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OCCA CONFERENCE 1989 
on 

"Profitable Research and 
Development' ' 

will be held 

in the 

Chester Cathedral R~ver Dee 

ancient %oman Citp of 
Cberster 

based at the Duke of Westminster's 

Chester Grosvenor Hotel 
on 

21 - 24 June 1989 

For participation in the Mini-Exhibition contact Priory House 

For further information see the regular conference column in this 
issue on page 345. 



News 

SBPIM forecast price increase for 
UVIEB inks and varnishes 

T'he Society of British Printing 
Ink Manufacturers Ltd report that a 
series of explosions during the last 
nine months at factories making 
acrylic acid has resulted in a serious 
shortage of this key material 
needed to produce the acrylates 
which are the basis of the 
monomers and polymers used in 
radiation curing products. There 
was already a shortage caused by an 
increased demand for chemicals 
based on acrylic acid and, as a result 
of these explosions. suppliers have 
now increased their prices with little 
prior warning to users. In order to 
ensure the continued supply of their 
UVIEB inks. varnishes and coatings 
to customers, printing ink 
manufacturers have little choice but 
to accept the increased cost of this 
vital raw material. This will 
inevitably mean that the prices of 
the inks and other products affected 
will also have to go up. 

Magnesium Elektron boosts 
Zirconia production 

Magnesium Elektron Ltd 
(MEL). the world's major producer 
of high purity zirconia and 
zirconium chemicals. is spending 
US$30 million on modernisation ant 
expansion of production facilities at 
Manchester in the United Kingdom 
and Flemington. New Jersey. in the 
USA. MEL. a division of Alcan 
Chemicals. has been manufacturing 
these materials for forty years. The 
combined capacity of the two 
plants, which is several thousand 
tonnes a year, will be increased by a 
third. At the Manchester plant the 
necessary planning consents have 
been obtained. the main contractor 
Courtaulds Engineering. has been 
appointed and site work started. At 
the New Jersey plant. work is 
already well advanced 
implementing a process 
improvement plan which will 
increase production capacity. 

Graco Korean deal 

International fluids handling and 
finishing specialist Graco have been 

swarded contracts worth £3.7 
million by KIA Motors 
Corporation. Korea. The contracts 
rre for the purchase and installation 
of a complete paint circulating 
system and a robotic finishing 
system at the KIA plant being built 
In Asan, 100 miles south of Seoul. 
Design and installation of the paint 
circulating system is being handled 
by Graco's Japanese subsidiary, 
Nihon Gray K.K. 

rioxide establishes Japanese 
subsidiary 

xoxide Group PLC, international 
titanium dioxide producer, has 
established a wholly owned 
subsidiary, Tioxide Japan K.K. 
This company with its own 
marketing and technical staff will 
develop a closer relationship with 
all its customers in Japan and 
provide a more integrated service. 
The Directors of the subsidiary will 
comprise: Messrs S. W. Elliott 
(Managing), D. M. Callow, J. R. 
Moody, J .  R. Precious and E. 
Turton. Tioxide Japan K.K. will be 
capitalised at yen 95 million and 
based in Kobe. 

PPG acquires Grow Group Inc 

PPG have announced that the 
Grow Group will merge with a 
wholly-owned subsidiary of PPG. 
New York City-based Grow Group 
is a leading manufacturer of trade 
paints and chemical coatings, with 
annual sales of more than $380 
million. PPG Chairman Vincent A. 
Sarni said the transaction "will 
complement and strengthen the 
business of each entity. Grow 
Group will fit exceptionally well 
within PPG's Coatings and Resins 
Group." 

Air Products Chief visits Anchor 

A i r  Products Chairman and 
Chief Executive Officer, Dexter F. 
Baker. and President, Dr Bob 
Lovett. recently visited the main 
factory at Manchester of their 
company's new acquisition, the 
Anchor Chemical Group. Mr Baker 
commented: "Everything we have 
seen strengthens our belief that 

ogether we can respond more 
luickly and effectively to 
:ustomers' needs and accelerate the 
ievelopment of new products and 
markets." Anchor Chemicals Joint 
Managing Director, Dr Colin 
rilley. confirmed that Air Products' 
:poxy additive business would be 
>laced under the control of Anchor. 

RhBne-Poulene buys ICI silicones 
business 

T h e  RhBne-Poulenc Group, 
through its UK subsidiary, has 
reached an agreement with ICI for 
the acquisition of the ICI silicones 
business. This will expand the 
Group's product range within the 
international market. 

Ellis & Everard PLC acquires 
United Chemicals 

'El l is  & Everard, the UK's largest 
independent chemical distributor, 
has acquired the business of United 
Chemicals, based in the US, for 
£21.2 million. United Chemicals is a 
major US chemical distributor 
covering Pennsylvania, Ohio, 
Virginia, Maryland, North Carolina 
and parts of adjacent states. The 
acquisition will double Ellis & 
Everard's existing US operations 
(the combined group has pro-forma 
sales of about $170 million), making 
the enlarged group the sixth largest 
in the US chemical distribution 
industry. 

Exxon Chemical expands MEK 
production 

E xxon Chemical is investing $5 
million to increase the capacity of 
its methyl ethyl ketone (MEK) 
plant at Fawley, Hants, to 100,000 
tonneslyear. The plant's present 
capacity of 90,000 tonneslyear is the 
largest in Europe. Exxon Chemical 
is currently building a new MEK 
plant in the US at Baton Rouge, 
Louisiana. Start-up of this 104,000 
tonneslyear facility is planned for 
the fourth quarter of 1988. 

Monsanto GmbH MF resins deal 
with Ernst Jager 

Monsanto  GmbH, Dhsseldorf, 
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has signed an agreement with Ernst 
Jager Fabrik Chemischer Rohstoffe 
GmbH in Diisseldorf for the 
distribution of Monsznto's 
Resimene melamine formaldehyde 
resins. The Jager company will sell 
the Resimene high solids resins in 
Germany, Switzerland, Holland 
Denmark through their existing 
sales organisation, together with 
their large range of synthetic resins. 
Besides the well-known high solids 
methylated, butylated and 
coetherified Resimene melamine 
crosslinkers, Jager will also 
distribute the polyol modified 
types, the Modacure curing additive 
and the new PTSA and DDBSA 
acid blocked catalysts, free of 
amines, called Santocat. 

Manders expands distribution - - *a 

: m a n d e r s  plc has acquired 
decorators' merchants Deval of 
Northfields Ltd based in London 
and Ogden & Cleaver based in 
Luton. Roger Akers, Chief 
Executive of Manders, commented: 
"We will be opening a new ink 
depot at Luton following the 
closure of our Acton depot and this 
will then complete our two-year 
programme of improving our 
distribution through combined ink 
and paint branches." 

Cray Valley are quality assured 

n- Gray Valley Products Ltd has 
announced the Registration of its 
Resin Division at Machen, Gwent, 
South Wales, to BS5750 Part 2 
1987. To  meet the requirements of 
BS5750, all aspects of CVP business 
from the quality of raw mater~als 
purchased, through manufacturing 
and control techniques, to 
administration, product testing and 
despatch have been rigorously 
examined. Having met the required 
criteria, the ongoing audit and 
review process in the BS5750 
Specification ensures that the 
quality and service provided by 
CVP will be maintained. 

Chinghall Ltd 25th anniversary 

Chinghall Ltd is this year 
celebrating its 25th anniversary as 
one of the country's top dispersion 

manufacturers. The company has 
become recognised for its work in 
pioneering the widespread use of 
dispersions as clean, safe and cost 
effective alternatives to handling 
dusty and toxic materials. With the 
ever increasing pressure to provide 
a clean and hazard-free working 
environment, the handling of 
carbon black or other powders can 
cause many problems. By 
incorporating dusty powders in a 
suitable liquid, Chinghall produce 
either conventional paste 
dispersions, or free flowing 
granular dustless products - 
known as Clean Blends. 

Best industrial museum 

-?he ~ o l o u r  ~ u s e u m  in Gratton 
Rd, Bradford, has won the Unilver 
Award for the best industrial 
museum. The textile colour gallery 
is sponsored by the Society of Dyers 
and Colourists. The museum plans 
to expand into further uses of 
colour. 

Products 
New UF resin 

BASF'S D & P Division 
Plastopal H 73 IB is a new highly 
reactive urea-formaldehyde restn 
which contains little free 
formaldehyde and releases less 
formaldehyde in the curing process. 
Applications include acid curing 
lacquers and stoving finishes. 

For further mnformatton Enter JlOl 

New automotive in-mould coating 
system 

Macpherson Industrial 
Coatings has made a breakthrough 
with their in-mould coatings for use 
with encapsulated glass wlndows. 
This new technology moulds a 
polyurethane gasket "in situ" by 
injecting RIM polyurethane around 
the glass at the production stage 
instead of fittlng a separate gasket 
during car assembly, and a number 
of leading UK and overseas car 
manufacturers are currently 
investigating this production 

technique. Derwent Plastics of 
Pickering are the first UK 
manufacturer to introduce this 
system with production of 
encapsulated window glass for the 
new Rover 800 fastback series. 
RIM Polyurethane used in this 
process needs a special paint 
coating to protect it from the effects 
of ultra-violet light and Derwent 
are using the latest technology from 
Macpherson Industrial Coatings 
with their Rimbond in-mould 
coating system. 

Rimbond is catalysed and 
sprayed directly into the heated 
mould, and after only seconds of 
air-drying the polyurethane is 
injected into the mould. The result 
is a finish which is chemically 
bonded to the substrate as it forms 
an integral part of the moulding. 
This gives a very durable surface 
finish which vastly improves the 
abrasion, mechanical. and light 
stability properties of the 
polyurethane and which will not 
lose adhesion even under flexing. It 
is approved to Rover specification 
BLS 22 O F  15. 

Macpherson Industrial Coatings 
have carried out a large programme 
of work on their Rimbond coatings 
and the materials are suitable for 
use with most leading polyurethane 
products including those from Dow. 
ICI, Bayer and BASF. In addition 
to the production of Rover 
windows. the process is also in use 
by Pilkington of Australia, and 
production trials are under way 
with many leading European car 
manufacturers. The paint system 
has recently been licensed to 
Glidden of the US. 

For further information Enrer 1102 

New intumescent coating from 
Granyte 

A n  intumescent flame retardant 
paint, Flamebloc, has been 
introduced by Granyte Surface 
Coatings plc. Systems featuring the 
special purpose coating on a variety 
of substrates have been 
performance tested at the 
Warrington Fire Research Centre 
and were found to meet the 
requirements of a Class 0 fire rated 
surface, as defined in the latest 
Building Regulations. A non-toxic. 
water based, latex formulation. 



KRONOSa Titanium Dioxide 
Pigments - much more than 
meets the eye. 

With over70 years of experience in 
production and application technology, we 
offer a comprehensive range of reliable 
quality pigments. Major investments 
ensure an ecologically safe environment 
with new technology and new production 
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KRONOS titanium dioxide pigments - 
White for a colourful world. Quality and 
service you can rely on -for good. 
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News 

Flamebloc may be applied the same 
way as conventional paint, using a 
brush, roller or airless spray. It 
adheres strongly to timber, 
plywood, chipboard, plasterboard, 
cement render, concrete, brick and 
similar substrates, imparting 
additional fire resistance to  
combustible materials and 
maintaining the non-flammable 
properties of fire rated surfaces. 
The paint is not intended to 
withstand the intense heat of 
chemical or  industrial 
conflagrations, but will prevent the 
spread of flame in many domestic, 
office of factory fires. 

For furfher information Enter 1103 

New intumescent paint from 
Macpherson 

T h e  new improved intumescent 
fire retardant paint, TAF M112. 
from Macpherson Pearl Paints has 
just received Class 1 Spread Of 
Flame approval from the 
Warrington Fire Research Centre. 
after testing in accordance with 
BS 476 part 7, ie final flame 
spread< 165 mm. The new paint is 
effective in stopping the spread of 
fire across any surface on which it is 
painted. The paint may be used on 
a wide variety of wooden 
substrates. It may also be used on 
metal with a suitable primer. 
Decorative gloss 3592 from 
Macphcrson Pearl Paints may be 
used as a third coat on chipboard 
with no loss of fire retardant 
properties. 

For further informarion Enler JIO4 

Equipment 
Automated sample handling with 
particle sizers 

M a ~ v e r n  has introduced the 
new PS15 Automatic Sample 
Handling Unit. designed for use 
with particle sizer analysers such as 
the Malvern Series 2600C 
instruments. The PSI5 is designed 
for on-line or laboratory 
applications requiring dilution and 
dispersion of the slurry sample and 
it can be controlled either by 
computer or locally via the built-in 

PSIS Automatic Sample Handling Unit. 

soft-touch keypad. Separate input 
lines are provided for sample and 
diluting medium, the sample path 
being completely flushable to 
prevent carry over between 
measurements. 

Programmable functions include 
duration and intensity of ultrasonic 
dispersion, amount of sample taken 
from the line or  primary sampling 
system. stirrer speed and 
recirculation rate of the sample 
duringmeasurement. A stainless 
steel flow cell with specially 
designed anti-reflection windows is 
provided for laser diffraction 
particle size measurements. 
Flushing of the complete system 
and background measurements on 
clean dispersant are also completely 
automatic. With this degree of 
control the dispersion and analysis 
can be tailored to precise 
requirements of the individual 
sample materials. 

For further inlor~nurior~ Enrer J105 

New instrument for electrochemical 

Appl ied  Corrosion Monitoring 
Ltd has just launched a new 
Amstrad controlled product for the 
electrochemical paint evaluation 
and mass corrosion testing 
laboratories. It enables sevcr;~l 
electrodes to be polarised by ;in 
electrochemical AC or DC 
technique around the individual 
electrodes rest potentials ;it the 
same time in the same test cell. The 
individual response is then oht;lined 
from all the elements around their 
individual rest potentials. 
Frequently paint manufacturers 
need to evaluate painted samples hy 
electrochemieel techniques after 
environmental cabinet exposure 
tests. By using a 20 Channel 

3ffsetting Zero Rcsist;lnce 
Ammeter it is now possible to 
immerse all 20 samples into the test 
!ank at the same time. for the same 
ength of time. before the 
:lectrochemical test is performed 
 round the individual rest potential 
,fall 20 samples. Thus all the 
iamples are exposed to the same 
est conditions throughout the 
:xperiment which improves the 
itatistical analysis and speed of 
esting. 

For firrrher in/ormurion D l v r  Jill6 

New Kontour electrostatic spraygun 

T h e  new Kontour Airmix 
automatic creates an adjustable 
spinning circular pattern of spray 
which slows up the forward speed of 
the paint particles from gun to the 
workpiece to give an enhanced 
wrap round effect. This improves 
the electrostatic spraying 
performance of materi;lls with high 
resistivities and because of being 
assisted air. better penetration is 
achieved. The new Kontour 
automatic is easily removed from 
the electrostatic charging barrel for 
maintenance ;ind servicing with 
minimum down-time and it is not 
necessary to removc the complete 
1utom;~tic spray gun from the 
System. 

F(>r fttrtiri,r inJ 'or~?~ul io~~ E~lrer Jill7 

Spectrum International 
developments in remote colour 
measurement 

Spectrum 1ntcrnation;il h;i\ 
av;iil;ihle the M;icbcth Eagle-Eye. 
thc world's first automated colour 
surveillance system which precisely 
measures colour from four to 
twenty fcct aw;ty. The Eagle-Eye 
installs out of the w;iv of the 
production line allowing c;isy 
itdjusting or servicing of on-line 
equipment. If production t;~hes 
pl;icc under high temperatures or in 
harsh cnvironlncnts the Easle-E!e 
can function efficiently bchil~d 
glass. Advanced optics provide\ n 
high level of quality control uith 
on-line calibfiition. long-dist;~nce 
accur;lcy ant1 e;~sv install;~tion. The 
colour measurement system c;ln 
handle surt';~cc irrcgularitic< a\ clccp 
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News 

as half an inch. The Eagle-Eye 
Scanner Module can measure a 
three dimensional sample by 
focusing on different surface 
planes. It can scan a surface taking 
measurements at half second 
intervals. For a production line the 
Eagle-Eye focuses on the product 
from a distance and freezes the 
motion to sample the colour. The 
instrument illuminates the product 
with a pulsed Xenon light which can 
be directed at even the darkest 
colours and is unaffected by 
ambient light. The Eagle-Eye (EE) 
can be compared with conventional 
on-line colour systems (CC): Depth 
of focus = 0.5" EE. 0.1"CC; Area 
of measurement = 7.4" x 9.3" 
(8 ft) EE. I" 0 CC; Distance 
illuminant to product = 4-20 ft EE. 
WCC; Optical geometry = 
Human Eye EE. 45"/0° optics CC. 
The instrument comes with a 
standard software package and 
custom software can be developed 
for special applications. 

For further infi)r!nurion Enrer JlOX 

3M oil sorbent test kits 

At r ia l  test kit of 3M Oil Sorbent 
is being offered free to anyone 
involved in tackling oil spills in 
industrial environments. Providing 
an ideal solution to oil containment. 
management and clearance 
problems. 3M Oil Sorbent is a 
specially formulated fibrous 
material able to absorb most types 
of oil upon contact. The kits 
comprise four types of oil. a sample 
of Oil Sorbent and a water tray for 
demonstration purposes. The 
sorhent is able to remove up to 25 
times its own weight in oil and is 
completely reusable. 

Literature 
Nrlv financial study of~~ie ta l  
fi~ii*hers 

key arcas of company accounts ;Ire 
considered: turnover. pre-tos 
profits. totill ;ISSC~S. current ;issets. 
current liabilities ant1 tlircctors' 
remuneration together with two 
calculated ratios: return on capital 
employed and profit rn~~rgin. A 
directory section include\ trading 
;~iltlrcss. company secretary. 
holding company (if any), directors' 
names and principal activities. cost 
f 185. 

For funher information Enrer 1/10 

Video test for handling of loose bulk 
materials 

A n e w  colourful A4 leaflet from 
vibration equipment manufacturers 
Triton Engineering Co Ltd outlines 
their no cost video-test service for 
the handling of loose bulk materials 
within the process industries. On 
receipt of customers' sample 
product. a video cassette film is 
produced showing vibration being 
applied to promote. for example. 
compaction. conveying. regular 
flow, uniform full spread feed and 
precise separations. etc.. and is 
despatched back by return. 

F i ~ r  / i ~ r ~ l r ~ r  i ~ t l i ~ r ~ i ~ u t i ~ , ~  Ent(,r .I1111 

Adhesives 

Ti le  ~ r i n t i ~ i g .  I1;~c!i;igi~ig :IIICI 

Papermaking Group of the Institute 
01 I'li!.sic> will hold ;I mcctins on 
Atllic\i\c\ o n  S 1)cccmlicr IOSS ; ~ t  
2 pm ;it tlic Inhtitutc's 
I Ic;lilq~~;irtcr~. -17 I3cl~1-iivc S i l~~;~rc .  
I~o~iclo~i .  1)r I) .  M. 13rc\vi> 01 
I.ciccstc~- I'ol!.tcclinic i l l  givc ;I 

gc~lcr;~l introdc~ctio~i to the sulijcct 
ot's~~rf;icc ;~n;ilyhis of ho~itletl 
mi~tcrials. .I'lic~-c \ \ i l l  alho he 
slx;~l\crs on the llicor!. ot 
;~cllichivcs. the ~iictliod\ of 
al>plic;itio~i anil rhc tc\ti~ig 01 
adlicsivc Iionil.;. For t '~~rtlic~- 
inlorni;~rion ci111 01-3.;5 O l  I I. 

COSHH 

Details  of the new COSHH 
regulations will be presented in a 
Sheffield University Risk 
Management Course on 13-14 

December, 1988. For further details 
contact Mrs K. Wainwright on 
0742 768653. 

People 
Vinamul appoint new General Sales 
Manager 

Dr David Wilson has been 
appointed General Sales Manager 
For the UK and Eire of Vinamul 
Ltd. He takes up the post 
succeeding Chris Alderson- 
Smith, who has been appointed 
European Operations Director for 
the Speciality Polymers Division of 
National Starch. Since 1987 Dr 
Wilson has been European 
Business Development Manager for 
the paint and building industries at 
Vinamul. His new responsibilities 
will extend right across Vinamul's 
UK polymer emulsion business 
which includes the paint. adhesives, 
building. paper and textiles 
industries. Dr Wilson joined 
Vinamul in 1977 and has held posts 
as export marketing manager 
covering the Middle East. the 
Pacific Basin. Scandinavia and 
Eire. Earlier. he was technical 
manager for paint and building and. 
latterly. he has been UK sales 
manager for paint. Over the past 
eight years Dr Wilsvn has played a 
major part in accelerating the 
introduction of Vinamul's 'pressure 
polymers' to the paint industry. 

BP Chemicals International 
appointments 

Dr John G. Buchanan has been 
appointed e Director of BP 
Chemicals International and will 
assume responsibility for BPCl's 
specialities operations. John 
Turnbull and Doug Campbell havc 
also been appointed Directors of 
BP Chemicals International. 

New General Manager for 
Baxenden Specialities 

The new General Manager of 
Baxenden's Speciality Chemicals 
Division is Dr Philip Morton, who 
joined Baxenden two years ago as 
Commercial Development 
Manager. The Baxenden Speciality 
Chemicals Division manufactures 
speciality isocyanatcs and 
engineering elastomers. The 
Division has developed moisture 
curing chemical building product 
intermediates. acrylic resins for UV 
coatings and gunnable sealants. 



News 

125 years of Bayer 

Baver. the chemicals-to- ~ , .  
pharmaceuticals multinational 
marketine 10.000 different ~roducts  
and mateha~s', celebrates it; 125th 
anniversary. On 1 August 1863 
dyestuffs merchant Friedrich Bayer 
(1825-1880) and the master dyer 
Friedrich Weskott (1821-1876) 
established the company Friedrich 
Bayer & Co in Barmen - now a part 
of Wuppertal - to produce and sell 
dyestuffs. The technique of 
producing dyestuffs from coal-tar 
derivatives had been discovered 
only a few years previously, 
opening up a whole new field for 
the still young chemical industry. 
Today Bayer's largest Sector, with 
22 per cent of sales, manufactures 
chemicals such as Inorganics raw 
materials, Polyurethanes (a Bayer 
invention in 1937), and Coatings 
raw materials. The Organics Group 
specialises in intermediates for 
dyestuffs, engineering plastics, 
pharmaceuticals and rubber, among 
many industries. A communication 
centre and exhibition has recently 
opened in the Leverkusen, West 
Germany, headquarters. The 
exhibition illustrates the 
importance of Bayer products in 
everyday life and in particular 
features Healthcare, Nutrition, 
Leisure and Travel. 

Since its foundation the company 
has registered nearly 150.000 
patents and over 26,000 trademarks 
and today spends £650 million a 
year on research. Some 40 per cent 
of the company's sales come from 
new products developed in the last 
15 years. Main areas of innovation 
for the next few years are now being 
intensified and include high 
performance polymers and 
advanced ceramics, new principles 
for pharmaceutical therapy and new 
diagnostic products, new crop 
protection systems, electronic 
photography and computerised 
typesetting. The good development 
of business over recent years, says 
an anniversary statement, has made 
it possible to expand capacity for 
the production of intermediate 
chemicals, for modern engineering 
plastics, and for starting products 
for polyurethanes. About 40 per 
cent of this investment is outside 
West Germany. 
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Friedrich Bayer (IeN) and Friedrich Weskott. 

In the UK, the Bayer group 
employs 2,500 people and has a 
f550 million turnover, 

has been in the 

UK for 100 years. In fact 1991 is the 
100th anniversary of the J. M. Steel 

The hverkusen plant - headquarter\ of the cc,nlpaaj'\ rcntral ada~isi\ lrat~on and the largest 
of Bayer's live pr~duction centres in Weal (;ermanj. Somr .17,(H)O pcuplc ;Ire ertlployed on the 
3.4 square kilometre site. I t  is one of the warld's largcst ancl nlo\l di\er\ified production 
facilities for or~anic  and inurpanic chemicals, pharmaceutical\, d!e\tuW, p~lyurethane and 
rubher. 

Company, at first an agency for 
Bayer product sales. then a Part of 

It changed its 
name to Bayer Chemicals Ltd and 
was a foundation company i n  the 
formation of the present Bayer UK 
Ltd in 1974. 

The polyurethane plant at the n e w 4  t d  Bayer'\ live prtdaclion site\ in \ \r\t  German?. 

IOC'C/\ 
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Resins & Pigments 88 
T h e  eleventh Resins & Pigments 
Exhibition organised by PPCJ will 
be held a t  the  Amsterdam Marriott 
Hotel on 9-10 November 1988. In 
conjunction with the exhibition the 
Paint Research Association~TNO 
will hold its 8th International 
Conference on  "Optimising Paint 
Formulation: Preservation, 
Stabilisation and Cure" a t  the same 
venue on  7-9 November 1988. A t  
the  time of going to  press the 
following companies have notified 
us (subject t o  the UK postal 
dispute) of what they will have on  
show at  the exhibition: 

Resins & Pigments 88 will be the first 
international exhibition with the new 
Akzo corporate identity to operate in a 
more market orientated structure. 
Within the Chemical Division of Akzo 
(Rm 217,219,221) a group has been 
formed to promote the wide range of 
Akzo chemicals for coatings 
applications. Among the products that 
can be discussed will be: Driers - full 
range of metal driers. Epoxy Curing 
Agents - complete range of water 
dilutable epoxy curing agents. 
Aluminium Silicates. Perchem 
Rheological Additives - comprehensive 
range of organoclay and hydrogenated 
caster oil thixotropes. Other products of 
interest will include Akzo additives such 
as peroxides for polyester putties. 
photoinitiators, adhesion promoters for 
plastisols, plasticisers. 

For further information Enter 1301 

ARCO Chemical Europe Inc (Rm 355). 
a subsidiary of the ARCO Chemical 
Company, is one of the major 
producers of propylene oxide and its 
derivatives worldwide. A few years ago, 
ARCO started to produce 
ARCOSOLVB propylene glycol ethers 
and acetate solvents for the paints and 
coatings. printing ink and cleaner 
industries. It was proven in several 
independent toxicity studies that 
propylene based solvents are far less 
toxic than the traditional ethylene 
glycol ethers and acetates. Our stand 
personnel - Mr J .  Roeser. Product 
Manager; Mr D. Penninck. Technical 
Manager and Mr R. Hin, Regional 
Manager Benelux - are looking forward 
to welcoming you during the exhibition. 

For further information Enter 1302 

Baxenden Speciality Chemicals 
Division (Rm 310,312) produces acrylic 
and urethane intermediates for a range 
of applications including the surface 
coating. adhesive and chemical building 
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1 product industries. Emphasis will be 
placed on these products latest 
developments in UV curable systems, 
cross-linking hot metal adhesives and 
the wide range of blocked urethanes 
available. Staff will be on hand to 
discuss the above applications, specific 
customer requirements and custom 
manufacturing facilities which include 
high temperature, fast throughput 
vacuum distillation facilities for 
temperature sensitive materials in 
addition to the capability of handling 
hazardous materials. 

For furrher information Enter 1303 

Established specialists in amino 
coatings resins, BIP Chemicals Ltd 
(Edam Suite) has been developing its 
'Beetle' range of butylated resins for 
many years. However, major advances 
made by the introduction of 'Beetle' 
methylated resins and their versatility 
has been further increased by 
developments in mixed ether resins. 
Some of the benefits which can be 
achieved with these resins will be 
demonstrated. Developments in 
saturated and rapid dry alkyds, 
supplementing the existing range of 
plasticising alkyds will also be shown. 
Sales and technical personnel will be in 
attendance. 

For further information Enter 5304 

Blagden Industries PIC (Rm 302) are a 
European multi-national Group 
specialising in Packaging, Protective 
Equipment and Chemicals. The 
Chemical Division will be exhibiting 
data giving full information on the 
range of Alkyd Polyurethane, Silicone 
and Unsaturated Polyester Resins 
produced at their factory in Haverhill, 
England. Staff will be available for full 
discussions. 

For further information Enter 5305 

Byk-Chemie GmbH (Rm 225,227) 
will highlight tailor-made silicone 
additives, wetting and dispersing 
additives and defoamers for the 
coatings industry. Especially featured 
will be: The Disperbyk-160family - the 
new generation of polymeric wetting 
and dispersing additives for inorganic 
and organic pigments and BYKB-310 
silicone additive for decreasing the 
surface tension of paints and thus giving 
good anti-cratering properties, slip, 
substrate wetting. 

The Product range of BYKB 
Labotron shown will include the gloss- 
meter family, especially the MICRO- 
GLOSS, the world's smallest gloss 
meter. 

For further information Enter 5306 

The theme of the Cray Valley exhibit 
(Edam Suite, 1st Floor) will be "Cray 
Vallev has the answers" . . . Crav 
~ a l l e ;  as innovators to the lndusby will 
be emphasising new developments in 
environmentally friendly coatings, 
including radiation curing prepolymers; 
two pack acrylics; high solids decorative 
paints; acrylic and vinyl acetate 
emulsions; and a novel polyamide 
curing agent. With a world wide 
network of manufacturing bases and 
sales agencies, Cray Valley are well 
placed to serve the Industry in its 50th 
year of operation. 

For further information Enter 5307 

Crosfield Chemicals (Rm 407,409) 
will display its high performance and 
comprehensive range of HP200 Silicas 
which offer optimum matting efficiency 
and superb film smoothness in a wide 
variety of coatings applied to wood, 
metal or fabric. Crosfield's wide 
experience in this market allows for 
optimum selection from the HP range 
for accurate and consistent gloss 
control. For radiation curingsystems 
Crosfield has developed HP39, which 
offers gloss reduction even in thicker 
coatings. In addition HP64 has been 
specifically designed for matting high 
clarity, low viscosity nitrocellulose 
systems. The use of Crosfield 
precipitated silicate pigments for 
extending titania in emulsion paints will 
also be displayed. 

For further information Enter 5308 

Ernst Jager (Rm 403,405) exhibit will 
feature highlights of Jagalyd - alkyd and 
epoxy ester resins, Jagapol - saturated 
polyester resins, Jagotex polymer resins 
and emulsions, Jagalux - UV curing 
resins, Bonosol - acrylic resins, 
Resimone - high solids and waterborne 
melamine resins of Monsanto. 
Exhibition Personnel include Heiko 
Schumacher, General Sales Manager; 
Bernd Schmitz and Petra Ungermann, 
Technical Staff; Siegfried Sternberg, 
Sales Representative of Jager Chemie 
Nederland. Emst Jager is the 
worldwide representative of Union- 
Chemie, Dusseldorf. 

For further information Enter I309 

Goodyear Chemicals Europe (Rm 
531,533) will be featuring PLIOLOTEB 
and PLIOWAYB Resins high 
performance binders destined to the 
paint industry produced in Le Havre, 
France. PLIOLITEm resins are 
StyreneNinyltoluene acrylic 
copolymers which produce paints with 
excellent adhesion, waterlalkali 

I resistance, self cleaning and long lasting 
protection. They are used in exterior 
masonry coatings, anticorrosion paints, 
traffic, intumescent paints and 
waterproofing sealers. PLIOWAYm is 
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the name of a new range of ecological 
resins soluble in virtually odourless. 
aromatic free solvents. Plioway 
rheological resins are ideally suited for a 
complete range of low odour interior 
decorative finishes and high 
performance exterior masonry 
coatings. @in this entry = 
Trademark, The Goodyear Tyre & 
Rubber Company, Akron, Ohio. USA. 

For further rnformution Enter 1310' 

W. R. Grace & Cu (Rm 234.235). 
with headquarters in New York, is a 
multi-national company with prime 
interest in the field of speciality 
chemicals. Grace GmbH in Worms, 
Germany, is the European centre for 
the production of Micronised Silicas. 
Molecular Sieves, Cracking Catalysts 
and Silica Gel. "SYLOID" micronised 
Silicas are widely used as highly 
efficient matting agents in paints and 
lacquers. "SHIELDEX an iron- 
exchange anti-corrosion pigment is 
finding increasing use as a non-toxic 
replacement for lead and chromate 
pigments. "SYLOSIV" micronised 
molecular sieve acts as a moisture 
scavanger in moisture sensitive systems. 

For further information Enter 5311 

The Heubach Group will display this 
year its full pallette of pigment products 
for the enamel and plastics industry. 
Zinc Oxides (French process). Zinc 
Dust pigment grade, chemical grade. 
chromium yellow, molybdate reds, Zinc 
Phosphates (Heucophos), high grade 
tailor-made pigments, Heucoflow 
pastes. Exhibition personnel will 
include Mr Noack, Authorized 
Manager; Mr Weigel. Authorized Sales 
Manager; Mr Schliiter, Product 
Manager; Mr Ellis. Sales Manager. 
Sales Office Benelux; and Mr 
Fischoeder. Sales Manager. Sales 
Office France. 

For further informulion Enrer 1312 

Hiils (Rm 423,425) will be exhibiting 
crosslinking agents for powder coatings. 
epoxy curing agents, adhesion resins. 
ketone formaldehyde resins, saturated 
polyesters (VESTURIP), vinyl 
chloride copolymers (VILIP)  and 
acrylic or styrene-butadiene copolymer 
emulsions (LIPATON@) as well as 
polyamide 12 fluidized-bed coating 
powders (VESTOSINP). 

The range of polyurethane materials 
include monomeric diisocyanates, 
polyisocyanates, PU resins and 
oxyesters. Of particular interest are the 
blocked isocyanates. PU system 
UB 893 BL is a combination of 
isophorone diisocyanate based blocked 
isocyanates and saturated polyester. 
The resulting system can be crosslinked 
at above 130°C using DBTL as a 

304 

catalyst, a primary use being in coil 
coatings. 

For further inforn~ution Enter 5313 

ICI Resins, the new group which 
intergrates ICl's well-known product 
lines ALLOPRENE. HALOFLEX. 
LUMIFLON, WINNOFIL and the 
POLYVINYL CHEMIE products 
NEOCRYL and NEOREZ, will also 
exhibit the recently launched product 
lines NEOPAC, NEOTAC and 
NEORAD. NEOPAC are urethane- 
acrylic copolymers for parquet and 
other flooring applications 
(Architectural Paints). NEOTAC range 
of resins are for use in e.g. blister 
adhesives, cold seal adhesives. skin 
laminating and high performance 
Pressure Sensitive (Adhesives). 
NEORAD are products for waterbased 
UV-curing (Industrial Coatings). New 
polymers with improved chemical 
resistance for industrial woodfinishes 
and a new acrylic-alkyd copolymer for 
decorative paints with high gloss will be 
featured. The products will be shown in 
their different applications: Rm 507 - 
Industrial Coatings, Rm 509 - 
Architectural Paints, Rm 511 - Heavy 

Duty Coatings, Rm 515 - Ink. Paper 
and Adhesives. 

For further information Enter 5314 

ISC Alloys (Rm 341) will recreate the 
atmosphere of a typical English 
Midlands pub in 'Ye Olde Rusty 
Bucket'. Visitors will be invited to 
sample traditional English beer and bar 
snacks and participate in pub games. 
Technical and commercial staff will be 
available as required to discuss ISC 
Alloys Zinc Dusts and Zinc Phosphate. 

For further information Enter 1315 

King Industries exhibit (Rm 361) will 
feature speciality additives for high 
solids and water-borne coatings. 
including NA-CURE@ and K-CURE@ 
acid and blocked acid catalysts. K- 
FLEX@ polyester polyols and urethane 
diols. K-SperseTM dispersing agents and 
NACORRa rust and corrosion 
inhibitors. Emphas~s will be placed on 
new products including K-Flex 
polyurethane diols for use as reactive 
diluents and polymer modification, and 
new K-SPERSE 152 dispersing agents 
which can be effectively used for 
organic and inorganic pigments in non- 
aqueous and solvent free compositions. 
Technical sales personnel on hand will 
include Dr Leonard J. Calbo and Ing 
Leen A. Stolk of King USA and Europe 
resoectivelv. 

For further information Enter 1316 

Lankro Chemicals Ltd (Rm 2061208) 
will feature a wide range of Photomer 
UV and EB curable oligomers and 
monomers. These materials are widely 
used in the ink, coatings, adhesive and 

electronics industries. The range is 
compob~d ot mod~f~cd epoxy arrylate\ 
(I'hott~mer 30(lO \cnzb), polye\ter 
acrylates (Photomer 5000 series). 
urethane acrylates (Photomer 6000 
series), new speciality oligomers 
(Photomer 7000 series) and low 
irritancy reactive diluents (Photomer 
4000 series). Of particular interest will 
be the introduction of a new range of 
UV water-thinnable oligomers. 

Polyurethane intermediates from 
Lankro's extensive range are used in 
such applications as coatings, primers. 
adhesives, binders, elastomers. sealants 
and pigment dispersants. Featured 
products and services will include 
Quasilan - liquid polyisocyanate 
prepolymers. Lankrothane - aqueous 
polyurethane latex, Estolan - polyester 
polyols. Propylan - polyester polyols. 
Propylane - polyether polyols and 
Polystab - speciality additives. 

In the surfactants area, Lankro 
speciality emulsifiers for emulsion 
polvmcr pn)(luction w~ll I)c featured 
Thcsc will include low foam anlonic 
emulsifiers. 

Fur firrther ir~formution Enter J.?l7 

Leon Frenkel Ltd (Rm 257) is a 
privately owned, totally independent 
resin and printing ink varnish 
manufacturer located at Belvedere in 
Kent. Their current resin product range 
includes Ester Gums. Maleic 
Condensate Resins, Metallic Resinates. 
Rosin Modified Phenolics and various 
Alkyds. The company recently acquired 
the entire range of printing ink 
varnishes formerly produced by BASF, 
now produced and marketed under the 
trade prefix-ENNE to the same high 
standards established by BASF. Several 
new additions to this range will shortly 
be available. Commercial and Technical 
personnel experienced in both the UK 
and export markets will be available to 
answer any enquiries. 

For further informution Enter 1318 

The Luhrizol Corporation (Rm 539. 
541). a speciality chemical company. 
serves the world market in 
transportation and diverse industries. 
The Diversified Products Group is a 
functional unit within the company 
designing and marketing chemical 
additives for applications in the paint, 
coatings and other industries. The 
product range includes rheology control 
agents. pigment dispersants, heat 
stabiliser components and corrosion 
inhibitors. Stand oersonnel include Mr 
P. Downing, Mr W. N. Hamilton. Mr 
D. L. Sheets, Mr G. Sterler and Mr J .  
Alalouf. 

For further information Enter 1.719 

Magnesium Elektrun (Rm 308) will 
feature details on how zirconium 
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I ICI Resins-a powerful new creation bringing together 
ICl's technology and market strengths and the 

formulation skills of the Polyvinyl companies- is 
breaking new ground worldwide. 

ICI Resins - one of the most innovative and forward 

I thinking names in resin technologies has powerful 
technical and marketing resources ond is successfully 

1 serving more than 150 countries from 8 worldwide 
monufocturing locations. It is providing world class resin 

products such as Alloprenea, Haloflex@, Winnofila, 

I NeoRePand NeoCryPfo meet changing industrial 
technologies. I Kl Resins is continually proving itself a world class 

supplier of resins and intermediates to manufacturers in 
a diverse range of industries including decorative paints, 
L. . ~ndustrial ond heavy duty coatings, inks, adhesives, 

photocopying materials, sealants. ICI Resins is 
continuously proving that its formula for the world is a 

winning formula. 

Resins 
PO Box 14. The Heath. Runcorn. 
Cheshlre WA7 4QG Un~ted Klnadom 
Telephone (0928) 515992 
Telex. 629655 ICIMOH G - I 
PO Box 123, 
5140 AC Waalw~jk. Holland. 
Tele~hone. 04160 89911. 
Telex, 35079 ICI-R 
Fax 04160-89922 

I 
* Signifies o Registered Trade Name 

Enter 1203 on Reader Reply Card 
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compounds can be used to improve the 
adhesion of coatings to substrates. alter 
the rheology of coating polymers and 
improve the chemical and physical 
resistance of polymers used in the 
coatings. adhesives. nonwovens and 
allied industries. Stand personnel will 
include Dr Peter Moles. Dr Ian 
McAlpine and Derek Brockis. who will 
be available to answer any technical 
questions that may arise. 

For fiirthrr ir~fonnulirr~~ E I I ~ P ~  J370 

The resin company Mitchanol 
International Ltd (Rm 307,309) will be 
at R & P showing specialist products for 
ink manufacture: Mitchanol Transet 
Resins for gravureloffset: Surkyd 
Alkyds: Surkovar. Surkogel. Gelsol. 
Varnishes, Additives: Surkopak 
Polymers for packaging Flexoigravure. 
New products include Transep MG 
Range resins for gravure, Mitchanol 
Hydrocarbon resins for gravureloffset 
and Surkopak X Urethane polymers for 
packaging flexoigravure. 

Forfirrrher infbrmlurion Enar 1.121 

Norwegian Talc (Rm 247.249) offers 
a wide range of extenders. produced 
and graded according to strict quality 
specifications. for use in the paint and 
allied industries. These are known 
throughout the world under the brand 
name Micro Minerals. and include 
Microdol. Micro-Talc and Micro-Mica. 
Exhibition personnel will include Dr P. 
G.  Leversen. MrJ. H. Venekamp. Mr 
0 .  Vogelpoel and Mrs R. Brodahl. 

bbr firrrher rrifi~rlnalion Enrrr 1.322' 

Perstorp Polyols(Rm 532.534) is one 
of the largest producers in the 
world of Pentaerythritol and 
Trimethylolpropane with plants in 
Sweden. the US and Italy. Perstorp also 
have speciality products like Allylethers 
and Alkoxylates for low-polluting 
coatings. Application5 and know how 
will he available at R & P. Current 
development areas are radiation curing. 
waterborne and high solid systems. 
Further products are under 
development. 

For /ilrlller irlforr~l(ili~rr EIIICT J 3 2 3  

The QUV Accelerated Weathering 
Tester will form the centrepiece of 
Q-Panel Company; display (Rm 229). 
This internationally accepted tester has 
now even greater versatility with the 
introduction, earlier this year. of the 
UV-A 340 Lamp. The UV-A 340 is the 
best available simulation of sunlight in 
the critical UV region between 365 nm 
and the solar cut-off of 295 nm. A wall 
chart indicating the spectral energy 
distribution of sunshine will be available 
on request. A selection of Q-Panels - 
reproducible steel and aluminium test 

surfaces for evaluating the performance 

f applied coatings will be shown. 
ample panels for evaluation purposes 
/ill be distributed. Q-Panel is 
epresented in Holland by Kors BV. 
iho will also be present. 

For tirrrhrr irtJormutro~i E ~ r v r  J32J 

Schwegmann (Rm 2 16). West 
;erman manufacturer of paint 
dditives. present acomplete range of 
dditives for the use in paints. 
.arnishes. printing inks and similar 
oating systems. New products are 
'Blister Free 53" and "Blister Free 54". 
rhese silicone free de-aeration agents 
Ire mainly used In air drying, heat 
iardening and reactively curing paint 
ind coating systems. Furthermore. 
ichwegmann offer new slip additives: 
ichwego Mar 8304 for solvent systems 
~ n d  Schwego Mar 8305 for water- 
,oluble systems. Schwego Mar show a 
iery good slip effect, give good levelling 
ind improve the scratchability. 

For fitrllzrr mfurmaiion Erlier 5.725 

The SCM Chemicals Ltd(Rm 331. 
133) display will feature the launch of 
riONA RCL-628. a new super durable 
zhloride grade of titanium dioxide 
lesigned to combine long-life without 
:ompromising on opacity and gloss 
ievelopment. TiONA RCL-628 will he 
,f special interest to manufacturers of 
;uch systems as coil coatings. aviation 
finishes. powder coatings. automotive 
:oatings and transport finishes. SCM 
uill also be featuringinformation on 
TiONA RCL-535, the multi-purpose 
:hloride grade of titanium dioxide 
iesigned to reduce the number of 
erades needed to be stocked by 
manufacturers. TiONA RCL-535 has 
been proven in a wlde range of aqueous 
and non-aqueous systems to provide the 
desired combinat~on of opacity. gloss. 
colour. durability and stability required 
by discerning users. In adition 
personnel from both the technical and 
commerci;il dep;irtments will be on 
hand to discuss any questions you may 
have concerning the TiONA products. 

For jirrrhijr ir~fi,rr,lorro,r E~rrtpr 1.73 

Silherline Ltd (Rm 347) will be 
exhibiting SILVET. a product range of 
sparkling silver-like aluminium flake 
pigments in non-dusting. granular form 
Available in a wide range of pigment 
particle sizes. the flakes are 
~mmohilised in a carrier resin system. 
which has been selected for optitnuln 
compatibility with commonly used 
thermoplastics. 

For firrrl~rr i~~Ji)rrrtuliort E,iri,r J 3 2  

Synthese BV[Akzo Coitings & 
Resins] (Rm 432.434.436) will 
highlight: For Coat~ngs: a chip resiatanl 
primer for automotive applications. 
medium solids basecoat and 

learcoatlsolid colour topcoat: resins 
nodified with sag control agnts: 
nedium solids acrylic polyols for 
,chicle refin~shing and industrial 
~ppl~cations: developments in radiation 
,urable products: waterbased products. 
:or Printing Ink: the latest additions of 
JV-curable monomers and 
)repolymers, and our extensive range 
~f hard resins for sheetfed and web 
~ffset inks. For the Adhesive Industry: 
vaterbased and bolventbased acrylic 
)olymers for pressure sensitives: linear. 
,ranched. solvent free and solventbased 
)olyehter polyols for PU-adhesives: 
icrylicimethacylic polymers for 
JVIEBC and (hydro) peroxide curable 
~dhesives. 

For firr~lter r r ~ ~ ~ r r n ~ i i i o r i  E11wr J.QX 

TDF Tiofine (Rm 236.237) of the 
Vetherlands has been producing Ti02 
2igments. using the sulphate process. 
for more than 25 years. The EC drafted 
standards for the waste levels of TiO? 
~igment plants and the Dutch 
3overnment requires compliance with 
:hese standards by 1YY0.01.01. Tiofine 
will make a considerable contribution 
towards protection of the environment. 
The government approved its plan. 
which entails the investment of over Dfl 
200 million. to build a new chloride 
process plant. This new plant will 
consider;ibly relieve the environment;~l 
burden. have a nominal ciipacity of 
45.000 tp;i i~nd be on stream in time. 

For Irrnkcr i~rlor~r~itriort E I I I P ~  J 3 2 Y  

Tego Chemie Service GmbH of Essen. 
West Germany. supplies a range of 
additives and high temperature hinders 
to the coatings industry. Of particular 
interest at this year's Resins and 
Pigment exhibition will be the 
introduction of a new ildditive TEGO" 
Glide 406. to give improved surface slip 
and mar resistance to coatings and inks. 
In addition twonew defoamers TEGO' 
Foamex 800 and TEGO" Foamex 805 
will be introduced for use in 
polyureth;~ne emulsion systems. 

For Iiiril~cr ~ I ~ / < J ~ I I I C I ! ~ ~ I I  L-IIICV J.?.?ll 

Tioxide Group PLC (Rm 321,323, 
325). the most international producer of 
tit;inium dioxide pigments. will be 
making the Europe;ln launch of ;I 
significant new grade - TIOXIDE 
TRY?. This has been deplgned to sive 
superb dispersion. high stability and 
excellent optic;il properties and 
durahility in the very widc r;inge of 
media used in decorative and indu\tri;il 
paints. TIOXIDE TRY? is the tnost 
versatile quality grade of titanium 
dioxide currently (in the market. 
Tioxitlc Group PLC will also be 
displtlying itscurrent investments pl;ln 
for reducing environmentill discharges. 
Exhibitions are tiring events to vivt. 
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'1  world^,: Sales NetwcA 
is Worth a Lot. 
Today, our high-quality industrial minerals MICRODOL, 

MICRO-TALC and MICRO-MICA are successfully used world- 
wide in the paints, lacquers, plastics and related industries. 

The Norwegian Talc sales offices and distribution centers in 
all important industrial countries ensure a high degree of 
availability. These are also the offices to contact for expert 
advice and support when special application problems must be 
solved. 

Such straightforward comrnunicafmn with Norwegian Talc 
spells fast profitability for you. We are ready to provide you 
with detailed informative literature. Just ask for it. 

Norweg~an Talc M~nerals AS Norwegian Talc (UK) LTD Norwegmn Talc (Holland) B.V. 
N-5355 Knorrev~k, Norway 205, Cotton Exchange Bu~ldtng Grasweg 47, NL-1031 HX Amsterdam 
Telephone + 47 5 33 05 00 Old Hall Street - hverpwl, L3 9LA Telephone 020-36 22 22 
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R & P 88 Preview 

Come to the Tioxide Suite, put your 
feet up, have some refreshment and be 
entertained by our video event 
specially created to support our launch 
of TIOXIDE TR92. 

For further information Enter 5331 

Union Carbide (Rm 443,445,447) 
will be exhibiting their range of coatings 
resins and resins intermediates. 
CYRACURE resins, diluents, 
flexibilizers and photoinitiators for 
cationic cure systems. Solvent and 
water based modified PHENOXIES for 
can and coil coating. UCARLNK low 
temperature crosslinker for water borne 
polymers. TONE caprolactone 
monomers and polyols producing high 
performance coatings for plastic and 
metal. SOLUTION VINYL RESINS 
for high performance coatings. A range 
of Speciality Solvents will also be 
exhibited. 

For further information Enter 1332 

European polymer specialists 
Vinamul (Rm 106,108) are presenting 
the latest in their range of 'pressure 
polymers'. These high-performance 
dispersions are supplied to customers 
throughout Europe from Vinamul's 
production site on the DutchIGerman 
border. With excellent communication 
links to all major European centres, 
Vinamul offers a service to meet all 
requirements, from delivery to bulk to 
specialist batch production, right on the 
customer's doorstep. Products featured 
at this exhibition will include: Vinamul 
3650, a multipurpose emulsion which 
gives high performance in tough, 
durable, water-resistant exterior 
coatings, and Vinamul3267, an 
extremely versatile dispersion for fast 
setting adhesives with high wet tack. 

For further information Enter 5333 

Wacker-Chemie GmbH (Rm 514, 
516) supplies the paint industry with: 
Fumed Silica Wacker HDK (thickeners, 
thixotropic agents), silicone resins 
(binders), reactive silicone 
intermediates for copolymerisates, 
ethyl silicates (zinc-rich primers), paint 
additives (flow control), silicone 
masonry water repellents, varnishes and 
binders based on vinylacetate- 
vinylchloride copolymers or 
terpolymers as solid resins or 
dispersions (Vinnaps, Vinnol, 
Pioloform). 

For further information Enter 5334 

Winter-Bouts BV (Rm 202,204) is 
one of the leading producers of colour- 
systems in Europe. Winter-Bouts offer 
a range of systems: DIY market; 
machine tinting in injector systems; 
Professional market: Coltec 
Coloursystem (universal wlourants); 
Industrial market: MPS system (multi- 

purpose colourants); lnplant Tinting 
Systems. These systems are delivered 
exclusively to the paint industry. 
Winter-Bouts is represented by agents 
throughout Europe. 

For further information Enter 5335 

Other companies exhibiting at Resins 
& Pigments 88 are: 
Air Products. Chemicals Division European 

Group 
Alcan Toyo Europe 
Amoco Chemicals (Europe) SA 
Bayer AG 
Begvik Kemi AB 
Berol Chemie BC 
BP Chemicals International 
Braive Instruments 
Caldic Belgium NV 
Gebroeders Cappella NV 
Cera Chemie BV 
Chemolimpex Hungarian Trading Co for 

Chemicals 
Croda Res~ns Ltd 
Daniel Products Comnanv 
De ussa AG ' 
D #de .long BV 
Du Pont de Nemoun International SA 
Drew Industrial Division 
DSM Resins BV 
Dyno Cyanamid CV 
Eastman Chemical International AG 
ECC International Ltd 
Eckart-Werke 
Efka Chemicals BV 
Engelhard 
E & R Chemicals & Equipment BV 
Ernstom Mineral AB 
Ferro 
Finma Chemie GmbH 
Floridienne 
Fratelli Lamberti Spa 
Frenkel Ltd 
GAF Chemicals Corporation (Nederland) 
Goodyear Chemicals Europe 
Hendricks & Sommer Kunstharze GmbH 
Henkel KGaA 
Heybroek BV 
Hitox Cor oration 
Hoechst Ffolland NV 
Ich Zaanstad BV 
ICl Colours and Fine Chemicals 
IMA Instrument BV 
Internatio-Alchemij BV 
ISC Alloys Ltd 
Kaerntner Montanindustrie 
Kalkhof GmbH Petersen u Stroever KG 
KemiralVuorikernia Division 
Keyser & Mackay 
Kirklees Chemicals 
Dr Brundo Lange GmbH, Langer & Co 
PVBA Corn Van Loocke Spri 
Benda-Lutz Werke 
Macbeth Division of Killmorgen (UK) Ltd 
Mearl lnternatlonal BV 
E Merck 
Micro Powders Inc 
M~nerals & Chemicals Assistance BV 
Monsanto Europe SA 
Munzing Chemie 
Naintsch Mineralwerke Ges mbH Benelux 
Necarbo BV 
Nevcin Polymers BV 
NL Chemicals SAINV 
Nuodex Colourtrend BV 
Nynas 
Omva GmbH 
Jan be Poorter BV 
Procedes Farro SARL 
I. Rettenmaier & Sohne GmbH & Co Inc 
Rhenus BV 
Rhoene-Poulenc 
Rohm and Haas Company 
RTZ Chemicals 

Sachtleben Chemie GmbH 
Sartomer International lnc 
Schering Nederland BV 
Carl Schlenk AG 
W. 0 .  C. Schoner GmbH 
SCM Chemicals Ltd 
Servo Delden BV 
Shamrock Technologies SA 
Sheen Instruments Ltd 
SNCZ Societe Nouvelle des Couleurs 

Zinciques 
Strazdins FTY Ltd 
Sud Chemie AG 
Thomas Swan & Co Ltd 
Thor Chemicals Ltd 
Tikkurila Oy 
Troy Chemical Company BV 
UCB-Chemical Sector 
R. T. Vanderbilt Co Inc. 
BV Vereenigde Oliefabrieken VHIH Spits & 

Zoon en de Haan & Zoon 
Verkaufsgesellschaft fur Teererzeugnisse 

(VFT) mbH 
Curt R. Vincentz Veria 
Wolstenholme Bronze fowders Ltd 
Worlee Chemie GmbH 
Zeelan Industries Inc. 

For further information on the 
Exhibition contact: Joan Ridge, 
Resins & Pigments 88, Queensway 
H o u s e ,  2 Queensway, Redhill ,  
Surrey R H l  lQS, UK. Tel: 0737 
768611. Tlx: 948669. Fax: 0737 
761685. 

For  further information on  the  
P R A I T N O  Conference contact :  
M r s  A v r i l  H e n n ,  C o n f e r e n c e  
S e c r e t a r y ,  P a i n t  R e s e a r c h  
Associa t ion,  Waldegrave Road ,  
Teddington, Middlesex T W l l  8LD,  
UK. Tel: 01-977 4427. Tlx: 928720. 
Fax: 01-943 4705. 

SYMPOSIUM 
ROYAL INSTITUTION 

K-WHITE 
ANTI-CORROSIVE 

NON-TOXIC PIGMENT 

BROMHEAD & DENISON 
LTD, 

7 Stonebank. Welwyn Garden 

City. Hertfordshire AL8 6NQ 

Telephone (0707) 331 031 

* 
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Whatever you need in the 
Surface Coating & Raw 

Material industry, it's all 
here in one European 

This publication contains over 250 A4 pages, comprising: 
b 3 language contents page. 
b 3 language Health &Safety regulations. 
b 8 language introduction. 
b nearly 100 European Associations. 
b over 180 Leading European Consultants. 
*ful ly indexed in English, French, German. 
b over 3000 Suppliers. 
b over 1200 Paint & Ink manufacturers. 
b over 2000 Surface CoatingIRaw Material Trade Names. * over 2500 Paint and Ink Trade Names. 
b Additives-over 50 categories. 

Chemicals-over 280 categories. 
b Equipment- 12 pages containing 314 product categories- plus. 

* Solvents. * Esters. 
h Ethers. 

a Synthetic Resins. b Soaps. 

anadaiUSAf7 00. M~ddleEastiS Alrtcaf7 00. The 1988 Edition is now completely tri-lingual. 
ustralasla E9 00. Far EasUS Arner~ca f 10 00 

rli SPONSORED BY THE OIL& COLOUR CHEMISTS ASSOCIATION 
= One volume. handy A4 size. = Provides much, much more information. 
= Colourful and flexlble volume. = B~ggerthan its nearest rival. 
= Simple. A-Z section, easy to use. = Price per copy remains unchanged. ---- - -_-__ _ _  _ 

THE OIL & COLOUR CHEMISTS' ASSOCIATION, PRIORY HOUSE, 967, HARROW ROAD, 
WEMBLEY HA0 2SF, U.K. 

Please supply .................... copy(ies) of: "The Surface Coating Raw Material Directory- 1988" @€30.00 each, plus postage (per item) 
U.K. €2.00. Europe €2.90; Airmail Rates: Canada1U.S.A. €7.00, Middle EasffSouth Africa n.00; Australasia €9.00; 

Far EastISouth America flO.OO. 

Cheques made payable to OCCA - Post with remittance to the above address. 

Name 

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

............................................................................................................................ Telephone ..................... .... .............................................. 



Who needs wetting 
agents? 

by A. C. D. Cowley and M. R. Gallon, Dispersants Group ICI Colours & 
Fine Chemicals, Hexagon House, Blackley, Manchester M9 3DA, UK 

be anchored to the pigment and 
may be free to migrate to the 
surface of the coating resulting in 
loss of gloss and heavy dirt pick-up. 
By contrast, inadequate use of 
wetting agents may result in an 
incomplete steric barrier around the 
pigment particles which can result 
in a viscosity rise on storage of the 
p a i n t ,  o r  i n  s e v e r e  c a s e s ,  
a g g r e g a t i o n  of t h e  p i g m e n t  
particles. 

Introduction 

In the past, the paint industry 
has had a general mistrust of 
additives such as wetting agents, 
andwouldonlyresorttotheiruseto 
solve specific problems, And in 
many cases this view was justified. 
However, this attitude is gradually 
changing with the realisation that 
p a r t i c u l a r  addi t ives  such a s  
SOLSPERSE hyperdispersants will 
produce specific technical effects 
previously considered unattainable. 
Of ten  these improvements in 
technical quality are achieved with 
a reduction in raw material costs. 

Background 

As one paint chemist put it: "If 
you know how to formulate paint, 
you don't need wetting agents." 
This view is commonly held in the 
paint industry, but how well does it 
stand up to the test? How often is 
thixotropy a serious problem when 
grinding millbases, resulting in low 
pigmentat ion and inadequate  
opacity in the finished paint? How 
frequently do millbases need to be 
given extra grinding in order to 
d e v e l o p  c o l o u r  a n d  g l o s s ,  
particularly with coarse textured 
pigments? 

It should be said that in most 
cases these problems are not due to 
any inadequacies of the paint 
formulator; they usually arise from 
the inherent deficiencies of the raw 
materials, particularly the resins in 
use, In traditional paint millbases, 
the pigments are ground in a bead 
mill or in other attrition equipment, 
and as the pigment agglomerates 
are broken down and separated it is 
the function of the resin to wet-Out 
the pigment surface and form a 
stabilised dispersion of the pigment 
in the medium. 

The efficiency of this dispersion 
Process is to  a large ex ten t  
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Due to these inadequacies, the 
use of traditional wetting agents is 
often only as a last resort, in order 
to  solve a particular dispersion 
problem. 

controlled by the nature of the 
medium and is therefore limited by 
the wetting properties of the resin 
in question. Usually the resins are 
designed primarily to give good film 
p r o p e r t i e s ,  e . g .  a d h e s i o n .  
toughness, chemical resistance or 
good durability on exposure. i.e. 
good film integrity, gloss retention, 
etc. It is rare for the resin to have 
been designed specifically to give 
good pigment wetting properties, so 
it is not surprising when these 
problems are manifested. 

The role of wetting agents 

Over the years paint formulators 
have tried to  overcome these 
problems by utilising wetting agents 
to form stable dispersions, but the 
results have not always been 
satisfactory. This is not surprising as 
the products evaluated as wetting 
agents in solvent-based paints are 
often ineffective for the following 
reasons: 

(a) The use of single wetting agents 
ignores the wide differences in 
surface chemistry of pigments and 
as a result those agents that may be 
effective on inorganic pigments 
( p o l a r  s u r f a c e s )  a r e  usually 
ineffective on organic pigments 
(non-polar surfaces). 

(b) The wetting agents are often 
derived from natural vegetable oils 
and therefore contain a maximum 
of 18 carbon atoms which is too 
short a chain length to produce an 
effective steric barrier around the 
dispersed pigment particle. 

(c) The amount of wetting agent 
used is arbitrarily determined. 
Wetting agents have often been 
recommended for use on a weight 
basis, e,g. 1-2% on weight of paint, 
instead of considering the surface 
areas of the pigments to be wet-out. 
A consequence of using an excess of 
a wetting agent is that it cannot all 

The development of 
hyperdispersants 

As  a result of the need to achieve 
better dispersion and stabilisation 
of pigments in solvent-based 
systems, ICI Colours and Fine 
Chemicals used novel and more 
powerful chemistry to develop a 
unique range of dispersing aids 
k n o w n  a s  S o l s p e r s e  h y p e r -  
dispersants. 

The hyperdispersants are based 
on  a two-part structure which 
comprises an anchoring functional 
group attached to a polymeric 
solvatable chain, and it is the 
particular combination of these 
which leads to their effectiveness. 
Efficient adsorption of a hyper- 
dispersant on to a pigment surface 
can only occur if there is a strong 
interaction between the anchor 
group and the .pigment particle. 
Obviously a single type of anchor 
group will not react with all types of 
pigment surfaces and hence a 
variety of anchor groups is needed 
for the wide range of pigments (e.g. 
titanium dioxide, phthalocyanine 
blues, carbon blacks) currently used 
in paints. 

For efficient steric stabilisation 
the hyperdispersant must have 
p o l y m e r i c  c h a i n s  which a r e  
compatible with the medium and be 
of sufficient length to provide an 
effective steric barrier to counteract 
the attractive forces between the 
particles. The molecular weight or 
chain length must be optimised: if it 
is too short, poor steric stability is 
obtained, if it is too long, it could 



fold back on to the pigment thereby 
compressing the steric barrier. 
leading to re-aggregation. The 
chemistry of the polymeric chains 
can  be  modified t o  improve 
compatibility and solubility in 
solvents of different polarity. and 
the  selection of the optimum 
Solsperse hyperdispersant is usually 
determined by the solvents present 
in the finished paint. 

Hyperdispersants should not be 
confused with the more familiar 
wetting agents or surfactants - they 
a r e  q u i t e  d i f f e r e n t .  U n l i k e  
surfactants. hyperdispersants will 
not emulsify two liquids. Another 
more relevant difference arises due 
t o  t h e  design of t h e  hyper-  
dispersants. As they are of much 
higher molecular weight than 
classical surfactants. they are more 
inert and when used in traditional 
paint systems. they have no adverse 
effect on durability. Indeed. in 
many applications such as auto- 
motive finishes. durability has been 
enhanced when Solsperse hyper- 
dispersants have been used. 

Solsperse 24000 for industrial paints 

M o s t  industrial stoving and 
chemically-cured finishes are based 
on resins soluble in aromatic hydro- 
carbons, esters or ketone solvents. 
Solsperse 24000 was designed 
specifically for these systems having 
good compatibility with solvents of 
intermediate polarity. Solsperse 
24000 is particularly efficient for 
wetting out inorganic pigments 
which have high polarity. e.g. 
titanium dioxide. iron oxides and 
o ther  pigments and extenders 
c o n t a i n i n g  heavy m e t a l s .  I t  
becomes firmly attached to the 
inorganic pigment surface by an 
ion-pa i r  bonding mechanism. 
Solsperse 24000 has multiple anchor 
groups. each of which can form a 
weak bond with organic pigments, 
and the overall effect is to give 
strong adsorption to these pigments 
also. 

In the case of heavily surface- 
t rea ted  pigments such as the 
flocculation resistant phthalo- 
cyanine blucs. or the high surface 
area channel  black pigments, 
adsorption can be enhanced by 
using the synergist hyperdispersant. 

Solsperse 5000, which is based on a 
copper phthalocyanine derivative 
containing polar groups. When 
Solsperse 5000 is incorporated into 
millbases containing phthalo-  
cyanine pigments, since the two 
products are physico-chemically 
similar, strong adsorption results 
due to Van der Waals' forces. The 
Solsperse 5000 is adsorbed on to the 
pigment and produces a more polar 
surface on to which the Solsperse 
24000 can be adsorbed. 

Solsperse 22000 is a second 
synergist, used less frequently in 
industrial paints. It can enhance the 
performance of Solsperse 2400(1 
when used with organic yellow 
pigments and yellow-shade red 
pigments. 

Thus by using Solsperse 2400C 
alone or a blend with a synergist. 
pigments of widely differing surface 
polarity can be effectively wet-out. 
producing very stable dispersions. 
This exceptional versatility is onc 
reason why Solsperse 24000 i >  
increasingly preferred by producers 
of industrial paints over competitive 
products. 

Optimising the dispersion process 

If the dispersion process is not 
:arried out efficiently the resulting 
dispersion will be of poor quality 
and may manifest such imperfec- 
ions as poor rheology (thixotropy), 
lnsatisfactory fineness of grind, 
laziness or low gloss. or inadequate 
locculation resistance. 

On the other hand, if pigments 
a r e  d i spersed  and  stabil ised 
efficiently. the resulting dispersion! 
will have higher colour value 01 

intensity, cleanerlbrighter shades 
and, in the case of fine particle sized 
pigments. high transparency. Paint: 
made from these dispersions will 
exhibit better viscosity stabilitj 
particularly on storage, excellent 
gloss and flocculation resistance 
a n d  l e s s  c o l o u r  c h a n g e  or 
exposure to weathering. 

It is therefore important tc 
optimise the dispersion process and 
to use hyperdispersants efficient11 
in order to ensure that high qualit) 
paints are produced. 

When Solsperse 24000 is used in 
industrial paint millbases, the 

objective is to wet-out the pigment 
surface and ideally create a mono- 
m o l e c u l a r  l a y e r  a r o u n d  t h e  
pigment, thereby preventing other 
pigment particles from approaching 
too closely. In order to produce a 
mono-molecular  layer on  the  
pigment surface it is necessary to 
use up to 2 mg of Solsperse 24000 
per square metre of pigment 
s u r f a c e .  T h u s  f o r  inorganic  
pigments with low surface-areas of 
say 10 m2ig up to 2% Solsperse 
24000 on pigment weight a re  
needed, whereas a finer particle 
size organic pigment with a higher 
surface-area of say 50 m2ig will 
require 10% Solsperse 24000 on 
weight of pigment. 

When Solsperse 24000 is in- 
corporated into a paint millbase one 
of the more obvious effects is on the 
millbase rheology. As the hyper- 
dispersant is adsorbed on to the 
pigment surface, the particle- 
particle interactions are reduced 
and the millbase becomes more 
fluid and thixotropy decreases. 
Usually the viscosity falls to a 
minimum level when the amount of 
hyperdispersant is just sufficient to 
p r o d u c e  a c o m p l e t e  m o n o -  
m o l e c u l a r  l ayer  a r o u n d  t h e  
pigment. It is possible to correlate 
the drop in viscosity, with the 
concentration of hyperdispersant in 
the millbase. In fact one can use 
these viscosity measurements to 
determine the quantity of hyper- 
dispersant to use in the absence of 
reliable data on the surface-areas of 
pigments or extenders. 

In millbase formulations where 
several types of pigments are to be 
dispersed as a co-grind, the amount 
of hyperdispersant required is 
simply the sum of the amounts 
needed for each pigment (related to 
its surface area). Consider the 
Solsperse 24000 requirement for a 
co-grind containing a 10:l blend of 
titanium dioxide:carbon black as 
shown in Table 1. A co-grind 
formulation containing I1 grams of 
pigment would require 0.4 g of 
Solsperse 24000 to satisfy the 
surface-area requirements of the 
pigment. This example demon- 
strates the need to consider the 
surface-area of all pigments and 
e x t e n d e r s  in f o r m u l a t i o n ,  
p a r t i c u l a r l y  if t h c  m i n o r  



Pigment (g) Surface-Area Total Surface- Solsperse 24000 
(m2Ig) Area (m2) requ~red at 

2 mglm2 

"White" 10 10 100 0.2 g 
"Black" 1 100 100 0.2 g 

components are organic pigments 
of high surface-area. 

As Solsperse hyperdispersants 
have a dramatic effect on millbase 
rheology it is essential to monitor 
the viscosity of the millbase during 
the dispersion process. If it is found 
that the viscosity has dropped to an 
unacceptab le  ex ten t  ( i .e .  in- 
adequate shear conditions) the 
pigment content in the millbase 
should be increased. This adjust- 
ment to the original formulation 
will not only improve the efficiency 
of the dispersion, but it will produce 
a bonus on increased productivity, 
i.e. more paint can be made from a 
g i v e n  mi l l .  T h i s  f e a t u r e  is  
particularly attractive if milling 
capacity is limited, obviating the 
need for capital investment in new 
mills. 

Method of use of Solsperse 24000 

I t  is well known that the rate of 
reaction of two chemicals is directly 
proportional to the surface areas 
coming into contact. By analogy, 
the rate of wetting-out of the 
pigment is directly related to the 
c o n t a c t  b e t w e e n  t h e  hyper -  
dispersant and the pigment surface. 

An efficient method of ensuring 
maximum contact between the 
pigment and Solsperse 24000 is to 
dissolve the latter in the grinding 
vehicle, before any pigment is 
added. Solsperse 24000 is supplied 
in a non-dusty solid physical form to 
allow users maximum flexibility and 
to avoid the costs associated with 
transport of solvent. It is sometimes 
more convenient to make up a 25% 
stock solution in a suitable solvent, 
so that it is always available when 
requi red  for  addit ion to  the  
millbase. In the millbase, the hyper- 
dispersant will be competing against 
the resin in the grinding vehicle for 
the pigment surface. Therefore to 
obtain maximum effect from the 
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hyperdispersant it is preferable to 
minimise the amount of resin 
present in the millbase. 

In fact it is possible to  use 
Solsperse hyperdispersants to  
produce stable dispersions in 
solvent alone, such is the effective- 
ness of their stabilisation. This 
effect can be utilised to advantage 
in the production of wood stains, 
which are required to be free of 
resin. However, for most paints this 
technique is not practical since in 
the absence of some resin in the 
millbase, there is a risk of shock- 
seeding the dispersion when highly 
viscous or concentrated resins are 
added to let-down 'solvent-only' 
dispersions. 

A more practical approach is to 
carry out the dispersions using 
grinding vehicles of 10% resin 
solids content. The presence of the 
resin helps t o  encapsulate the 
pigmentlhyperdispersant dispersion 
and prevent shock-seeding. The 
attraction of using a low resin solids 
grinding vehicle in the millbase is 
that its viscosity will be lower than 
in conventional grinding vehicles. 
with the consequence that higher 
pigment levels can be incorporated 
(greater  productivity) without 
exceeding the required millbase 
viscosity. In addition, by increasing 
pigment content and reducing resin 
content, Solsperse 24000 offers the 
possibi l i ty of making  highly 
versatile dispersions that can be let- 
down with a variety of resins. 

T h e  o r d e r  of a d d i t i o n  of 
c o m p o n e n t s  t o  a millbase is 
important. The resin and solvent 
should be added first, followed by 
the Solsperse 24000, or preferably 
the solution of Solsperse 24000. 
When this mixture is homogeneous, 
the pigment may be added in 
stages. the premix or  milling 
viscosity should be monitored to 
ensure that it is at an acceptable 

level. If adjustments are necessary 
t o  modify t h e  viscosity, it is 
essential to maintain the correct 
ratio of Solsperse 24000:pigment in 
order to  satisfy the surface-area 
requirement of the pigment. 

The effectiveness of Solsperse 
24000 in wetting-out pigments can 
be measured in terms of the milling 
time required to obtain a satis- 
factory dispersion. Dwell times can 
often be reduced by 20-30%. 

These millbase dispersions can be 
let-down in the  conventional  
manner, preferably using agitation 
when the resin solutions are added. 
The higher pigment loadings in the 
millbases containing Solsperse 
allow greater flexibility in formulat- 
ing t h e  final pa in t s .  This  is 
particularly useful when producing 
high solids paint (low VOC) or  
where higher opacity finishes are 
required at conventional viscosity. 

Some of the benefits of utilising 
Solsperse 24000 in industrial paint 
millbases can be seen in the 
following examples. 

Example 1 - Titanium Dioxide 

In conventional millbases for 
bead milling. the pigment content is 
usually about 65% by weight. and 
the grinding vehicle can have a non- 
volatile content between 20% and 
50%. 

If Solsperse 24000 is added to 
t h e s e  mi l lbases ,  t h e  h y p e r -  
dispersant wets-out the pigment 
and reduces the viscosity of the 
millbase. This allows an increase in 
pigment content over conventional 
millbases. Indeed, in order to 
create sufficient shear, it is essential 
to raise the viscosity of the millbase 
by increasing the pigment content. 
Successful millbases incorporating 
Solsperse 24000 typically have 
pigment contents in the range 78- 
80% (see Table 2). As such large 
quantitites of titanium dioxide have 
to be wet-out by a small quantity of 
hyperdispersant, it is necessary to 
pre-dissolve the Solsperse 24000 in 
the grinding vehicle before adding 
the pigment. 

The main attraction of the hyper- 
dispersant formulation is the higher 
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Table 4b 

Ball Mill Formulation Conventional Solsperse 
millbase (%l millbase (%l 

Table 5 

Bafl Mill Formulation k- Conventional Solsperse 
millbases (%) millbases (%) 

20% resin solids solution 80 80 - - 
10% resin solids solution - - 59.7 70 
Solsperse 24000 - ....+. 5.3 4.5 
Solsperse 22000 - - - 0.5 
Paliogen Maroon L3920 (BASF) 20 - 35 - 
Hostaperm Red P2GL (fIoechst) - 2 0  - 25 

Table 6 

BaU =Il Eormu~t ion  Conventional Solsperse 
millbases (%) millbases (%) 

20% resin solids sdution 80 80 - - 
10% resin solids solution - - 63.2 64 
Solsperse 24000 - A 1.8 6 
Novoperm Red FLRKM (Hoechst) 20 - 35 - 
Monolite Red 2Y - 20 - 30 

loadings of the perylene pigment 
are used in the millbase, less plant 
capacity is occupied giving rise to 
lower processing costs and scope for 
greater productivity. In addition, 
better dispersion of the pigment is 
often seen leading to improved 
intensity and transparency. 

3.3 Other Red Pigments (Table 6) 

Pigment Red 170 is increasingly 
used in full shade to replace lead 
chrome pigments because of its high 
o p a c i t y  a n d  g o o d  f a s t n e s s  
properties. Solsperse 24000 is again 
extremely effective in allowing 
dispersion at increased pigment 
content. Its use also leads to an 
improved dispersion quality and 
paints with increased intensity and 
brightness. 

Pigment Red 168 (dibromoan- 

thanthrone) is important as a 
shading component in many high 
performance coatings due to its 
unusual shade and its excellent 
brightness and durability. Solsperse 
24000 increases the tinting strength 
of the pigment and reduces the cost 
of formulations. 

Example 4 - High Surface-Area 
Carbon Blacks (Table 7) 

with a mono-molecular layer. 

Thus in the case of some channel 
blacks which have a surface area of 
500 m2Ig it is necessary to use 100% 
of hyperdispersant on weight of 
pigment. While this appears to be a 
high level of hyperdispersant. 
fiiished paints contain very low 
pigment concentrations (say. 2.5%) 
and the ratio of hvperdispersant to 

There is a vast range of carbon 
blacks on the market, and for 
simplicity, these can be split into 
two groups. The tinting grades 
usually have relatively low surface- 
areas up to 150m2/g. whereas for 
full shade or mass-tone blacks, the 
surface-areas may be as high as 
500 m2/g. As a general rule, the use 
of 2 mg hyperdispersant per square 
metre of pigment surface should be 
sufficient to wet-out the pigment 

t o t a l  non-vola i i l e  vehicle is 
c o r r e s p o n d i n g l y  l o w .  As  a 
consequence no adverse effects on 
durability would he expected and 
recent trials in production of auto- 
m o t i v e  f in i shes  have  shown 
excellent durability and gloss 
retention on exposure. 

The use Solsperse 24000 Or 

Solsperse 24000 with Solsperse 5000 

Continued on p329 



The influence of 
associative thickeners on 

In both Parts I and 11, the total per 
cent nonvolatiles by volume (%NVV 
of the formulations was 32. In Part 111 2 
the effect of variation in %NVV was 
examined in formulations containing 
the two latices described above. Bv 
controlling the amount of water in the 

formulation, 32 and 42, while % N v v  varying was the varied PvC at at 22. 25. 
35, 45 and 57 at each %NVV level. 

Two parameters, high-and-~ow-shear 
viscosity efficiency factors (ch and E!), 
were defined to facilitate data analysis; e$ ~ ~ ~ ~ s ~ d i n ~ ~ ~ ~ ~ f ~ ~ ~ ~ ~ ~  
pvC variations'at 22 and 32 %NVV, 
42 %NVV a notable dependence of E I  

on variation in formulation PVC level 
was observed in the small-particle, all- 
acrylic formulations; it increased as the 
PVC decreased indicating flocculation 
of latex particles. Both E, and &h were 
dependent on PVC at the 42 %NVV 
level in formulations containing the 
larger, HEC-stabilized latex. Unlike 
the small all-acrylic formulations, both 
parameters decreased as the PVC 
decreased in the HEC-stabilized latex 
formulations. In addition to these 
d i f f e r e n c e s ,  t h e  s t u d i e s  a g a i n  
emphasized the variation s i n  rheOlOgical 
performance the H-M, W-SPs 
and suggested differences among their 
thickening mechanisms with a given 
latex and differences between the 
latices. 

The main objective of the present 
study is to delineate the effect of the 
surfactants added to formulations as 
post-stabilizers. These will be referred 
to as "formulation surfactantsv. They 
are  added during the mixing of 
p igments  with la tex a n d  o the r  
components to produce the final coating 
formulation. Surfactants are employed 
in the synthesis of the latex, and are 
generally anionic or a combination of 
anionic and nonionic types. Anionic 
surfactants generally provide small 
median particle-size latices. Nonionic 
surfactants added during formulation of 
the coating provide additional stability 
to the dispersed components (i.e., 
titanium dioxide, calcium carbonate, 
silicates, etc.) present in a completed 
formulation. Nonionic surfactants 
provide better water-sensitivity and 
better color acceptance to the applied 
film than are observed if an anionic 
surfactant  is used for  the post- 
stabilization of dispersed components, 

~~~~b~~~ and  coworkers have 
investigated the adsorption of various 
surfactants on catalyst-fragment- 
stabilized polystyrene and polyvinyl 
chloride latices5. Increased adsorption 
on the surface of the latex is observed 
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Abstract 

~h~ effect of anionic and nonionic 
formulation surfactants with different 
critical micellar concentrations (CMC~) 
on the properties of coatings containing 
associative thickeners is discussed. 
Variations in coatings rheology, sag, 
gloss and scrub resistance are reported. 
In addition, the influence of associative 
thickeners on syneresis and pigment 
settling is observed. The small particle- 
size, all-acrylic latex employed in 
previous parts of this series is the hinder 
in this study. 

The rheological variances are related 
to the CMC of the surfactant, not to its 
nooionic or anionic hydrophilic group. 
Higher viscosities at low shear rates and 
lower viscosities at high shear rates are 
observed when the  formulat ion 
surfactant is very hydrophohic and the 
associative thickener is a styrenelmaleic 
ac id  t e r p o l y m e r  (SMAT) .  T h e  
hydrophohic formulation surfactant 
does not effect a dramatic increase in 
low shear viscosities with the HEUR type 
associative thickeners. Dramatically 
lower high shear viscosities are observed 
with the most hydrophohic surfactant 
except in formulations thickened with 
HEUR ZOO. The rheological responses of 
coatings thickened with HEUR 200 are 
distinctly different from that of other 
associative thickeners with variation of 
the formulation surfactant's CMC. This 
is consistent with HEUR deviations in 
previous studies. Differences in film 
scub reistance among thickener1 
surfactant pairs are in 57 PVC 
formulations. the concentration of 
thickener 's increased* the 
resistance is decreased in all systems. A 
s imi l a r  t rend is ev iden t  as the  
h y d r O p h i l i ~ i t ~  t h e  su r f ac t an t  
increases. Formulations thickened with 
the lowest molecular weight associative 
thickener, HEUR 100 resulted in films 
with very poor scrub resistance. 

1988(10) 

USA 

Significant pigment settl ing is 
observed only in SMAT (the only ionic 
t h i c k e n e r  u sed  in  t h i s  s t u d y )  
formulations. Parallel studies of SMAT 
coatings without the extender pigments 

"Ot settling. 

Introduction 

I n  the previous parts of this 
s e  r i e s " , t he  i n f l u e n c e  of 
hydrophobically-modified. water- 
soluble polymers (H-M. W-SPs) on the 
rheological performance of coating 
formulations varying in p v c  and 
O/~NVV was investigated. tn part 11 a 
smal l -par t ic le  (n um be r  ave rage  
diameter - 117 nm), all-acrylic latex was 
employed as the binder of an interior 
water-borne latex formulation; in Part 
11' a large-particle, (number average 
diameter - 347 nm) heterodispersed 
vinyl acetate / acrylate latex was 
employed.  The  la t ter  latex was 
stabilized in part by hydroxyethyl 
cellulose, chemically bound to the 
surface of the latex4. In both studies, 
coating formulations were prepared by 
varying the amount of an associative 
thickener (i .e. ,  H-M, W-SPs) o r  
hydroxyethyl cellulose (HEC) to 
achieve different Stormer viscosities 
(measured in Kreb units, (KU). 
Pigment volume concentrations (PVCs) 
of the formulations were varied by 
controlling the amounts of extender 
pigments. Extreme differences in 
rheological  performance among 

thickeners were observed 
with a given latex as a result of PVC 
variations. For most associative 
thickeners significant variations in 
rheology and thickening efficiencies 
w e r e  o b s e r v e d  b e t w e e n  t h e  
formulations containing the two latices 
at a given PVC. Some thickeners (e.g., 
HEUR 200 and SMAT) exhibited a 
reversal in performance with latex 
variation. The exceptions were HEUR 
708 and HEC which showed little 
sensitivity to formulation changes. 



represent the average properties of 
polydisperacd surfactant sampless. 

when the hydrophilicity of nonionic 
nonylphenol surfactant decreased. It 
was also observed that nonionic 
surfactants. particularly as they become 
increasingly hydrophobic. are capable 
of displacing anionic surfactants from 
the surfaces of the two chemically 
different latices". 

T h e  p re sence  of fo rmula t ion  
surfactants and hydrophobically- 
modified (e.g., with surfactant type 
structures), water-soluble polymers in 
formulations containing a variety of 
dispersed components of variable 
surface energies provide the possibility 
for a multitude of associations that 
could influence coating rheology. 
formulat ions  conta ining various 
nonionic and anionic formulation 
surfactants with different critical 
micellar concen t r a t ions  will be  
examined in this paper. Coating film 
properties such as sag. gloss and scrub 
resistance will be discussed in addition 
to coatings rheology. The effect of 
associative thickeners on syneresis 
(phase separation) and pigment settling 
also is discussed. 

Experimental 

The materials and techniques used in 
this study are similar to those reported 

Table 1 

Scrub resistances of dry films were 
d e t e r m i n e d  us ing an  E p p r e c h t  
Instrument. The test procedure is very 
similar to the method described in 
ASTM standards'. Experimental error 
was between 22% (for the lowest 
values) and 2.3%' (for the highest 
values). Coating films with scrub 
resistance values greater than 2000 were 
considered excellent and the tests were 
discontinued due to time limitations. 

previously". All of the formulations 
studied were prepared with the small- 
particle (1 17 nm). all-acrylic latex. The 
formulation surfactant was varied by 
selecting the following on the basis of 
differences in structure, CMC (criticill 
micellar  concentration)'^' and t1LB 
(hydrophilic-lyophilic balance) values. 
the surfactant concentration in the 
coating formulations was constant on a 
molar basis (4.28~10.' mole/IOOg of 
formulation). 

Nonionic surfactants: nonylphenols 
with averages of 40 and 4 units of 
ethylene oxide (Tergitol NP-40 and 
Tergitol NP-4, respectively. both from 
Union  C a r b i d e ) .  T h e  s t anda rd  
formulation surfactant used in previous 
~ t u d i e s ' . ~  was a secondary alcohol 
having an average chain length of 13 
carbon atoms with an average of 9 
moles of ethylene oxide (Tergitol 15-S- 
9, from Union Carbide). 

Anionic surfactants: a sodium dioctyl 
sulfosuccinate (Aerosol O T  from 
American Cyanamid) and an alkylaryl 
polyether sulfonate (Triton X-200, from 
Rohm and Haas). 

Structures, molecular weights. CMC 
and HLB values of these surfactants are 
given in Table 1. Data in Table I 

V a r i o u s  p r o p e r t i e s  of t h e  
formulations are listed in Table 2 (57 
PVC) and Table 3 (35 PVC). They 
include the thickener concentration 
(based on the total weight of the 
formulation). Stormer viscosity (in 
Kreb units. KU).  shear viscosities at 
s-' (LSV) and 104 s- '  (HSV) shear rates, 
sag ratings. scrub resistance and gloss at 
750 degree angle. Table 2 does not 
c o n t a i n  gloss  d a t a  as  57 PVC 
formulations result in flat coating films. 

Properties of surfactants 

Studies on phase separation and 
pigment  se t t l ing a r e  limited to  

MW - CMC(X~O~ HLB 
(weight X )  

- 

8.1 17.8 
( .160) 

Triton X-200 ~ 8 ~ 1 7  --@ 380 6.1 12.1 
( .023) 

Aerosol OT C8H1 7 C m 2  

316 JOCCA 



coating formulations containing Tergitol 15-S-9 (standard 
formulation surfactant used in previous studies). The height 
of the separated top layer was measured as a function of time. 
and recorded as a percentage of the total height of the sample 
(Table 4). After a one month period. the original paint 
containers were opened and checked for settling. In severe 
cases very hard crusts. difficult to redisperse. were formed at 
the bottom of the container. These were assigned a rating of 
5. The cases where no pigment settling was observed were 
assigned a rating of I. 

Results and discussion 

A s  mentioned in the introduction section, latices used in 
coatings contain surfactant(s) used in their synthesis. An 
anionic surfactant is generally employed to achieve a small 
particle-size latex. such as the 117 nm latex employed in this 
study. In general. anionic surfactants are used at 0.2 - 2.0% 
(based on nonomer) in the synthesis"'. Calculations reveal 
that the upper limit (2 .08 )  is about 25% of the concentration 
of formulation surfactants employed in these studies: 
however. the all-acrylic latex used in these studies also 
contain surface carboxylic acid groups". Such latices require 
extremely low levels of surfactants during the s nthesis, Y Similar latices prepared by Sperry and co-workers' employ 
approximatley 0.05% anionic surfactants. When the latex is 

Table 2 
Praprti- of 57 P V V  crnslinp l o r m u l ~ i c m ~  contvininl r mall-partirlr. rll-a<r4ir ldex 

~ ~ r ( - ~ t  cnr: KU* LSV. H ~ V *  sapr SE,UI,, 
lW1.41 (Ps.s) 

Thickener: HEUR 100 
lmPa.rJ RatinR Reistanre 

NP-40 0.71 77 0.82 92 5 
O.YO 88 1.29 143 5 
1-16 102 1.89 2114 6 140 
1.35 118 3.26 310 7 

NP-4 0.53 73 0.24 43 3 
0.77 XY 0.92 75 6 

54" 

1.03 97 1.54 125 7 
1.52 120 3.87 253 9 3211 

O T  (1.640 XO 0.M 54 7 350 
0.80 89 1.14 ')o 7 
1.05 104 2.70 138 7 
1.31 12o 3.50 2Iw x 150 

X-2110 0.62 82 1.03 70 5 430 
0.70 %I 1.29 x9 6 3911 
11.84 104 1.99 126 7 3311 
1.04 I21 3.83 1x2 8 310 

Thickener: HEUR ?(MI 
NP-411 73 3.01 Xh 2O 11010 

1.16 86 3.86 129 25 xso 
1.50 102 6.37 190 35 
1.81 120 7.19 251 40 

NP-4 0.56 89 1.41 79 >21X)I) 
0.61 94 9 9  92 x >2tNM) 
0.74 1114 3.117 122 
o,ull I l x  3,69 ISX >:(;I; 

OT (1.86 77 2.22 92 14 xzo 
I .  XY 3.21 119 16 710 
1.23 102 4. I0 IS7 20 
1.56 121 6.27 221 25 ::;I 

X.2,K) 75 3,93 79 2o 12311 
1.13 86 4.98 109 30 
1.45 100 7.62 155 40 

930 
ffio 

1.71 114 X.YI 207 50 450 
Thickener: HEUR 708 

NP-40 0 5 0  76 0.64 85 121x1 
O.hl 90 OYh 134 
0.77 102 1.94 199 ; 
11.96 I 16 XIK 281 450 

NP-4 0.30 77 I .  44 ; zzcnc] 
O.40 86 1.29 MI 
0.57 I I ~ )  2.36 1115 1;:; 
0.68 I 1 6  3.65 I ~ O  9 xsil 

OT 0.34 76 0.93 54 5 164x1 
0.43 90 1.60 92 
0.56 102 2.21 119 f: 
0.66 116 3.56 169 x 6511 

X-2M) 0.42 78 11.98 68 5 121~1 
0.50 91 1.38 96 6 
0.58 I(XI 2.21 133 74;;; 
0.73 112 3.44 1x2 8 330 

.,.,,ickener: SMAT 
N P . ~  0.73 83 1.09 140 4 510 

0.85 95 1.83 187 4 270 
0.95 108 2.67 236 6 160 
1.15 123 4.61 325 6 140 

NP.4 0.32 85 3.50 50 13 121x1 
0.37 95 3.92 57 14 1050 
0.49 I N  6.m 77 14 820 
0.67 120 8.85 105 16 680 

OT 0.49 83 1.M 84 5 300 
0.57 94 1.86 108 6 220 
0.65 105 2.41 125 7 180 
0.84 122 4.89 192 160 

X-2M) 0.52 81 0.68 73 4 4M) 
0.60 89 1.01 105 5 290 
0.71 104 1.86 140 6 240 
0.86 120 3.31 212 8 180 

Thi,"bF HF38 86 3,87 44 14 8w 
0.47 105 6.82 52 16 730 
0.63 119 12.40 72 25 420 

NP" 0.32 4.08 44 l4  lZca 
0.43 199 7.62 49 16 710 
0.58 114 14.25 M) 25 380 

OT 0.37 85 5.46 45 14 460 
0.44 103 6.83 49 16 350 
0.60 118 13.56 59 25 290 

X.2ca 0,35 84 3,70 39 14 630 
0.44 103 6.41 46 16 450 
0.62 120 13.77 61 25 320 

"Concentrat~on hased on total welsh1 of coating formulation 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ y / ~ e ~ ~ ~ i t 5 ~  
dViscos~ty at l0.W s 1  shear rate. 
'Determined by Leneta Antt-Sag te.1 
'Determined accurding to ASTM Standards. D2486-74a. 

added to the coating formulation, the latter level is less than 
1% of the concentration of the formulation surfactants. Thus. 
the influence of the synthesis surfactant would be insignificant 
compared to that of the formulation surfactant. 

The data in Tables 2 and 3 are obtained from coating 
formulations containing two nonionic formulation surfactants 
(Tergitol NP-40 and NP-4) and two anionic sufactants 
(Aerosol OT and Triton X-200). These are analyzed with the 
data from Part I i  which employed Tergitol 15-S-9. The data 
will be selectively presented in graphical form in order to 
emphasize important trends. 

High shear viscosities 

Tergitol NP-4 is more hydrophobic than NP-40 (Table I); it is 
dispersible. not water-soluble. A difference in hydrophobic 
interactions between these two nonionic surfactants would be 
expected. The effect of surfactant on the variation of HSV 
with thickener concentration IS illustrated in Figures 1 and 2 
for NP-40 and NP-4 formulations, respectively. The more 
interesting observation is the nature of this effect on each H- 
M. W-SP. The HSV performance of HEUR 708, 100 and 
SMAT formulations decreases in magnitude. whereas that of 
HEUR 200 is slightly improved as the formulation surfactant 
becomes more hydrophobic. HEC does not exhibit a 
significant change. 

In order to facilitate a comparative analysis among 
surfactant effects. the slopes of the lines corresponding to 
each thickener in Figures 1 and 2 and similar figures for other 
surfactant formulations are used. Since the slope does not 
provide an indication of the actual concentration of thickener 
present in a formulation. another parameter ,  the 
concentration (wt.%) of a thickener required to produce a 
HSV of 100 mPa s. also is used in the analysis, analysis of 
HSV and LSV data in terms of the slopes ( S ~ ~ ~ .  Figure 3) 
and the concentration (Wt.%) required to achieve 100 mPa s 
(WHSV. Figure 4) exhibit interesting trends with respect to 
each thickener. The anionic and nonionic surfactants are 
segregated in Figures 3 and 4 according to their CMC values. 



Prooertier of 35 PVC coarine fomular~onr  conrarnbne a small-ornicle. all-acrvlic lr lex 

Surfactant Cone.* KU' LSV" HSV* Sag  Scrub" ~loul' 
(Wt.%) (Pa s) (mPa.s) Rating Resistance (at75") 

Thrkener HEUR 100 
NP-40 0 52 72 0 49 80 4 >2000 33 

X-200 0.51 77 0 6 1  59 6 >2000 39 
0 58 88 0.91 75 7 1800 36 
0.75 100 1 3 2  120 8 1400 37 
092  115 2.90 179 9 1100 39 

Thickener HEUR 200 
NP-40 0 62 72 2.04 37 18 >2000 34 

1 05 95 4.92 82 40 22000 34 
156  99 7.13 128 45 36 
1.74 116 11.92 192 2-60 1800 36 

NP-4 0 66 82 1 2 8  70 13 >2000 41 
0.74 89 156  82 13 22000 41 
0 88 101 2 58 109 14 >ZOO0 39 
1.08 120 4 47 153 18 >2000 38 

OT 0.93 77 4.30 70 30 >2000 40 
1.06 87 5.44 88 35 >2MM 40 
135  101 7 80 128 50 >2000 40 
1.57 116 9 95 167 >60 >Zoo0 37 

X-200 0 77 76 4.37 46 20 40 
0 % 90 5 16 58 30 >2000 43 
125 96 7 39 90 45 1550 41 
1.72 113 12 35 160 >60 1(%4 37 

Thickener: HEUR 708 
NP-40 0 38 72 0.37 46 6 >2000 31 

0.57 88 053  81 6 1100 33 
0.91 114 I 6 0  199 8 960 36 
106  123 1.76 258 9 670 38 

Thickener: SMAT 
NP-40 0.68 77 0.66 135 6 22000 66 

080  89 1.11 177 7 1800 67 
0 88 100 133  209 7 1200 51 
1.08 113 2 80 298 8 820 76 

OT 0 53 79 0 71 99 6 > 2 0 0  52 
0 6 6  89 128 135 6 1200 56 
0 76 100 174  167 7 820 70 
0 8 7  112 295 214 9 5M.I 75 

X-200 0 56 72 0 52 92 5 XOO 72 
0 6 0  82 075 105 6 510 50 
0 73 100 1 56 165 7 450 72 
0 94 112 2 43 236 8 380 62 

a For def~nitlons of the terms see footnote to Table I 
b Determ~ned by Gardner Mult~ Angle Glossmeter 

I'he anlonlc surtactants ~ncluded in these figures were 
;elected on the basis of their structures. Octylphenol with an 
3thylene oxide chain and pendant sulfonate ester (Triton X- 
200) has a CMC value of 0.023 wt.% (6.1 x 10.'' M); sodium 
jioctylsulfosuccinate (Aerosol OT),  a branched structure 
[Table 1). has a CMC value of 0.03 wt.% (6.8 x LO-' M).  The 
trends observed in Figures 3 and 4 with respect to  each H-M. 
W-SP are not related to the ionic or  nonionic nature of the 
surfactant, but to their CMC values. HSVs of H E C  are not 
affected by the formulation surfactants. 

The efficiency at  high shear rates decreases with decreasing 
CMC of the surfactant when the thickener is HEUR 708. 
HEUR 100 or  styrenelmaleic acid teropolymer, SMAT. The 
:reatest HSV sensitivity to formulation surfactant variation is 
~ b s e r v e d  in coating formulations containing the ionic 
thickener. SMAT (Figure 3). The  lowest high-shear- 
viscosities are observed in formulations containing the low 
:thoxylate nonylphenol surfactant .  NP-4,  except in 
formulations containing H E U R  200. where a slight increase 
n HSV is evident. The 57 and 35 PVC data follow a pattern 
~ b s e r v e d  in all previous studies and confirm that the 
thickening mechanism of H E U R  200 is opposite to that of 
~ t h e r  associative thickeners. The low-shear viscosity data. 
jiscussed in the following section also are consistent with this 
trend. 

Low shear viscosities and sag resistance 

The low-shear viscosity (LSV. viscosity at  2 s1 shear rate) 
dependence on the thickener concentration is illustrated in 
Figures 5-7 for 57 PVC formulations containing NP-40. NP-4 
and Aerosol O T  as formulation surfactants. Slopes of the 
lines of LSV versus thickener concentration (wt.%) for each 
thickener ( S ~ ~ ~ )  are illustrated in Figure 8. 

The LSV performance of H E C  does not depend on the 
formulation surfactant. This is consistent with the sag data 
which also are constant (Table 2). Associative thickener 
formulations are sensitive to surfactant variations; however. a 
pronounced sensitivity is exhibited only by SMAT. consistent 
with the sag data of coating formulations containing that 
thickener. Sag ratings and LSVs dependence on thickener 
concentration for formulations containing various surfactants 
and SMAT are illustrated in Figure 9. The greatest sag 
resistance and highest LSVs are observed with the most 
hydrophobic surfactant. This is a difference between SMAT 
and the two H-M. W-SPs, H E U R  708 and H E U R  100. which 
usually impart responses similar to SMAT. SMAT is the only 
ionic thickener in this series; it lias a distinctly different 
chemical structure from the HEUR-type thickeners1. 

The lower gloss (Table 2) of NP-41SMAT formulations 
support the pigment flocculation mechanism. Neither the 
LSVs nor the sag values are large enough to detect a 
sensitivity to surfactant variation in HEUR 708 and H E U R  
100 thickened formulations. The lowest sag values with NP-4 
in both 57 and 35 PVC formulations are observed in H E U R  
200 thickened coatings (Figures 10 and 11). In prior studies 
with the small particle size latex. it has been observed that 
H E U R  200 tends to associate with itself in the continuous 
medium1. If the hydrophobic NP-4 surfactant disrupts these 
associations via cohesive interactions, it results in lower 
LSVs. Hydrophobic interactions between macromolecules 
and surfactants are well documented". The variation of sag 
values with formulation surfactant (Table 2 and Figures 10 
and 11) illustrates the limitation of LSVs as an indicator of sag 
performance. The LSV data obtained at 2 s-' do not parallel 
sag variations when the formulation surfactant is changed 
(Figures 10 and 11). The lowest HEUR 200 formulation sag 



Table 4 
Phru Separation and t i p e n t  Fuelln~ behsviour drast inp br~nulstions containing Il7nmlDis.i All acrylic later IPVC = I 

Scrub resistance 
57: I N V V  = 32) 

Although scrub resistance data do not 

W-S Polymer MW (~10")" Conc.(Wt.%) KU LSVIPa.s)' %Phase scp.' Pigment Sell." 
HEURIM 1.1 0.52 86 1 .(I5 35 
HEURZM 9.4 0.~9 93 2 .m 0 
HEUR L7S 2.8 0.9 90 1.33 16 I 
HEURRSOO 1.1 0.51 91 1.62 16 2 

provide insights into the thickening 
mechan i sm,  they a r e  useful in 
determining the effect of thickeners and 
surfactants on dry film properties. The 
scrub resistance of 35 PVC coatines is 
superior to that of 57 PVC coazngs 
(Tables 2 and 3) .  which is not 
surprising; more binder is available to 
yield better film integrity in 35 PVC 
formulations. Most of the 35 PVC 
coatings were able to withstand 2000 
scrub cycles without failure. 

Differences  among thickener1 
surfactant pairs are observed in the 57 
PVC coatings. As the concentration Of 

t h i c k e n e r  i s  increased. the  scrub 
resistance is decreased in 'ystems. A 
s i m i l a r  t r e n d  i s  e v i d e n t  a s  t h e  
h y d r o p h i l i c i t y  O f  t h e  s u r f a c t a n t  
increases. The scrub resistance is 
observed with the most hydrophobic 
s u r f a c t a n t ,  N P - 4 .  A n i o n i c  
surfactantiSMAT ( i .e .3  the  ionic 
thickener) combinations result in poor 

resistance. These mends are 
illustrated in Figures l2 and 13for NP-4 
and X-200 formulation surfactants. and 

be attributed to the water sensitivity 
'Oatin@ by the 

and surfactants' It should be noted that. 
at 35 PVC less than 20(X) scrub values 
are Observed (Table 3, Only under 
conditions where the thickener and 
surfactants are very hydrophilic. 

The differences i n  scrub data 
thickeners be explained by 
water-sensitivity alone' The 

is the  extremely low scrub 
resistance exhibited by loo 
(Figures l5 and 16. Table 2). This is the 

hydrophobic (i.e.. the lowest 
"qUeoUS soluti0n surface tension is 

Table Of reference ') and 
lowest molecular weight 
a"0ciative thickener studied. Thus. the 
lower scrub resistance cannot be due to 
water-sensitivity alone. HEUR 100may 
be able to plastisize the binder which in 
the abrasive scrub medium would 

greater f i l m  disintegration. 
The between the 100 and 
latex polymer is lower in 35 
PVC f i l m s  a n d  improved  s c r u b  
resistance is observed. 

Conclusions 

T h e  rheological behaviour of 
hydrophobically-modified. water- 
soluble polymers in latex coating 
formulat ions  is affected by the  
formulation surfactants. The effects 
observed with respect to each thickener 
are related to the critical micellar 
concentration of the surfactants. 
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SMAT 3.2 0.62 87 1.48 4.5 i 
HEUR70X 3.7 0.M 93 1.48 19 I 

6.8 1.76 HEC X4 4.77 23 I 
HEC 100 0.34 US 4.82 0 

"Wclght averape molecular webghlr c r l  a<\ocl.~Imvc Ihtckcner\ (lrcm Rcl I )  and v?ro>rity rveragc molecular wclghtr ol 
HECr (Irum Rcl 12) 
"Low-Shrrr vrrms~ty (I r. . vnwo511y rl 2 r ' shear raw) 
'Height of the separalcd lop layer .as a percrntagc 01 the tovdl henphl al thr  *ample. 
'Plpmcnl \crll,np I ~ndtrale no rctllmng .~nd 5 ~ n d ~ c a l e  \cvcrr 

ratings are observed with the lowest 
CMC surfactant. hut this combination 
does not result in dissimilar viscosities. 
The lack of a correlation is also evident 
in comparing the LSV and sag data 
between HECand HEUR200(Table 2) 
coatings. This poor correlation is the 
r e s u l t  of s e v e r a l  f a c t o r s .  
Experimentally, the LSV determ~nation 
does not have the precision of HSV 
measurements. In addition. the sagging 
process occurs at very low shear rates 
(ca. <1 s.')("'). Under these conditions. 
not only the shear viscosity. hut also 
elastic parameters such as G' (storage 
modulus) are importanti". Systems 
which do not exhibit differences at 2 s-' 
shear rate (the reference value used in 
these studies due to experimental 
limitations) could be stgnificantly 
different at very low shear-rates 
highlighting the value of sag data. The 
very high sag values in HEUR 200 
coatings with the high CMC surfactants 
indicate the presence of a large amount 
of weak, inter-species interactions. 
These could include flocculation of 
dispersed particles and intermolecular 
i n t e rac t ions  among  H E U R  200 
molecules. The more hydrophobic. low 
CMC surfitctant appears capable of 
disrupting these interactions in the 
HEUR 200 thickened formulations. 

Gloss 

The gloss of the coating films is 
\ignificantly lowered by NP-4 when the 
thickener is HEUR 708. HEUR 100 or 
SMAT (Table 111). but the gloss of 
HEUR 200 thickened formulations is 
not dependent on the formulation 
surfactont. This ohservrrtion (i.e.. thc 
different behaviour between HEUR 
200 and other associative thickeners) is 
consistent with the trends in rheological 
performance. SMAT provide\ coating 
films with the highest gloss. The low 
gloss values observed wtth the NP-4 end 
SMAT cornhination are equivrllent to 
the highest gloss ohwrved with other 
thickcners. 

lYXX( 10) 

wtltng 

klthough the gloss of HEUR 708 
formulations are comparable to those 
containing HEUR 100 or 200. HEUR 
708 is observed to yield films with 
cons ide rab ly  lower  gloss  t han  
formulations containing TiOz as the 
only pigment. These data will be 
discussed in a future article. 

Phase separation and pigment settling 

Phase separation involves the  
settlement of dispersed components 
under gravity. The shear rates pertinent 
to this process'J are much lower (i.e. 
<.I s ~ ' )  than the accessible shear rate; 
of the instruments used in these studies. 
The data in Table 4 pertain to 
approximately 90 KU formulations 
contain~ng the small-particle, all-acrylic 
latex at 57 PVC and 32 %NVV. 
Although these formulations have 
approximately the same Stormer 
viscosity. their low-shear viscosities 
(LSV. viscosity at 2 s-l shear rate) differ 
significantly (Table 4) .  A weak 
relationship between the LSV and the 
extent of phase separation is evident. 
The lower the LSV. the higher the 
extent of separation. A major deviation 
is exhibited by the  formulation 
thickened with a low molecular weight 
HEC. Both the molecular weight and 
LSV of this formulation are higher than 
those of the associative thickeners 
e x c e p t  H E U  ( T a b l e  4 ) :  
f o r m u l a t i o n s .  The l o w e r  phase  
separation in associative thickener 
formulations suggest\ an influence on 
hydrophohic-modification on phase 
separation. Additional studies are 
warranted in this area. 

SMAT is the only thickener which 
caused pigment settling in these 
formulat~ons; it is the only ionic 
thickener in the series. Coating 
formulations containing only TiOz as 
the pigment did not exhibit pigment 
settling when thickened with SMAT. 
indicating that it is the flocculation of 
the large extender pigments that is 
occurring. 



Figure 1 
High-Shear-Viscosity IHSV) Dependence on Weight Percent (W1.F) 
Thickener Required lo Attain Stormer Visrosilies of 80, 90. 105 and 
120 KUs in 57 PVC, 32 %NVV Formulations Containing Small 
Particle (117 nm), All-Acrylic Latex and Tergitel NP-40 as 
Formulation Surfactant.0. HEC: 0, SMAT; 0 ,HEUR 708; 0, 
HEUR Z O b ,  HEUR 100. 

Figure 2 
HSV Dependence en WI.% Thickener Required to Attain Storrner 
Viscosities of 80, 90. 105 and I20 KUs in 57 PVC, 32 %NV\' 
Formulations containing Small Particle ( 1  17 nm). All-Acrylic I.atex 
and Tergitol NP-4 as Formulation Surfactant. l'hickener symbols arc 
given in Figure I. 

Results of the study are consistent with 
trends observed in other investigations 
(e .g ,  H E U R  200 thickens by a 
mechanism distinctly different from the 
other associative thickeners); however, 
the role of the MC of the surfactant in 
the matrix of different thickener 
architectures I s  has not been defined. A 
large multiple of the formulation 
surfactant's MC, approximately that 

used in a coating. is re uired to 
maximize solution viscositiesqh and this 
concentration is dependent on the 
t h i c k e n e r ' s  mo lecu la r  we igh t .  
architecture and hydrophohe placement 
frequency. 

Syneresis appears to be related to the 
molecular weight and the presence of 
hydrophobes in the thickener structure: 
a c l e a r  u n d e r s t a n d i n g  of t h e  

phenomenon requires additional study. 
Pigment settling does not appear to be a 
problem with the nonionic associative 
thickeners. The gloss data are complex 
and will be addressed in future 
investigations. 
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Figure 3 
Dependence of HSV Efficiency (in Terms of slopes (mPa nhickener Wt.%)) of Thickeners i n  57 PVC, 32 %NVV Formulations Containing 
Small Particle (117 nm), All-Acrylic Latex, on Formulation Surfactant. Thickener symbols are given in Figure 1. 
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Figure 4 
Dependence of Wt.% required to Attain 100 mPa s at lo4 s.' Shear Rate, on Formulation Surfactant in 57 PVC, 32 %NVV Formulations 
containing Small Particle (117 nm), all-Acrylic Latex. Thickener symbols are given in Figure 1. 
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Figure 5 Figure 6 
Low Shear Viscosity (LSV) Dependence on Wt.% Thickener Required LSV Dependence on Wt.% Thickener Required 11, attain Stormer 
to Attain Stormer Viscositiesuf 80.90. 105 and 120 KUs in 57 PVC. 32 Viscosities of 80. YO. 105 and 120 Klls in 57 PVC, 32 % NVV 
%NVV Formulations Containing small Particle (117 nml, All-Acrylic Formulati~ms cnnVaining sn~all Particle (1 17 nm), all-Acrylic I.ate\ 
Latex and Tergitol NP-40 as formulation Surfactant. Thickener and Tergitel NP-4 as Formulati~~n Surfactant. Thickener symhljl\ are 
symbols are given in Figure I. given in Figure I .  

Figure 7 
Low Shear Viscosity (LSV) Dependence on 
Wt.% Thickener Required to Attain Stormer 
Viscosities of 80, 90, 105 and 120 KUs in 57 
PVC, 32 %NVV Formulations containing 
Small Particle (117 nm), all-Acrylic Latex 
and Aerosol OT as Formulation Surfactant. 
Thickener symbols are given in Figure 1. 

Figure 8 
Dependence of LSV Efficiency (in Terms of Slops (Pa s/Thickener Wt. %)) of Thickeners in 57 
PVC, 32 %NVV Formulations Containing Small Particle (117 nm), All-Acrylic Latex, on 
formulation Surfactant. Thickener symbols are given in Figure I. 
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SLOPE ( h.r / THICKENER W1.X I 

322 JOCCA 



Figure 9 
Sag Rating and LSV Dependence on Thickener Wt.% i n  57 PVC, 32 
'Ir NVV Formulations 'Thickened with SMAT. Formulation Surfadant 
is Varied: 0 .NP-40: V .Nl'-4: 0 -15-S-9: A ,0T: 0 .X-200. (Open 
syrnhols - Sag Rating, Closed symhnls - I.SV). 

Figure 10 
Sag Rating and LSV Dependence on Thickener Wt.% i n  57 PVC, 32 
%NVV Formulations Thickened with HEUR 200. Formulation 
Surfactant i~ Varied. Surfactant symbols are given in  Figure 9. 

Figure 11 Figure 12 
Sag Rating and LSV Dependence un thickener Wt.% i n  35 PVC. 32 Dependence o f  Scruh Resistance on Thickener Wt.% i n  57 PVC, 32 
%NVV Formulations Thickened wi lh  HE l lR  200. Rlrmulation %NVV Formulations Containing Tergitul NP-4 Formulation 
surfactant is Varied. Surfactant symhols are given in  Figure 9. Surfactanl. Thickener symhols are given i n  Figure I. 

CONCENWATION OF THICKENER (V8T.X) 

Figure 13 
Dependence of Scruh Resistance on Thickener Wt.% in 57 PVC, 32 
Q N V V  F ~ ~ r m u l a t i e n s  Cnntaining T r i t on  X-200 Formulation 
Surfactant. Thickener sgmhels are given i n  Figure I. 

o !  , , , , , , , , , , I 
0 0.2 0.4 0.6 0.0 1 j.2 1.4 1.6 1.11 2 

CONCENTU4nON OF THICKENER (IM.7.) 



Paint and Surface Coatings 
Theory and Practice 

Edited by R. LAMBOURNE, 
Technical Manager, 
INDCOLLAG ( I n d u s t r i a l  Colloid 
Advisory G r o u p ) ,  Department of 
Physical Chemistry, University of - 

Bristol. 
696 pages; Published April 1987; £81.00 ( inc i .  of p+p, 
overseas orders are sent surface m a i l ) .  

CONTRIBUTORS: 
D. A. Ansdell, Technical Manager, Automotive Productsx. 
J. Bentley, Senior Scientist, Research Department*. 
T. R. Bullett. Retired. Formerly Research Director, Paint Research Association, 

Teddington, Middx. 
A. Doroszkowski. Research De artment*. 
F. K. Farkas, Consultant, FKF & Associates. 
J. A. Graystone Technical Mana er, Research Department*. 
R. A. Jeffs, Retked. Formerly w i g  Research Departmentx. 
W. Jones, Research Department*. 
R. Lambourne, Un~versity of Bristol. 
A. H. Mawby, Director, Refinish Marketing, PPG Industries (UK) Ltd, 

Ladywood, Birmingham. 
Miss J. F. Rolinson, European Technical Manager for Products and Materials*. 
T. A. Strivens, Senlor Scientist, Research Department*. 
G. P. A. Turner, Technical Manager, lndustrial Coatings Research*. 

ICI Paints Division. Slough. 

CONTENTS: Paint Composition and Applications-A General 
Introduction; Organic Film Formers; Pigments for Paints; Solvents, 
Thinners and Diluents; Additives for Paint; The Physical Chemistry of 
Dispersions; Particle Size and Size Measurement; The lndustrial Paint 
Making Process; Coatings for Buildings; Automotive Paints; 
Automotive Refinish Paints; General Industrial Paints; An Introduction 
to Rheology; The Rheology of Paints; Mechanical Properties of Paints 
and Coatings; Appearance Qualities of Paint-Basic Concepts; 
Specification and Control of Appearance; Durability Testing. 
Orders can be sent to the association by completing the form below and by Prepayment only - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .  
ORDER FORM 
To: Oil and Colour Chemists Association, Priory House, 967 Harrow 
Road, Wembley, Middlesex HA0 ZSF, UK 
Please supply . . . .  copy(ies) of Paint and Surface Coatings at . . . .  
f81 .OO per copy, price inclusive of p+p, overseas orders 
sent surface mail) 
Cheques must be made payable to  OCCA-Post with remmitance to  
the above address 

Name ......................................................................................................... 
Address ................................................................................................... 
................................................................................................................... 
................................................................................................................... 
Telephone ................................................................................................. 

324 JOCCA 



strong active solvents aie required 
which show no reactivity with the 
i s o c y a n a t e  mechan i sm of 
polyurethane formation. Esters and 
k e t o n e s  a d e q u a t e l y  f i t  t h e  
requirements. Solvents which have 
come to be the most commonly 
used include n-butyl acetate, 
methyl ethyl ketone (MEK) and, 

The prupose of this paper is to 
explore the use of propylene glycol 
methyl ether (PM) and propylene 
glycol t-butyl ether (PTB) as 

fo r  two-component 
polyurethane coatings. These 
solvents have only relatively 
recently been available cheaply and 
in large quantity and their use has 
not been thoroughly explored 
e a r l i e r .  ~ 0 t h  so lven t s  a r e  
predominantly secondary hydroxyl 
glycol ethers and thus are expected 
to show substantially diminished 
reactivity toward isocyanates 
relative to ethylene glycol ethyl 
ether (EE). The effect of PM and 
PTB on film formation  ropert ties 
will be discussed. 

Solvents chosen for this study are 
show in Table 1, along with some of 
the pertinent physical properties of 
those solvents. The structures of the 

Glycol ether use in 
polyurethane coatings 

by R. A. Heckman, ARC0 Chemical Company, Newtown Square, 
Pennsylvania, 

This paper add- the use of glycol 
ether solvents in two-component air- 
drying polyurethane coatings. Such use 
has been avoided in the past due to the 
reactivity of the hydroxyl group of glycol 
ethers with isocyanate resins. The 
propylene-hased ethers' however' 
have predominantly secondary hydroxyl 
groups, typically greater than 98% 
are significantly less reactive towards 
isocyanate resins. Ultimate coating 
performance depends on the relative 
rates of reaction of glycol ether solvents 
and polyol resins with isocyanate resins. 
Data presented here show that 
propylene glycol methyl ether (PM) may 
be successfully used as a solvent in these 

USA. 

most particularly, ethylene glycol 
ethyl ether acetate (EEA). Some 
hydrocarbons such as xylene are 
also frequently used in diluents. 

Glycol ethers and alcohols, 
although used with most other 
coa t ings  r e s in  types ,  have  
hi~torically been inappropriate for 
two-comPonent polyurethane 
coatings due to the reactivity of the 
isocyanate resins with the free 
hydroxyl group will initially react 
with an isocyanate group to form a 
urethane as in Equation 1. 

coatings with minimal degradation of 
film performance. A significant 
advantage of PM use is enhanced solvent 
release from urethane coatings relative 
to the conventional glycol ether ester 
solvents. 

T h e  advent of two-component 
polyurethane coatings represented 
a significant advance in coatings 
technology, with substantial  
improvements in durability and 
chemical and water resistance at 
minimal cost to the user. The 
variety of isocyanates and polyols 
available gave coatings formulators 
c o n s i d e r  a b 1 e f l e x  i b i 1 i t y in 
development of new cost effective 
formulations. Thus,  the two- 
component polyurethane coatings 
have taken a substantial share of 
the current coatings market. 

Along with the development of 
two-component polyurethane 
coa t ings ,  however ,  came  a 
requirement for additional high- 
performance solvents to dissolve 
the isocyanate and polyol resins and 
to carry them intact into the final 
formulation mixtures. S~ecificallv. 

H 0 
I II 

R - N C O + R t O H + R - N - C - O R '  (1) 

The reaction is detrimental to solvents are given in Figure 1. Of 
film formation in that the reaction the solvents shown, ethylene glycol 
of  an  i socyana te  wi th  a ethyl ether acetate (EEA) is 
mo n of unc t  i ona l  a 1 co  ho l  i s  recognised as the conventional 
essentially a chain termination step, glycol ether ester solvent for two- 
interrupting the formation of the component polyurethane coatings, 
very  high molecular weight while propylene glycol methyl ether 
polymers which contribute to the aceta te  (PMA) and ethyl 3- 
outstanding chemical resistance and ethoxypropionate (EEP) are newer 
physical durability of polyurethane solvents with growing industry 
coatings. Thus, film formation consumption. The historical volume 
under such circumstances will be growth of EEA can in large part be 
adversely affected, resulting in traced to the development of 
inferior chemical resistance, for polyurethane coatings. 
example. The relative reactivities of 
primary and secondary alcohols 
with isocyanates is well-known, The structure of EE obviously 
with primary alcohols being several precludes its use due to the 
times more reactive. presence of the hydroxyl group and, 

Table 
so,vents used in this study 

Evaporation Rate Waasen Solubility Parameters 



Figure 1 

Molecular structures of solvents used in this study 

HO OCH3 CH3 

dibutylamine was then titrated with 
0.5N HCL to the green-yellow 
endpoint of bromophenol blue. The 
concen t ra t ion  of un reac ted  
isocyanate in the reaction mixture 
was then calculated. 

Coatings were prepared as clear 
coat formulation and applied by 
spray to cold rolled steel test panels 
at a drv film thickness of 1.5-2.0 
mils. ~ d r  determination of retained 
solvent in dry films drawdowns 
were made on sealed paper test 
panels at a dry film thickness of 1.5 
mils. Residual solvent levels in 
cured films were determined by 
extraction of the cured films. 

I Results and Discussion 

The rate of reaction of aliphatic 
isocyanate A with PM and EE was 
determined as described above. 

especially, PTB may be expected to 
be significantly less reactive than 
EE toward isocyanate functional 
groups. 

Experimental 

Specifically, the resin was dissolved 
in the glycol ether at 50% N.V. at 
ambient temperature with 0.01% 
a d d e d  ca t a lys t  ( d i b u t y l t i n  
dilaurate). Samples were taken at 
in tervals  and the  unreacted 
isocyanate levels were determined 
by titration. As expected the rate of 
reaction of EE was greater than 

\I 

cH, -CH~-O-CH~H~CO-CHZ-CH~ 
EEP 

All materials used in this study 
were commercially available and 
s e r e  used. w i t h o u t  f u r t h e r  
'purification. TWO commercial 
aliphatic isocyanate resins were 
obtained as 100% N.V. for this 
study. Also used were four  
commercial polyols at  various 
c o n c e n t r a t i o n s .  P e r t i n e n t  
properties are given in Table 2. 

particularly,duetothefactthatthe 
hydroxyl group is on a primary 
carbon atom and is thus quite 
reactive toward isocyanates. In 
contrast, the newer glycol ether 

The reactions of glycol ethers and 
polyols with isocyanate resins were 
followed titrimetrically as the 
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consumption of i socyanate .  
Samples of the reaction mixtures 
were withdrawn at intervals and 
r e a c t e d  with an  excess  o f  
d i b u t y l a m i n e .  T h e  excess  

solvents PM and PTB can be 
produced with either primary or 

OH groups. However, 
the current production techniques 
yield almost exclusively secondary 
hydroxyl glycol ethers. In fact, most 
PM producers supply material as 
greater than 98% primary hydroxyl 
solvent. As a result PM and. 

~quivalent 
Polyol Type % N.V. (Solvent) Weight Average % OH 

A Polyester 65 (PMAIXylene) 327 5.2 
B Polyester 80 (n-BuAc) 486 3.5 
C Polyester 75 (PMA) 266 6.4 
D Acrylic 60 (PMA) lo00 1.7 

~ ~ b l ~  2 
Properties of resins used in this study 

Aliphatic Isocyanates Viscosity Equivalent 
(100% N.V.) (20 C mPa-s) Weight Average % NCO 

A 12.000 191 22.0 
B 2.700 181 23.3 

Table 3 
Reaction * of glycol ethers with isocyanate resin A 

% NCO 

Time, Hrs PM EE 
0 11.0 11.0 
1 9.9 8.7 
2 9.8 8.1 
3 9.5 7.4 

24 6.0 0.4 

* 50% N.V. in PM or EE and 0.01% Catalyst T-12 [Dibutyl Tin 
Dilaurate] 
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t h a t  of PM by a f ac to r  of 
approximately 3 (Table 3). After 24 
hours the isocyanate in the EE 
solution was essentially depleted 
whereas the isocyanate in the PM 
solution was still 50% active. the 
order of the reaction was not 
determined but is presumed on the 
basis of numerous literature studies 
to be first order in both hydroxyl 
and isocyanate in the simplest form 
of the rate law (Equation 2). 

-- [NCO1 - k [NCO] . [OH] (2) 
dt 

A ser ies  of clear coatings 
formulations was prepared using 
various combinations of the polyol 
and isocyanate resins listed above. 
Various solvent combinations of 
glycol ether and glycol ether acetate 
were also used. 

A polyester urethane coating 
formulation is shown in Table 4. 
The formulation uses two polyester 
polyols of different hydroxyl 
equivalent weight to modify some 
of the performance properties, such 
as flexibility, relative to either 
polyester alone. Five different 
solvents including PM and EE were 
evaluated in this formulation, n- 
butyl acetate, methyl ethyl ketone 
and xylene were present in all cases. 
Isocyanate A (as 100% N.V.) was 
mixed with the single solvents of 
interest immediately prior to 
formulating. After mixing the 
formulation was aged and test 
panels were prepared and air dried. 
A l l  f o r m u l a t i o n s  g radua l ly  
increased in viscosity, with gellation 
occurring in the PM and PMA 
formulations at 5-5.5 hours. The 
EE formulation, by contrast, never 
gelled. After an eight day air cure 
period the test panels were tested 
for hardness via a Sward rocker. 
The difference in hardness between 
the PM deposited film and any of 
t h e  es ter -deposi ted  films is 
insignificant by this method. The 
EE-deposited film, however, 
became substantially softer with 
longer pot time, eventually failing 
to form a hard film at all. Thus, in 
this formulation the reaction of PM 
with isocyanate is sufficiently slow 
t h a t  c o m p e t i t i o n  wi th  t h e  
polyol/isocyanate reaction does not 
significantly interfere with the film 
formation process. 

Table 4 
Clear two-comwnent wlvester urethane coatine . . .  
Part A Lbs - - 
Polyester Resin B 37.6 
Polyester Resin A 25.0 
CAB 551 .O1 Cellulosic Resin (10% in PMA) 4.0 
Dibutyltin Dilaurate Catalyst (1% in MEK) 0.4 
Solvent (4/1/411 Glycol Ether or EsterlBuAclMEKIXylene) 55.0 

Part B - 
Isocyanate Resin A 33.8 
Glycol Ether or Ester 10.6 

Pot 
Time Hrs PMA PM EE EEA EEP 
0 26 30 24 32 36 

4 28 20 4 28 26 
6 - - Tacky 24 22 

Table 5 
Clear air-dry two-component acrylic urethane coating 

Component I 

Acrylic Polyol D (60% N.V. in PMA) 
Solvent (EEA or PMA or PM) 
Dibutyltin Dilaurate Catalyst (1% in MEK) 
Surfactant SF - 1023 (1 % in PMA) 

Lhs - 
493.6 
277.3 

4.3 
21.4 

Comvonent I1 
Isocyanate Resin A (100% N.V.) 
EEA or PMA 

PMA PM EEA 
Viscosity (#4 Ford) 
Initial 29 26 25 
1 Hr 33 28 32 
3 Hr 37 3 1 37 
5 Hr 45 34 42 
Impact Resistance (In-Lbs) 
0 Hr 6 12 2 
1 Hr 20 12 2 
3 Hr 20 14 6 
5 Hr 20 30 6 
Cure (MEK Rubs) 
0 Hr 38 35 34 
1 Hr 42 35 26 
3 Hr 35 30 33 
5 Hr 40 28 25 
Water Resistance (Blistering ASTM D-714, 1 Week) 
0 Hr 10 10 10 
1 Hr 9D 10 1019F 
3 Hr 9MD 10 9F 
5 Hr 8Fl9MD 9D 9F 



glycol e t h e r  e s t e r s  in two- 
component urethane coatings are 
obvious. First, the glycol ethers are 
necessarily less costly than the 
analogous esters. Second, a glycol 
ether such as PM has a faster 
evaporation rate than the acetate 
ester and is therefore not trapped in 
the cured films to the same extent 
as any of the ester solvents. 

Table 5 shows a clear coat 
formulation based on an acrylic 
polyol, again using isocyanate resin 
A. In this case the glycol ether PM 
was compared with PMA and EEA, 
the conventional urethane coatings 
solvents. As seen earlier the 
formulations gradually increased in 
viscosity to gellation in all systems 
at 6-8 hours. Test panels were 
evaluated for flexibility (as impact 
resistance) and resistance to methyl 
ethyl ketone and water. The EEA- 
based formulation gave the lowest 
impact resistance, consistent with 
good crosslinking and solvent 
release. Films formed from the PM- 
based formulation were slightly 
more flexible up to a pot life of 5 
hours when the flexibility became 
substantially greater. Similarly, in 
the MEK resistance and water 
resistance tests the ~ ~ - b ~ ~ ~ d  
formulation was equivalent or 
slightly superior to either glycol 
ether acetate formulation at pot 
lives less than 5 hours. 

The dominant consideration in 
the selection of a glycol ether 
solvent is, of course, that the 
relative rates of reaction of the 
glycol ether and the polyol with the 
isocyanate resin be sufficiently 
dissimilar. Specifically, the ratio of 
rate constants kw,l,~,llks,~ ,,,, should 
be substantially greater than 1. 
O t h e r w i s e ,  t h e  growing 
polyurethane chains will be 
terminated by the monofunctional 
solvent, adversely affecting the 
outstanding chemical and physical 
properties typical of polyurethane 
films (Equation 3). The secondary 

after gellation of the formulations 
considerable unreacted isocyanate 
remained which was not consumed 
for several days. However, the 
residual isocyanate contents of the 
formulations at any point in time 
were strikingly similar for PM and 
PMA. 

Table 6 also shows date for the 
Fontent nOn-eva~orated 
ln each cured test film determined 
after time. The data 

that high levels 
pf can be in the 
~f significant cure of the resins 
Occurs before application of the 
coating. An advantage is seen here 
for PM, since high residual solvent 
levels may be cause 

a n d  w a t e r  
resistance or changes in flexibility 
or blocking resistance overtime as 
the residual solvent is very slowly 

T w o  advan tages  in the  
substitution of glycol ethers for 

I I R~nhenl  consumption of isocyanaie was 11 I I 11 
again monitored by titration. Even I? -0 -( -N-R-N-C-OR' 

A third clear coat formulation is 
shown in Table 6. Again, the 
performance properties of the films 
were not significantly different in 
either hardness or flexibilitv. The 

Table 6 
Clear two-component urethane coating 

H 0 
K,,l,,>l I I1 P" 

O C N - F ~ ~ ~ ~  chain-~co +OCN-(K-~c -I I-K-I r-c .- \ I< LNCO 
(3) I v 0 H i L 0  

Part A - 
Polvester Polvol Resin C 
PMA or PM ' 
Dibutyltin Dilaurate Catalyst (1% in MEK) 

Part B - 
Isocyanate Resin B 
PMA or PM 

Impact Resistance 

Sward Hardness 
Pot %NCO (8 Day Cure) 

Time. Hrs PMA PM PMA PM 

0 6.5 6.5 54 50 
1 6.2 6.2 56 46 
2 6.1 5.7 42 40 
4 5.9 5.4 - - 
5 5.5 5.2 32 24 

24 1.5 1.3 - - 
72 0.1 0.1 - - 

hydroxyl nature of propylene-based 
glycol ether solvents will to some 
extent obviate this concern with PM 
and PTB. This study confirms 
earlier work which has shown 
secondary hydroxyls to be a factor 
of 3 less reactive than primary 
hydroxy l .  A l s o ,  t h e  s t e r i c  
constraints associated with the 
hydroxyl group of PTB further 
diminishes its reactivity. As some 
reaction of, for example, PM with 
isocyanate resin will necessarily 

(DIR) 
(8 Day Cure) 

PM A PM 

1151130 1151155 
1501130 >I60 
>I60 > 160 
- - 

>I60 >I60 
- - 

%Solvent 
In Film (wt%~) 

PMA PM 

0.4 0.2 
0.7 0.3 
1.0 0.4 
- - 
3.7 0.9 
- - 

Gellation at 5 - 5.5 MPS in PIVIA, 8.5-1 MPS in PIVl 

328 



occur,  the pot life of a PM 
containing formulation may be 
diminished relative to that of a 
glycol e ther  ester containing 
formulation. Formulations with PM 
must therefore be more closely 
monitored than those with PMA or 
EEA to avoid the detrimental 
effects of the PM-isocyanate 
reaction. 

A common p rob lem with 
ambient-cure urethane coatings is 
release of solvent from curing films. 
The rapid rate of the crosslinking 
reactions in a two-component 
system competes with the rate of 
solvent diffusion through the 
polymer film. As a result solvents 
may be trapped in a cured film and 
only slowly released over a period 
of weeks or months. A somewhat 
more rapidly evaporating solvent 
such as PM will tend to escape the 
curing film before being trapped to 
any significant extent .  This 
behaviour has been demonstrated 
for a wide variety of solvents 

including esters, ketones, glycol 
ethers and glycol ether esters. 
Results of poor solvent release 
include diminished chemical and 
water resistance, low gloss and 
distinctness of image, increased 
(but varying) flexibility and softer 
films. Solvent retention is affected 
primarily by the neat solvent 
evaporation rate and frequently by 
steric factors which influence 
solvent diffusion rates through 
polymeric films. thus, slower 
evaporating and highly branched 
solvents will be more highly 
retained. For example, n-butyl 
acetate is only slightly retained in 
urethane coatings while diethylene 
glycol ethyl ether acetate retention 
is high. Also, isobutyl isobutyrate 
release is significantly slower than 
would be predicted from its neat 
solvent evaporation rate. The work 
reported here is consistent with 
these earlier observations in that 
PM is relatively released from 
curing films and the branched PTB 
is retained at fairly high levels. 

Summary 

This work has demonstrated that 
certain glycol ethers such as 
propylene glycol methyl ether can 
be used effectively as a solvent for 
a i r - d r y i n g  two-componen t  
po lyure thane  coat ings .  The  
reactivity of ethylene-based glycol 
ethers with isocyanate resins which 
prohibit their use in the same 
systems is sufficiently diminished 
with the secondary hydroxyl group 
of PM to allow its use in these 
coatings. The higher evaporation 
rate of PM relative to the glycol 
ether esters gives the additional 
advantage of improved solvent 
release and consequently harder 
and more resistant films. 
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Table 7 

Ball Mill Formulation Conventional Solsperse 
millbases (%) millbases (%) 

40% resin solids solution 90 90 - -  - - 
10% resin solids solution - - 70 70 60 70 
Solsperse 24000 A A 10 15 13.3 15 
Solsperse 50(N - - 5 - 6.7 - 
Color Black FW 200 (Degussa) 10 - 15 15 - - 
Black Pearls 1300 (Cabot) - 10 - - 20 15 

has a dramatic effect on millbase 
viscosity, reducing the thixotropy. 
As a result the finished paint has 
better flow (absence of orange- 
peel), higher gloss, and much 
higher intensity or jetness, a feature 
which is very appealing in black 
automotive finishes. Maximum 
jetness is seen when the synergist is 
utilised but it may he excluded if the 
effect on shade is unacceptable. 

Summary 

The above examples provide 
some insight into the numerous 
benefits of using Solsperse hyper- 
dispersants. This new technology 

represents a scientific approach to 
pigment dispersion and can be used 
to solve some of the more difficult 
problems of dispersing pigments 
and of making higher quality paints. 

However using Solsperse hyper- 
dispersants is not foolproof; care is 
needed to select the correct hyper- 
dispersant for the pigment and 
solvent system. and it is essential to 
use the correct quantity to satisfy 
the surface-area of the pigment. 

So to return to the title of the 
article. who needs wetting agents 
now t h a t  So l spe r se  hype r -  
dispersants are available? 
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The effect of the chemical 
composition of unpigmented 

organic coatings on the 
corrosion protection of steel 
Part 2: Evaluation of heat-cured coatings 

made from the modified epoxy resins 
D. E. A. Williams-Wynn, Department of Applied Chemistry, University of 

Natal, King George V Avenue, Durban, South Africa 

Abstract 

Coatings based on terminally modified 
epoxy resins, which had been cross- 
linked with urea-formaldehyde resins, 
were generally too brittle for normal use 
and  failed by cracking and the  
concomitant corrosion of the steel 
substrate when exposed under typical 
service conditions. The water resistance 
of these coatings was excellent in static 
tests; thus they performed well as a 
barrier to electrolvte oenetration as 
assessed by AC o r  DC electrical 
measurements, implying excellent 
c o r r o s i o n  p r o t e c t i o n .  P a r t i a l  
esterification of the hydroxyl groups in 
the modified resin molecules produced 
base resins which when cross-linked 
produced tough flexible adhesive films 
with greater water repellency and good 
electrical properties. 

Phosphate pretreatment of the steel 
substrates improved the corrosion 
resistance of all coating systems, yet 
electrical and especially AC impedance 
measurements suggested that this 
combination was less satisfactory than 
when the coatings were applied to bare 
metal. The proper selection of test 
procedures is therefore critical when 
evaluating novel coatings. 

Introduction 

I to 1000 hours to complete and this is 
unacceptably long for development 
work, and delays and restricts progress 
considerably. Nevertheless this type of 
test, and especially the ASTM salt spray 
test6, is frequently specified because of 
the vast experience of this technique 
and the lack of an acceptable alternative 
for testing anti-corrosion coatings. Thus 
in this investigation many of the tests 
listed in the plan of the experiment were 
included to characterise the coatings 
using conventional methods. 

Many workers have emphasised the 
i m p o r t a n c e  of m e a s u r i n g  t h e  
electrolytic resistance of paint films 
during the investigation of the corrosion 
of metals beneath protective surface 
coatings. This general subject has been 
r e v i e w e d  by H a r t l e y 7  a n d  by 
Leidheiserx. Of the  various new 
techniques which have been used in 
recent years, AC impedance enjoys 
c u r r e n t  popu la r i t y ;  t h e  use of 
impedance measurements for the 
evaluation of protective non-metallic 
coatings has been reviewed9. The 
advantage of the application of AC 
impedance to the measurement of 
corrosion under paint films has been 
summarised"'. A DC procedure for 
determining the permeability of paint 
films by aqueous electrolyte recently 

I published"; overcomes the objections 
that applied current can introduce 

adhesion by tape test14, and the 
Hesiometer knife-cut testI5. The latter 
t e s t  w a s  u s e d  u n d e r  v a r i o u s  
environmental conditions since the 
ability of a coating to maintain good 
adhesion under wet conditions is 
thought to be very important with 
respect to its abilit t o  provide 
corrosion protection'2 lX. 17. 

T r a d i t i o n a l  me thods  f o r  t he  
evaluation of corrosion protection have 
t e n d e d  O n  acce l e ra t ed  
weathering ('weatherometer') tests - 
sometimes more appropriately referred 
to as artificial weathering tests - 
condensing humidity and salt spray 
exposure. With modern coatings the 
c o r r e l a t i o n  be tween  p red ic t ed  
performance from the above test 
procedures and actual performance has 
become weaker and ~ n r e l i a b l e ' ~ ~ .  
Moreover if the coating systems are 
effective some of these tests require up 

T h e  physical and  mechanical 
properties of a cured coating are linked 
to the nature of the polymeric material 
under the conditions of use or exposure. 
Thus a knowledge of the glass transition 
temperature (Tg) of the coatings, and 
their hardness under various conditions, 
i.e. in the glassy or rubbery state, may 
be of value in interpreting observed 
performance in the tests. Since the 
measured value of the glass transition 
temperature varies depending on the 
methods of determination, the Tg was 
o b t a i n e d  u s i n g  b o t h  t h e r m o -  
mechanical18 and thermal methods 
(differential scanning calorimetry). 
H a r d n e s s  was  measu red  us ing 
microindentation methods''. 19, and 
acoustic emmission studiesz0 were used 
t o  e v a l u a t e  t h e  s t r e s s l s t r a i n  
performance of a selection of the 
coatings. The results of the acoustic 
emission studies have been published 
separatelyz1. 

extran.dous reactions andlor can 
accelerate corrosion rates. However, 
 ill^ claims12 that DC measurements 
can be made with as small a perturbing 
voltage as the AC impedance method 
uses, 

The measurement of adhesion is a 
contentious subjectI3, but adhesion is an 
important property of a protective 
coating. Thus to characterise the 
experimental coating systems two 
methods for determining adhesion were 
included in the test regime, namely the 
ASTM technique fo r  measuring 

Experimental 

T h e  two series of modified and 
esterified epoxy resins, the preparation 
of which was described in Part 1, were 
blended with a urea-formaldehyde (UF) 
resin (butylated dimethylolurea type) 
a n d  th inned  t o  4 .5  poise  with 
4-methyl-2-pentanone (MIBK). These 
coating formulations, in which the mass 
ra t ios  of exper imental  resin t o  
crosslinker were 4:1, were applied by 
spinning to vapour degreased mild steel 
panels (1 mm Pyrene Gold seal 
linished, process 8711) and to prebaked 
Bonderite phosphate process 134 steel 
panels. Cure was affected by stoving at 
165°C for 30 minutes to crosslink the 
coating. Compatibility problems were 
experienced with the higher levels of 
esterification (resins B2, B4, B7 and 
B8) and this led to substitution of the 
UF resin by a butylated melamine- 
formaldehyde (MF) resin in these cases. 
The average coating thickness was of 
the order of 40ym. 

Resins used for coatings 

A Modified epoxy resins 

Al :  tall oil fatty acid modification of 
Epikote 1004. 
A 2 :  p - t e r t - b u t y l  b e n z o i c  ac id  
modification of Epikote 1004. 



A3: p-tert-butyl phenol modification of 
Epikote 1004. 
A4: p-phenyl phenol modification of 
Epikote 1004. 
AS: diethanolamine modification of 
Epikote 1004. 
A6: diphenylolpropane modification of 
Epikote 800. 

B Esterifiedimodified epoxy resins 

B1: resin A2 esterified with 2 moles of 
tall oil fatty acid. 
B2: resin A2 esterified with 4 moles of 
tall oil fatty acid. 
83: resin A3 esterified with 2 moles of 
tall oil fatty acid. 
84: resin A3 esterified with 4 moles of 
tall oil fatty acid. 
B5: resin A5 esterified with 2 moles of 
tall oil fatty acid. 
B6: resin A5 esterified with 4 moles of 
tall oil fatty acid. 
B7: resin A5 esterified with 6 moles of 
tall oil fatty acid. 
B8: resin A5 esterified with 8 moles of 
tall oil fatty acid. 

Test procedures for coated panels 

The  schedule of tests adopted to 
assess the performance of the coatings 
was as follows: 

R Exposure tests 

R1: accelerated (artificial) weathering. 
R2: continuous condensing humidity. 
R3: salt spray. 
R4: exterior exposure: Slough and 
Durban. 

R1 Accelerated weathering: Suitably 
edged and backed panels were exposed 
for a maximum of 1000 hours in a Marr 
artificial weathering machine with a 
1600 watt enclosed carbon arc and 
operating cyclically: 10 hours wet, 2 
hours dry. Panels were examined after 
100 hours, 250 hours, 500 hours and at 
the end of the test. 

R2 Continuous humidity: Edged and 
backed panels were assessed for their 
r e s i s t a n c e  t o  h u m i d i t y  u n d e r  
condensing conditions. The atmosphere 
within the cabinet was maintained at 
100% rh with the temperature cycling 
between 42 and 48°C. The test was 
con t inued  fo r  1000 hour s  with 
intermediate inspections as above. 

R3 Salt spray: Suitably edged and 
backed panels, scored through the 
coating using a 1 mm drill bit set to cut 
at least 10 pm into the steel for a length 
of about 80 mm, were exposed to a 
continuous fog of 5% sodium chloride 
solution at 33 to 36OC (ASTM 8117-73). 
The panels were inspected after four 

:ime intervals as above. 

R4 Exter ior  exposure: Suitably 
backed panels scored through the 
:eating, as for the salt spray test, were 
:xposed for three summer months on 
the roof of a building in Slough at an 
angle of 45". facing south. This site has a 
temperature, industrial atmosphere. 
Similar panels were exposed for six 
months on the roof of the Applied 
Chemistry Department. University of 
Natal, Durban. South Africa, which has 
I sub-tropical, marine, industrial 
atmosphere. 

S Water permeability tests and 
corrosion monitoring 

S1: DC conductivity measurements. 
52: AC impedance measurements. 

S1 DC conductivity measurements 
were made using the apparatus and the 
simple ulse method previously 
describedy1. The coated surfaces of the 
metal panels were contacted with 
electrolytes consisting of 0.5 or 1.0 M 
sodium chloride solutions in which the 
platinum electrode was immersed. 
Initial measurements were made 
immediately: measurements were 
repeated at intervals whose length was 
determined by the rapidity of change in 
the paint film conductivity. If it is 
assumed that the film resistivity is 
inversely proportional to the quantity of 
electrolyte which has permeated into 
the coating, these measurements give 
an indication of the effectiveness of the 
barrier nature of the coating. 

S2 AC impedance measurements 
were made using the  technique 
previously described"'. Most of the 
results were obtained using a tangential 
impedance  m o n i t o r ,  b u t  a few 
measurements were made with a 
frequency response analyser. 

The variation of the impedance and 
its components as a function 01 
frequency are generally displayed as 
Nyguist andior Bode plots. The 
different stages in the corrosion of 
metal under paint can be related to 
various features of these plots and for 
convenience a somewhat arbitrary but 
useful classification of five periods in 
the lifetime of the test panels has been 
recognisedl". 

Bode plots are convenient and simple 
to calculate and display manually, and 
interpretation is relatively straight- 
forward; Nyguist plots are more 
complex, thus Bode plots (log jZ/ vs log 
f) were chosen to illustrate the results in 
th is  s tudy and f rom which the 
performance of the coatings when 

immersed in aqueous electrolyte (3% 
sodium chloride solution) could be 
assessed. 

The five periods are identified as: 

1. The initial or passive period in which 
the corrosion rate is very small or zero 
and the water content of the coating is 
low. The Bode plot is a straight line of 
slope -I and the impedance at log f=O 
is extremely high (>lUY ohm). 

2. The transitional period (during 
which there is no visible deterioration). 
The Bode plot is mainly a straight line 
of slope - 1 but the line decreases in 
slope as the frequency decreases. The 
impedance a t  log f=O is lower. 
approaching lo7 ohm. 

3. The semi-circular period (referring 
to the shape of the Nyguist plot) in 
which there is a distinct break in the 
slope of the Bode plot forming a plateau 
at which the impedance values at log 
f=0 vary between 10' and lo7 ohm. A 
significant quant i ty  of water  is 
distributed in the film. 

4. The diffusion period in which 
corrosion has started and is visually 
evident. The curve of the Bode plot 
consists of three sections: At high 
frequencies the slope of the line is -1, a 
mid-section pla teau.  and a low 
frequency slope of -I/?. The impedance 
at log f=O is typically between 10' and 
1@ ohm. 

5. The active period in which corrosion 
is very active and obvious. A variety of 
different corrosion processes are clearly 
visible. The Bode plot is irregular. 

For the purpose of determining when 
the coating was deemed to be no longer 
protective. i.e: blistering, partial film 
detachment and/or visible corrosion, an 
impedance  value of log J Z / = 1 ,  
represented by the plateau on the Bode 
plot in period 4. was taken as the lim~t. 

The time required to reach this value 
was estimated for each of the coatings 
on both mild steel and phosphated steel 
panels, after normal conditioning and 
a f t e r  w e a t h e r i n g  in t h e  M a r r  
accelerated weathering equipment for 
150 hours. 

T Adhesion 

TI: hesiometer, wet and dry. 
T2: cross-cut, dry conditioned film. 

TI  Hesiometer knife-cut test: The 
instrument used was of the type 
desi ned by W. K. Asbeck, et alzz. The 
tes8'  measures the force in kgf, 
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required to strip a coating from its 
substrate when a 6.35 mm wide 30" 
tungsten carbide cutting tool travels 
along the lathe bed of the instrument. 
Tests were made on dry conditioned 
films and on films which had been in 
contact with liquid water for 14 days. 

T2 Cross-cut tape test: The conditions 
and procedures laid down in ASTM D 
3359-78, Method B14, using 1 mm 
spacings for the lattice pattern, were 
applied. 

U Film hardness and glass transition 
temperature: 

U1: Hardness by ICI microindentation 
tester. 
U2: Hardness by Tukon microhardness 
tester. 
U3: Tg by differential thermal analysis. 
U4: Tg by microindentation, dry and 
soaked. 

U1 ICI microindentation hardness 
was measured using a pneumatic 
hardness tester" which can operate at 
any desired temperature between 
-14°C and 90°C. The spherical indenter 
used had a diameter of 0.4 mm and was 
applied at a load of 4 g. Measurements 
were made of the depth of indentation 
after 2 minutes of applied load, with a 
limiting value of 6 pm. Having 
calculated the Tg of the films the 
relative hardness of the films at the Tg 
a n d  a t  T g - 5  a n d  T g + 5  were  
determined. 

U2 Knoop indentation hardness was 
measured using a Tukon microhardness 
testerT9 fitted with the Knoop indenterz3 
a n d  o p e r a t e d  in  t h e  s t a n d a r d  
atmosphere. A dead-weight load of 25 g 
was applied to the indenter which was in 
contact with the coating surface for 45 
seconds. Results are quoted as Knoop 
Hardness Number (KHN). 

U3 Glass transition temperature by 
differential thermal analysis was 
measured using a Perkin-Elmer model 
DSC-1 differential scanning calori- 
meter. 

U4 Glass transition temperature by 
microindentation was measured using 
the ICI pnematic hardness tester (see 
Ul).  This thermomechanical method is 
time-dependent and the results are 
likely to vary from results obtained by 
thermal methods such as DSC. 

Results 

R Exposure tests 

R1 Accelerated (artificial) weather- 
ing: After only 100 h of exposure 

several of the coated oanels were I indicating swelling through water 
showing defects such as microblistering. 
water spotting and incipient corrosion. 
Water sensitivity which resulted in hazy 
or dull films was independent of the 
substrate. Corrosion was limited to the 
mild steel panels except where the film 
was severely disrupted as in the 
cracking of the excessively brittle film 
based on the diethanolamine modified 
Epikote 1004 resin. Microblistering was 
not completely independent of the 
substrate; the incidence was greater on 
the mild steel panels than on the 
Bonderite panels. 

Many of the experimental finishes 
had shown no apparent defect at this 
stage. It is not possible to ascribe the 
resistance to deterioration to chemical 
composition but there are indications 
that resins containing ether links in the 
modified epoxy resins a r e  more 
durable. These however are rather 
brittle and the incorporation of a small 
amount of long chain fatty acid into the 
molecule gives a resistant coating 
despite the introduction of ester groups. 
The high levels of esterification 
produced finishes which were more 
sensitive to and were adversely affected 
by accelerated weathering. 

A f t e r  250  h of e x p o s u r e  t o  
accelerated weathering the finishes 
based on resins with ether links were 
free of obvious defects. In addition the 
resins containing low levels of esterified 
tall oil fatty acids were still performing 
satisfactorily on mild steel. However. 
the  superior performance of the 
phosphate pretreated panels under the 
more easily degraded coatings was 
clearly evident at this stage. 

Ea r ly  breakdown (<500  h )  is 
generally limited to the finishes based 
on the modified resins which failed by 
cracking. Low level of esterification of 
the modified resins with tall oil fatty 
acid introduced internal plasticisation 
and a considerable lowering in the glass 
transition temperature of the coatings 
made from them. These coatings were 
much more protective to the limit of the 
test at 1000 h. Higher levels of 
esterification of the modified resins 
produced soft, less protective coatings 
which failed by blistering and underfilm 
corrosion. 

R2 Continuous condensing humidity 
showed that some of the coatings were 
very water sensitive, the effects ranging 
from yellowing through hazy to milky. 
Early failure (<I00 h) occurred with 
the diethanolamine modified epoxy 
resin; with increasing esterification with 
tall oil fatty acids water sensitivity 
decreased. On prolonged exposure the 
cloudy films had wrinkled and cracked 

imbibition. The high water absorption 
~f the coatings did not necessarily result 
in corrosion of the metal substrate. 

Modifications of the epoxy resins 
involving ether links resulted in coatings 
which were water resistant although 
brittle, and corrosion of the substrate 
metal was mainly limited to the areas 
w h e r e  t h e  f i l m  h a d  c r a c k e d .  
Esterification of the modified resins 
eliminated cracking of the coatings and 
maintained excellent water resistance. 
But high levels of esterification resulted 
in soft films which tended to blister. 

R3 Salt spray tests caused minimal 
early attack on the metal but finishes 
based on the resins containing ester 
groups showed some blistering and film 
detachment. With extended exposure to 
salt spray extensive blistering occurred 
around the scribe with varying degrees 
of rust creep on mild steel whereas the 
performance on phosphated steel was 
excellent. 

Limited esterification of the modified 
resins containing ether groups produced 
films which did not crack during the salt 
spray tests and these coatings were 
protective to mild steel with little 
blistering and minimal rust creep. The 
higher levels of esterification caused a 
greater tendency to blister formation 
and film detachment with consequential 
underfilm corrosion. On the phosphate 
pretreated metal the coatings based on 
resins with low levels of esterification 
had not blistered and had prevented 
underfilm corrosion except for about 
3 mm of rust creep after 1000 h in salt 
spray. 

R4 Exterior exposure: Three months 
exposure at Slough caused extensive 
deterioration on control panels but the 
coatings based on the experimental 
resins were very protective provided the 
films were not excessively hard and 
brittle. The brittle films tended to crack 
on exposure and the exposed metal. 
whether phosphate pretreated or not. 
was readily attacked with general 
rusting. Where the films were intact 
there was little or no blistering or 
rusting on either substrate. 

The incidence of cracking was greatly 
reduced when the coatings were based 
on the modified resins which had been 
intcr~~olly plo\tic~\c.d h! c\tcrif!ins \\ ~ t b  
tall oil fatty acids. The low levels of 
esterification produced the best results. 
The higher levels of esterification 
produced the softer films which dulled 
on exposure and also permitted the 
b l i s t e r ing  and  some  underf i lm 
corrosion 



Time in hours for electrolyte to saturate the coating film as determined by the change in DC 
resistance measurements 

Electrolvte Concentration 

Coating 0-5 M 1.0 M 

A1 TOFNEpikote 1004lUF 
A2 PTBBNEpikote 1004NF 
A3 PTBPIEpikote 10041UF 
A4 PPPIEpikote 1004NF 
A5 DEAIEpikote 1004NF 
A6 PBAIEpikote 880NF 

Steel Bond Steel 
8711 134 8711 

Bond 
134 

NC 
200 
30 
50 

NC 
40 

whole panel is under test. Nevertheless 
some scatter is noted in the results 
which are summarised in Tables 1 and 
2. These values were derived from the 
graphical representation of the results 
of resistance with time. Typical graphs 
are shown in our paper11. 

Since the resistance of the paint 
coating was dependent not only on the 
concentration of the electrolyte with 
which it was in contact but also on the 
nature of the polymer used for the 
coating, no single value for resistance 
could be used in determining 'failure' by 
penetration of electrolyte. In many 
cases the period of the test (1500 hours) 
was not sufficiently long for the  
resistance to reach a limiting value. 
Thus neither limiting value nor the time 
required to reach that value could be 
quoted as performance parameters for 
these coatings. In many graphs a 
significant change in the slope of the 
resistance-time curve was noted. The 

Three summer months exposure in 
Durban produced surprisingly little 
deterioration: only two of the coating 
systems had cracked. The softer 
coatings showed poor superficial 
weathering but were still protective to 
the metal beneath. Thus the coatings 
which were based on the modified 
epoxy resins. and those that had been 
esterified to the lowest levels were still 
glossy. and bright metal could be seen 
through the clear films. 

Note: NC=no significant change in the electrical resistance curve for the coating 
during the 1500 h duration of the test. Thus these films had not been saturated with 
electrolyte. 
TOFA=tall oil fatty acid, PTBBA=p-tert-butyl benzoic acid. PTBP=p-tert- 
b u t y l  p h e n o l ,  P P P = p - p h e n y l  p h e n o l ,  D E A = d i e t h a n o l a m i n e ,  
BPA=diphenylol propane A). 

tests involving the measurement of 
electrolytic resistance, is dependent on 
defect-free films. However, since 
relatively small areas of the coated 
panels are included in the cell. it is 
significantly more easy to find suitable 
areas for measurement than when the 

times required for this change of slope 
to occur are given in Table 1. In some 
instances the absorption of water, as 
inferred by the continuing decrease in 
the measured resistance, persisted to 
the end of the test period and no 
inflection in these curves was noted. 

Table 2 

I 
In Table 2 the values are given for the 

resistance of the coating films after 
750 h of contact with the electrolytes. 

It is clear that absence of a time value 
for any given coating under a particular 
s e t  of c i r cums tances  does  no t  

Log resistance of coating films after 750 h exposure to electrolyte as determined by DC 
resistance measurements 

failure of some coatings. The brittle 
films had cracked and crazed with 
a s s o c i a t e d  c o r r o s i o n .  I n t e r n a l  
plasticisation eliminated the tendency 
t o  c r a c k  bu t  h ighe r  l eve l s  of 
esterification were needed to achieve 
this in this test compared with the 
accelerated tests. 

After six months exposure in Durban 
dramatic changes had occurred since 
many panels were extensively and 
seriously corroded with catastrophic 

A l  TOFNEpikote 10047% 
A2 PTBBAEpikote 1004NF 
A3 PTBPEpikote 1004lUF 
A4 PPPlEpikote 10041UF 
A5 DENEpikote 1004mF 
A6 BPNEpikote 880NF 

Electrolyte Concentration 

Coating 0.5 M 1.0 M 

Steel Bond Steel Bond 

It is interesting that in the natural 
exposure tests there is no clear cut 
preference for the modifications 
involving ether linkages compared with 
ester linkages. 

S Water  permeability tests and 
corrosion monitoring 

SI DC conductivity measurements: 
This technique, as is the case with all 

B1 2 TOFAlA2lUF 10.50 8.50 11.30 <6 
B2 4 TOFAlA21MF <6 7.70 11.15 7.40 
B3 2 TOFNA3lUF 10.95 7.15 11.00 7.75 
B4 4 TOFNA3IMF 8.00 11.00 11.30 11.00 
B5 2 TOFAIASIUF 10.45 9.95 114XJ 10.05 
B6 4 TOFAIA5lUF 10.30 10.70 11.00 10.80 
B7 6 TOFAIASIMF 9.60 10.35 10.85 10.65 
D8 8 TOFAlA5IMF 11.00 10.75 1140 11.00 

TOFA=tall oil fatty acid, PTBBA=p-tert-butyl benzoic acid, PTBP=p-tert- 
b u t y l  p h e n o l ,  P P P = p - p h e n y l  p h e n o l ,  D E A = d i e t h a n o l a m i n e ,  
BPA=diphenylol propane A). 
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of the spicular phosphate layer which 
has a value of about 1.4 kgf. The good 
results obtained on steel ranged 
between 2,0 and 4.3 kgf. 

necessarily mean a defective film. More 
likely, as shown in Table 2, the 
resistance of the coating had remained 
so high that no significant change in 
resistance had taken place during the 
test of more than 1500 hours. 

D e s p i t e  t h e  v a r i a b i l i t y  a n d  
inconclusive nature of some of the 
results. certain general observations can 
be made. In the first place the higher 
concentration test medium (1.0 M 
sodium chloride) penetrated and 
saturated the coating films more slowly 
than  the  0.5 M sodium chloride 
solution. Secondly. the nature of the 
substrate appeared to affect the results. 
penetration of the electrolyte being 
more rapid and the fall in resistance 
being greater for those coatings applied 
to phosphate pretreated steel than to 
mild steel. Thirdly. many of the 
experimental coatings have excellent 
resistance to electrolyte penetration: 
this is shown by the very high electrical 
resistances which many of these 
coatings exhibit even after 750 h contact 
w i th  t h e  e l e c t r o l y t e .  a n d  t h e  
insignificant changes in conductivity 
these coatings underwent despite the 
long duration (1500 h) of the test. 

S2 AC impedance measurements: The 
data for this assessment are presented in 
Table 3. The tests were made with fairly 
large areas of the coated panels exposed 
to the electrolyte. Thus coating defects 
were a problem but the effects of the 
defects could be neutralised by spot- 
sealing with wax. This reduced the 
variability and significant trends can be 

Some of the hard, brittle coatings had 
e x c e l l e n t  a d h e s i o n  t o  s t e e l  
(approximately 2.5 kgf) but the best 
results were obtained with the tough 
films formed with the lightly esterified, 
i n t e r n a l l y  p l a s t i c i s e d  r e s i n s  
(approximately 3.0 kgf). Higher levels 
of esterification, which gave the softer, 
more  flexible films resulted in 
apparently lower adhesion, but the 
failure in these cases was usually due to 
low cohesive strength. 

seen. Phosphate pretreatment tended to 
r e d u c e  t h e  i m p e d a n c e  of t h e  
unweathered coatings especially those 
producing brittle films. The tough, and 
even the unacceptably soft coatings, 
were uniformly resistant to electrolyte 
penetration. 

Pre-weathering of the panels prior to 
testing greatly reduced the protection 
afforded by the  harder coatings 
especially on mild steel; phosphate 
pretreatment of the steel generally 
improved the performance of the 
coatings. The softer film made from the 
long-chain fatty acid modified epoxy 
resin was protective even after four 
months of exposure to simulated sea 
water. Plasticisation of the hard and 
brittle resins by partial esterification 
with tall oil fatty acid also resulted in 
excellent performance as assessed by 
AC impedance measurements. 

T Adhesion 

TI  Hesiometer knife-cut test: It is 
generally accepted" that a value of 
1.0 kgf on the apparatus used is 
satisfactory for good adhesion in 
practice, but a value of 1.2 kgf is 
recommended as the minimum for dry 
adhesion. 

The most obvious and consistent 
results were the low values for adhesion 
of the films to the Bonderite 134 
phosphate pretreated panels compared 
with mild steel panels. This is contrary 
t o  what  was  expec ted  but  t h e  
explanation lies in the limiting strength 

Tests which were made on coatings 
which had been in contact with liquid 
water for 14 days showed that the 
adhesion of some water wet films was 
very poor. Sometimes the whole coating 
lifted from the substrate and in these 
cases phosphate pretreatment was of no 
benefit. The best results were again 
shown by the tough films incorporating 
t h e  res ins  wi th  a low level of 
esterification. The adhesion to steel was 
reduced only marginally from 2.8- 
3.0 kgf to 2.6-2.8 kgf, as, for example, 
the coatings based on resins B1 and B3. 

Table 3 
Time in hours to reach the diffusion period and onset of underfilm corrosion as determined by 
AC impedance measurements 

Original Weathered 

Coating Steel Bond Steel Bond 
8711 134 8711 134 

A1 TOFA Epikote 1004NF 3000 >3OOO >2000 >2000 
A2 PTBBAEpikote 1004AJF 700 >3000 4 >ZOO0 
A3 PTBPIEpikote 1004iUF >3000 600 >ZOO0 360 
A4 PPPiEpikote 1004lUF 1600 1400 4 100 
A5 DEAlEpikote 1004lUF 1500 1000 0 0 
A6 BPAIEpikote 8801UF >3000 2000 6 >I500 

B1 2 TOFAIAZAJF >2000 >2000 12000 >2OOO 
B2 4 TOFAIAUMF 22000 2000 300 1500 
B3 2 TOFAIA3iUF >2000 >2000 1500 >2000 
B4 4 TOFAIA3lMF 2000 2000 2000 1200 
B5 2 TOFAIASIUF 1600 >ZOO0 >ZOO0 >2000 
B6 4 TOFAIASIUF >2OOO >Zoo0 >2000 >2000 
B7 6 TOFAiASNF > 2 m  ~ 2 0 0 0  >2000 >2000 
B8 8 TOFAIASNF >2000 >2000 >2000 22000 

T O F A = t a l l  o i l  f a t t y  =p- fe r t -bu ty l  benzo ic  ac id .  P T B P = p - f e r f -  
butyl phenol. PPP=p-phenyl =diethanolamine, =diphenylol propane (Bisphenol 
A). 

TZ Cross-cut tape test: Even with a 
1 mm lattice many coatings had a 
perfect score (grade 5) yet there was 
considerable variation in adhesion as 
assessed by the Hesiometer. The most 
obvious discrepancy between the two 
tests was the assessment of adhesion of 
the coatings to the phosphate pre- 
treated panels for which the results of 
the cross-cut tape test were invariably 
good. 

Another area where the cross-cut test 
failed to be discriminating was the 
cons i s t en t  high sco res  fo r  t h e  
excessively soft films with poor cohesive 
strength. 

U Film hardness and glass transition 
temperature 

U1 Hardness by ICI microindentation 
tester: At temperatures higher than the 
glass transition temperature (Tg +5) 
many of the coatings were too soft for 
measurement by this instrument, but 
these were generally based on the 
highly plasticised resins, which in any 
case were unsatisfactory coatings at 
r o o m  t e m p e r a t u r e .  T h e  tough  
p ro t ec t ive  coat ings  had  micro- 
indentation hardness values of between 
0.6 and 0.7 pm at room temperature, 
but a significant softening occurred at 
the glass transition temperature. This is 
shown in Table 4 for the coatings based 
on resins B1 and B3. 



Variation in microindentation hardness with temperature 

Coating Room At At  At  
Temp Tg-5 Tg Tg+5 

Table 5 
Effect on the level of esterification on the Knoop hardness of coatings on steel 

Level of esterification moleslmole 
Type of Resin 

0 2 4 6 8 

PTBBA Modified Epikote 1004 19.3 13.6 4.7 - - 
PTBP Modified Epikote 1004 19.4 11.3 6.4 - - 
DEA Modified Epikote 1004 19.3 8.9 2.1 1.6 1.3 

Table 6 
Effect on the level of esterification on the glass transition temperature, 'C 

Level of esterification moleslmole 
Type of Resin 

0 2 4 

PTBBA Modified Epikote 1004 82 46 4 
PTBP Modified E i k o t e  1004 81 SO 14 
DEA Modified ~ o i k o t e  1004 73 48 6 

Table 7 
Effect of the level of esterification on the glass transition temperature, 'C 

Level of esterification moleslmole 
Type of Resin 

0 2 4 

PTBBA Modified Epikote 1004 81 32 5 
PTBP Modified Epikote 1004 75 32 12 
DEA Modified Epikote 1004 74 30 -3 

Also included in Table 4 are the 
hardness values for the unacceptably 
brittle coatings with indentation values 
of 0.2 and 0.3 pm at room temperature. 
At the glass transition temperature the 
hardness is similar to that of the 
coatings based on the plasticised resins 
but the Tg of the unplasticised coatings 
is about 50°C higher than the Tg of the 
plasticised coatings, see section U4. 

U2  Knoop indentation hardness: 
Tukon hardness is quoted in Knoop 
hardness number for which low values 
represent soft films. With the exception 
of the coatings based on the tall oil fatty 
acid modifed epoxy resin, with a Knoop 
value of 17.8, the modified resins gave 
coatings which were extremely hard 
with Knoop values in the range 19 to 21. 
When the modified resins which had 
been esterified with tall oil fatty acid 

were incorporated into coatings the 
resulting films were significantly softer 
as shown in Table 5. Even when the 
lowest level of esterification was used, 
namely 2 moles of tall oil fatty acid1 
mole of resin, the hardness of the coat- 
ings formed was fairly low; higher levels 
of esterification producted unaccept- 
ably soft coatings. 

An interesting side issue resulting 
from the  measurement of Knoop 
hardness of coatings on steel was the 
lower values for films on the phosphate 
pretreated steel panels compared with 
the hardness of the same coatings on 
Steel 8711. The differences are between 
0.5 and 2.5 in Knoop hardness number. 

U3  Glass transition temperature 
(DSC): With the exception of the 
coatings based on the tall oil fatty acid 

order of 50°C. 

Esterification of the experimental 
r e s in s  p r o d u c e d  coa t ings  wi th  
considerably lower Tg values as shown 
in Table 6. In fact glass transition 
temperatures could not be measured on 
the coatings made from highly esterified 
r e s ins  us ing the rma l  analyt ical  
techniques since the Tg values were 
below the lower limit of the instrument. 

Esterification of the modified epoxy 
resins with two moles of tall oil fatty 
acidlmole of resin has resulted in 
c o a t i n g s  wi th  g l a s s  t r a n s i t i o n  
temperatures of the same order as those 
of the conventional coatings, -50°C. 

modified epoxy resin, all of the coatings 
made from the unesterified modified 
resins had high Tg values which varied 
between 70 and 90°C. Conventional 
coatings for steel have Tg values of the 

U4 Glass transition temperature by 
mic ro inden ta t ion :  T h e  thermo-  
mechanical assessment has given Tg 
values slightly lower than those 
obtained by DSC but in general the 
results for Tg by microindentation, 
Table 7, follow the same pattern as that 
noted for Tg by thermal analysis. 
Table 6. 

h n  a d v a n t a g e  of t h e  micro-  
indentation technique for determining 
Tg is that the measurements can be 
made under a variety of environmental 
conditions. Normally the measurements 
of Tg are made under anhydrous 
conditions; specimens are conditioned 
i n  t h e  c a b i n e t  i n  w h i c h  t h e  
measurements are made with Pz05 as 
the desiccant. This not only ensures 
consistent conditions of test but also 
protects the sensitive equipment from 
corrosion. However for limited periods 
the conditions can be altered and in this 
experiment the specimens having been 
measured dry were soaked in distilled 
water for ten days and microindentation 
measurements made over a range of 
temperatures on the coatings after 
blotting dry. The P205 was removed 
from the cabinet and replaced with wet 
filter paper to minimise the loss of water 
from the film during the measuring 
period. The change in Tg on soaking 
gives a measure of the degree of 
plasticisation provided by the imbibed 
water. 

The change in Tg due to soaking 
depends on the chemical nature of the 
coating. Those films which other tests 
have shown to be hydrophilic show a 
marked decrease in glass transition 
temperature on soaking. For example, 
the ATg of the coating from the 
diethanolamine modified epoxy resin 
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'weathering' tests. Thus although most 
of the experimental coatings gave ample 
protection to the metal substrate when 
specimens were exposed in a Marr 
a r t i f i c i a l  wea the r ing  mach ine ,  
phosphate pretreatment prevented 
corrosion of the metal in those few cases 
where the coatings failed. When the 
coated panels were subjected to 
continuous condensing humidity (a 
much more rigorous test than artificial 
weathering) there was rapid develop- 
ment of black spot underfilm corrosion 
with some of the coatings on steel. This 
was almost completely prevented by the 
use of the phosphate pietreatment even 
on prolonged periods of exposure. 

However. the coatings produced by 
C~OSS-linking the terminally modified 
resins tended to be hard and brittle, and 
in some cases sensitive to water. To 
reduce OH-group activity and to  
introduce a degree of plasticisation. a 
selection of the modified epoxy resins 
was partially esterified with tall oil fatty 
acid. These resins produced softer. 
more elastic coatings on cross-linking 
with urea-formaldehyde or melamine- 
formaldehyde resins. 

~h~ h a r d ,  b r i t t l e  f i lms  were  
extremely hard as determined by micro- 
i n d e n t  a n t e s t  s a t  a m b i e n t  
temperature, since the glass transition 
temperatures of these coatings were 
very high (>700~)  the coatings were in 
the glassy state at temperature. 
~ l ~ ~ ~ i ~ i ~ ~ ~ i ~ ~  of the  coatings by 
esterifying the resins from which they 
were made produced films were 
significantly softer due largely to the 
fact the T~ values had been reduced so 
much that at room temperature the 
coatings were in the rubbery state, 
When hardness was measured at the 
glass transition temperature. in each 
case the coatings made from the 
esterified (plasticised) resins were still 
significantly softer than those made 
from the unesterified modified resins 

Table 8 
Effect of the level of esteritleation on the change in glass transition temperature on soaking, "C 

Level of esterification moleslmole 
Type of Resin 

0 2 4 

PTBBA Modified Epikote 1004 30 5 3 
PTBP Modified Epikote 1004 23 7 5 
DEA Modified Epikote 1004 36 18 - 

In the ASTM salt spray test the hard, 
brittle coatings on steel failed early by 
blistering and cracking, with associated 
corrosion, but the phosphate pre- 
treatment eliminated blistering and 
reduced the incidence of cracking. Thus 
the coated Bonderite panels withstood 
1000 h in the salt spray, and corrosion 
occurred only where the films had 
cracked with very limited rust creep. 
Similarly, phosphate pretreatment of 
the steel greatly improved the perform- 
ance of all coated panels exposed to the 
atmosphere whether in temperate 
Britain or in sub-tropical Durban. 

was 36"C, whereas the hydrophobic 
coatings showed changes in glass 
transition temperature on soaking of 
only about 4°C. 

The introduction of the tall oil fatty 
acid moiety into the modified resins 
imparted not only a plasticising effect 
but also an increased resistance to 
hydration. Thus the change in Tg of the 
coatings based on the esterified resins 
due to water absorption is small, of the 
order of 5"C, see Table 8. 

Discussions and Conclusions 

Effect of Phosphate Pretreatment 

The phosphate pretreatment of the 
steel had the predictable result of 
improving the corrosion resistance of 

coated metal when exDosed to various 

Knoop hardness numbers for the 
coatings were found to be significantly 

l ower  when t h e  T u k o n  micro-  
indentation hardness was determined 
on the films on phosphate pretreated 
steel than on bare steel. Phosphate Pre- 
treatment also seemed to adversely 
affect the adhesion of the coatings when 
this was determined by the Hesiometer 
knife cut test. This is contrary to what 
was expected and the explanation of the 
apparent anomaly is that the knife cut 
through the phosphate layer since zinc 
phosphate crystals remained adhering 

the undersurface the detached 
films. Thus the cohesive strength of the 
phosphate layer must have been lower 
than the adhesion of the coatings to the 
substrates. Pretreatment had 
l i t t l e  e f f e c t  O n  t h e  

Of the films when the 
ASTM cross-hatch tape test was used- 
because this test is 
discriminating when is good. 

The electrical conductivity of the 
films when immersed in an electrolyte 
was greatly increased when the coatings 
were applied to phosphate pretreated 
steel rather than to bare steel. This 
implies that phosphate pretreatment 
h a d  p r o m o t e d  t h e  e l e c t r o l y t e  
penetration of the coatings and thus 
would be expected to accelerate 
corros ion,  which exposure  tests 
disprove. This anomaly questions the 
validity of conductivity or impedance 
tests for determining the protection of 
steel by coatings. 

presumably because the molecules of 
the latter were able to pack more 
closely than those of the former. 

The influence of the resin type on 
performance is significant.  The 
adhesion to steel of the finishes based 
on the modified epoxy resins varied 
considerably. The coatings based on the 
tall oil fatty acid modified Epikote 1004 
(which were tough), and on the 
diethanolamine modified resins (which 
tended to crack) gave good results; the 
adhesion of the other finishes was fair to 
poor by both Hesiometer assessment or 

Effect of chemical Composition of cross-hatch test. Wetting of the films by 
Coating Resins prolonged contact with water before 

Epoxy resins were modified24 to 
introduce into the resin molecule 
terminal groups which, when the resins 
were cross-linked into a coating, would 
be pendent from the backbone chain 
and thus influence the packing of the 
molecules. Also, these modifications 
introduced either ester or ether links 
which are known to behave differently 
when the organic coatings are exposed 
to electrolytes especially under warm, 
humid conditions. These modifications 
of the epoxy resins resulted in the 
introduction of additional hydroxyl 
groups  in to  the  molecules with 
increased potential for cross-linking as 
well as improved adhesion to steel. 

testing did not materially affect 
adhesion except to slightly improve the 
adhesion of the very brittle coatings 
since the incidence of failures by 
chipping or cracking was reduced. The 
coatings formed from the resins with a 
low level of esterification which as a 
consequence were much less brittle but 
still tough, had excellent adhesion. This 
was little affected by water wetting. The 
removal of these coatings was by 
cutting; in reality a cohesion rather than 
an adhesion failure. The more highly 
esterlfied resins produced softer 
coatings with poorer adhesion, and a 
tendency to blister when contacted with 
water. In these cases failure was by 
peeling. 



u n  exterlor exposure most of the 
steel panels showed only a patina of rust 
under the hard brittle coatings formed 
by cross-linking the terminally modified 
epoxy resins. However, these coatingr 
tended to crack and active corrosion 
occurred in the vicinity of the crack but 
with very limited rust creep. Cracking 
was eliminated by partial esterification 
of the resins used in the coatingr 
wi thout  affecting the protection 
afforded the steel. Higher levels ol 
esterification of the resins produced 
so f t e r  coatings which were not 
protective resulting in extensive under- 
film corrosion and rust creep. When 
subjected to laboratory exposure tests 
the brittle coatings tended to crack in 
the warm. humid environments but not 
in the artificial weathering test. The 
tough films gave excellent protection to 
the steel in all tests but the softer 
coatings failed by blistering and rust 
creep. 

All of the coatings appeared to be 
resistant to penetration by electrolytes 
whether measured by DC resistance or 
by AC impendance. Thus these films 
were deemed to be protective by these 
assessments. The barrier effect is 
obviously excellent in these static tests 
where water imbibition may introduce a 
degree of plasticisation, but the brittle 
films fail under normal conditions of 
exposure. 

Conclusions 

T h e  hard compact films produced by 
cross-linking the terminally modified 
resins by interetherification reactions 
with ureaformaldehyde resins were 
highly  wa te r  impermeab le  and 
protected steel against corrosion almost 
indefinitely, provided they were not 
subject to stress. For example, cyclic 
temperature changes or flexing caused 
early failure of the coatings by cracking. 
Thus static tests of corrosion resistance 
by monitoring using for example AC 
impedance techniques are misleading. 
T h e s e  coa t ings  showed perfect  
resistance to electrolyte permeability 
for more than 3000 hours (the limit of 
the test) yet failed rapidly on ordinary 
exterior exposure. 

Epoxy ester and epoxy ether resins 
produced from Epikote I004 included a 
significant number of hydroxyl groups 
in the molecule which should have given 
good adhesion to steel. But adhesion 
failed by chipping and cracking and the 
very high OH-group content of the 
diethanolamine modified resins (10 
OH-groupslmolecule vs 6 OH-groups 
for the other terminally modified resins) 
a lso  caused a degree  of water- 

sensitivity. Thus partial esterification o 
these hydroxyl groups not only reduce( 
the water sensitivity but also introducec 
a degree of internal plasticisation tc 
yield tough films without materiall! 
a f f e c t i n g  a d h e s i o n .  Extensive 
esterification with tall oil fatty acid! 
resulted in excessively soft coatings witt 
poor adhesion. 

Thus as stated by Funke et alZS then 
are still many unanswered question! 
relating to the protection of steel b] 
organic coatings. Moreover, many o; 
the test procedures traditionally usec 
for the evaluation of coating system! 
and  in fact some of the  newel 
techniques for corrosion monitoring art 
indecisive at best and in some case! 
frankly misleading and contradictory. 

This investigation involved the 
correlation of the composition and 
molecular geometry of the resin 
molecules used for coating steel with 
the performance of the coatings. Tough 
flexible adhesive films with excellent 
barrier properties to electrolytes can be 
made but the performance of the 
coatings is likely to be affected when 
pigments are incorporated into the 
formulations. 
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Book Review 

The Printing Ink Manual 

4th Edition, 1988 
Van Nostrand Reinhold 
International Company Ltd 
Edited by R. H. Leach 
xiii+872pp, price f 40 
Hardback ISBN 0-7476-0000-7 

T h e  Printing Ink Manual has an 
unrivalled reputation in the ink and 
printing industries as a 
comprehensive treatise on the 
development, manufacture and 
testing of printing inks. First 
published in 1961, on behalf of the 
Society of British Printing Ink 
Manufacturers, it has been 
continually updated in succeeding 
editions. 

This fourth edition reflects 
modern technological trends and 
illustrates the changes that have 
taken place in ink technology 
influenced by printers' and "end- 
users" needs, economics, health 
and safety and environmental 
factors. 

After introductory chapters on 
the nature of printing inks and the 
main printing processes, Colour 
and Colour Matching is given a 
detailed treatment and includes a 
discussion on instrumental colour 
match prediction. 

The raw materials chapter gives 
detailed information on pigments, 
dyes, drying oils, resins, solvents 
and chemical additives together 
with data on materials for the 
increasingly important radiation 
curing systems. 

The next five chapters on 
letterpress, lithographic, gravure, 
flexographic and screen printing 
inks are instructive for the student 
and informative for the experienced 
chemist and ink technician. 
Throughout there is emphasis on 
practical aspects relating to ink 
formulation, performance on the 
printing machine and problem 
solving. Not surprisingly, 
considerable attention has been 
given to inks for the diversity of 
new substrates used in the 
packaging industries showing that 
ink and coatings developments have 
kept pace with the growth of these 
fields. 

Radiation curable systems are 
now being more widely used. The 
chapter on this subject embraces 
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microwave, radio-frequency, infra- 
red, ultra-violet and electron beam 
curing processes. There is a well 
balanced review of the chemistry 
and technology of ultra-violet and 
electron beam curable inks and 
varnishes. The information on the 
fundamental chemistry of materials 
and reaction mechanisms in curing, 
is well presented. On the practical 
aspects, ink formulation principles, 
printing applications and types of 
radiation equipment are adequately 
described. 

Throughout the chapters there 
are comments on the likely future 
trends and there is also a section on 
inks for special purposes e.g. inks 
for non-impact printing, inks for the 
electronics industries and trends in 
inks for metal decorating and 
plastic container printing. 

Streamlining varnish and ink 
manufacturing processes for 
maximum economy and efficiency 
is of increasing importance, so the 
chapter on ink and varnish 
manufacture is to be welcomed. 
Trends in mixing and dispersion 
equipment are detailed and modern 
manufacturing techniques including 
automated and semi-automated 
plant lay-out are discussed. 

A chapter on rheology of printing 
inks outlines basic principles in an 
instructive manner. Apparatus for 
the measurement of viscosity and 
ink tack properties is described. 
The relationship of rheological 
properties with performance of an 
ink on the press, is discussed. 

Testing, control and analysis of 
inks is given lengthy treatment and 
there is emphasis on the increasing 
use of instrumental analytical 
techniques, with some practical 
examples. 

The concluding chapter reviews 
UK legislation relating to the health 
and safety and environmental 
aspects in the manufacture, 
handling and use of printing inks 
and raw materials. It deals with 
handling of chemicals, mechanical 
and operational aspects of health 
and safety in ink manufacture and 
guidance concerning inks for 
printing food packaging, children's 
toys etc. 

There are a few typographical 
errors and for one or two raw 
materials, somewhat conflicting 
data possibly due to variable 
information on different 

commercial products of the same 
chemical type. In the opinion of the 
present reviewer these do not 
detract from the overall high 
standard of this book. It should be 
welcomed throughout the printing 
ink and allied industries for the 
wealth of fresh information on all 
aspects of printing ink technology. 

G. H .  Hutchinson . 
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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.. . 
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From the General Secretary 
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aware of the excellent technical and 
social programme that has been 
organised for the major event of the 
1989 OCCA calendar. The majority 

Conference papers have now 
been promised and the 

and summaries of their 
papers will appear in future issues 
of the Journal. A very attractive 
registration package will be offered 

OCCA members and their 

~ ~ ~ ~ ~ ~ E ~ ~ ~ ~ $ ~ I  ttzue 
Grosvenor Hotel. Chester, a range 
of hotels all within easy walking 
distance of the Grosvenor will be 
offered to delegates, thus ensuring 
that all those who wish to 
participate may do so at reasonable 
cost. 

Whether you wish to register for 
the whole Conference. attend for 
one or two days, or only come to 
the Conference Dinner, Chester 89 
is an event not to be missed. 

Paintmakers' Association 

A ssiduous readers of this 
month's JOCCA will have noticed 
that the Paintmakers' crest has 

On the 'Ontents page' 
This is a result of a decision by both 
the OCCA and Paintmakers' 
Councils to  nominate JOCCA as an 
official journal of the Paintrnakers' 
Association. This nomination is one 
further example of the close 
harmony and good working 
relationships between the key 

Lost Members 

The Association has lost contact 
with some of its members, 
principally from overseas countries, 
and is most anxious to re-establish 
contact with them. If you recognise 
any of the names below, and know 
the members' whereabouts, please 
contact Mrs Raynaud, our 
Membership Secretary, at Priory 
House. She will be delighted m put 
them back on the mailing list: 

Name country 
Akhtar AS Pakistan 

E;:tbo IM UK 

Lad 00 
Nigeria 

AR Nigeria 
Van der Walt L South Africa 
Whiteside AE 

chester 89 

Readers  of ~ o n y  J O I I ~ ' s  ~ h e s t e r  
Conference Column will already be 

organisations in the UK surface 
coating industries and that has 
already been demonstrated by the 
joint stand at SURFEX 88 and 
through participation in the 
Education and Training Working 
Party together with the Paint 
Research Association. 

What does the nomination mean 
for the Association and the 
Journal? JOCCA will feature news 
of Paintmakers' activities and its 
member companies will look 
towards the Journal for important 
news items, new technology and 
hopefully, as their preferred 
advertising medium. The 
Association is already well served 
by Paintmakers' member 
companies, many of whom pay the 
membership subscriptions of 
OCCA members in their 
employment and many managing 
directors and senior executives of 
companies are already in 
membership. What the nomination 
certainly does not mean is that 
JOCCA will become the voice- 
piece of the Paintmakers' 
Association. The nomination will 
enhance the reputation of the 
Journal, demonstrates the 
cohesiveness of the industry and 
marks a significant achievement for 
the Association. 

Preliminary Notice 

OCCAIPRA Symposium 

The Role of 
Surface 

Coatings in 
F i re P rote c f i 0 n 

15-16 March 1989 
London, Heathrow 

Contact: 
Chris Pacey-Day 01-908 1086 

Dip Dasgupta 01-977 4427 
for further information 



Chester Coaference Column 

I t  is hopctl t l i ; t t  Sitnon I.;~urcncc 
\\.ill he alllc to suppl!. a cc~mplctc li.;t 
of papers and ;tutliors FOI- 
publication in Novcnihcr's.lOC'('~\. 
Mc;~nwhilc it can Ilc s;titl th;~t. 
esccpt for ;I most interesting paper 
which might still he \uhniitted. the 
final selection will hc made frotn 
those ;tlrearly offered. 

CJnfortun;ltcly. Simon is still 
awititing ;I "mug-shot". all 
extremely minute CV i111d :I short 
precis of the p;tpcr. from some of 
the i~uthors. 

C'hris I';~cey-I>;I~ i~nil I h;~\,c 
looked into the financial side of the 
conference and have disc~t.;sccl the 
matter with the President anrl 
Simon. As a result I will lie putting 
forward n pl-oposal for council 
acceptance o n  17 Octohcr regarding 
the cost to dclcg;~tcs. tlopefully 
Council will ;tgrcc with the 
re;~soning hehinrl the proposition 
and the results of it. 

In I')SA-87 I contacted hotels of 
varying grades in Chester ;111d some 
have even ;tgrccd to hold ;I numhcr 
of thcir rooms for you until I April. 
Wc will he issuing a dcti~ilctl list of 
thcsc. with prices. both in the 
Conference brochure and in 

Thames Valley/Bristol Skittles match 

Thames Valley-Bristol Skittles: Chris Shaw, Chairman of Bristol presenting the 
"Walton Trophy" to Richard Stevens (on the right), Chairman of Thames Valley. 

.JO('('A. Mrs W;ttcrmnn is 
presently husy re-contucting the 
hotels to ;~cquirc the final details for 
this purpose. I trust tIi;lt everyone 
will find an cstnhlishnicnt to contact 
and hook th;tt will suit thcir pc~ckcts 
;IS well ;IS their hodily comforts. 

A .  (.. J o l l ~  W 

BSI Committee vacancies 

Council are seeking nominations - 
from members to represent the 
Association on the following 
committees: PVC/1/13 Methods of 
Test for Pigments. PVCl25 Organic 
Finishes of Aluminium, GMER9Il 
Test Sieves: (to represent as 
required). GMEI2912 Test Sieving 
and other Sizing Methods (to 
represent as required), ACE144 
Aircraft Finishes. 

Professional Grade 

A t  t h e  m e e t i n g  of  t h e  
Professional Grade Committee held 
on 4 August 1988 the following 
admissions were made: 

Admitted to Associateship: 
Archer, Robin Jeremy (Naral) 

Transferred from Associate to  
Fellowship: 
Gilliam, Brian Frederick (London) 

Admitted to Fellowship: 
Grey, James (Ontario) 

Thames Valley defeated Bristol 
Section at their annual Skittles 
match for the third consecutive 
year. However, the standard of play 
of both sides was such that this was 
more by luck than skill. The event 
was held at the "Cross Keys", 
Great Bedwyn. 

J.  Inshaw. 

Ordinary members 

Airey, B.. BSc (Transvaal) 
Burd. M. N.. BSc (Cape) 
Conover. H.. BSc (General 
Overseas - USA) 
Forth. S. J.. BSc (Mancesrer) 
Godfrey. A-M. (Ireland) 
Holloway. J.. MSc. PhD (Thames 
Valley) 
Knowles. E .  P. BA. MSc 
(Manchester) 
Lam. E., BSc (Manchesrer) 
Lambert. N. J.,  BSc (London) 
Lourens. A. E., BSc (Transvaal) 
Marrison. G . G . . BSc (Cape) 
Owens, R. W . ,  BSc (Midlands) 
Rickaby, D. J. (Ireland) 
Twigg, D., MSc (Transvaal) 
Watkins, G.  (Transvaal) 

Associate Members 

Deegan, C. P. (Ireland) 
Fanucci, G.  P. (Natal) 
Merrifield, A. (Naral) 

I Techow, M. R. (Transvaal) 
Tuffley, S. (London) 
Van Dyk, G.  (Transvaal) 
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Please write with full details to the Personnel 
Mana er, Anchor Chemical (UK) Ltd., Clayton Lane. 

( Mancgester, MI I 4SR. 
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TECHNICAL 
MANAGER 

At Vinamul we're moving fast. We are the most 
successful emulsion polymer producer in the UK and we 
are expanding into Europe. Our technology, the emulsion 
polymerisation of gaseous monomers, is new and exciting, 
and harnessing it to our customer's needs is the key to our 
future. 

Expansion has created a vacancy for a technical 
manager to lead our Paint and Building Group. 

The role is demanding and varied. We are looking for 
someone who can deal eficiently with the day to day 
management of a group of scientists and technologists but 
who can also contribute to and implement the technical 
elements of a strategic business plan. The ability to liaise 
effectively with a wide variety of people is also very 
important as contacts will be wide ranging within the paint 
industry both at home and throughout Europe. 

Because of the varied nature of the job it is not possible 
to be specific about background and qualifications. Good 
com~nunication and team leadership skills are essential as 
is some experience of the formulation or development of 
emulsion based products. Experience of the paint industry 
would be most advantageous, and while we would expect 
the majority of candidates to be educated to degree level in a 
science, we do not exclude applications from experienced 
people with a gwd track record. 

This is a senior position and as part of the Unilever 
group of companies your remuneration package is second 
to none. Benefits include a company car; relocation 
assistance (where appropriate), private medical insurance. 
an excellent company pension scheme. 25 days annual 
holiday, and a subsidised staff restaurant. 

If you feel that you can meet our requirements please 
send your c.v. to Dr Jackie Wilkie, Personnel Dept., 
Vinamul Ltd., Mill Lane, Carshalton, Surrey, SM5 ZJU, or 
alternatively, ring 01-669 4422 and ask for an application 
form. 

Vinamul 
(A Member of the Untlcver Gmrrp) 
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SERVICES 

SHELLACS NATURAL RESINS GUMS & WAXES 

A. F. SUTER & CO. LTD. 
Swan Whatl60 Dace R d  

London W ZNC 

ES'nBUSHED 1906 

Sole UK Distributors of Bitmac's 
* ORGOL TARS & 

SPECIAL P I T C H E S  * 

Technical and Manufacturing Setvices Ltd, 
Please contact Paul Metcalf for detalls 

Britannic House, 40 New Road, Chatham, Kent ME4 4QR 
Tel: (0634) 830044. Fax: (0634) 830187. Telex: 966147 TAMS G 

. . . 
111 OCTOBER 



- Classified Advertisements 

DSM Resins U.K. Ltd. is the Sales Organisation of DSM 
Resins. DSM Resins is an important international resin manu- 
facturer investing continuously in people, production processes, 
research, buildings and other resources. Our products are being 
used in various industries. Major application areas are surface 
coatings, p!inting inks, thermosetting plastics and adhesives. We 
are operating production units in a large number of Western 
European countries and the USA. Our Head Office is in the 
Netherlands. In 1987 our turnover exceeded 1 billion Dutch 
Guilders. At present DSM Resins employs 2,650 people. 

To further improve our position in the UK Market we are looking for a 

TECHNICAL SALES REPRESENTATIVE 
both for the Northern and Southern Areas 

The Position: 
In your area you will assume the sales and service responsibilities for a sophisticated 
range of resins supplied to the Surface Coating, Printing Ink and Adhesives 
Industries. DSM Resins considers a close co-operation with the customers to be of 
very great importance. Solutions to customer problems are to be found by means of 
technical advice, modification of products or mutual development of new products. 
You will maintain regular contacts with our organisation in the Nethetlands, who 
will support you in rendering a high level of technical service to your customers and 
who are dependent on you for the supply of proper information with regard to new 
trends and requirements in the UK market. You will report to the General Sales 
Manager of the Surface Coatings Group of DSM Resins in this country. 

The Person: 
Probably aged 25 to 35, adequately qualified, you will have several years experience 
in the Resin and/or Surface Coating Industry and are now wishing to extend your 
technical capabilities in a commercial situation. The ability to communicate 
effectively with people at all levels is important. 

The Rewards: 
The interesting salary and benefits package will reflect both DSM Resins' standing 
in the chemical industry and the importance we attach to the position. 

The Procedure: 
You are requested to send your application with full cumculum vitae in confidence to: 
Mr D. de Kock, Managing Director, Mr De Kock will be pleased to provide 

further information about the position 
DSMResinsU.K.LTD(9 bytelephone,ifrequired. 

Kingfisher House, During Office Hours: 0527-66597 
Redditch, After Office Hours: 05642-324 1 
Worcestershire B97 4EZ. 
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Strong. 

DOWANOL 'P' 
Working towards a safer environment. 
Today's advanced technology demands excep- 
tional product performance. To meet 
this challenge. Dow has developed a complete 
range of excellent propylene glycol ethers. 
DOWANOL* 'P represents a new family of 
powerful solvents featur~ng almost limitless 
versatility and compatibility with most organic 
products. 

DOWANOL 'P' solvents yield excellent 
results in a wide variety of applicat~ons 
including both solvent and water borne 
coatings, cleaners, print~ng inks, agricultural 

DOWAN0L'P'- propylene glycol ethers1 
acetates. 
- Propylene glycol methyl ethers: 

DOWANOL PM, DPM.TPM 
- Propylene glycol n-butyl ethers: 

DOWANOL PnB, DPnB, TPnB 
- Propyleneglycol phenyl ether: 

DOWANOL PPh 
- Ropylene glycol ether performance solvents: 

DOWANOL PB40. P25 
- Propylene glycol ether acetates: 

DOWANOL PMA, PGDA, PA20 

chemicals and cosmetics. 
DOWANOL 'P' glycol ethers have the 

added edge: they combine remarkable 
technical performance with a lower toxiclty 
profile. 

For further informat~on on DOWANOL'P' 
propylene glycol ethers, please consult 
Dow Europe SA. DOWANOL 'P' Techn~cal 
Service and Development. Bachtobelstrasse 3. 
8810 Horgen, Switzerland, or your local sales 
office. 

Dow Chem~cal Company Ltd, Norfolk House. Chr~stmar Lane. Farnham Common. Slough SL23IQ. England. Tel (02814) 631 I 
Dow Chem~cal Company Ltd, Drury Court, 56-58 Drury Street, Dublln 2, Ireland, Tel (001) 7913 22 

.Tradernark ofThe Dow Chemical Company 

Enter J210 on Reader Reply Card 
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