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ABSTRACT

Four classes of oligomers were evaluated for their pigment dispersing capabilities. These include
aromatic and aliphatic urethanes, epoxy acrylates, polyesters and a novel class of acrylated resins. This
study will show that surface tension and chemical structure are major factors influencing pigment
wetting and final ink performance properties.

1. INTRODUCTION

In order to produce an ink of high gloss and opacity or hiding power, the base oligomer must have
excellent pigment wetting characteristics. This is influenced by many factors, such as surface tension
and polarity of ink vehicle, and the volume density of the dispersed pigment which has a direct
relationship to the backbone structure of the chemistry employed. Generally the lower the surface
tension and the higher the polarity, the better the pigment wetting characteristics will be. When these
parameters are optimized, this results in a smaller pigment particle size in the finished ink. The smaller
the particle size, the better the wetting, which results in higher opacity and gloss of the final ink
formulation.

2. EXPERIMENTAL

For this study a series of commercially-available oligomers were tested and compared to a unique class
of acrylated resins. These include urethane acrylates, both aliphatic and aromatic in nature, as well as
polyester acrylates, epoxy acrylates and functional acrylates. Since the vast majority of neat oligomers
are too viscous to handle easily, mono-di-and tri-functional diluents were added to the base oligomer to
reach a workable viscosity region. For high speed dispersion methods, this is between 1500-1800 cps at
25°C.

In most cases these diluents consist of alkane monomers with ethoxy or propoxy groups in the backbone
structure. All oligomers with the exception of the functional acrylics (Functional Acrylics) were reduced
in viscosity using SR9020, 3 mole propoxylated glyceryl triacrylate (GPTA) as the diluent. The surface
tension of the resulting monomer/oligomer blends was measured and charted using a Duie ring.

The pigment, a Sunbrite Yellow 74 (Sun Chemical) was held constant at a 40% loading in the blend and
was dispersed using a Dispersomat CV. The dispersion time was 30 minutes total, with 15 minutes at
1000 rpm blade speed followed by 15 minutes at 2000 rpm.
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Pigment dispersion efficiency was measured using a Hegman Gauge. An acceptable grind is achieved
when the pigment particle size is lower than 5 microns. All samples which did not meet this
requirement were milled on a 3-roll mill. This is a lab scale bench top model, produced by Anthony
Manufacturing, Inc.

An acceptable ink must be low misting in nature. In addition, the tack or viscosity of the ink must be
stable for optimum press operation. These properties were measured using a model MBC inkometer
manufactured by the Thwing-Albert Instrument Co. The roller speed of the inkometer was 1200 rpm,
while the roller temperature was heated to 90°F using a re-circulating water bath. The duration of the
test was 10 minutes with tack readings taken at 15, 30 and 60 seconds initially, and at 1 minute intervals
thereafter. In an attempt to quantify ink misting, a 8.5" x 11" sheet of paper was weighed, placed behind
the inkometer rolls for the duration of the test, and then re-weighed. Weight gain of the paper was noted
for each monomer/oligomer blend and a relative comparison was charted.

When the ink concentrate attained the proper particle size (less than 5 microns), either through high
speed dispersing techniques or 3-roll milling, a standard photoinitiator (PI) was added. This consisted of
4.5% Irgacure 907 plus 0.5% ITX. A concentrate of the PI was made in SR212 1,3 butylene glycol
diacrylate. This monomer/PI concentrate was added to the ink at a 10% level. Upon addition of the PI,
the inks were applied to Leneta opacity charts using a large hole ink loading on the "Quick Peek" press.
All printed samples were cured at a line of speed of 50 fpm using a medium pressure Hg lamp operating
at 400 watt/inch. Gloss readings were taken using a Gardner Gloss meter at a 60° angle.

3. DISCUSSION

3.1 Functional Epoxy/Urethane Acrylates

Particle Size

The following graph lists the oligomer/monomer blends tested along with the final pigment particle size
attained using the high speed dispersion techniques.

In terms of pigment dispersing capabilities, as a group, the epoxy acrylates are the most efficient,
followed by the aliphatic urethanes and finally the aromatic urethanes. (Figure 1)

The product yielding the smallest pigment particle size was CN118. This is a fatty acid modified epoxy
acrylate.

The CN111, an epoxidized soy bean oil, has been the industry standard in terms of pigment wetting
efficiency. It yields a pigment particle size in excess of 100 microns after 30 minutes of high speed
dispersion.

However, when 3-roll milled, all of the oligomers tested produced the desired pigment particle size
achieved in one pass. By 3-roll milling, greater force is applied to the pigment, resulting in finer particle
size.
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Although the epoxies are suitable for most graphic arts applications owing to their fast cure and
inherently lower cost, the urethanes are used for outdoor weathering applications, or where greater
adhesion and flexibility are needed.

Gloss/Reflectance

Another important characteristic for a good ink is that it should have a high gloss or reflectance. The
chart (Figure 2) lists the gloss readings attained for each type of oligomer tested. The aliphatic urethane
acrylates as a group have the highest average gloss of 42. This is followed closely by the aromatic
urethane acrylates at 37 and finally the epoxy acrylates at 33.

It should be recognized that these are not fully formulated inks, but rather ink concentrates having a
pigment loading of 36%, after the monomer containing the PI package has been added. However, when
commercially printed samples are measured, gloss readings in the 40-50% region are attained depending
on the substrate used. When these oligomers are employed in an optimized ink formula complete with
additives and leveling aids, the gloss should significantly increase.

Surface Tension

Surface tension of the monomer/oligomer blend is important in predicting not only the chemistry's
ability to wet the pigment, but also the adhesion of the formulated ink to a given substrate.
Ideally speaking, the surface tension of the ink or coating should be 8-10 dynes/cm lower than the
surface energy of substrate onto which the chemistry is applied. (Figure 3) As a group, the aromatic
urethane acrylates have the lowest surface tension of 35 dynes/cm. These materials typically have the
best adhesion results in normal application terms.

When pigment wetting capabilities are examined, the epoxy acrylates - in particular CN118 - the fatty
acid modified oligomer yields the best result. These materials as a group are only slightly higher than
the aromatic urethane acrylates at an average surface tension of 36 dynes/cm. In terms of adhesion the
epoxy acrylates generally do not adhere as well as the urethanes, owing to their faster cure rate resulting
in a higher degree of shrinkage. It is essential to use an aliphatic urethane to enhance weathering and
yellowing-resistance in outdoor applications, even though these materials, as a type, have the highest
surface tension.

Misting/Tack

During offset printing operations, rollers in the ink train which transfer the ink to the blanket rotate at a
very high speed. If the ink does not have the correct rheology as the ink splits at the roller nip, "misting"
of the ink occurs and droplets of ink become airborne.

The following graph represents our efforts to quantify this phenomenon using the same device that one
uses to measure the "tack" - namely the inkometer. This is done by measuring, on a weight basis, the
amount of ink transferred to a sheet of paper placed behind the ink rollers for the duration of the "tack"
test
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Based on this test there are several oligomers which exhibit little or no misting. (Figure 4) The best
performer is CN111, the epoxidized soy bean oil followed by the acid modified epoxy CN118. The
aromatic urethane acrylates as a group are also quite low, with the exception of CN978. Moderate
misting is observed with the aliphatic materials. By the addition of talc to the final formulation misting
is greatly reduced.

From an ink printer's point of view, the most discussed property of ink other than color is tack. Tack is
the force required to split an ink film. This is essentially what happens when the ink is transferred from
one roller to another, or from the blanket to the substrate. The film of ink splits, leaving some ink
behind on either the roller or the blanket, and some ink is transferred to the next roller or to the paper.
This force can be measured by ink-tack rating instruments; the most common being the inkometer. The
higher the tack rating, the more force is required to split the ink film. Acceptable tack ratings range from
a low of 8 to a high of 20.

The graphs below show the tack results for each chemical group tested. (Figures 5,6, 7) All of the
materials follow the same general trend. The initial tack starts in the 5-6 region and drops as the ink is
worked or stressed to the 3-5 point range. Although these readings are on the low end of the range, the
important factor is that they do not increase in tack throughout the duration of the test. A trend upwards
indicates poor ink stability, and possible gelling during printing operation. To increase the tack, a small
amount of talc can be added to the final ink formulation. By increasing the tack the dot or printing
becomes sharper, enhancing the image quality.

3.2 Functional Acrylics

We have discussed in detail the performance of the epoxy acrylates and the urethane acrylates when used
as ink vehicles. Next, we will explore the performance of functional Acrylic oligomers.

As with the other oligomer studies, the viscosity of the blend was adjusted to 1500 to 1800 cps. In the
previous series the oligomers were varied while the diluent in all cases was SR9020 (propoxylated
glyceryl triacrylate). In the following tests the functional acrylic oligomer was always used and the
diluent was varied.

Surface Tension

The following list shows the monomers tested along with the surface tension of the final
monomer/oligomer blend.

As previously stated, surface tension is important for predicting the ability of a liquid to wet and to
adhere to a given substrate when cured, or in this case, to wet pigment. (Figure 8) The lower the surface
tension, the better the wetting.

As a group, the functional Acrylics/monomer blends have lowest surface tension when compared to
either the epoxy acrylates or the urethane acrylates. The surface tension ranges from 31.5 to 34.5
dynes/cm for this chemical type. In contrast, the epoxies range from 35-37 dynes/cm while the urethane
range is much broader yielding values from 35 to 41 dynes/cm.
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A subgroup of diluents within the functional Acrylics are the neopentyl glycol derivatives. These are
represented by SR247 (NPGDA); SR9003, which is the 2 mole propoxylated version, and SR9209 a 2-
mole ethoxylate. The average surface tension for this group is 32 dynes/cm.

The alkane-based diluents are represented by SR238 (HDDA) and SR212 which is 1,3 butylene glycol
diacrylate. The surface tension of these blends ranges from 33.0 to 33.5 dynes/cm.

The next group includes the propoxylated glyceryl triacrylates. This group is comprised of SR9020,
which was the primary diluent used in the epoxy and urethane oligomer study, as well as SR9021, which
is the 5 mole propoxylated version with surface tension of 33.5 dynes/cm.

Finally, the group having the high surface tension is based on trimethyl propane triacrylate (TMPTA).
SR351 is TMPTA; SR492 is 3 mole PO-TMPTA and SR454 and SR499 are the 3 mole and 6 mole
ethoxylated versions respectively.

Another diluent which is not shown on the chart, but is used throughout the Acrylic oligomers is CN131.
This is a low viscosity (200 cps) mono-functional oligomer. The surface tension for this blend is 33
dynes/cm.

Particle Size

The next chart shows the pigment particle size attained with each blend using high speed dispersing
techniques. (Figure 9) There are 3 blends which yield a particle size of less than 5 microns. They are
SR212, a branched alkane; CN131, the oligomeric diluent and SR499, which is the 6 mole EO-TMPTA.
Again, when these pigment concentrates are 3 roll milled, all of the blends yield a pigment particle size
of <5 microns in one pass.

Gloss/Reflectance

The gloss of these materials was also measured and compared. (Figure 10) The blends using SR9020,
SR9021 and SR499 exhibit the highest degree of gloss. These are all tri-functional in structure. SR9020
and SR9021are 3 mole and 5.5 mole PO-TMPTA respectively, while SR499 is 6 EO-TMPTA. When
the functional Acrylic oligomers are compared to the EA or UA oligomers they are 8-10 points lower in
gloss; however when used in fully-formulated inks the gloss will increase significantly.

Misting/Tack

The misting test was also repeated on this series of monomer/oligomer blends. (Figure 11) The blends
which exhibit the lowest misting characteristics are utilizing SR9003 and SR492. These are 2 PO-
NPGDA and 3 PO-TMPTA respectively. The blend which does not mist at all uses CN131 as the
diluent. This material also exhibits very stable performance when ink tack properties are plotted.

The next series of graphs indicate the tack properties of the various blends tested. They are grouped
based on the chemical structure of the diluent used to produce the desired viscosity of 1600 ± 200 cps.
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This graph lists the tack values of alkoxylated TMPTA-based materials and compares them to the
standard TMPTA (SR351). (Figure 12). SR492 is 3 PO-TMPTA, while SR454 and SR499 are 3 EO
and 6 EO-TMPTA respectively. The standard TMPTA yields a slightly higher tack, but all of the
materials remain very stable throughout the tests.

The following graphs indicate the tack properties for alkanes and the neopentyl glycol derivatives. (
Figures 13, 14) Again, we observe a very stable tack on the inkometer in each case.

4. CONCLUSION

As a result of this study 3 materials were selected for commercialization. This was due to their excellent
pigment wetting characteristics and the good adhesion properties over a wide range of plastic substrates,
on which adherence is difficult.

This chart lists the physical properties of the cured film for each of the selected blends along with the
diluent employed. All of these blends use an functional Acrylic as the base oligomer. The diluent level
is adjusted to obtain a viscosity range of 8,000 - 10,000 cps which is the desired viscosity range for 3-
roll milling, and matches the viscosity of other commercial oligomers designed for this purpose.

In addition to having good adhesion, pigment wetting properties testing has shown that these materials
have mild-to-moderate eye and skin irritation characteristics.

CN816, owing to its low viscosity, is most suitable for screen and flexo printing applications. The
CN817, with its very stable tack and the ethoxylated nature of the diluent, makes it ideal for lithographic
printing. Finally, CN818, which does not mist at high roller speeds, lends itself to offset printing presses
as well as the other graphic arts applications.

REFERENCES

(1) Henry C. Miller, William Schaeffer, Novel Acrylic Resins for Adhesion and Performance
Improvement, RadTech Asia '97.

(2) P. Olding, G. Hayward, Resins For Surface Coatings, Volumes I and II.

(3) B. Magny, E. Pezron, Ph. Ciceron, Anne Hirsch-Askienazy, UV Curable Vehicles For Pigment
Dispersion, RadTech Europe '97.

(4) J.D. Sanders, Pigments for Ink Makers.

414



High Speed Dispersion Study, 40% Yeiiow 74
15 minutes @ 1000 rpm, 15 minutes @ 2000 rpm

Viscosity adjusted to 1500-1800 cps @ 25 C with GPTA

Epoxy
Acrylates

Aliphatic
Urethane
Acrylates

Aromatic
Urethane

I CN982

i CN981

Acrylates -

0 20 40 >0

Particle Size, Microns
Sartomar Company. Exton PA USA.

80 100

Misting, 1200 RPM, 10 minutes, 90F
Oligomer Evaluations

CN120

0 50 100 1S0 200
10 minutes, mg weight loss

Figure 1 Figure 4

Gloss, 37% Yellow Pigment 74
Quick Peek, Urge Hole, Lenotta Chart

P.I. 4.5% Irgacure 907, 0.5% ITX, 5% SR212, 1,3 BGDA

Epoxy
Acrylates

Aliphatic
Uretnane
Acrylates

Aromatic
Urethane
Acryfafes

I CN111
Si CN120
mam CN104

ICN118
ICNS64

I CN982
• CN981

I GN37S
•8CN9H
• • • CNS70

40

60 degree gloss meter, Average 4 readings
SmrXemmr Company. Exton PA U.S.A.

Figure 2

6.50

6.00

5.50

5.00

4.50

4.00

3.50

3.00

2.50

Sartome

Tack

k
J

•i

j

.25 0.5

Company

, 1200 RPM, 10 minutes,
Aromatic Urethane Acrylates

'-\; — - - ̂ -_ — -
— • . . ->» - -•..

N . _ _ .

Tack vs Time in minutes, 90 F
, Exton PA U.S.A.

90F

-

CN970

CN971

CN978

CN977

12

Figure 5

Surface Tension, Oligomer GPTA Blend

Epoxy
Acrylates

CN120

32 34 36 38

Surface Tension, dynes/cm
Sartomar Company, Exton PA U.S.A.

Tack, 1200 RPM, 10 minutes, 90F
Aliphatic Urethane Acrylates

2.50
0.25 0.5 1 2 3 4 B « 7

Tack vs Time in minutes, 90 F
Sartomer Company, Exton PA U.S.A.

Figure 3 Figure 6

415



Tack, 1200 RPM, 10 minutes, 90F
Epoxy Acrylates

6.00

5.50

5.00

4.50

4.00

3.50

3.00

2.50

CN111
— CN118

- CN120
— CN104

CM 0.» 1 2 3 4 5 ( ?

Tack vs Time in minutes, 90 F
Sartomer Company, Exton PA U.S.A.

Figure 7

Gloss, 37% Yellow Pigment 74
Quick Peek, Large Hole, Lenetta Chart

P.I. 4.5% Irgacure 907,0.5% ITX, 5% SR212,1,3 BGDA

Neopentyl
Glycol

Derivatives
Alkanes

Oligomer
GPTA's

EO- & PO-
TMPTA's

ISR247
• SR9003
BM SR9209
M S R 2 3 S
BSR212
I CN131

ISR9021
• M B SR9020

1SR351
ISR492

I SIMM
1SR499

0 5 10 15 20 25 30
60 degree gloss meter, Average 4 readings

Sartomer Company, Exton PA U.S.A.

Figure 10

Surface Tension, Oligomer Blend
Acrylated Oligomer diluted to 1500-1800 cps @ 25C

Neopentyl
Glycol

Derivatives'

Alkanes
1SR9209
OHSR238

GPTA'S

EO- & PO-
TMPTA's

ISR212
ES SR9021
— • SR9020

) SR351
J SR492

JSR454

1SR498

30 31 32 33
Surface Tension, dynes/cm

Sartonwr Company, Exton PA U.S.A.

Misting, 1200 RPM, 10 minutes, 90F
Functional Acrylic, 40% Yellow 74

Neopentyl
Glycol

Derivatives

Alkanes

Oligomer

GPTA's

] SR9003
SM209

• SR238

ISR212
CN131

ISR9021
(SR9020

EO- & PO-
TMPTA'S

• SR492

BSR499

0 50 100 150 200
10 minute*, mg weight loss

Sariomer Company, Exton PA U.S A

250 300

Figure 8 Figure 11

High Speed Dispersion Study, 40% Yeiiow 74
15 minutes @ 1000 rpm, 15 minutes @ 2000 rpm

Viscosity adjusted to 1500-1800 cps @ 25 C with GPTA

Neopentyl
Glycol

Derivatives

i SR247
i SR9003

I SR9209

ISR212Alkanes

Oligomer H CN131

GPTA's " " " "

ISR238

I SR9021
SR9020

I SR351
SR492

SR454
HO SIMM

0 20 40 60 80

Particle Side, Microns
Sartomer Company, Exton PA U.S.A.

100

Tack, 1200 RPM, 10 minutes, 90F
Alkoxylated TMPTA based materials

— SR351
—SR492
— SIMM

0.25 0.3 1 2 S 4 5 • 1

Tack vs Time In Minutes, 90 F
Sartonw Company, Exton PA U.S.A.

Figure 9 Figure 12

416



Tack, 1200 RPM, 10 minutes, 90F
Alkane Acrylates

30

25

20

15

10

0.25 0.5 1 2 3 4 5 « 7 8 9

Tick vs Time in Minutes, 90 F
Sutomr Company, Exton PA U.3A

Figure 13

Tack, 1200 RPM, 10 minutes, 90F
Neopentyl glycol derivatives

1 4 1

12

10

8

6

4

2

: : : : : : : : : : • ^

. ^ —

• iS . "T j " - - -» • ••-- . „ , „ . , „ .

0.25 0.5 1 2 3 4 5 6 7 8 9 10
Tack v« Time In Minutes, 90 F

Sartoror Company, Exton PA USA.

— SR247
-— SR9003
- • SR9209

23

Figure 14

417


