smoke and fumes. The fumes given off by epoxy materials 
generally are carbon dioxide and carbon monoxide. as well as 
some other trace gases. In the past, the fact that a 
fireproofing material gives off smoke and toxic fumes. and 
has limited combustibility. has been viewed in a very emotive 
way. The reality is that the materials (at least those produced 
by Textron) only begin to liberate smoke and fumes at 
elevated temperatures, in excess of 300°C. in direct exposure 
to the fire. In comparison with the smoke and fumes given off 
by an oil or gas fire. the quantity and toxicity of smoke and 
fumes given off by the epoxy intumescent material is not 
significant. The material is therefore not contributing any 
significant additional hazard to the fire situation itself. The 
question of smoke and fume generation has been addressed 
by operators,  petroleum authorities and certifying 
authorities. Whilst intumescent products would generally be 
excluded from use in such internal areas as accommodation 
modules, control rooms and safe havens, the use of the 
products in all other areas of the platform. both internal and 
external. generally receives little comment from the 
authorities. 

Cost. The installed cost of an epoxy fire protection materikil 
can be a factor of two or three times that of cementitious 
products. Therefore. on initial review, they can be the least 
favoured product. What has to be decided. however. is the 
difference in terms of installed cost and the maintenance 
requirements offshore. With maintenance of topcoats off- 
shore costing as much as $35 per square metre once all costs 
have been taken into account. plus the extremely high cost of 
replac~ng failed materials. the initial higher installed cost of 
epoxy products can be readily justified. One major offshore 
operator showed in review of candidate materials for a new 
development that the cost of one application of topcoat to a 
cementitious product on a module support frame offshore 
outweighed the difference in cost between epoxy intumescent 
and cementitious material during a construction phase. 

I'he right material for the right location 

T o  a certain extent epoxy intumescent materials are 
'install and forget" products, however their use generally 
requires justification of the additional cost and. to this end. 
:he primary locations for the product on offshore structures 
are: 
3 External structural steelwork and bulkheads 
3 Structural steelwork and bulkheads in open process 
modules 
3 Underdeck applications 
3 Use in modules where mechanical damage and vibration 
are a problem (e.g, wellhead and process) 
In other areas of the platform where installation is in an 

~nternal controlled environment location without mechanical 
lamage potential lower grade materials make more economic 
sense. particularly if access can easily be gained for any 
potential maintenance requirements. It is therefore up to the 
designer and operator to address these questions at an early 
stage of design and to consult with the manufacturers for 
information relative to their specific products. 

Explosion resistance 

The scenario of explosion before fire on ;in offshore 
platform and the effect of the explosion pressure wave on the 
passive fire protection material applied to structural steel and 
firewalls in the area is a matter of much discussion at this 
time. particularly in Noway. I t  is evident that an expolsion 
followed by hydrocarbon fire is one of the most dangerous 
hazards to present itself during the operation of an offshore 
installation. The ability of the passive fireproofing material to 
remain undamaged and soundly attached to the steel sub- 
strate after explosion has been addressed by actual and 
simulated explosion testing o n  both structural elements and 
firewalls by a major Norwegi;~~~ scientific institute. 

The pressure wave from an explosion causes deformation 
reverberation in the steelwork with the passive fireproofing 
material being subjected to both compressive and tensile 
load. Comparative explosion and subsequent fire tests 
conducted on vermiculite cement. magnesium oxychloride 
cement and epoxy intumescent materials have shown that the 
latter, by virtue of their superior adhesion and mechanical 
strengths. have significantly better performance in an 
explosion situation than the cementitious products. Epoxy 
materials will remain effective whilc steel substr;!tes deform 
well into thc plastic region. 

The use of wire mesh reinforcement 

Textron continue to strtmgly advocate the use of wlre mesh 
reinforcement. even with epoxy intumescent materials 
despite the exceptionally high adhesion of these product3 to 
the steel buhstrate. There arc two main reason% for the use of 
wire mesh reinforcement. Thc first is the ultim;ite adhesion to 
the fireproofing material in the firr situation. Despite having 
adhesion in excess of hMpa C'hartek, and other rpray applied 
intumescent m;cterials. ;Ire normally applied to the substr;~te 
over organlc primer systems. The major~ty of organic primer5 
rapidly lose their ;ldIiesion itnd ctihcsion at elevated tenipera- 
tures. around the 100-250°C' level. When protecting steelwork 
to a temperature of JOO°C' or possibly 550°C. it is quite 
probable to ;issunie that thc interface between the f ~ r e  
protection material and the steel will rcach the temperature 
of 200-250°C quite Ieg~timately during the period of the fire. 
Therefore. it is evident that with a weakened prime! system 
due to the higher temperature. the majority o f  adhesion that 
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Chester Conference Paper 

Satisfying the safety regulations 
by A. J. Hinton, Hinton Safety Consultants, 2a Myrtle Grove, Whitefield, Mancbester M25 7RR, UK 

Profitable research and development requires investing time 
and effort (i.e. money) in developing ideas which will be 
successful in a future market. In  particular. the successful 
marketing of a new substance or formul;~tion often depends 
on applications research to ensure that it is presented in the 
appropriate form to meet the intended market requirements 
in terms of technical effect and costlefficiency. 

Product developers must now consider, at an early stage. 
the additional cost filctors of health and safety when 
estimating product viability: previously. these have been 
rel;rtively minor costs comp;lred to the costs of research staff 
and overheads. hut the increasing volume and complexity of 
national and intern;ltl(,nal health itnd safety regulations 
means that the "regul;ltory cleer;lnce" costs ere now a 
suhstantiul part of the development hudget. 

These extra costs for new product development (Tahle 1) 
arise in a number of ways from several pieces of Icgislation. 
mainly orlginilting from EEC Directives. 

The lilrgest, and c;~lcul;~t;~ble. z~tld-on costs arise from the 
need to carry out a mandatory set of tests to satisfy the EEC 
notification requirements of directive 7YlX31/EEC1 the 6th 
Amendment to the so-c;~lled Substances Directive 
6 7 1 5 . 1 ~ 1 ~ ~ ~ ~ :  

Another cost factor arise\ from the delay which these tests 
add to the date when marketingczln commence. e.g. between 
Y and 1.5 months, depending on v;lrious factors, \uch as the 
route of exposure and the need to carry out tests additional to 
those in the Base-set. 

A third cost factor, which concerns all new preparations of 
hoth new or existlng suhstanccs, is the need under the new 
D;lngen)us Prepilr;ttion\ Dircctivc XXI37YIEE<" to ;~ssess. 
package and I;thel ;11l prcp;lr;ltions according to the 
~nstructions of t h ~ s  Directive. 

Finally. ;I difficult-to-c;~lcuI;lte cc~st factor is the cffcct of 
recent legislation on product l i ;~hilit~'-~. This affects all 
products for up to I0 years after marketing. Ohviously. 
potentially high risk (we  Equation I )  products could affect 
inrurilncc cover r;ltes in addition t ( ~  costs of providing 
pr;lcticill and ;tdequatc inform;~tion to encthle safe 
m;lnufacture. packllging, tr;lnsportion and handling. 

RISK = f,(EXPOSURE) x fz(tlAZARD) ( 1 )  

Since the cost of regulatory cle21rance testing for new 
.SII~.FINIICC'Y takes no account of the selling price of the 
substance, products which sell in small quilntitles at high 
prices have relatively lower clearance costs than large 
volume. low priced commodity chemicals. This is 
demonstrated in T;lhlc 2. 

The Base-set testing requirements are valid for substances 
which sell for up to I0 tp;~. and possihly up to 100 tpa if the 
tests show little potentiill toxicity or ecotoxicological 
problems. 

Level I tests are triggered when the selling rate exceeds 100 
tpa (500 tonnes total). or ; l t  the lowcr level of 10 tpa (100 
tonnes total) if problems arise from the Base-set results. 

Level 2 tests are required when the marketed rate exceeds 
1000 tPl (5000 tonnes totill). Thus over a million pounds 
sterling could be spent in te\ting costs for a product which 
sells at the rate of over 1000 tonnes per annum in the EEC. 
adding a potential f1.000 per tonne cost to the first years' 
sales. 

llowever. there is no legal requirement to do any tests 

1989(10) 

1 Table I 
Effects of legislation leading to additional development costs 

Added-On Development Costs 
Plus . . . . . Notrfication Tests (e.g. EEC, USA, Japan etc) 
Plus . . . Delay m Marketing (e.g. 9 to 15 months) 
Plus. . . . Costs of Complying with Dangerous Preparations 

Directive 
Plus. . , . .L~ability Costs (e.g. EEC Product L~abihty 

Directwe, UK Consumer Protection Act ere) 

Table 2 
Estimated costs of notifying a new substance in the EEC, at varlou~ 
tonnage levels 

Notifying New Substances in EEC 
Level Tonnage in EEC Approx 

Per An Total Cost £ 
Base-set < 10 <50 30,000- 

( ~ 1 0 0  400) 70,000 
Level 1 >lo0 2500 70.000- 

(310 250) 180,000 
Level 2 3 1000 35000 500,000- 

1,000,000 

Table 3 
Summary of EEC notification requirements 

New Product Development 
EINECS - listed -+ market 

not 
hsted 1 

Must Notify (791831/EEC) 
Items: Ident~ty 

Tonnages 
Uses 
Physico-chemistr 
Tox~cology 
Ecotoxicology 
User label 
Dlsposal 

Costs: £30,000 - 70,00 
Base set 
£70,000 - 1 million 
Level 112 

Delay: 9 to 15 months (or more) 

additional to those of the Base-set - the procedure is to 
inform the Competent Authority when the tonnage levels are 
reached. when the C. A. will then start a dialogue on the 
further tests required to be done; this may. of course, he 
immediately after acceptance of the Base-set dossier. 

How do you know if it is "notifiable"? Check in the 
EINECS inventory; if it's listed. it's not notifiable. Otherwise 
it is notifiable (Table 3). Some problems exist with polymers 
and these have not yet been resolved - clearly the 6th 
Amendment' requires polymers containing more than 2% of 
a new monomer to be notified. One problem arises because 
there could be an infinity of new polymers from any new 



Table 4 
A comparisc~n of the requirements of EEC, USA, and Japanese new substance notification regulations 

1. Regulation EEC 'Sixth Amendment' USA 'Prcmanufacture' Japan 'Chemical Control 
(Directive 791831lEEC) Notification for Ncw Law' as amended 1986 
Annex VII; Base Set Chemical Substances 

(TSCA, Sect~on 5) 

2 Nature of sample Techn~cal substance as Substance as Purlty YO% for all 
to be tested produced by tndustry manuf.tcturcd test\ cxccpt toxtcology 
3 Identtty- IUPAC and other names *(or CAS) 

Emplncal and structural formulae 
Purtty 
Nature of ~mpur~tiet and O/c 
Other Add~tlves 
Spectra (UV, 1R and NMR) 
Detectton and determtnatton methods 
Process descrtptton 

4. Informatiow Proposed uses 
Fteldp of appltcation, open/ 
closed sy$tems 
Productton for each use 
Number of workers ~nvolved 
-controlled by Nottfier 
-conrolled by Others 
Recommended methods-storage 
handling, tramport, fire, others 
Emereencv measures-soillaee - .  . - 
Injury to persons 

5. Physical 
Chemtstry- m.p.1b.p ) 

Relative den~sty ) 
Vapour pressure 
Surface tenston 

) 

Water solub~l~ty 
) 
) 

Fat solub~llty , , , ) 
Solvent solubd~t~es- 
ethanol, hexane, toluene 

) 
)See Note I 

acetone, n-octanol and chloroform 
Part~t~on Coefficient 

) 

(m.octanoltwater) 
) 
) 

Flash Point 
Flammabtlity 

) 

Autoflammability 
1 

Oxtdtsahtltty 
) 
) 

6. Toxsology- Acute toxtc~ty (2 routes) 
Skiin trritation 

1 
Eye lrntatlon 

) 
)see Note I 

Skln sensttisatton 
Sub-acute toxicity f28 days) 

1 
1 

Mutagentcrty.Ames ) 
uther (non-hacter~ological) ) *(In-vitro cytogenettc\) 

7. Ecotoxictty- Acute toxicity fish ) *(special protocol) 
Acute toxlnty Daphn~d )Sce Notc I 
Brodegradahrlity *(Min. BODICOD ratlo) ) *(If b~odeeradahlc 

Abiotic degradation 
Ftsh accumulation 
( ~ f  not biodegradable) 

1 
) (if LogPoIw~3, hy 

\pectil protocol) 
8 Poss~hility of rendertng the substance 
harmless-recovery/neutrdltsat~on/destruction, etc. See Note 1 
9 Est~mated cost for 
data package (Note 2) f30.1~~f70.001) fS.olM)+ f l6.ONX)-f30.(X)Il 

= Mandatory, ustng agreed protocols (Annex V of Dtrcct~ve 79-8311EEC for EEC. OECD accepted by Japan :ind USA except where 
otherwtse stated) 
Note 1 - notrfier must submit all test data as full reports In h ~ s  possessron or contml and rndtcate what may be nvatlable but not under hts 

control: EPA must declde on basts of ava~lable ~nformat~on whether the substance 'may present an unreasonable rlsk' to man; 
EPA may use SAR to estimate these risks In absence of other data. 

Note2 - rncludes admlntstratton costs of Notifier - hlgher figure 16 appropriate ~f (I) expensive routes (e.g. tnhalat~on) are necesury. (il) 
l ~ m ~ t  tests cannot be used, (~ii) addtt~onal expertrse or work IS necessary to resolve Interpretattons. (IV) new spectflc analyt~cal 
technrques need to be devised, and, In the case of Japanese law, elther the fish accumulat~on or the btodegraddbtltty tests are 
requtred 



monomer; the UK industry position, agreed with the CIA. is 
based on fully testing the extreme ends of the polymer which 
contains more than 2% of the new monomer and notifying 
these with a full Base-set - the remaining "in-between" 
polymers should also be notified, but using analogy rather 
than toxicological and ecotoxicologirxal test results, supported 
by physico-chemical data. to arrive at hazards. The monomer 
only needs to be notified if it is being marketed in its own 
right. 

The European Commission is holding meetings of 
Competent Authorities to try to resolve the whole matter. 
Some authorities are trying to raise the whole question of 
what is a polymer and if this line is adopted, it could lead to 
considerable complications. particularly with respect to what 
was not allowed to he listed in the EINECS Inventory! The 
author can only recommend that one follows the UK industry 
attitude. 

If it is notifiable. then information must be supplied on a 
number of aspects of the substance. some of which encroach 
on areas of commercial confidentiality (e.g. exact structure, 
impurities, e t ~ ) ~ .  

The delay time is composed mainly of the time to conduct 
the longest study. the 28-day exposure study. which may take 
3-4 months to prepare. conduct and report. However. this 
cannot start until an adequate supply of representative 
material is available, until space has been booked at a testing 
facility and until other acute tests have been completed; at the 
present time. hecause of the pressure of work created by the 
new regulations on industrial and agricultural chemicals. it 
may be 3 months before some laboratories camtart tests and 
6 to 9 months before the final reports are made available for 
the Notification dossier. After this. allow 60 days for 
acceptance by the Competent Authority (i.e. 2 weeks 
checking the data before the 'clock starts' on the 45 day 
mandatory period) before marketing can commence. All this 
adds up to a minimum delay of 9 months. which can spread 
into 15 months or more before the new substance or 
formulations containing it can he marketed in the EEC. 

Obviously, it makes sense to consider potential hazard 
problems which the new suhstance may exhibit. for example 
by considering structure relationships with other. similar 
products and perhaps by carrying out screening tests on the 
most likely candidate subsrances for the most critical property 
(e.g. mutagenicity, acute tox~city. skin sensitisation. etc.). 
before embarking on the full Base-set tests. Consultants in 
this area can advise. 

This, then. is a very brief summary of what has to be 
considered when developing a new substance in the EEC. 
Similar. but generally less stringent or costly. procedures 
operate before new substances can he marketed in the USA. 
Japan,  Australia. Canada. Scandinavia. Austria o r  
~witzerland' (Table 4). 

But a lot of innovation occurs through formulating existing 
substances into new products for specialised applications. e.g. 
compatibility with paints, emulsions. solvents. water etc.. 
stability under specific storage. weather conditions etc (North 
Sea oil). The latest all-embracing regulation which lays down 
the procedure for assessing the safety of such products is the 
Dangerous Preparations Directive. Council Directive 
881379/EEC. (Table 5) highlights its main areas. 

After much consultation and deliberation over many years. 
the Council Directive on the approximation of the laws. 
regulations and administrzltive provisions relating to the 
classification. packaging and labelling of dangerous 
preparations was adopted on 7 June 1988 .'. It must be 
enforced by Member States by ttor Irter than 7 June 1991. 

The most important aspect of this Directive as far as the 
paint industry is concerned is that it repeals the Solvents 
Directive5nd the Paints. etc. Directive". However, by way 
of derogation, preparations classified. labelled and packaged 



substance is listed there; otherwise (and this refers to the 
majority of substances and. therefore. preparations) 
concentration limits must he assigned to each component 
substance by a method descrlhed in Annex I to the new 
Directive (Article 3. and Annex I).  For example. a 
preparation containing more than 7% of ;I substance 
classified as "very toxic" which carried any of the risk Phrases 
R26. R27. R2X would be itself classified as "very toxic" and 
would carry the same R phrases; if it contained between 1%. 
and 7%. it would be classified as "toxic" and the R phrase 
(R23. R24 or R25) appropriate to the route would be used: if 
it contained between 0.1% and 1%. it would be "harmful": 
and if it had less than 0.1% it would not be classified as 
dangerous. 

(c) Preparations which contain substances being notified 
under 7YIX311EEC1. end hence labelled "Caution - 
substance not yet fully tested", must carry a label "Caution 
-this preparation contains a substance not yet fully tested", 
in addition to any other warnings arising from any known 
hazards of the preparation (Article 3.5). 

(d) (Article 3.h) Unless otherwise specified in the Annex I 
to h71S4XlEEC2, no account needs to be taken of impurities or 
additives if they are: 

Toxic or very toxic, present at < 0.1'2. 
Harmful, corrosive or irritant. present at < I%. 

(e) Preparations containing known respiratory or skin 
sensitisers at 1%. or higher. levels must carry the appropriate 
warnings and risk phrases (Harmful. R42 for respiratory: 
Irr~tant, R43. for skin) and must carry the name of the 
scnsitiser on the label (Article 7(c)(ii) and Annex I ,  Table 
V). 

8. Member States may request information from the 
manufacturer on the composition and "any other pertinent 
information". if they have information to doubt compliance 
with this directive (Article 5 ) .  Therefore, this requires that 
the  manufacturer should hold information on the 
classification and labelling of his preparations "at the disposal 
of the authorities of the Member States". 
9. Requirements for tactile warnings and child-resistent 

fastenings apply to certain categories of dangerous chemicals. 
yet to he defined. Containers sold to the general public must 
not be of ;I shape or type to arouse the "active interest of 
children or to mislead customers" or be confused with 
foodstuffs. cosmetics or medicines (Article 6). 

10. In brief. the information on the label must clearly show 
(Article 7): 

(a) The trade name. 
(b )  the nameladdress-telephone number of person 

responsible for placing it on the market in the EEC. 
(c) If the preparation is classified as Very Toxic, Toxic. 

Harmful or Corrosive. the chemical names of the Very Toxic. 
Toxic. Harmful and Corrosive (R35) or (R34) substances 
must be mentioned if present at > of =O.IB. 3%3. 2S%, I%, 
(R35) or 5% (R34). respectively. 

(d) Four names are considered sufficient. but preparations 
which are mutagenic, ci~rcinogen~c. teratogenic. sensitising. 
or produce irreversible effects (R39.40) or serious damage on 
prolonged exposure (R4X) must name the substances 
involved: i.e. the names of these substances take priority. 
presumably even if they are not responsible for the major 
dangers of the preparation. 

(e) The symbols of danger, with the following priorities: 
Toxic. makes Corrosive and Harmful optional 
Corrosive, makes Ilarmful optional 
(Harmful. makes Irritant optional) 
Explosive. makes Fiammable and Oxidisable 
optional 

(f) The appropriate Risk and Safety phrases for all the 
principal dangers of the preparation - a maximum of four of 

(g) Any special provisions in Annex I1 relat~ng to 
preparations sold to the general public, preparations 
containing lead. or cy;~no;lcrylates. or isocyanntes or epoxy 
resins, or preparations used for spraying. 

I I. The size of the Iilbel. the dimension(s) of the symbol(s) 
and the colour and presentation are given in Article X - this 
follows the same lines ;IS the labelling of substances. 

12. This Directive also contains ;I provision requiring 
Member States to take "the measures necessary to implement 
a system of specific inform;~tion (in safety-data sheet form) 
relating to dangerous preparations" . . . within three years of 
the adoption of this Directive. i.e, by 7 June 1991. 

The final area which is brlefly mentioned is the Product 
Liability Directive4. which came Into force in the UK In 
March 19x8 in the form of the Consumer Protection Act 
(Table 6). 

This regulation m;~kes the supplier - and this means 
anyone in the chain of supply to the user - responsible for 
any defect which 1e;lds to dilmilge tc~ property or person. for 
up to ten years after marketing. 

Table 6 
Summary of product liability requirements 

Consumer Protection Act 1987 
(Incorporating Product Liability Directive 85-374-EEC) 

Supplier (any in the cham) responsible for any Defect, which 
leads to damage to person or property, for up to 10 years after 
marketing. 
A Defect exists if safety is not what one would be entitled to 
expect, taking account of manner of marketing, warnings 
given, time ~t was supplied and purpose to which product 
might be expected reasonably to be put. 
("Development risks" defence-ln UK, can argue that 
defect could not have been foreseen bv those familiar with the 
art) 

A "Defect'. is considered to exist if safety is not what one 
would he entitled to expect, taking into account the manner 
of the marketing. the wllrnings glven. the time it was supplied 
and the purpose to which the product might be expected 
reasonably to be put. 

In the U K  Act there exists what is called ;I "development 
risks" defence. i.e. it i \  ;I defence. if it caln be argued that the 
defect could not have heen foreseen hy those familiar with the 
art at the time it was mz~rketcd. Hclwever. this defence is 
unlikely to carry any weight in Europe since it is a bone of 
contention with some other Member States. 

A suhstancc or preparation with high human or 
environmental hazards risks represents not only the 
possibility of a higher insurance pruniium but also requlres 
higher financial investment in terms c~f engineering controls. 
worker protection and training for its safe manufacture and 
for its safe packaging. storage. transport and use by 
customers. 

This then summarises the major new factors which affect 
the planning of new chemickll products and which must he 
considered at varlous stages during the development of a new 
substance or preparation For his own and others health and 
safety and for the success of the products which he develops. 
the Research Chemist can no longer work in isolation and 
remain ignorant of these external f;lctora. 
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FORMALDEHYDE FROM SYNTHITE 
Is your process missingsomething? 
Formaldehyde is  used i n  many applications-as an 
additive co-reactant, or primary active ingredient. 
I t  could be the key to your process. 
Why not contact us to discuss your requirements? 

Largest formaldehyde supplier in  the UK. 
Two manufacturingsitesensure reliable service. 
Unparallelled product range. 
Expert technical advice and backup.  
A member o f  the Tennant Group (est 1797). 

SYNTHITE LTD 
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WEST RKOMWICH. 
WEST MIDLANDS. 
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Tel: 02 1-557-2245 
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Please forward ...................... copyl~es of the Rauch Guide 
to the US Paint Industry at f 110 per copy (inc. p&pl. 

I enclose a cheque for E. ............... made payable to OCCA 

Name ............................................................ 

Address ....................................................... 

centration is well below 
safe limits? 

If not you need one of 
our solvent vapour 
detectors! 

Solvector 
Battery operated portable instrument for 
COSHH assessments and optimisation of 
ventilation. 

Droela 
Fixed installation monitor with printout 
for COSHH records. 
Both instruments feature: 

Photo-ionisation detector developed and 
manufactured in the UK. 
1 Second Response. 
High Sensitivity down to a01 parts 
per million. 
Option for addition of GC system to give 
unique specific response for one solvent 
in the presence of others. 
Commercially viable prices. Not 
expensive imported high-tech. 

Cavendish 
Applied Technology 

1 Unit 24 Clifton Road 
Cambridge 
CB1 4ZD 
Telephone (0223) 210105 

Enter 310.5 on Redder Reply Curd 
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Addendum 

The first part of my paper deals with the requirements, and 
the consequential problems, involved in notifying new 
substances, particularly in the EEC. I have also mentioned 
the Product Liability Directive and the latest, and all- 
important Directive (the so-called Dangerous Preparations 
Directive), dealing with how preparations (as opposed to 
substances) must be assessed and classified for hazards, and 
labelled and packaged accordingly. This affects everyone who 
sells chemicals in the EEC, and must be enforced by 7 June 
1991, at the latest. 

The future - Proposed changes 

Nothing stands still for long in this area and there are 
several new published proposed Directives covering worker 
safety and health currently under consideration by European 
Parliament and the Economic and Social Committee. 

H ~ ~ ~ ~ ~ ~ ,  it is worthwhile spending a few moments 
considering the proposed changes to new substance 
notification requirements, which are likely to be published 
shortly as the proposed 7th amendment to the so-called 
Substances Directive - you will remember that the 6th 
amendment laid down the current notification procedures in 
1979. Since then, experience has revealed problems in some 
areas, mainly owing to lack of harmonisation in the 
interpretation of the regulations by different Member States. 
The 7th amendment aims at more harmonisation, but not 
without extra cost to the chemical innovators and not in all 
the areas of problem to them. 

The tables compare the main changes 
which are proposed in the draft 7th amendment: 
Table 7 - Currently, exports of new substances are exempt 
from notification requirements and the proposal to require 

Table 7 
Of 6th Amendment and pro@ Amendment 

6TH AMENDMENT P R O P O S E D  
7 T H AMENDMENT 

EXPORT - Exempt MUST be Notified 
IDENTITY NO CHANGE 
INFORMATION PLUS - Production process 

data 
Exposure (Production) 
User process 
Exposure (Users) 
FormlConc'n as  marketed 
Packaging 

PHYS - CHEM LESS - Surface tension 
PLUS - Flam reaction with 
water 
Pyrophoric properties 

TOXICOLOGY PLUS - Teratology 
screen 

ECOTOXICITY PLUS - Algal inhibition 
Hydrolysis and photodegn (if 
not biodeg) 
Adsorptionldesorption 

OTHERS , PLUS - safety Data Sheet 

them to be notified raises a considerable bone of contention 
with industry; the feeling is that this is an unnecessary 
interference with trade. The proposals require the notifier to 
give information on his customers processes and exposure; 
how can the seller be expected to know this? 

A new teratology pre-screen is proposed, but, even 
assuming its need at Base-set level, how can it be conduaed 
when no test methods have yet been agreed? The proposals 
include the requirement to provide a safety data sheet with 
Base-set notification. 
Table 8 - The proposals require that the new substance 
cannot be marketed earlier than 60 days "after receipt of the 
notification by the Authority". The present regulations 
require the dossier to be submitted "at the latest 45 days 
before the substance is placed on the market . . . ". Since 
some authorities take a considerable time to decide that the 
information is complete, before actually starting the "45 day 
clock", the new proposals are likely to encourage even 
greater delays! The proposal to label all existing substances 
which have not been tested to Base-set requirements (i.e. the 
majority) with "Provisional label" is strongly opposed as 
negative and unhelpful. 

Table 8 
Comparison of 6th Amendment and proposed 7th Amendment 

MARKETING DELAY 

6TH AMENDMENT 
"TO submit. . . to the C.A. . . . at the latest 45 DAYS BEFORE 

~ $ ~ ~ ~ ~ ~ ~ ~ l ~ ~ ~ { ~ ~ $ ~ . f . k e t  ' ' '" 

"Not earlier than 60 DAYS A E R  the date of receipt of the 
Notification by the Authority 

~ ~ ~ ~ ~ ! ! $ ~ ~ ~ ~ { ~ M E N T  
Until fully teaed, to be labelled "Provisional label" 

~ ~ b l ~  9 - return for supplying a considerable amount of 
mandatory informat ion,  the procedure for Limited 
A~~~~~~~~~~~~ of less then 1 tonne/annum is improved by 
having to notify only in the country of manufacture. or (for 
non-EEC manufacturers) where the importing agent is 
established. At present, information must be presented 
separately, and in differen1 amounts. to each Member State 
where marketing takes place. At present, no delay time is 
specified, but it can be very considerable; the new proposals 
specify that marketing can commence 15 days after receipt of 
the information by the Authority, "subject to any conditions 
which may subsequently be imposed by the authority - it is 
to be hoped that htis sentence is not interpreted with the same 
liberality used by some authorities to interpret the sentence 
"and complies with any conditions imposed by those 
authorities", which is the main cause of delays and 
disharmony under the present regulations. 

Table 9 
Comparison of 6th Amendment and proposed 7th Amendment 

"LIMITED ANNOUNCEMENTS" 
I.E. REDUCED LEVEL NOTIFICATIONS 

6TH AMENDMENT 
LESS THAN 1 TONNENEAR RATE 
"Identity, Labelling data and Quantity and "Any conditions imposed 
by" the Authorities - In EACH Member State where marketed. 
MARKETING DELAY - UNCERTAIN? 

PROPOSED 7TH AMENDMENT 
LESS THAN 1 TONNENEAR RATE 
Identity information on the Substance (35 items) PLUS M.Pt B.Pt 
Water sol., Polw, Flash Point, Flammability,  cute ~oxicit);. ski; 
and Eye Irritation, Skin sensitisation, Ames and Biotic 
degradation - To THE Member State where manufactured, or 
where importin Notifier is established. 
MARKETING%ELAY - 15 DAYS 



Table 10 - The proposals for R&D Limited Announcement 
of more than I tonne for one year only have not been 
harmonised and must contlnue to be made to each Member 
State where the product is offered. The acceptance time 
proposed is 15 days. 

Table 10 
Comparison of 6th Amendment and proposed 7th Amendment 

"LIMITED ANNOUNCEMENTS" CONTINUED I .E.  
REDUCED LEVEL NOTIFICATIONS 
6TH AMENDMENT 

MORE THAN 1 TONNE IN 1 YEAR - 
"RESEARCH & DEVELOPMENT STAGE 
"Ident~ty, Labelling data and Quant~ty"; Assurance that only 
customers' staff uslng under controlled cond~tions and "Any 
cond~t~ons imoosed bv" the Authorit~es -In EACH Member State 
where marketed. ' 
MARKETING DELAY - UNCERTAIN?? 

PROPOSED 7TH AMENDMENT 
MORE THAN 1 TONNE IN I YEAR 

"PROCESS ORIENTATED R&D.': 
As for 6th Amendment, PLUS Just~fication for Research, List of 
customers - In EACH Member State where marketed. 
MARKETING DELAY - 15 DAYS 

Table I l  - A new category of Limited Announcement of 
less than 100kgiannum is introduced. 35 items of information. 
including the acute oral toxicity. are required to be notified to 
the Member State where manufacturedor where the importer 
is established; the delay time, after receipt and before 
marketing. is proposed at 15 days. 

Table 11 
Comparison of 6th Amendment and proposed 7th Amendment 

L1MITE.D ANNOUNCEMENTS' CONTINUED 1.E.REDUCED 
LEVEL NOTIFICATIONS 

PROPOSED 7TH AMENDMENT LESS THAN IOOKGNEAR 
Identity, Information on the Substance (35 items); Physicat state, 
Flash point, Flammability and acute toxicity - To THE Member 
State where manufactured. or where ~mporting Not~fier is 
established. 
MARKETING DELAY - 15 DAYS 

IN ALL CASES, LABEL - 
CAUTION - SUBSTANCE NOT YET FULLY TESTED 

Table I2 - Three low quantity exemptions cover (a) less 
than 1 tonneiannum "intended solely for laboratories" (ie 
laboratory chemicals?). (b) less than 100 kg/annum "for 
scientific R&D under controlled conditions in the laboratory" 
and (c) less than 10 kgiannum. No conditions are proposed 
for (a) and (c), but for (b) written records of identity. 
quantities and customers must be kept and made available to 
each Member State authority "upon request". To be eligible, 
these substances must not he "very toxic" or "toxic" under 
EEC rules. 

Finally, a new symbol is proposed to cover the classification 
"dangerous for the environment". Criteria for classifying 
substances under this symbol have not yet been officially 
published, but are expected soon. 

As you can imagine. these proposals have been subject to 
considerable discussion between authorities and chemical 
groups before reaching this stage. They must still he subject 
to further debate by the Economic and Social Committee and 
the European Parliament. after publication in the Official 
Journal. These proposals are, therefore. unlikely to be in 
force before 1992. 

Table 12 
Comparison of 6th Amendment and proposed 7th Amendment 

-. 
[brew, <,I r r l ,  lorrriiza~~0 fioi~i pJOI 
13. Bellenger. V. and Verdu. J. J .  Appl. Polym. Sc. 1983.28, 

2677 . . 
14. Schweinsberg. D.  P. and George. G .  A , .  "A 

Chemiluminescence Study of the Properties and 
Degradation of Epoxy Resins as Coatings". Corrosion 
Science. 1986. 26(5), 331. 

15. Jeandrau. J. P.. "Investigation into the Effect of Surface 
Treatment on the Wettability and the Bondability of Low 
Surface Energy Materials". Adhesive Joints, Formation. 
Characteristics and Testing. Ex. Mittal. K. L.. Plenum 
Press. New York, 1984, 121. 
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the fire protection system has is through its mesh system 
which has to be thoroughly mechanically attached. 

The second purpose for wire mesh reinforcement is to 
reduce the considerable difference in expansion and contrac- 
tion between epoxy intumescent and substrate steel. With a 
thick film epoxy system. the expansion and contraction 
differences are considerable and place a very high shear stress 
on the interface between the epoxy intumescent. primer and 
substrate steel. Our own tests have shown that wire mesh 
reinforcement mechanically attached to the substrate 
significantly reduces shear stress. Tests have also shown that 
thick film epoxy materials applied without mesh and sub- 
jected to accelerated temperature cycling will eventually lose 
their bond to the substrate. 

The future for epoxy intumescent products offshore 
As a manufacturer we are seeing an encouraging increase 

in the use of epoxy intumescent fire protection for offshore 
structures. The benefits of these materials are becoming to be 
recognised by operators who can see the advantages both in 
the construction and operation of platforms. The market 
itself, however. has limited growth potential because of the 
phasing of offshore developments. 

Textron Speciality Materials have recently launched an 
improved version of Chartek 59 known as Chartek 111. This 
material has significant improvements in terms of thermal 
performance. This is shown by the much reduced coating 
thickness in comparison with competitive epoxy intumescent 
products for hydrocarbon fire protection of structural steel- 
work. 

The way forward for epoxy intumescents will be for further 
improvements in their thermal efficiency and, therefore. 
weight when applied to a structure whilst still maintaining the 
significant benefits afforded by them as they are now 
presented. Textron Speciality Materials intend to continue to 
be at the forefront of epoxy intumescent technology. W 
Paper from OOCAIPRA Symposium. 'Surface Coatings in Fire 
Protection', March 1989 
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The preparation of films from aqueous solutions 
of polyelectrolytes 

by E. A. Wssson, H. M. Anstice* and  J. W. Nicholson, Materials Technology Group, Laboratory ,of the  
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Abstract 

Theabilityofwaterbornecoatingstoformadequatefilmson 
practical substrates is important for the satisfactory 
deployment of such coatings. In the present study, designed to 
model film spreading by aqueous polyelectrolyte solutions, 
polymers and copolymers of acrylic acid were used to prepare 
films on various metal substrates. Solutions of poly(acry1ic 
acid) a t  various degrees of neutralisation were studied 
extensively, and the  concept of critical degree of 
neutralisation, a=, developed. This value represents the 
highest degree of neutralisation a t  which acceptable films 
could he formed. The value of cu, was found to depend on 
polymer molar mass, nature of the nentralising species, and to 
a slight extent, film thickness and temperature. The use of 
surfactant to aid film spreading presented problems, since at 
certain degrees of neutralisation the whole system became 
cloudy; such cloudy systems were found not to form films. 
Finally, it was found that increasing the degree of 
neutralisation in a butyl acrylatelacrylic acid copolymer also 
led to poor film formation, so that the concept of a critical 
degree of neutralisation appeared to apply to these systems 
too. 

Introduction 

Since the introduction in Los Angeles of the now-famous 
"Rule 66" in 1966, aimed at reducing the emissions of organic 
solvents, a great deal of interest has been shown in the 
development of waterborne coatings',2. These coatings are 
advantageous because water is ecologically acceptable and 
readily available in the industrialised regions of the world. 

Typically polymers for use in waterborne coatings are made 
soluble or dispersible in water through the presence of polar 
groups within the macromoleculez. These polar groups are 
usually carboxylic acids or amines, and solubility or 
dispersibility of the  polymer is improved by their 
neutralisation. Whether neutralised or not, the presence of 
ionogenic functional groups in the polymers used for these 
coatings means that they can be considered to be dilute 
polyelectrolyte$. There is no authoritative definition of the 
term "polyelectrolyte", but they are usually considered to be 
those polymers carrying a high density of ionic functional 
groups4. The fact, though, that waterborne resins will migrate 
between electrodes under the influence of a potential 
difference in aqueous solution, and hence can be used in the 
technical process of electrocoating, means that they must be 
considered to be some sort of polyelectrolyte. 

Despite the importance of the process of film spreading to 
the successful application of waterborne coatings, the factors 
influencing the spreading of polyelectrolyte solutions have 
received very little attention. However, Myers and his co- 
workers have studied film spreading in such a system. using 
aqueous solutions of poly(acry1ic acid) at different degrees of 
ne~tralisation~.~. with fused quartz as the substrate. They 
considered poly(acrylic acid) to be an acceptable model for 
polyelectrolyte-based coatingsh, and studied the kinetics of 
drying of 100 pm thick films and the variation in water 
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retention with degree of neutralisation. They found that with 
increasing degree of neutralisation, a, there was an increased 
amount of water retained in the film. as well as a 
corresponding reduction in the rate of drying5.". In addition. 
as the film changed from the liquid to the solid state, so the 
rate of drying was found to slow down. Then, once in the 
solid state, the rate of drying appeared to be influenced by the 
size of the metal counterion, lar e ionic radius being ! .  associated with slower rate of drying-. T h ~ s  effect was found 
to be even more pronounced when organic amines were used. 
and films containing them as neutralising agents remained 
tacky for Up to 4 hours after spreading, whereas films 
containing metal ions were touch dry after only one hour. 

These findings by Myers n a1 contrast in an important 
respect with more recent work of Nicholson er a17" on the 
preparation of coatings from partially neutralised poly(acry1ic 
acid). These latter papers emphasise the novel cure chemistry 
that can be facilitated by the presence of a small proportion of 
sodium carboxylate groups (5-10% of total carboxylate) 
within the polymer. This chemistry consists of anhydride 
formation by the free acid groups at elevated temperatures. 
followed by decarboxylation to yield keto crosslinks. and the 
various publications describe the process and give data on the 
properties of the resulting coatings. In passing, however. 
Nicholson er a1 have noted that film spreading is impeded by 
excessive neutralisation. and that at levels of sodium 
carboxylate of 25% or above, films as such do not form. 
Instead, on removal from the staving oven, substrates were 
found to be mainly free of any coating, and to have on them a 
few isolated globules of polymer which had clearly reticulated 
severelyx. 

The conditions for film spreading used by Nicholson el ul 
varied in three ways from those used by Myers et al. Firstly. 
films were extremely thin (approx 5 pm. compared with 100 
pm); secondly. realistic substrates were used, i.e. aluminium 
and tinplate rather than fused quartz. Finally, a trace of 
commercially available non-ionic surfactant was added to 
each formulation to aid film spreading. By contrast. in the 
latter studies, no surfactant had been necessary. since films 
could be spread readily on the fused quartz substrate 
employed. 

The present study was undertaken in order to examine 
which of these differences were significant in influencing film 
spreading, and to resolve the apparent disagreement between 
the two sets of work. The study has consisted of an extensive 
examination of film formation by aqueous solutions of 
partially neutralised poly(acrylic acid) and more limited 
studies of systems that incorporate surfactant. andlor contain 
an acrylic acid copolymer as the principal film former. The 
work with partially neutralised poly(acrylic acid) solutions 
was designed to establish the influence of molar mass, film 
thickness. temperature and nature of the counterion on film 
spreading. whilst the studies with systems containing 
surfactant andlor copolymers were aimed at extending initial 
findings to coatings systems of greater practical importance. 



Materials and methods 

Poly(acrylic acid) [ex Allied Colloids. Bradford, 
Yorkshirel samples of differing molar mass were partially 
neutralised w ~ t h  LiOH, NaOH. KOH, morpholine or 
ethanolamine. The neutralising agents were generally of 
Analytical Reagent Grade. Solutions were prepared at varying 
degrees of neutralisation and at solids concentrations 
equivalent to 15% PAA. 

T h e  p r e p a r e d  s o l u t i o n s  w e r e  c o a t e d  o n t o  
"AlodyneM-treated aluminium panels [ex Q-Panel Co., 
Salford. Greater Manchester] using a wire-wound K-hand 
coater [ex RK Print-Coat Instruments Ltd.. Royston, Herts]. 
This substrate was used hecause, at certain degrees of 
neutralisation. films remained spread on it without any 
surfactant being incorportated into the wet formulation. 

For studies of the effect of surfactant. one drop of Triton 
X-114, a non-ionic surfactant [ex. BDH, Poole) was 
incorporated into the solution and films were spread on 
untreated aluminium. 

For studies with copolymers. an acrylic acidlbutyl acrylate 
copolymer (11% acrylic acid : 89% butyl acrylate diluted to 
15% solids) was used. This was in the form of a latex. but 
became soluble on neutralisation with sodium hydroxide 
solution. Formation of films from this polymer was attempted 
on tinplate and untreated aluminium using the 6 pm K-Bar. 

The coated panels were dried in air for at least one hour 
before being assessed visually for coating quality. Films 
appeared either apparently perfect. or clearly defective. In 
the latter case. imperfections showed up as craters of 
uncovered substrate or as receding away from the edge of the 
panels ("crawling"). 

In order to determine what factors affected substrate 
wetting by partially neutralised poly(acrylic acid), the 
following parameters were var~ed. 

I. Degree of neutralisation (a): this was varied between 0- 
100% in 5% increments. The critical degree of neutralistion 
((u,) was defined as the highest degree of neutralisation at 
which a perfect coating could be obtained. All other 
parameters were assessed in terms of the effect they had on 
a,. 

2. Neutralising agent: The neutralising agents used were 
LiOH. NaOH. KOll, morpholine and ethanolamine. 

3. Molar mass of poly(acrylic acid): Four different samples 
of poly(acrylic acid) were used. having different molar masses 
and polydispenities, as shown in Table 1. 

Table 1 
Molar masses of poly(acrylic acid) used." 

Poly(acrylic acid) sample' M" M w  M&f, 
E5 7300 11500 1.58 

E9 40400 114000 2.82 
E l l  112000 383000 3.42 

(' ex Allied Colloids, Bradford). 

4. Film thickness: In these studies a standard wet film 
thickness of 6 pm was used, as determined by the choice of K- 
Bar used for film spreading. To determine the effect of 
thickness on spreading. Films were also prepared at 24 pm 
and 50 pm. 

5. Temperature: The above studies were all conducted at 
room temperature, which varied from 20.OoC to 24.5"C. In 
order to determine the effect of temperature on film 
formation the plate, solution and pipette were heated to 
30°C. 40°C or 50°C before spreading the coating. In addition, 
a further set was cooled at 6°C. Two solutions were 
examined, namely 60% and 70% neutralised sodium 

polyacrylate (sample "E7"; see Table 1). Coatings were 
applied at 6 pm film thickness. 

Results and discussion 

The results of this investigation are detailed in Tables 2 to 
4. Table 2 illustrates the method by which cu, was determined 
from a typical series of film spreading experiments. 
Table 2 
The determination of a, value for sodium neutralised poly(acrylic 
acid) on Alodyne-treated aluminium. 

Table 3 
Eff~ect of molar mass and nentralising agent on a. values for E7 
poly(acrylic acid) on alodyne-treated aluminium. 

rable  4 
Effect of film thickness on ac for E7 pdy(acrylic acid) on Alodyne- 
treated aluminium. 

5 .  This shows that the higher values were obtained for those 
'ilms containing the metal ions, though there was no clear 



trend in the values going down Group I of the Periodic Table 
from lithium to potassium. Large ions would be expected to 
restrict polymer chain motions to the greatest extent, and this 
in turn would be expected to increase solution viscosity and 
thus inhibit the development of imperfections in spread films. 
Hence it might have been expected that a, would increase 
down the Group. This means that lithium seems to be 
exhibiting anomalous behaviour, probably due to the site 
binding of the metal ions. This site binding behaviour is 
known to be exhibited only by lithium amongst the Group I 
 metal^^".^', and would be expected to alter the net charge on 
the macromolecule, and in turn lead to the anomalous value 
of cu, observed. 

Within the limits of molar mass studied, ac was found to 
rise sharply before reaching a plateau at high molar mass 
(see Figure 1). The fact that high molar mass solutions 

. remained spread was probably due to the greater viscosity. 
As mentioned previously, development of imperfections 
would be expected to be favoured in those films that remain 
relatively mobile, and so therefore these findings are consis- 
tant with such an expansion. 

Film thickness appeared to have only a marginal effect on 
cu, which decreases slightly with increasing film thickness (see 
Table 4). This was probably due to the fact that thicker films 
take longer to dry out, and so retain their mobility for longer 
than thinner ones. This allows imperfections to develop as the 
wet film flows away from certain areas of the substrate. 
Hence the fact that Myers and his co-worker$.' used thick 
films was not the reason that they were able to form films at 
all values of a up to 100%. Instead their use of a very 
different substrate, fused quartz, was almost certainly the 
reason for their success with this aqueous system. 

As with film thickness the effect of temperature appeared 
to be minimal. At temperatures above ambient there was no 
detectable change in film spreading ability. Below ambient 
however the film quality deteriorated and cu, dropped to 45% 

for the system examined. i.e. sodium neutralised E7 
poly(acrylic acid). 

The effect of surfactant was examined by adding one drop 
of Triton X-114 to 10 ml samples of aqueous formulations of 
partially neutralised poly(acrylic acid). Films were then 
spread at hpm using these formulations onto untreated 
aluminium panels. Critical degree of neutralisation values 
were established for each counterion employed. as shown in 
table 5, and these were compared with the cloud point for 
each solution. 

Table 5 
a, and cloud point values for partially neutralised E7 poly(acry1ic 
acid) on untreated aluminium using Triton X-114 as surfactant. 

Neutralising 
agent uc(%) Cloud point (%) 
LiOH 45 150 
NaOH 30 30 
KOH 25 30 
Morpholine 15 20 
Ethanolamine 25 30 

For adequate film spreading on this substrate. it can be 
seen that cu, correlates with the cloud point. regardless of 
which counterion is used. In this case, it seems that the main 
influence on film spreading is the effectiveness of surfactant. 
which clearly deteriorates as the surfactant ceases to be 
miscible with the aqueous phase. This development of 
cloudiness is a well-known phenomenon with surfactants. and 
is an example of "salting-out" by adding an electrolyte to 
alter the solvating action of water4. 

Finally, films were prepared on tinplate and aluminium 
using aqueous solutions of partially neutralised acrylic 
acidlbutyl acrylate copolymer, with non-ionic surfactant 

Figure 1 
Critical degree of neutralisation (ac) v. molecular weight (M,,) for partially neutralised poly(acrylic acid) in water on Alodyne-treated 
aluminium. [Neutralised by: K+, Na+, Li+, morpholine and ethanolaminel. 



present. Once again. as shown by the results in Table 6, there 
was a limit of neutralisation above which satisfactory films 
could not be spread. Since these systems were already cloudy, 
it was not possible to determine whether or not the values of 
a, found corresponded to the limit of surfactant 
effectiveness, as previously. However. the fact that an 
essentially similar phenomenon was observed for this latter 
system indicates that the problem of substrate wetting at 
higher degrees of neutralisation is a general one for aqueous 
coatings based on polyelectrolytes. 

Table 6 
a, values for partially neutralised acrylic acidlhutyl acrylate 
copolymer with non-ionic surfactant on different substrates. 

cu, (% on a, (% of 
Counterion copolymer mass) and groups) Substrate 

~ a :  5 82.4 Tinplate 
Na 5 82.4 Untreated 

aluminium 

Conclusions 

This study has confirmed the observation that where 
metal. as opposed to fused quartz. substrates are used 
partially neutralised poly(acrylic acid) can be spread as films 
only up to a certain point, defined as the critical degree of 
neutralisation. In addition to the nature of the substrate. the 
critical degree of neutralisation has been found to depend 
upon (i) the choice of counterion. (ii) the molar mass of the 
polymer. and to slight extents, (iii) the thickness of the wet 
film and (iv) the temperature at which films are spread. 
Where surfactant was present. its effectiveness was also found 
to depend upon the extent of neutralisation, with higher 
values leading to phase separation, and causing the surfactant 
to cease to function as a wetting agent. Finally. experiments 
with the copolymer electrolyte acrylic acidlbutyl acrylate 
showed that it, too, exhibited problems of unsatisfactory film 
spreading at higher degrees of neutralisation. 
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Transvaal Section: ERNIl 

O n  21 June the Section was addressed by Ms 
Cherylynn Wilson and Mr Mike Boulanger of the firm 
ERNII (Electronic Reference Network for Industrial 
Information). 

ERN11 is a computerised database designed to assist 
users to obtain information and to  update their product 
and service data. Access to ERNIl is via Beltel. The 
system saves time and allows direct communications 
between users and suppliers. Security features are 
incorporated to protect the confidentiality of all 
information. 

The system offers search facilities for information on 
companies products, services and brand names. 
Enquiries, quotations, orders and messages can be sent 
and received at  any time. 

ERNII offers a tender bulletin for the major state 1 and parastatal institutions. Tender details are instantly 
available t o  the supplier and may be selected by 
product category. 

After a presentation by Mr Boulanger of the facilities 
offered by ERN11 a practical demonstration of the ease 
and versatility of the system was given hy Ms Wilson. 

After an active question and answer session the vote 
of thanks proposed by Mr Peter Quorn was heartily 
endorsed by the 21 members and 4 guests. 

R. E. Cromartv . 
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