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Abstract  

Today's printing inks are composed of a pigment a binder (an oil, resin or varnish of some 

kind), a solvent and various additives such as drying and chelating agents.  The exact recipe for 

a given ink depends on the type of surface that it will be printing on and the printing method that 

will be used.  Inks have been designed to print on a wide range of surface metals, plastics and 

fabrics through to papers.  Different inks are produced to suit these different conditions.  

  

Printing inks are made of four basic components:  

 Pigments - to colour the ink and make it opaque  

 Resins - which bind the ink together into a film and bind it to the printed surface  

 Solvents - to make the ink flow so that it can be transferred to the printing surface  

 Additives - which alter the physical properties of the ink to suit different situations  

Keywords: pigment, Resins, Additives. 

    

1- INTRODUCTION 
Each time when we pick up a newspaper or 

packet of biscuits we are looking at 

examples of printing.  Printing of one form 

or another has been with us for centuries and 

whilst the technologies of both the printing 

process and the ink formulations have 

changed considerably the main functions of 

decoration and information remain. 

The history of ink production  
Writing inks were first manufactured in both 

ancient Egypt and China in about 2500BC.  

These inks were composed of soot bound 

together with gums.  This paste was formed 

into rods and dried, then mixed with water 

immediately before use.  

Printing was invented by the Chinese about 

3000 years later.  They used a mixture of 

colored earth, soot and plant matter for 

pigments, again mixed with gums for a 

binder.  By 1440, when Johannes 

Guttenberg invented the first printing press 

with moveable type, ink was made of soot 

bound with either linseed oil or varnish - 

similar materials to those used for black inks 

today.  Colored inks were introduced in 

1772 and drying agents were first used in 

the nineteenth century. Today's printing inks 

are composed of a pigment (one of which is 

carbon black, which is not much different 

from the soot used in 2500BC), a binder (an 

oil, resin or varnish of some kind), a solvent 

and various additives such as drying and 

chelating agents.  The exact recipe for a 

given ink depends on the type of surface that 

it will be printing on and the printing 

method that will be used. 

2- THE MANUFACTURING PROCESS  
Ink is manufactured in two stages: first 

varnish (a mixture of solvent, resins and 

additives) is made and then pigments are 

mixed into it.  

Step 1 - Varnish manufacture  
Varnish is a clear liquid that solidifies as a 

thin film.  It binds the pigment to the printed 

surface, provides the printability of the ink 

and wets the pigment particles.  There are 

two main sorts of varnish: oleoresinous 

varnish (which incorporates a drying oil 

such as linseed oil) and non-oleoresinous 

varnish.  Oleoresinous varnish is 

manufactured at much higher tempeartures 

and in much more rigorous conditions than 

non-oleoresinous varnish.  The two 

manufacturing processes are discussed 

below.  
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(a) Oleo resinous varnish manufacture  

These varnishes are typically manufactured 

in closed kettles where the oil and solvent 

are heated to allow for rapid solutioning or 

transesterification.  The temperatures 

involved in the process will vary but may 

range from 120 C to 260 C.  Cooking 

times may range from a few minutes to 

several hours.  Temperature control is 

critical in the process.  Rate of temperature 

change, maximum temperature attained and 

cooking duration is closely monitored.  A 

condenser is usually used to prevent solvent 

loss.  

Since these varnishes include a drying oil, 

atmospheric oxygen must be excluded to 

prevent this from polymerizing.  For this 

reason cooks are often done using a nitrogen 

blanket.  

In the production of a typical oleoresinous 

ink varnish, drying oil, alkyd and other 

solvents are added to the vessel under 

nitrogen prior to cooking.  Hard resins are 

then added when the correct temperature is 

attained.  The cooking process continues 

until the reactants are either totally 

consumed in the transesterification process 

or achieve adequate solubility in the solvent.  

Additives such as the chelating agent are 

added after the batch cools down.  Finally, 

the varnish mixture is reheated to obtain 

targeted rheological properties.  The varnish 

produced is tested before sending to the 

storage tank.  

(b) Non-oleo resinous varnish 

manufacture  

Varnishes of this type are usually simple 

resin solutions that do not require high 

temperatures to effect a reaction.  They are 

manufactured by breaking up the resin 

particles and dissolving them in a solvent in 

either a cavitation or a rotor / stator mixer.  

Cavitation mixers contain a saw tooth disc 

on a drive shaft and are used to produce 

high viscosity resin solutions.  They can 

operate at variable speeds.  Rotor / stator 

mixers operate at a fixed speed.  Varnishes 

produced in these mixers must be of lower 

viscosity than those produced in cavitation 

mixers because the agitation in the mixer is 

much less.  Heat sensitive resins cannot be 

used in a rotor / stator mixer because the 

high friction within the mixer produces high 

temperatures.  

Step 2 - Pigment dispersal  
Once the varnish (containing the solvent, 

resin and additives) has been produced the 

pigment is mixed into it.  At this point the 

pigment particles clump together.  These 

clumps must be broken up and the pigment 

dispersed evenly through the resin.  There 

are three main types of equipment used to 

do this, and which is chosen depends on the 

tack (stickiness) and rheology of the ink.  

The three equipment types are discussed 

below.  

a) Three roll mills 

A three roll mill consists of a series of 

cambered rollers rotating in opposite 

directions.  The pigment particles are fed 

into a hopper above the two rear-most 

rollers and are dispersed by the shear forces 

between the rollers.  A doctor blade is fitted 

to the front roller to remove the dispersed 

product.   

Roll pressure, speed ratios and temperature 

must be carefully controlled to allow 

reproducible dispersion.  Each of the rolls is 

water cooled to reduce the buildup of 

frictional heat                                                    

Pigment agglomerate Centre roll Feed roll 

 

 

 

 

 

 

 

  

 

                                 

 

                             Figure 1- Pigment Particles entering a three roll mill 
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b) Bead Mills 

A bead mill consists of a cylindrical 

chamber filled with beads and surrounded 

by a water jacket for cooling. Ink is pumped 

into the chamber and the beads (known as 

the 'charge') set in motion by a series of 

spinning discs or pins.  The charge grinds 

the ink, breaking up the pigment clumps and 

evenly dispersing the ink.  The ink then 

flows out of the chamber through a sieve 

and the charge remains behind to be re-used. 

The bead size depends on the viscosity and 

rheology of the ink.  Typical bead sizes 

range from 1-2 mm for a high quality low 

viscosity product such as a gravure ink up to 

4 mm for a medium viscosity paste or screen 

ink.  The beads can be made of zirconium 

oxide, glass or stainless steel.  Certain beads 

discolor certain inks, so it is important that 

each ink is tested with the different beads 

before grinding to ensure that appropriate 

beads are used. 

c) Cavitation Mixers 

The use of cavitation mixers for the 

production of resin solutions has already 

been discussed.  

 However, mixers of this type are also very 

efficient at dispersing certain pigments, 

notably titanium dioxide, and allowing 

predispersion of a number of others.  In a 

highly viscous ink system a cavitation mixer 

may be insufficient to ensure even dispersal 

and as a consequence an additional sweeper 

blade may be added.  

3- COMPOSITION OF INKS  
The compositions of inks used in different situation are shown in Tables 5-9 

 

Table-5  

Ingredient  

Function 
 

Amount / % w/w 

 

carbon black 
 

black pigment 
 

13.00 

 

9 poise mineral oil 
 

used instead of varnish as a 

wetting agent 

   

68.00 

 

0.5 poise mineral oil 
 

used instead of varnish as a 

wetting agent 

 

10.00 

 

Asphaltum solution 
  

5.00 

 

280 - 320
o
C petroleum distillate 

 

Solvent 

 

2.00 
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Table -6 

Ingredient Function  

Amount / % w/w 

 

Organic pigment 
 

Colored pigment 
 

             18.00 

 

Quickset varnish 
  

40.00 

 

Gloss varnish 
  

15.00 

 

Fast setting varnish 
  

15.00 

 

Polyethylene wax paste 

 

Prevents damage to the ink film 

from rubbing 

 

 

5.00 

 

Anti set-off paste 
  

3.00 

 

Cobalt / manganese driers 

 

Catalyses drying oil oxidation 

 

 

1.00 

280 - 320
o
C petroleum distillate 

High boiling point solvent 3.00 

 

Table -7 

Ingredient Function 

 
Amount / % w/w 

C.I. pigment blue 15:3 

 

blue pigment 

 

16.00 

C.I. pigment black 7 

 

black pigment 

 

4.00 

epoxy acrylate resin 

 

Binder 

 

30.00 

fatty acid modified epoxy 

acrylate 
Binder              25.00 

tripropylene glycol diacrylate Binder               8.00 

Benzophenone Photosensitiser 

 

              8.00 

2-chlorothioxanthen-9-one Photosensitiser 

 

              3.00 

aromatic amine alkali - controls the viscosity 

and solubility of the resin 

 

              4.00 

Additives waxes, antioxidants etc.               2.00 
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Table -8 

 

Ingredient 
 

 

Function 

 

 

Amount / %w/w 

titanium dioxide 

 

white pigment and opacifier 

 

35.00  

alcohol soluble nitrocellulose resin 5.00  

alcohol soluble polyamide 

 

resin 

 

15.00  

dibutyl phthalate plasticiser 1.00  

polyethylene wax prevents damage to the ink 

film from rubbing 
1.00  

amide wax prevents damage to the ink 1.00  

ethanol 

 

low boiling point solvent 

 

30.00  

n-propyl acetate 

 

low boiling point solvent 

 

8.00  

n-propanol low boiling point solvent 4.00  

 

Table -9 

Ingredient Function 

 
Amount / %w/w 

C.I. pigment red 57:1 

 

red pigment 10.00  

alcohol soluble nitrocellulose resin 20.00  

ketone resin 

 

resin 10.00  

dioctyl phthlalate 

 

plasticiser 2.00  

polyethylene wax prevents damage to the ink film 

from rubbing 

1.00  

ethanol 

 

low boiling point solvent 

 

30.00  

n-propyl acetate 

 

low boiling point solvent 

 

20.00  

ethoxy propanol low boiling point solvent 7.00  

5- INK DRYING AND CURING  

After the ink has been applied to the surface 

to be printed it must bind there to ensure it 

stays. This can happen simply as a result of 

the ink drying, or can take place in a series 

of cross- linking and polymerisation 
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reactions that form a film and to bind it to 

the printed surface.  These reactions are 

known as curing reactions.  Ink drying and 

curing can happen via. any one (or a 

combination) of the following processes:  

 Oxidation- If drying oil is present in the 

solvent, it will react with oxygen in the 

atmosphere and undergo curing 

reactions.   

 Evaporation- Some inks, usually those 

used in applications where speed is 

important, are designed to dry and cure 

as the solvent evaporates off.  Volatile 

solvents such as methylated spirits are 

usually used, but solvents with boiling 

points above 120
o

C are used for screen-

printing inks to prevent the ink from 

drying during application.  

 Penetration- Inks that are printing on 

porous surfaces are sometimes designed 

so that the solvent penetrates into the 

bulk of the printing surface, leaving dry 

ink on the surface.  

 

 Radiation curing- Radiation (usually 

U.V.) is fired at the ink, instigating a 

series of polymerization reactions.  Most 

of the inks that cure this way are water-

based.  

 Precipitation- Excess water (usually in 

the form of steam) is added to an ink 

system that is only sparingly miscible in 

water.  The sudden increase in diluents 

concentration causes the solubility of the 

resin to decrease sharply and the resin 

precipitates onto the printed surface.  

The excess water evaporates off.  
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