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INTRODUCTION

One of the major features of the years since the last
review of this subject in 1975 [1] has been the consoli-
dation of existing technology. Very few references can
be found to totally new development work. This is
probably due to increasing pressure from areas not
directly related to the printing or printing ink industry.
Typical of these are the increase in dependence for
energy and raw materials on Middle East crude oil
supplies and the influence of environmental issues and
associated legislation. The net result is that only limited
resources of time and money have been available for
more fundamental research.

The effect of raw-material costs is adequately illus-
trated by reference to data on sales of printing ink in the
UK [2]. From Table 1 it can be seen that sales of most
of the classes of ink and varnish have shown a
steady increase since 1974. Furthermore, they have
adequately recovered from the hiccup of 1975 caused by
the temporary imposition of the three-day working
week. When these figures are compared with an analysis
of sales by value (Table 2) a clear picture of the effect of
crude-oil prices and other inflationary factors can be
seen. The value of sales over the same seven year period
has more than doubled for an increase in volume of less
than 1%.

PRINTING INK AND CRUDE OIL

The primary reason for the enormous escalation in the
price of printing ink has been the increase in the cost of a
barrel of crude oil. Many of the links developed by the
petrochemical industry to produce the host of sophisti-
cated pigments, resins and solvents used in the printing
ink industry are not always clear. But 80-90% of the raw
materials used in the industry are organic and ultimately
derived from crude oil [3.4]. Printing inks have come a
long way from the very simple lampblack and boiled
linseed oil of Gutenberg in the 19th century and now
contain highly complex ingredients such as esters of
pentaerythritol and diarylide yellow pigments.

Furthermore, the extent to which individual raw
materials have increased in cost varies tremendously.
The biggest increase in 1979 was the cost of solvents
and ink oils (65-70%) and this is reflected in the
solvent-dependent product groups {(gravure, flexo and
screen) in Table 2. Organic pigments, meanwhile, in-
creased by between 15—25% and Carbon Black by over
25%: this has had a significant effect across all product
groups, as pigments make up something like 60% of the
industry’s raw-material costs. Figures for 1980 show a
simifar trend but with a levelling off across the raw
material groups [b].

But high raw-material costs are just one part of the
problem. In fact, ink usage constitutes only a small
percentage of most printing overheads. Paper or film,
capital investment and, more importantly, labour and
energy costs are far more significant. The outcome of
this is that the ink maker has become closely associated

with techniques to control the last of these factors
through the introduction of low-energy systems. A re-
view of the literature shows this to be a main area of
continuing investigation.

ALTERNATIVE DRYING METHODS

All the main printing processes deposit liquid ink onto a
substrate. This liquid must then be converted into a solid
form that is able to withstand subsequent handling. The
ink film is then said to be dry. All the traditional methods
of ink drying — evaporation, chemical change and pene-
tration — have largely remained unchanged and have
been adequately described [6]. But almost without
exception, these traditional methods are open to im-
provement either because they are too slow or because
they consume too much energy, or both.

By far the most important alternative to these tradi-
tional techniques has been the application of various
forms of radiation energy. Four areas — ultra-violet, infra-
red, electron beam and microwave — have been under
investigation for a number of years. A great deal has
already been said and published about the general
principles and background to all these drying methods
[7-11] and it is unnecessary to repeat much of this
information. Those involved in the printing industry are
now asking more searching guestions about these tech-
nigques.

Ultra-violet Curing

In the years since the last review [1], u.v. curing has
become an established process, mainly in the sheet-fed
carton industry. The technology has remained basically
unchanged and ink makers now have a far greater under-
standing of the chemistry of the system. The need for
intense development, which existed in the early years,
has largely been removed.

Ultra-viclet curing is still very important in the fields
of offset lithography and metal decorating. Sheet-fed
lithography has traditionally suffered through using
one of the slower drying processes (oxidation/
polymerization) and is one where the speed of drying of
u.v.-curable inks is particularly attractive. Ultra-violet
curing improves production efficiency and eliminates the
need for anti-set-off spray [12]. This means less waste,
labour saving, immediate handleability of the finished
print and a cleaner working environment. Early problems
of poor ink performance on the press have largely been
overcome by more careful choice of raw materials.

Web-fed lithography, on the other hand, poses a
totally different problem. Heat-set web inks dry by the
evaporation of large quantities of solvent and this pro-
cess requires a high energy input. Ultra-violet dryers
have been shown to use considerably less energy than a
conventional heat-set dryer [13-15]. In addition, the
inks used are solvent-free and emit no by-products
requiring expensive pollution-control equipment. Partly
because of this last point, u.v. has found a greater,
although still limited, application in the USA rather than
other countries [16]. Many fundamental arguments still
remain on the overall economic viability of the system in
the UK [17].

The use of u.v. has undoubtedly benefited the metal-
decorating field more than any other. The conventional
decoration of metal containers consumes an enormous
amount of energy and the savings that u.v. can bring
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TABLE 1

Ink Sales by Volume 1974-1980 ( x 1000 kg)

1974 1975 1976 1977 1978 1979 1980 Increase
over Period
(%)
News inks 28934 24270 26382 23846 24585 25812 26 261 —9
Gravure and flexo 19602 16357 20041 20545 21867 24 049 21 361 9
Screen 21569 1970 2262 2460 2663 3163 3205 48
Litho and letterpress 13740 12029 13022 14070 14 369 14 867 13 505 —2
Varnishes/others 4520 4424 5960 4445 4611 4775 4 881 8
Total 68 955 b9 050 67667 65366 68095 72 666 69 213 <1
TABLE 2
Ink Sales by Value 1974-1980 (£ x 1000)
1974 1975 1976 1977 1978 1979 1980 Increase
over Period
(%)
News inks 4 526 4784 5 485 b 952 6 362 7 079 8617 90
Gravure and flexo 17609 18350 24821 30047 34987 41 180 42 462 141
Screen 274 2982 3860 4780 5727 8419 11 202 309
Litho and letterpress 24608 25389 31754 39181 43347 47 251 46 292 88
Varnishes/others 3321 3 865 5 403 5 753 6176 6 885 8 082 143
Total 52805 55370 71323 85713 96599 110814 116655 121

have been reported [18,19]. In 1976, u.v. curing was
shown to reduce energy costs by half compared to the
conventional thermal curing process [20] and, at that
time, one leading American converter already had 17
metal-decorating lines equipped with u.v. in commercial
use [21]. Another advantage claimed for u.v. in metal
decorating is the elimination of any colour change that
occurs in long thermal ovens [22]. Early problems with
w.v. included its inability to cure white coatings applied
at heavy film weights and its application to two-piece
beverage cans. Both of these problems have now been
overcome [23].

The Lessons of u.v. in Recent Years
The basic principles of u.v. have been well known for
many years, but a number of important lessons have
been learnt during the adaptation of this new chemistry
to the packaging industry. Many of these have not been
well documented but one comprehensive authority has
already been cited {15,16]. One of the most fundamen-
tal prablems has been the effect of different pigments on
curing rate and ink stability and this has been discussed
[24,25]. For example, carbon black absorbs u.v. energy
that would otherwise be used for the polymerization
reaction [26]. A lot has been learnt about the toxicity of
u.v.-curable inks and it must be remembered that all the
raw materials are active materials. Correct handling in the
press room should ensure that no difficulties arise but
prolonged contact will cause greater skin or eye irritation
than conventional inks. Where lithography is concerned,
some care in the selection of raw materials has been
necessary to avoid any problems of emulsification. These
early problems have largely been overcome.

The ink maker has also had to contend with preblems
of instability. Many raw materials, such as photoinitia-
tors, which are stable on their own, may react when
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mixed with other materials or even with metal contain-
ers. Compatibility with blankets, rollers and plates has
had to bhe carefully evaluated. More obvious factors such
as high temperature or contamination during manufac-
ture and the avoidance of direct sunlight, all of which
wili affect cure rates, are far more significant than with
conventional systems. Oxygen is a good stabilizer and it
is therefore useful to aerate inks as much as possible. In
contrast, some European and one UK ink manufacturer
take great pains to remove all the air from conventional
lithegraphic inks by vacuum packaging [27].

The Future of u.v. Curing

The considerable literature coverage of u.v. drying is a
reflection of the continued interest in the system. But its
deficiencies are well understood and have been listed
elsewhere [28]. The most important disadvantages still
remain the high cost of inks and coatings, plus a few
remaining technical preblems such as gloss and flexibil-
ity. But costs are likely to become more competitive, and
with increasing pressure on the availability of fossil fuel
as an energy source and more severe pollution restric-
tions u.v. is likely to increase in use.

Other Energy Sources
Three other energy sources have been investigated. After
early interest, the commercial use of microwave (or
radio-frequency) drying has made little progress, mainly
because its effectiveness is only relevant to polar
materials. It may still have a potential as a method of
drying water-based flexo and gravure inks in the future
but a number of practical problems remain. One installa-
tion to dry lacquers or varnishes on high-quality cartons
has been reported [29].

Next to u.v,, the use of infra-red energy is the most
widely reported of the ahlternative sources and has be-



come quite popular in certain areas. The principles have
been discussed elsewhere [30-33] and are basically
different from those of u.v., as no specialized chemical
reaction is involved. The infra-red unit acts as a source of
thermal energy and heats the paper or board as it passes
under the dryer. This increases the rate of penetration
and oxidation of a quick-setting lithographic ink in the
same way that any other physical or chemical reaction is
accelerated by high temperatures. Sheet-fed lithography
is the main application of i.r. drying.

Although some claims have been made [34-36] that
specialized ink systems can utilize i.r. to give instantane-
ous drying, it is generally viewed, in the UK at least, as a
useful aid to the drying of conventional inks rather than
the ultimate solution. The relatively small increase in
temperatures that are achieved means that any special-
ized inks must be highly reactive and this will give poor
stability on the press and in the container [37]. Such
inks, although technically feasible, are at the moment
prohibitively expensive.

Some interest has been shown in the use of i.r. with
web-offset printing since the dryer units can be powered
by electricity rather than expensive, and rapidly dwin-
dling, gas supplies. This is more economic and less heat
is lost. Some form of hot-air blast will still be needed to
remove the volatilized solvent.

The only other form of energy that has been discussed
is electron-beam drying. The basic principles of the
process have been discussed [7,34] and its economics
covered [20]. During the review period, electron-beam
drying has probably made greater progress than the
other methods discussed here, although it still has not
become a commercial proposition in the UK. Consider-
able advances have been made in the devetopment of
resins for electron-beam drying and a number of advan-
tages over u.v. and thermal curing have been claimed
[38,39]. These include greatly reduced energy con-
sumption, the elimination of pollutants and greater ver-
satility, making it suitable for processes and products not
possible with u.v. drying. Furthermore, such coatings are
generally expected to be cheaper than those produced
by u.v. curing because expensive ingredients such as
photoinitiators and accelerators are not needed. A practi-
cal application for curing gravure coatings has been
described [40].

Other Accelerated Drying Systems

Two other processes have been reported [41-43]. Va-
pocure is a system claimed to be ‘energyless’ with a
corresponding low energy cost. The process uses an
atmosphere of catalytic vapour which is used to promote
a chemical reaction in a specially formulated ink. Latest
claims suggest that Vapocure is being used in sheet-fed
litho, plastic-container decorating and metal decorating,
put little interest has been shown in the UK. The
Powderset process originated in the USA and is similar
to the thermographic process used to give a raised-letter
effect. Wet print is dusted with a powder and that which
sticks to the ink film is fused by passing under a heater to
give a dry print. No reference to a commercial application
of this principle has been located.

INKS AND THE ENVIRONMENT
Quite apart from the savings in fossil fuels that might be
achieved, part of the attraction of all these processes is
that they go some way to overcoming the environmental
problems that exist with many conventional inks.
Concern for the environment is nothing new, but the
effects of industrial activity have been much more widely
studied in recent years [44]. The chemical industry in

general has been an area of particular concern and
printing ink manufacturers, being part of that industry,
have had to adapt accordingly. One authority [45] has
implied that some recent legislation has imposed unnec-
essary restrictions on ink development and has changed
the whole way of thinking of development chemists. A
number of arguments are quoted. Raw-material selec-
tion has become limited because some materials, or a
closely related chemical, have been found to be harmful
in a manner totally unrelated to its use in ink formula-
tions. Isolated manufacture is sometimes necessary to
avoid low-level contamination with harmful materials,
e.g. lead chromes in inks based on organic yellows.
Emission regulations may differ dramatically across na-
tional and international borders and a range of essen-
tially similar products is sometimes needed.

In the UK the ink maker is concerned with the
environment on two counts. Firstly, the industry must
ensure that materials put into printing inks do not have
any harmful effect in the work place orin the end use for
which they were designed. A number of areas of legisla-
tion have to be considered [46-48]. One of the most
important developments to come out of this legislation
has been the recommendation by the Society of British
Printing Ink Manufacturers that lead driers and lead
chromate pigments should be eliminated from all print-
ing inks (except screen inks) by 1 July 1979. [49].
Because of the unique properties of lead chromate
pigments they have not been easy to replace, but a
number of methods have been suggested [50-52].

Secondly, the industry has been caught up in the
needs for greater control on solvent emission and pollu-
tion [63-55], mainly in the heat-set, flexo and gravure
fields. These are the areas where the alternative drying
methods already discussed, being ‘solventless’, are of
great interest. One other major area is in the development
of water-based inks and coatings for flexo and gravure
printing.

Water-based Inks

A host of papers has been written in the past few years
on this important aspect of ink development [66-65].
Their underlying message is very much the same: that,
whilst the water-flexo process has been successfully
used for paper and board printing for many years, the
transition to printing on flexible packaging films is likely
to prove a fong-term problem.

The reasons that water-based inks are so attractive
compared with solvent-based products is quite clear.
Water is a cheap, readily available commodity that is un-
likely to increase in price as rapidly as oii-derived sol-
vents, and it can be vented into the atmosphere with no
fear of pollution. Recent legislation [66], particularly in
the USA, has increased the importance of this last point.
Water-based inks are safe to use, are non-toxic and, if
conrectly formulated, have low odour for food packaging
work. The disadvantages are also well-known, not least
the problems of drying caused by the low evaporation
rate of water compared to organic solvents [67]. One
authority [58] claims that this cou!d be overcome by
printing a thinner film of a stronger ink. It still seems that
some modifications to oven design or the introduction of
radio-frequency or infra-red dryers may be necessary.

Other difficulties are associated with the substrate.
Paper substrates are generally satisfactory although
improvements in lay and non-cockiing properties are
needed for inks for use at the top end of the market.
Adequate adhesion to many non-absorbent plastic films
still remains a problem and this is also the area where
siow drying is a major concern. Water-based inks do not
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have the same resolubility properties as solvent inks and
must not be allowed to dry on the press. The high
surface tension of water demands a whole new study of
the physics of ink transfer. Furthermore, the ink maker
needs to become familiar with a new generation of raw
materials, notably resins [68] but also pigments and
additives [69,70].

OTHER PROCESS DEVELOPMENTS

Flexo and Gravure Printing

With all this preoccupation on the important topics of
alternative drying methods, raw-material substitution
away from oil-based products and environmental issues,
other areas of ink development have been less well
reported. Even in the flexo and gravure fields there have
been discussions on the marriage of u.v. curing to the
flexo process [71] and the difficulties of both electron-
beam and u.v. curing in gravure printing [40,72]. A
number of reviews have been published on the tech-
niques of offset gravure [73,74], the general state of the
art regarding gravure inks [75,76] and the increasing
interest in the interchangeability of gravure and flexo
processes [77]. This last point underlines the important
fact that flexo is no longer regarded as the poor relation
of the printing processes [78]. Much has been written to
show how press development and improvements in ink
and photopolymer plates have enabled flexographic
printers to challenge for quality work that has tradition-
ally been the province of other processes, notably gra-
vure [79-85].

Flexography still retains its position as an economical
process for many packaging applications and has relied
to some extent on ink development to maintain this lead.
Of particular note has been the introduction of a new
generation of inks for printing polythene bread wrappers
[86]. Flexography also caters for some specialized appli-
cations such as wall coverings and textile transfer print-
ing [87,88] which demand close liaison with ink manu-
facturers. Its use for newspaper production has also been
reported [89].

Other areas that have been discussed in relation to
flexo and gravure printing include cold-seal, a non-heat
sealing system claimed to offer reduced costs and less
wastage. The technique uses a special adhesive based
on latex materials, which has the ability to bond with
itself under pressure only. A familiar example outside the
packaging industry is the self-seal envelope. The appli-
cations of cold-seal and the special requirements of inks
for use in conjunction with the adhesive have been
discussed [90-92].

New films [93] and other substrates require the atten-
tion of the ink maker. Of particular note has been the
emergence of coextruded films [94], which have now
virtually taken over the packaging of snack foods, such
as crisps, in the UK. Coextruded films are produced by
the simultaneous extrusion of two or more polyolefin
polymers through a single die head. The films are
relatively cheap and give excellent barrier properties but
have posed & number of fundamental prablems for the
ink maker. Likewise, metallized films [95] have become
increasingly popular but some difficulties of ink adhe-
sion still remain to be overcome.

Screen Printing

Screen printers have also been forced to look at alterna-
tive drying methods and the use of water-based inks.
Limited progress has been made with the latter because
of the high film weights that the screen process depaosits.
This gives immense problems in removing large volumes
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of water and wouid result in serious cackling on papers
and boards [96]. Ultra-violet curing, on the other hand,
has adapted particularly well to screen printing [97-99]
- mainly paper, board and sheet plastics — and recent
developments have seen the introduction of u.v.-curable
inks for plastic bottles. It has not, however, gained
widespread application in a sector of the printing indus-
try that, more than any other, retains its ‘craft’ image.
Recent indications are, however, that this attitude is
changing [100-105].

Litho and Letterpress Printing

Most aspects of litho and letterpress development have
been covered under the sections relating to accelerated
drying but a few others deserve mention. Methods other
than radiation and vapour curing have been evaluated to
overcome the slow chemical drying inkerent in these
processes. Aqueous overprint varnishes are being more
widely used now that more suitable application equip-
ment has been introduced {65,106]. These coatings are
applied either through a spare damper unit or from a
special bolt-on unit and give rapid drying but allow the
underlying inks to dry by the conventional method.
Immediate handling is possible and anti-set-off spray
powder is eliminated.

Another area of investigation has been the use of inks
based on acrylic resins [92]. These inks give fast drying
linked to true non-skinning properties, but a lot of work
is still required to overcome the serious problems of poor
hardness and rub resistance of these inks. The skin
formed on the surface of oleoresinous inks is an
embarrassment to lithographic and letterpress printers as
it can cause dirty printing, and more frequent press
wash-ups are needed. Any formulation giving slow
skinning properties must, using present technology, pro-
vide a compromise of slower drying and poor rub
resistance. The significant advantages of vacuum pack-
aging in minimizing this problem have been exploited by
a number of ink makers [27,107], although others have
cast doubts on its usefulness [108].

The Electronic Age

The review period coincides with tremendous develop-
ments in the electronics industry — calculators which are
minicomputers and digital watches that do far more than
just tell the time are two familiar examples. The printing
industry has not been immune and has adapted to the
age of the microprocessor. The most direct influence has
been the introduction of computer-controlled inking
systems on many sheet-fed lithographic presses
[109,110]. Such systems monitor ink density readings
throughout a run and automatically control ink feed to
ensure consistent and accurate reproduction.

Other influences on the ink industry include ink-jet
printing and the concepts of computerized colour
matching.

The ink industry is a service industry and the ink maker
is constantly looking for ways to improve this service.
Development laboratories have access to sophisticated
analytical equipment plus computer-stored information,
and quality-control techniques are now streamlined for
maximum efficiency. But a large ink maker may carry out
thousands of matchings in one year as part of the service
to printers and these are all time consuming and rely on
the skill of a technician. In recent years a number of
people have looked at the problems of linking electronics
to the understanding of cotour as it affects the ink maker
[111-114]. The principle is very simple. A spectro-
photometer examines the spectral output of a matching
sample and the computer is able to call on stored



information to match this sample in whatever system is
required. The problems arise in the accuracy of the
stored information; variations in stock, raw material and
ink-film thickness are critical in colour matching. Several
commercial systems are in operation although the skilled
ink technician is still required to check the suitability of
the computer-generated formulation. The viability of the
system is still being studied in the UK.

The principles of ink-jet printing have received wide-
spread coverage during the review period [115-125].
Although not a new idea, ink-jet has become a very
popular non-impact printing system capable of coping
with the very fast data output speeds of a modern
computer. Mechanica! (i.e. typewriter-like) methods im-
pose a limit on the print-out speeds that can be
achieved. Apart from very high speed, ink-jet has other
advantages over conventional systems. Being non-im-
pact it can print on a variety of substrates including
delicate or recessed surfaces. Both graphic and alpha-
numeric patterns can be reproduced. It is versatile and
quiet.

In recent years the ink maker has developed a greater
understanding of the ink-jet system and has been able to
provide inks to suit a number of different applications
[126,127]. These include inks with good adhesion to
non-absorbent substrates such as cans or plastic bottles,
food-grade inks based on edible dyes, and fluorescent
inks for postal coding systems.

A LOOK INTO THE FUTURE

Printing ink development in the past six years has been
strongly influenced by the pressures of energy and raw
material conservation and protection of the environment.
This trend is likely to continue with radiation-curable,
high-salids systems and water-based inks becoming
much maore attractive. Other stimuli will include the
introduction of new packaging techniques and materials
plus the call for faster press speeds.
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