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pigment was added and mixed using a Dispermat® AE 01-M1-EX high shear mixer until
homogeneous to create a pre-dispersion. The pre-dispersion was milled using an Eiger
Torrance lab-scale beads attrition mill loaded 85% with 0.8 mm ceramic beads.

The second dispersion, referred to below as Pigment Dispersion 02, was prepared as
follows. 40 wt % of ethyl acetate was mixed with 30 wt % of BASF® EFKA® PX 4320
dispersant using the Dispermat® AE 01-M1-EX high shear mixer. Once homogeneous,
30 wt % of Cabot® Regal® 250R carbon black pigment was added and mixed using the
same high shear mixer until homogeneous to create a pre-dispersion. The pre-dispersion
was milled using an Eiger Torrance beads attrition mill loaded 85% with 0.8 mm ceramic
beads.

Inks were prepared by addition of the components in the following order with magnetic
stirring: solvent, binder, surfactant, colourant and conductivity salt.

The complete inks were shaken on a lab shaker for 30 minutes prior to use.

Invention ink and comparative ink compositions were prepared with the formulations set out
in Table 1 below. The amounts of the components are provided as wt % based on the total
weight of the ink composition. The solvent is used to make up the balance of the ink
composition in each case.

For each invention ink and comparative ink in Table 1 below, there is also a corresponding
ink (labelled “NS”) which does not contain the siloxane surfactant. For example, “Ink 1”7 is
the same as “Ink 1-NS” except for the presence of the siloxane surfactant Tego Glide® 410.
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Table 1 — Invention Ink and Comparative Ink Compositions

Solvent
Raw materials wt.% N
Ink Salt Al Tegn Figrsient Z"Zke YP | conductivity
e Salt | 551- g);il(\)/n Glide® | Dispersion | formulat HSgem
0.01 410 01 lon  to
100wt. %
1 KPF6 1.00 |[9.00 |5.00 1.00 5.00 MEK 1326
1-NS KPF6 0.98 | 9.00 |5.00 0.00 5.00 MEK 1347
2 Nal 0.89 | 9.00 |5.00 1.00 5.00 MEK 908
2-NS Nal 0.80 | 9.00 |5.00 0.00 5.00 MEK 990
3 KSCN 1.01 [9.00 |5.00 1.00 5.00 MEK 1070
3-NS KSCN 1.03 [9.00 |5.00 0.00 5.00 MEK 1140
4 NaSCN 1.00 |[9.00 |5.00 1.00 5.00 MEK 750
4-NS NaSCN 0.99 |9.00 |5.00 0.00 5.00 MEK 810
Comp. 1 TBAPF6 | 1.01 | 9.00 | 5.00 1.00 5.00 MEK 940
Comp.
1-NS TBAPF6 | 0.98 | 9.00 | 5.00 0.00 5.00 MEK 940
Comp. 2 TBABr 1.01 [9.00 |5.00 1.00 5.00 MEK 450
Comp.
2-NS TBABr 1.01 [9.00 |5.00 0.00 5.00 MEK 470
TBANO
Comp. 3 3 1.02 [9.00 |5.00 1.00 5.00 MEK 620
Comp. TBANO
3-NS 3 0.98 | 9.00 |5.00 0.00 5.00 MEK 620

CAB 551-0.01 is a cellulose acetate butyrate product with a low hydroxyl content (1.5 %) that
is commercially available from Eastman.

Tego Glide® 410 is a polyether modified polysiloxane surfactant that is commercially
available from Evonik.

Foralyn® is an ester of hydrogenated rosin commercially available from Eastman,
specifically Foralyn® 110.

The salts and solvents used were obtained from Sigma Aldrich and Alfa Aesar.

Figure 1 shows in the rows labelled 1-NS, 1, C1-NS and C1 pairs of images printed on
HDPE substrates using invention ink 1 without the siloxane surfactant, invention ink 1 with
the siloxane surfactant, comparative ink 1 without the siloxane surfactant, and comparative
ink 1 with the siloxane surfactant, respectively. The left-hand column (labelled A) shows
each printed image before application of 810 tape, and the right-hand column (labelled B)
shows each printed image after removal of the 810 tape.

Comparison of images 1-NS B and 1 B shows that the presence of the siloxane surfactant in
invention ink 1 significantly improved the adhesion of the printed image to the substrate.
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Comparison of images C1-NS B and C1 B shows that the presence of the siloxane
surfactant in comparative ink 1, on the other hand, significantly reduced the adhesion of the
printed image to the substrate.

It will be noted that from a comparison of images 1-NS A and 1 A and C1-NS A and C1 A
that the presence of the siloxane surfactant in the invention and comparative inks reduced
the spreading of the droplets making up the printed images across the HDPE substrate.
This effect appears to be independent of any effect on adhesion.

Tape Removal Adhesion Test Results

Tape removal adhesion tests as described above were carried out for each of the invention
inks and comparative inks set out in Table 1 above by printing a printed image using each of
the inks on substrates of each type (HDPE, LDPE and PP). Each of the printed substrates
was then subjected to the tape removal adhesion test in triplicate, i.e. three printed images
were tested on each type of substrate for each ink, and the average of the results calculated
for each ink. The results are provided in Table 2 below.

Table 2 — Tape Removal Adhesion Test Results

QP
[Q\|
O 'SORZ?T‘P:VS/:I)'"" 810 TAPE (% Ink Removed)
o Ink Salt used
HDPE | LDPE PP | HDPE | LDPE PP
A 1 KPF6 13 1 48 11 22 23
v 1-NS KPF6 70 90 95 95 90 96
2 Nal 35 82 70 61 84 74
2-NS Nal 86 30 86 90 94 95
3 KSCN 95 94 91 89 99 95
3-NS KSCN 99 98 96 99 98 100
4 NaSCN 80 95 88 78 97 83
4-NS NaSCN 98 100 93 98 100 99
Comp. 1 TBAPF6 89 100 100 95 100 100
Comp. 1-NS TBAPF6 6 28 26 31 14 58
Comp. 2 TBABr 95 95 95
Comp. 2-NS TBABr 5 5 5
Comp. 3 TBANO3 95 95 95
Comp. 3-NS TBANO3 20 20 20

The tape removal adhesion test results show a clear improvement in adhesion for invention
inks 1 to 4, which include the metal salts potassium hexafluorophosphate (KPF6), sodium
iodide (Nal), potassium thiocyanate (KSCN) and sodium thiocyanate (NaSCN), respectively,
when the siloxane surfactant is present. Conversely, a marked deterioration in adhesion is
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seen for comparative inks 1 to 3, which include the non-metal salts tetrabutylammonium
hexafluorophosphate (TBAPF®), tetrabutylammonium bromide (TBABYT) and
tetrabutylammonium nitrate (TBANQOZ3), respectively, when the siloxane surfactant is present.
Metal Conductivity Salt Concentration

The effect of the concentration of the metal conductivity salt was studied.

A range of inks was prepared using the procedure set out above with varying amounts of the
metal conductivity salt. The formulations of the inks are set out in Table 3 below.

Table 3 — Varying Salt Concentration Compositions

Raw materials wt.% Solvent
used to
Ink Salt used CAB- Foralyn Te-go Pi.gmen-t Z}Zke i Candugtivity
Salt | 551- ® 110 Glide® | Dispersion formlat HS/cm
0.01 410 01 | g
100wt. %
5 KPF6 0.31 | 9.00 | 5.00 1.00 5.00 MEK 560
6 KPF6 0.49 | 9.00 | 5.00 1.00 5.00 MEK 810
1 KPF6 1.00 | 9.00 | 5.00 1.00 5.00 MEK 1326
7 KPF6 1.52 | 9.00 | 5.00 1.00 5.00 MEK 1860
8 KPF6 1.96 | 9.00 | 5.00 1.00 5.00 MEK 2200
9 Nal 0.47 | 9.00 | 5.00 1.00 5.00 MEK 800
2 Nal 0.89 | 9.00 | 5.00 1.00 5.00 MEK 908
10 Nal 1.55 | 9.00 | 5.00 1.00 5.00 MEK 2000
11 KSCN 0.54 | 9.00 | 5.00 1.00 5.00 MEK 1318
3 KSCN 1.01 | 9.00 | 5.00 1.00 5.00 MEK 1070
12 KSCN 1.53 | 9.00 | 5.00 1.00 5.00 MEK 2880

Tape removal adhesion tests as described above were carried out on each of the inks. The
results of these tests are shown in Table 4 below.
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Table 4 — Varying Salt Concentration Results

ISO TAPE (% Ink Removed)

810 TAPE (% Ink Removed)

Ink Salt used

HDPE LDPE PP HDPE LDPE PP
5 KPF6 27 38 22 14 57 39
6 KPF6 8 45 6 17 50 21
1 KPF6 13 1 48 11 22 23
7 KPF6 52 52 86 24 33 89
8 KPF6 44 18 82 28 50 84
9 Nal 88 81 93 70 87 89
2 Nal 35 82 70 61 84 74
10 Nal 95 92 99 80 95 88
11 KSCN 95 80 95 71 55 89
3 KSCN 96 94 91 89 99 95
12 KSCN 98 98 90 88 99 88

Good adhesion can generally be seen for the invention inks containing KPF6 or Nal, with the
best adhesion results for the KPF6 series being seen for invention ink 1 and the best

adhesion results for the Nal series being seen for invention ink 2.

In the KSCN series the best adhesion results are seen for invention ink 11.

Surfactant Amount

The effect of the amount of surfactant was studied.

A range of inks was prepared using the procedure set out above with varying amounts of the

siloxane surfactant. The formulations of the inks are set out in Table 5 below.

Table 5- Varying Surfactant Amount Compositions

Raw materials wt.% Solvent
Tego Pigment used to make
Ink Salt used CAB-551- | Foralyn® I% ® -g . up the
KPF6 0.01 110 Glide Dispersion formulation to
410 01 100wt.%
13 -NS KPF6 1.01 9.00 5.00 0.00 5.00 MEK
Comp. 14 KPF6 1.01 9.00 5.00 0.06 5.00 MEK
Comp. 15 KPF6 1.01 9.00 5.00 0.27 5.00 MEK
16 KPF6 1.01 9.00 5.00 0.52 5.00 MEK
17 KPF6 1.00 9.00 5.00 0.72 5.00 MEK
1 KPF6 1.00 9.00 5.00 1.02 5.00 MEK
18 KPF6 0.99 9.00 5.00 2.00 5.00 MEK
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Tape removal adhesion tests as described above were carried out on each of the inks using
ISO tape on the LDPE substrate only. The results of these tests are shown in Table 6
below.

Table 6 — Varying Surfactant Amount Results

(% Ink Removed)
Ink Tego Glide® 410 wt% ISO 810

TAPE

LDPE only
13- NS 0.00 84 95
Comp. 14 0.06 68 86
Comp. 15 0.27 60 56
16 0.52 40 23
17 0.72 31 20
1 1.02 10 26
18 2.00 13 11

Good adhesion is seen for invention inks 16, 17, 1 and 18, with the best adhesion results
being seen for invention inks 1 and 18. Invention inks 16 and 17 can be seen to give similar
adhesion results to invention ink 1 when tested using the 810 tape.

Surfactant Type

The effects of different surfactants were studied.

A range of inks was prepared using the procedure set out above with different surfactant
types. The formulations of the inks are set out in Table 7 below.

Table 7 — Different Surfactant Compositions

Raw materials wt.% Solvent
Surfackant CAB- Pigment used to make
Ink Used KPF6 | 551- Faralyn® Surfactant | Dispersion P the
110 formulation
0.01 01 to 100wt.%
Tego® Wet
Comp. 19 | 500 1.00 9.00 5.00 1.00 5.00 MEK
20 BYK® 333 1.00 9.00 5.00 1.00 5.00 MEK
Tego Glide®
1 410 1.00 9.00 5.00 1.00 5.00 MEK

BYK® 333 is a polyether modified polydimethylsiloxane surfactant available from BYK®.
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Tego® Wet 500 is a non-ionic organic surfactant available from Evonik. Tego® Wet 500 is
silicone free.

Tape removal adhesion tests as described above were carried

results of these tests are shown in Table 8 below.

Table 8 — Different Surfactant Results

out on each of the inks. The

ISO TAPE (% Ink Removed)

810 TAPE (% Ink Removed)

Ink Surfactant Used

HDPE LDPE PP HDPE LDPE PP
Comp. 19 Tego® Wet 500 67 48 93 88 83 93
20 BYK® 333 23 7 38 20 13 69
1 Tego Glide® 410 13 1 49 11 22 23

Good adhesion is seen for invention inks 20 and 1, particularly on

HDPE and LDPE

substrates. The adhesion of comparative ink 19, which contains a surfactant that is not a
siloxane surfactant, is disappointing.

Different Colourants

The effects of different colourants were studied.

A range of inks was prepared using the procedure set out above with different colourants.
The formulations of the inks are set out Table 9 below.

Table 9 — Different Colourant Compositions

Raw materials wt.% Solvent
used to
k
Ink Colourant Salt CAB- ® Tego lezeup Conductivity
Used Used | salt | 551- ic;roalyn Glide® | Colourant F— uS/cm
0.01 410 ion to
100wt.%
TBAP
Comp. 4 Orasol® 855 F6 0.98 | 9.00 5.00 1.00 1.50 MEK 977
21 Orasol® 855 KPF6 | 0.96 | 9.00 5.00 1.00 1.50 MEK 1620
Solvaperm® TBAP
Comp. 5 blue 2B F6 0.98 | 9.00 5.00 1.00 1.50 MEK 1010
Solvaperm®
22% blue 2B KPF6 | 1.00 | 9.00 5.00 1.00 1.50 MEK 1475

NeT WS

SR I N N T T R e D e
PP RTIE ALY Aot LRy

Solvaperm® Blue 2B is a solvent blue 104 dye that is commercially available from Clariant.
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Orasol® 855 is a solvent blue 70 dye that is commercially available from BASF® SE.

Tape removal adhesion tests were carried out on each of the inks, but instead of using the
Matlab® software to compare before and after photographs, a simple visual inspection was
carried out and the adhesion graded in accordance with the criteria set out in Table 10
below. The resulting gradings are set out in Table 11 below.

Table 10 — Grading Criteria for Adhesion
Grading System for Adhesion

No ink removed
Some dots removed, very easy to read the code
Code partially removed, possible to read the code
hMost dots removed, not possible toread
Code completely removed

Table 11 — Different Colourant Results

ISO TAPE 810 TAPE
Ink Colourant Salt
Used Used HDPE LDPE PP HDPE LDPE PP
Comp. 4 Orasol® 855 | TBAPF6 | Poor Poor Poor Poor Very Poor | Poor
21% Orasol® 855 | KPF6 Excellent | Excellent | Excellent Excellent | Excellent Excellent
Solvaperm® very very very very
Comp. 5 blue 2B TBAPF6 | poor poor very poor | poor very poor | poor
Solvaperm®
22¢ blue 2B KPF6 Good Good Moderate | Good Good Good

The tape removal adhesion test generally shows at least good adhesion for swssntiag
and 22, which use colourants in the form of solvent dyes. The poor adhesion of comparative
inks using the same colourants but a non-metal conductivity salt is striking.

Different Solvents

The effects of different solvents, metal conductivity salts, and pigment dispersions were
studied.

A range of inks was prepared using the procedure set out above with different solvents,
metal conductivity salts and pigment dispersions. The adhesion promoters Tego® Variplus
CA and Tytan® AP 100 were also included. The formulations of the inks are set out in Table
12 below.
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Table 12 - Different Solvents, Metal Conductivity Salts and Pigment Dispersions
Compositions
Raw materials wt.% Solvent
used to
CAB make
Ink Salt ) Foralyn Te.go Pi.gmen.t Tegf)® Tytan® Conductivity | up the
Used | Salt ss1- | ® 110 Glide | Dispersi | Variplus Pl us/cm formula
prgnd ©410 | on02 CA tion to
) 100wt.
%
23 KI 1.52 | 5.00 | 2.00 1.00 | 5.00 10.00 3.00 730 Et?H
23-NS | KI 1.52 | 5.00 | 2.00 0.00 | 5.00 10.00 3.00 760 g?h/;{
24 LINO3 | 2.06 | 5.00 | 2.00 1.00 | 5.00 10.00 3.00 1270 Aeatats
24-NS | LINO3 | 2.06 | 5.00 | 2.00 0.00 | 5.00 10.00 3.00 1320 44%

Tego® Variplus CA is a ketone condensation resin available from Evonik.

Tytan® AP 100 is a titanium phosphate complex from Borica Company Ltd.

Tape removal adhesion tests as described above were carried out on each of the inks using
the Matlab® software. The results of these tests are shown in Table 13 below.

Table 13 — Different Solvents, Metal Conductivity Salts and Pigment Dispersions Results

ISO TAPE 810 TAPE

Salt
Ink

Used HDPE LDPE PP HDPE LDPE PP
23 Kl 17 15 20 14 10 29
23-NS Kl 20 42 61 32 19 67
24 LiNO3 14 22 2 26 20 23
24-NS LiINO3 39 21 53 44 44 64

Good adhesion is seen for invention inks 23 and 24, which both use a liquid carrier in the

form of a mixture of the organic solvents ethanol and ethyl acetate, and use a metal
conductivity salt in the form of potassium iodide and lithium nitrate, respectively.
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Claims

1. An ink composition comprising a liquid carrier, a colourant, a siloxane surfactant and
a metal conductivity salt, wherein the siloxane surfactant is present in an amount of at least
0.3% by weight of the ink composition and the siloxane surfactant comprises a polyether
modified siloxane surfactant, sws-wherein the metal conductivity salt is selected from the
group consisting of lithium nitrate, potassmm hexafluorophosphate, potassmm thlocyanate
sodium thlocyanate sodium iodide and potassium iodide, s wharsin i oolguran

Sy
fa8d

Wy « .
PSS 8 G8rnan \‘\

2. The ink composition of claim 1, wherein the liquid carrier comprises at least one
organic solvent.

3. The ink composition of claim 2, wherein the at least one organic solvent comprises at
least one of methyl ethyl ketone, acetone and ethanol.

4. The ink composition of claim 2 or 3, wherein the at least one organic solvent
comprises a mixture of ethanol and ethyl acetate, or a mixture of ethanol and methyl ethyl
ketone, or a mixture of acetone, methyl acetate and ethyl acetate.

5. The ink composition of any preceding claim, wherein the ink composition in the
absence of the metal conductivity salt has a conductivity of less than 500 uS/cm.

T . T TS T,
SR SRS 3 S e > Y PRI

The ink composition of gy mvanadng slainslaim-8, wherein the colourant comprises
a dispersion of the carbon black.

I8, The ink composition of any preceding claim, wherein the metal conductivity salt
comprises at least one of potassium hexafluorophosphate and potassium iodide.

88 The ink composition of any preceding claim, wherein the metal conductivity salt is
present in an amount of 0.3 to 4.0 % by weight of the ink composition.

8. Anink cartridge containing an ink composition according to any of claims 1 to &%

1884, A printing method comprising the steps of depositing an ink composition according to

any of claims 1 to & onto a substrate, and permitting at least partial evaporation of at least a
component of the liquid carrier.
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1148, The printing method of claim 14%%, wherein the step of depositing the ink
composition onto the substrate comprises ejecting droplets of the ink composition from an
inkjet print head onto the substrate.
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