(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
30 January 2003 (30.01.2003) PCT

(10) International Publication Number

WO 03/008672 Al

(51) International Patent Classification’: C25D 11/24,
B41N 3/03

(21) International Application Number: PCT/GB02/03305

74
(22) International Filing Date: 19 July 2002 (19.07.2002)
(25) Filing Language: English @81
(26) Publication Language: English

(30) Priority Data:
0117683.3 20 July 2001 (20.07.2001) GB

(71) Applicant (for all designated States except US): ALCAN
INTERNATIONAL LIMITED [CA/CA]; 1188 Sher-
brooke Street West, Montreal, Quebec H3A 3G2 (CA). (84)

(72) Inventors; and

(75) Inventors/Applicants (for US only): WARD, John,
Andrew [GB/GB]; 9 Beaufort Avenue, New Cubbington,
Leamington Spa, Warwickshire CV32 7TA (GB). BALL,
Jonathan [GB/GB]; Grove Farm House, Exhall, Alcester,

Warwickshire B49 6EA (GB). AMOR, Martin, Philip
[GB/GB]; Wingsmore Cottage, The Green, Cropredy,
Oxfordshire OX17 1NH (GB).

Agent: EASTWOOD, Simon, Christopher; Stevens
Hewlett & Perkins, 1 St. Augustine’s Place, Bristol BS1
4UD (GB).

Designated States (national): AE, AG, AL, AM, AT, AU,
AZ,BA, BB, BG, BR, BY, BZ, CA, CH, CN, CO, CR, CU,
CZ, DE, DK, DM, DZ, EC, EE, ES, FI, GB, GD, GE, GH,
GM, HR, HU, ID, I, IN, IS, JP, KE, KG, KP, KR, KZ, L.C,
LK, LR, LS, LT, LU, LV, MA, MD, MG, MK, MN, MW,
MX, MZ, NO, NZ, OM, PH, PL, PT, RO, RU, SD, SE, SG,
SI, SK, SL, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VN, YU, ZA, ZM, ZW.

Designated States (regional): ARIPO patent (GH, GM,
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZM, ZW),
Eurasian patent (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European patent (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FI, FR, GB, GR, IE, IT, LU, MC, NL, PT, SE, SK,
TR), OAPI patent (BE, BJ, CE CG, CL, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

[Continued on next page]

Alkali Etch Response of Pr

500.00

(54) Title: ALUMINIUM ALLOY SHEET WITH ROUGHENED SURFACE

e-Activated Litho Sheet ~—&—10nm

—2&—20nm

450.00

—¥—28nm

400.00 § G

—e—PTL std

350,00 /

300.00 \/R

250.00 \

Gloss 60

200.00 \

150.00

100.00 4— R

50.00

0.00

Q 2 4 6 8 10 12
Time (secs} in 3% NaOH 60°C

0O 03/008672 Al

(57) Abstract: There is disclosed a process for producing an aluminium alloy sheet, which comprises subjecting a surface of the

sheet to anodising conditions to form on the surface an aluminium oxide barrier layer of thickness 10 to 50 nm and treating the oxide
layer with an aqueous solution of alkali to remove the layer, thereby leaving a roughened surface on the alloy sheet.



wO 03/008672 A1 NI 00000 00 O 0O

Published: For two-letter codes and other abbreviations, refer to the "Guid-
—  with international search report ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.



WO 03/008672 PCT/GB02/03305

ALUMINIUM ALLOY SHEET WITH ROUGHENED SURFACE

The present invention relates to an aluminium alloy sheet material having
a roughened surface. It also relates to a process for producing such a sheet
material and to the use of such sheet materials. Such sheet materials are of
particular use in the production of lithographic plates.

At present the lithographic sheet market largely consists of products in the
AA1XXX and AA3XXX alloy range. An alloy sheet, being prepared for use as
a lithographic material, is conventionally cleaned by the metal producer to
remove excess oil, oxide and metal fines. The cleaned sheet is then usually
chemically etched for a short time, typically 5 to 10s, in alkali immediately
prior to electrochemical etching (electrograining) in nitric or hydrochloric acid
electrolytes by the plate manufacturer. The action of the pre-etch (chemical
etch) removes any naturally-formed oxides on the surface of the alloy sheet to
produce a fresh active aluminium surface which can then be roughened by
electrograining. The fresh aluminium surface obtained by the conventional
pre-etch procedure is relatively smooth and contains only shallow micropitting.

To make an aluminium sheet suitable for use as a lithographic plate
support its surface needs to be roughened or grained in order to enhance the
adhesion of an organic coating on the support, and to improve the water-
retention properties. Application to the support of a photosensitive layer
followed by irradiation and development generally results in a lithographic
plate having ink-receptive image areas, which carry an organic coating, and
water retaining hon-image areas, the latter generally being the uncovered
support surface. For this purpose the aluminium alloy sheet needs to be
roughened on a scale of about Ra 1 to 2um as measured by an optical non-
contact profilometer. This roughening is usually, though not necessarily,
accomplished by electrograining. The present invention provides pre-
anodising then etching prior to the steps of the standard graining process.

The cost of the graining or roughening step is an important part of the
economics of lithographic plate support manufacture. In one aspect, the

present invention is based on our discovery that roughening of an aluminium
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alloy surface can be achieved more economically than is achieved by the
usual method involving a conventional pre-etch step.

Nitric acid electrograining is very susceptible to surface defects which can
manifest themselves on the final lithographic printing plate. One such defect
is known as non-etch defect. This appears as a bright ungrained streak which
typically can be about 100pum wide and several millimetres long. It is
generally accepted in the art that the cause of non-etch defect is passivation
during the electrograining process at the alloy surface. Passivation can be
caused by local contaminating films, rolled-in metal, or rolled-in noble
particles, e.g. of copper-rich material which cause local passivation. We have
found that non-etch defects can be overcome or at least reduced by the
present invention.

GB-A-2145738 discloses a process for anodising aluminium foil for
electrolytic capacitors. A boehmite type film is produced and fhe foil is
anodised in a phosphate electrolyte. The final foil has an anodic film which is,
therefore, not totally removed.

EP-A-0645260 discloses a method of producing a support for a
planographic printing plate comprising electrochemical roughening of an
aluminium plate and etching with an alkali. No anodising step is disclosed.

US 6024858 discloses a process for producing an aluminium support
comprising chemical etching and electrochemical roughening. Anodising in
an acidic solution is also disclosed but removal of the anodic film is not
disclosed.

US 5731124 discloses a method for preparing an aluminium foil
comprising roughening and subsequent anodising. Subsequent washing with
sodium bicarbonate is taught.

US 5556531 discloses a process for the treatment of aluminium materials
comprising treating an aluminium oxide layer with a solution of an alkali metal

silicate and rinsing the treated layer. Such a treatment does not remove the

oxide layer.
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US 5282952 discloses a method for preparing a substrate for lithographic
printing plates. The process includes the step of anodising a plate, but there
is not complete removal of the oxide layer.

US 5104484 discloses a method for manufacturing a substrate for
presensitised plates comprising electrolytic roughening and etching with an
alkali or acid. The plate is anodised as a final step and the resuiting film is not
removed.

US 4980271 discloses developer compositions for lithographic printing
plates. Standard methods of preparing a plate by chemical or electrochemical
graining and anodising are disclosed.

US 4689272 discloses a treatment of aluminium oxide layers comprising
treatment with an aqueous alkali and treatment of a separated oxide layer
with an aqueous solution containing an organic polymer.

US 4545866 discloses a modified electrograining process which includes
a final conventional anodising step.

US 4492616 discloses a process for treating aluminium oxide layers
where an anodising step is the final step. The resulting layer is conditioned,
but not removed.

US 4483913 discloses a planographic printing plate. The anodic film
thereon is conditioned, but not removed.

DE-A-3717757 discloses the production of a substrate for making a
lithographic printing plate including graining, anodising and hydrophilising.

DE-A-3335440 discloses a process in which etching is carried out after
applying a photochemical layer to the anodised plate.

Therefore, the methods disclosed in the prior art often disclose
electrograining without pre-anodising and, where an anodic film is produced, it
is not dissolved completely.

According to a first aspect, the present invention provides a process for
producing aluminium alloy sheet having a roughened surface which process
comprises the steps of (1) subjecting a surface of the aluminium alloy sheet to
be treated to anodising conditions to form on the said surface an aluminium

oxide barrier layer having a barrier layer thickness in the range of from 10 to



WO 03/008672 PCT/GB02/03305

50nm, and (2) treating the aluminium oxide barrier layer with an aqueous
solution of alkali at a temperature of 35°C to 80°C for a period of time
sufficient to remove entirely or substantially entirely said layer from the alloy
surface thereby leaving a roughened surface on the alloy sheet.

If the layer is not removed entirely or substantially entirely from the
surface, poor graining may result. Entire removal of the layer is preferred.

We have found that by anodising the alloy under controlled conditions to
form an aluminium oxide barrier layer on the surface of the alloy sheet and
then subjecting this to a chemical etch in aqueous alkali solution an alloy
surface is produced which is pitted and roughened to a greater degree than a
surface not previously provided with such an anodic barrier layer.

Although we do not wish to be bound by theory we believe that in the
early stages of etching, the alkali etch attacks flaws in the anodic oxide layer
with continued dissolution to the aluminium surface. On contact with the
aluminium surface dissolution of the aluminium occurs under the anodic oxide
layer on the alloy surface. Effectively, a ‘well’ is produced between the metal
surface and the anodic oxide layer where local dissolution of the aluminium
surface causes a relatively deep pit. Also, at the same time there is
dissolution of the oxide layer and after a period of time this layer completely
dissolves to leave a deeply micropitted, or roughened, surface on the alloy
sheet. It will be appreciated that a process that comprises a chemical etch
step which produces a surface of the alloy sheet which is more micropitted, or
roughened, compared to a conventional etch has the advantage that the
subsequent electrograining can be carried out for a shorter time period than is
used conventionally.

The roughened surface of an aluminium sheet prepared by the process of
the invention can then be treated in the conventional way, including the step
of applying a photosensitive layer followed by irradiation and development, for
use as a lithographic sheet.

According to the present invention the aluminium alloy sheet is anodised
to form, on its surface, an aluminium oxide barrier layer. The aluminium alloy
will preferably be one selected from the AATXXX or the AA3XXX alloy series.
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Examples of alloys that may be used in the present invention include
AA1050A alloys, AA1200A alloys and AA3103 alloys which are preferred for
lithographic use. In view of its better properties, particularly its good graining
response, AA1050A alloy is most preferred.

Typically, the aluminium alloy sheet surface will be cleaned and anodised
using phosphoric acid electrolyte to provide an aluminium oxide barrier layer
having a layer thickness in the range of from 10 to 50nm. By the term
“‘aluminium oxide barrier layer” we mean an oxide layer which has barrier
properties on the surface of the aluminium alloy sheet. Preferably the layer
will be non-porous. However, the layer may contain some pores provided that
these do not compromise the barrier properties of the oxide layer. A porous
oxide layer, which does not provide barrier properties, does not solve the
technical problem which is solved by the use of an oxide layer having barrier
properties.

The anodising procedure used in the process of the invention may use
either direct current (d.c.) current or, more preferably, alternating current
(a.c.). The a.c. waveform may be sinusoidal or not as desired. The a.c.
current may be biased in either the cathodic or anodic direction. The a.c.
frequency is at least several cycles per second and is, preferably, the
commercial frequency.

The electrolyte concentration, the aluminium level of the electrolyte, the
temperature, the current density and the time of anodisation all, of course,
affect the thickness of the oxide layer produced. Typically, the phosphoric
acid concentration will be within the range of 10 to 30%, with approximately
20% phosphoric acid being preferred in order to obtain a good compromise of
the process parameters. It should be noted that other acids may be used to
achieve the same effect, typical examples being nitric acid, gu]phuric acid, or
other phosphorus-containing acids. The electrolyte will contain aluminium
typically up to about 20g/l and preferably at a concentration in the range of
from 3 to 15g/l. The anodising treatment will typically be carried out using a
solution at an elevated temperature, and typically at a temperature in the
range of from 40°C to 80°C, preferably 45°C to 70°C. Anodising will typically
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be carried out using a current density of 1 to 5kAm™, preferably 2 to 3kAmM™.
The anodising treatment will typically be carried out for up to several seconds
in order to produce an oxide layer having the desired layer thickness. We
have found that oxide layers having a thickness range of from 10 to 28nm can
be produced by anodising in 20% phosphoric acid containing 3 to 15gi™
aluminium at temperatures in the range of from 55°C to 80°C and current
densities of from 2 to 3kAm™ for about 0.5s. By way of example, the barrier
films shown in the following Table 1 may be prepared by anodising AA1050A

alloy sheet in 20% phosphoric acid containing about 8gl™" aluminium.

Table 1
Temperature °C Current Density kAm™ - Barrier Film nm
55 , 3 28
60 3 | 31
65 3 28
70 3 26
70 2 18
75 2 17
80 2 10

After the anodising stage the anodised aluminium alloy sheet may be
stored or treated without substantial delay to the etching step. On the
grounds that the anodised alloy sheet may, itself, be an item of commerce
and that a sheet having a non-porous aluminium oxide layer having a barrier
layer thickness in the range of from 10 to 50nm, preferably 10 to 30nm, for
example 20 to 30nm can be used to provide special benefits described herein
the invention in a further aspect provides a sheet of aluminium alloy having on
a surface thereof a non-porous aluminium oxide layer having a barrier layer
thickness in the range of 10 to 50nm, preferably 10 to 30nm, for example 20
to 30nm. The aluminium alloy is preferably one selected from AATXXX and
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AA3XXX alloys as described above and most preferably AA1050A alloy. The
invention according to yet a further aspect provides the use of a sheet of
aluminium alloy having on a surface thereof a non-porous aluminium oxide
layer having a barrier layer thickness in the range of from 20 to 30nm in the
manufacture of aluminium alloy sheet having a roughened surface which
manufacture comprises treating the non-porous aluminium oxide layer with an
aqueous solution of alkali at a temperature in the range of from 35°C fo 80°C
for a period of time sufficient to remove entirely or substantially entirely said
layer from the alloy surface thereby leaving a roughened surface on the alloy
sheet.

The anodised aluminium alloy sheet is then treated to a chemical etch
using an aqueous solution of alkali of a temperature in the range of from 35°C
to 80°C for a period of time sufficient to remove entirely or substantially
entirely the aluminium oxide layer from the alloy surface thereby leaving a
deeply micropitted, or roughened, surface on the alloy sheet.

The aqueous solution of the alkali, typically NaOH or KOH, preferably has
a concentration by weight of from 1 to 10%. Most preferably, the alkali used
in the etching step is 2 to 5% NaOH. The chemical etch will be carried out for
a period of time sufficient to cause the complete removal of the aluminium
oxide layer at which point the alloy surface will be roughened. Surfaces have
been etched in sodium hydroxide solutions for varying amounts of time. The
degree of micropitting obtained has been shown to depend on the etch time in
the sodium hydroxide and on the thickness of the aluminium oxide layer on
the anodised alloy sheet. The degree of micropitting increases with sodium
hydroxide etch time to a point of maximum roughness and minimum gloss.
This also depends on the barrier layer thickness. For example the roughness
of the surface with a 20nm barrier layer reaches its maximum and reaches
lowest gloss after about 3 to 5 seconds in 3% NaOH at 60°C. A similar
surface with 28nm of barrier layer reaches a maximum roughness and lowest
gloss after about 8 seconds. A surface with no barrier layer shows relatively
smooth surfaces when similarly treated with no evidence of the type of

micropits formed when a barrier layer is present on the surface of aluminium.
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Alkali etching past the point of lowest gloss begins to overcome any of the
benefits described until, eventually, a surface similar to that obtained by
etching a non-anodised starting material is obtained. The pitted surface is
effectively smoothed by further alkali etching. -

As mentioned above, the process of the invention which provides a
roughened surface on aluminium alloy sheet gives rise to advantages when
the sheet is subjected to electrograining according to conventional
techniques. Firstly, because the alloy sheet produced according to the
process described above has a surface which has greater roughness
compared to standard treated alloy sheet a subsequent step of electrograining
can be carried out for a shorter period of time (compared to the conventional
technique) to provide a surface on the alloy having satisfactory graining. This
shorter electrograining time provides a reduced consumption of chemicals
and less costly waste. Accordingly, the present invention further provides a
method of making an electrograined aluminium alloy sheet which comprises
(1) subjecting a surface of a sheet of an aluminium alloy, preferably selected
from AAT1XXX and AA3XXX alloys, to anodising conditions to form on the said
surface an aluminium oxide barrier layer having a barrier layer thickness of
from 10 to 50nm; (2) treating the aluminium oxide layer with an aqueous
solution of alkali at a temperature of 35°C to 80°C for a period of time
sufficient to remove entirely or substantially entirely said layer from the alloy
surface thereby leaving a roughened surface on the alloy sheet, and (3)
subjecting the roughened surface of the alloy sheet to electrograining.

Although electrograining may be carried out using nitric acid or
hydrochloric acid in the present invention it is preferred that nitric acid
electrograining is used. The conditions employed for the electrograining step
of the process are those that are known in the art.

In the case of nitric acid electrograining the present invention also
provides a means of reducing non-etch defects. As reported herein non-etch
defects can be substantially reduced by use of an alloy sheet, as the
feedstock for the nitric acid electrograining procedure, roughéned by the

process described herein.



WO 03/008672 PCT/GB02/03305

According to a further aspect of the present invention, there is provided an
aluminium sheet formed by the process of the invention for use as a
lithographic substrate. Thus, aluminium alloy sheets roughened in
accordance with the process of the invention may advantageously be used as
substrates for additive grained plates. Additive graining is a procedure
whereby at least one coating is applied to a cleaned and rolled surface to give
the desired wear, hydrophilic and adhesion properties of the lithographic
substrate. Such coatings may be transparent so a uniform appearance to the
substrate is desirable both aesthetically and for operational purposes. The
micropitted surfaces obtained by the invention will promote bonding to
coatings applied to the alloy sheets and give a more uniform appearance to
the substrate. Examples of such coatings include sol gel coatings or films that
comprise a hydrophilic and a hydrophobic layer where the top layer can be
removed, for example, by thermal ablation.

Furthermore, other uses of the aluminium sheet are envisaged, for

example canstock, auto sheet, reflector sheet etc.
EXAMPLES

EXAMPLE 1

Samples of AA1050A lithographic sheet were anodised using 20%
phosphoric acid containing approximately 8g/l Al for 0.5s with the film
thickness variation achieved by varying the a.c. current density and treatment

temperature as shown in Table 2.
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Table 2

Temperature °C 2kAm™ 3kAm™
55 : ~ 28nm (D)
60 31nm
65 28nm
70 18nm (B) 26nm (C)
75 17nm
80 10nm (A)

The samples prepared above and as shown in Table 2 were treated with
3% NaOH at 60°C for 10s. For comparison a sample of AA1050A lithographic
sheet similar to those anodised above was cleaned in phosphoric acid, but
was hot provided with an anodised layer and was treated to etching using the
same etch conditions as were used for the other samples. The 60° gloss
values of the treated surfaces were measured across the rolling direction

using a Rhopoint glossmeter. The values are shown below in Table 3.

Table 3

Oxide 0 10 (A) 17 18 (B) | 26 (C) | 28 (D) 31 28
film nm

60° 429 401 332 318 167 149 147 157
Gloss

60° Gloss Values of Surfaces Prepared in Table 2 After 10s 3% NaOH etch 60°C.

As can be seen from Table 3, the samples having thicker aluminium oxide
barrier layers gave, after the alkali etch, surfaces with lowest gloss values.
Scanning Electron Microscopy (SEM) showed these alloy surfaces to be
deeply micropitted when compared to the standard cleaned alloy surface (no

anodised layer) after a similar alkali etch.
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EXAMPLE 2

A sample of lithographic alloy sheet AA1050A was cleaned in 20%
phosphoric acid and then subjected to an alkali etch. Further samples of the
same alloy sheet material were anodised as in Example 1 to produce non-
porous aluminium oxide films of thickness 10, 20 and 28nm. These were also
subjected to an alkali etch. The alkali etch in all cases was carried out using
3% NaOH at 60°C for up to 20s. The gloss values of the alkali etched
surfaces were measured, using a Rhopoint glossmeter, before etching and
after etch times of 1, 2, 3, 4, 5, 8, 10, 15 and 20 seconds. Plots of the
relationship between etch time and 60° gloss value for the non-anodised
sample (PTL std) and for the anodised samples are shown in Figure 1. A
non-anodised sample that had been commercially cleaned electrolytically in
phosphoric acid was included for comparison purposes (PTL std).

From Figure 1 it can be seen that the level of gloss achieved depends on
the thickness of the non-porous aluminium oxide layer and the degree of alkali
etching. A thin anodised layer of 10nm gives a similar response to the
cleaned but not-anodised material. However, the sample having an
aluminium oxide layer of 20nm thickness reached a minimum 60° gloss value
after 3 — 5s etch time whereas the sample having an aluminium oxide layer of
28nm reached a minimum 60° gloss value after about 8s of etch time. The
cleaned but non-anodised sample shows a relatively smooth surface
throughout the etch period with no evidence of the type of, and degree of,
micropitting obtained for samples originally provided with anodised layers.

It is clear from the results obtained that the degree of micropitting
increases with etch time to a point of maximum roughness and minimum
gloss. Alkali etching past the point of lowest gloss begins to reverse the
benefits obtained until, eventually, a surface similar to that obtained with the
non-anodised material is reached. The pitted surface is, thus, effectively

smoothed by further alkali etching beyond the minimum gloss point.
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The average roughness Ra of the surfaces of the samples at their
minimum 60° gloss values achieved by etch was determined using a Perthen

Focodyn or LS1 probe. These values are shown below in Table 4.

Table 4
Thickness of Minimum 60° | Average Roughness | Alkali Etch Time
Anodic Layer (nm) | Gloss Value Ra at Minimum to Minimum
Achieved Gloss (um) Gloss (s)

0 400 — 450 0.35-0.40 0-20

10 400 - 450 0.35-0.40 0-20

20 330 - 350 0.45-0.50 3-5

28 160 - 180 0.45-0.52 8-10
EXAMPLE 3

Experiments were carried out to investigate the time taken to achieve a
satisfactory grained surface by electrograining samples of lithographic sheet
(AA1050A).

Conventionally, before electrograining, lithographic sheet is typically
etched in an alkali solution, such as 3% NaOH for 10 seconds at 60°C. This
gives an etched surface with average roughness Ra between 0.35 and 0.4
microns and 60° gloss value of between 400 and 450. The purpose of this
treatment is to remove a small amount of the surface and to activate it prior to
electrograining. If this is not done, an unsatisfactory grained surface is
produced.

In this example we subjected samples of 1050A sheet to electrograining
in nitric acid. The samples were grained in a laboratory twin cell system
operated in the liquid contact mode. The electrolyte was 1.5% nitric acid.
The voltage applied was 14V a.c. (conventional sine wave source). The
spacing between each electrode was 15mm and the counter electrodes were
conventional impregnated graphite used industrially. Due to the symmetrical
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nature of the arrangement the forward and reverse current density is

approximately equal. The samples were:

1. AA1050A sheet precleaned in phosphoric acid and then etched for
10s in 3% NaOH at 60°C;

2. AA1050A sheet anodised according to the procedure described in
Example 1 to produce a non-porous aluminium oxide layer having
a thickness of 20nm. This was then etched in 3% NaOH at 60°C

for 10s; ahd

3. AA1050A sheet anodised according to the procedure described in
Example 1 to produce a non-porous aluminium oxide layer having
a thickness of 28nm. This was then etched in 3% NaOH at 60°C
for 10s.

In each case the surface of the sample was electrograined in 1.5% nitric
acid at 40°C and at 50Adm™ for 10s and the average roughness (Ra) and
the 60° gloss value of the electrograined surface were determined as in
Example 2. This procedure was repeated for electrograining times of 13,
15 and 18s. The average roughness values of the samples after
electrograining are shown in Table 5 and the 60° gloss values are shown

below in Table 6.
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Ra Values of Surfaces After Different Electrograining Times

PCT/GB02/03305

Anodic Film 10 Second 13 Second 15 Second 18 Second
Thickness Prior
to Alkali Etch
0 0.776 0.89 0.946 0.962
20nm film 0.893 0.999 0.985 0.981
28nm film 0.846 0.924 0.941 1.036
Table 6

60° Gloss Values of Surfaces After Different Electrograining Times

Anodic Film 10 Second 13 Second 15 Second 18 Second
Thickness Prior
to Alkali Etch
Standard 2.2 1.7 1.6 1.5
20nm film 1.8 1.5 14 1.3
28nm film 1.7 1.4 1.4 1.1

From these results it can be seen that surfaces with similar gloss and

roughness can be obtained more quickly using etched pre-anodised surfaces

having anodic layer thickness of 20 or 28nm.

EXAMPLE 4

Further electrograining experiments in the microcell system described in

Example 3 with a range of electrograining conditions also showed

electrograined surfaces can be obtained faster with pre-anodised surfaces.

The sodium hydroxide pre-etch is as described above in Example 3. The

results are shown below in Table 7.
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Table 7
| 14V 13V 12V 11V
Electrograining [ 15 (20 [25[30 | 16 [22 [27 [33| 1824 [30 |36 (20 [26] 33
Time (s)
Anodic Layer T
Thickness
0 X|/7]olo|x]|/]lo]o]x]/7|o]o|X|[X]o]oO
10nm X|/7]ojo|X|/]o]Jolx]/]olo]Xx[/]0]o0O
20nm X/oo'xoooxooox1004
" 26nm X600 [X]olo]o[x|o[olo[x[T[oTo]
28nm X]o)jojo}xXxlojojo}x|]ojololxlojo]o
ol A

X = undergrained.
/ = reasonable graining.
O = good graining.

Normal electrograining in the microcell is considered to be 14 volts 30
seconds where a visually good structure is formed with the required pit
morphology and roughness. Visually good graining is seen as early as 25
seconds. However, previous work on electrograining simulations have shown
anything slightly less than 25 seconds can leave the surface slightly
undergrained with insufficient coverage and roughness and the roll lines are
still visible and too close to the borderline of the process. Therefore
electrograining for 30 seconds overcomes any process variations from the
alloy chemistry or any slight variations in the cleaning and electrograining
process. The above table illustrates this and that even after 25 seconds the
surface is visually good with all material including standard AA1050A. The
above table shows that good surfaces can be obtained faster at certain
graining conditions with pre-anodised surfaces and that benefits were
apparent with a range of thickness between 10 and 30nm. However, it is

clear that fewer benefits were found with alloy sheet samples originally
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provided with 10nm anodic film or less (before etch) and more benefits were

found with the 28nm anodic film alloy sheet.

EXAMPLE 5
Samples from a ‘worst ever' non-etch defect coil of AA1050A sheet were

prepared as for anodising conditions A, B, C and D as described in Example
1. These were then etched in 3% NaOH for 10s at 60°C and electrograined in
a laboratory tank in 1.5% nitric acid at 50Adm™ at 40°C for 13s. The number
of non-etch defects (known as stege) were counted and the results are shown
in Figures 2A, B, C and D. In each case the results are also shown for a non-
etch defect count taken on the standard material, i.e. un-anodised (PTL std)
material but subjected to the same etch and electrograining procedures
described above for the anodised materials.

As can be seen from the Figures, the number of non-etch defects was
seen to decrease by about 40% with sample A (pre-anodised with 10nm
layer) and about 70% with samples B, C and D (pre-anodised with 20nm,

26nm and 28nm layers, respectively).

EXAMPLE 6
Nitric Acid Electrograining Studies of Alkali Etched Pre-Anodised AA1050A
Lithographic Sheet

Standard PTL cleaned, pre-anodised samples as prepared in B (20nm)
and D (28nm) in Example 1 were etched in 3% NaOH at 60°C for 2, 5, 8, 10,
12 and 15 seconds followed by rinsing in deionised water. All samples were
electrograined at 50Adm™ in 1.5% nitric acid at 40°C for 10, 13, 15 and 18

seconds. A 10 second alkali etch and 18 seconds electrograining represents

a full treatment with normal commercially cleaned litho sheet in the laboratory
tank. The following 60°C gloss values in Table 8 were measured and give an

indication of the degree of graining.
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2s NaOH 5s NaOH
E/gt std B D E/gt std B D
5 20.2 184 250 5 8.6 13.5 27
10 7.1 920 142 10 4.4 7.6 8.3
13 3.5 21 115 13 2.9 2.5 11
15 2.8 26 110 15 2.3 1.9 10.3
18 1.9 8.5 64 18 2 3 12.2
8s NaOH 10s NaOH
E/gt std B D E/gt std B D
10 4.6 5.3 24 10 3.8 3.6 4.3
13 24 11.3 13 3.6 3.2 25
15 2 3.2 15 3.2 2.8 4
18 1.9 4.6 18 2.1 1.9 23
12s NaOH 155 NaOH
E/g t std B D E/gt std B D
10 5.5 3.6 4.7 10 4.4 3.7 4.2
13 3.6 1.9 2.3 13 3.4 24 2
15 2.1 2 2 15 1.9 2.9 1.9
18 1.9 2.1 2 18 1.8 2.1 1.8

std = sample with no pre-anodised layer but commercially cleaned, a value <

2 indicates that the surface has been fully grained.

E/g t = electrograining time in seconds.

From the results above we have plotted the relationship between NaOH

etch time and 60° gloss values for samples electrograined for 18s. This is

shown in Figure 3. It is clear from this that the level of electrograining is

relatively independent of alkali etch time for a normal PTL cleaned
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lithographic sheet (i.e. non pre-anodised). It is also evident that a minimum
etch time is necessary when electrograining the pre-anodised sheet.

Examination of a similar plot produced for the samples electrograined for
13s (Figure 4) shows that the pre-anodised surfaces give lower gloss levels
than the PTL standard (non pre-anodised) material for alkali etch times of at
least 5s for B and 10s for D. They have similar surfaces to normal PTL
cleaned material grained for 18s.

From these results it is possible to obtain the required matt surface with
similar gloss levels faster with pre-anodised surfaces if the alkali etch
conditions are correct. For example if we choose an 8 second etch it may be
sufficient for a 20nm barrier film as the 28nm film shows no benefits and is, in
fact, worse than the normal material. If the alkali etch time is increased to 12
seconds this is where benefits in graining are seen with both 20 and 28nm
films. A further increase to 15 seconds indicates any benefits associated with

the 20nm film are reduced.

EXAMPLE 7

1050A lithographic sheet was electrolytically cleaned in 20% phosphoric
acid at 85°C with a charge density of about 1 kC/mZ2. It was then subject to an
alkali etch (approximately 3% sodium hydroxide) at 60°C for up to 12
seconds. Further samples of this same electrolytically cleaned starting
material were anodised to give an 18nm film as shown in sample B in
Example 1. These were also subject to an alkali etch for up to 12 seconds. A
plot of the relationship between etch time and 60° gloss are shown in Figure
5. A non anodised sample cleaned electrolytically in phosphoric acid was
included for comparison purposes (PTL standard). From figure 5 it can be
seen the level of gloss achieved for the anodised sample depends on alkali
etch time. A minimum 60° gloss value was achieved between 2-4 seconds.

Experiments were then carried out to investigate the time taken to achieve
a satisfactory grained surface by electrograining samples of lithographic sheet
with the above mentioned samples having an 18nm film and standard PTL

material.
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Conventionally with this test the sheet is etched for 10 seconds in the
alkali etch. Standard and anodised material was subject to this treatment
followed by anodising in nitric acid for 14,16,18,21 and 23 s representing
60,70,80,90 and 100% graining.

The samples were visually examined and the anodised samples grained
at 18 and 21 s were visually comparable to that of standard material grained
for 23 seconds. For the same shorter graining times of 18 and 21 s, samples
of standard material had a more metallic and variable appearance.
Electrograining in batch processes with nitric acid can give some unevenness
in surfaces. The samples produced showed anodised samples to have a
faster and more even graining response. The results are illustrated in tables 9
and 10 below and gloss values in Figure 6.

The same experiments were repeated with a 6 second alkali etch
treatment which is close to the minima time as shown in Figure 5. Again the
samples were visually examined and the anodised samples grained at 18 and
21 s were visually comparable to that of standard material grained for 23
seconds. The samples of standard material grained for the same shorter
times had a more metallic and variable appearance. The results are iliustrated

in tables 11 and 12 below and gloss values in Figure 7.

Table 9
60°C Gloss Values for 10 Seconds Alkali Etch With Anodised Sample

Electrograining % min max mean sd

Time (s)  (graining

23 100 2.2 2.7 2.5 0.16
21 90 2.3 3.3 2.8 0.35
18 80 2.1 3.7 3.1 0.49
16 70 3.1 5 3.9 0.68

14 60 2.9 4.5 3.7 0.52
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60°C Gloss Values for 10 Seconds Alkali Etch With Standard Sample

Electrograining % min max mean sd
Time (s) graining
23 100 2.3 3.3 2.7 0.38
21 90 2.3 4.7 3.1 0.75
18 80 3.6 7.3 4.9 1.13
16 70 3.8 12.9 7.9 3.4 variable graining
14 60 4.2 241 13.8 6.8 variable graining
Table 11

60°C Gloss Values for 6 Seconds Alkali Etch With Anodised Sample

Electrograining| % min | max mean sd
Time (s)  (graining
23 100 1.8 2.1 1.9 0.12
21 90 1.8 2.2 1.9 0.13
18 80 2.2 4.6 2.8 2.75
16 70 24 8 3.2 1.8
14 60 2.4 12.1 4.8 2.91
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Table 12
60°C Gloss Values for 6 Seconds Alkali Etch With Standard Sample

Electrograining % Min max mean sd
Time (s) graining '
23 100 2.2 2.8 24 0.2
21 90 2.3 3 2.7 0.2
1
18 80 3 12.7 8.1 3.2 variable graining
16 70 4 9.2 5.8 1.5 variable graining
14 . 60 3.7 11.5 5.6 24 variable graining
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CLAIMS

1. A process for producing aluminium alloy sheet having a roughened
surface which process comprises the steps of (1) subjecting a surface
of the aluminium alloy sheet to be treated to anodising conditions to
form on the said surface an aluminium oxide barrier layer having a
barrier layer thickness in the range of from 10 to 50nm, and (2) treating
the aluminium oxide layer with an aqueous solution of alkali at
temperature of 35°C to 80°C for a period of time sufficient to remove
entirely or substantially entirely said layer from the alloy surface

thereby leaving a roughened surface on the alloy sheet.

2. A process according to claim 1, wherein the aluminium alloy sheet is a
sheet of alloy selected from AATXXX and AA3XXX.

3. A process according to claim 2, wherein the aluminium alloy sheet
comprises a sheet of AA1050A, AA1200A or AA3103 alloy.

4. A process according to any one of claims 1 to 3, wherein in step (1) the
aluminium alloy sheet is anodised using 20% phosphoric acid
containing from 3 to 1591 aluminium at a temperature in the range of

from 55°C to 80°C using a current density in the range of from 2 to

3kAmM?2,

5. A process according to any one of claims 1 to 4, wherein a.c. anodising
is used.

6. A process according to any one of claims 1 to 4, wherein d.c. anodising

is used.
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13.

14.
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A process according to any one of claims 1 to 6, wherein the layer
thickness of the aluminium oxide barrier layer produced on the surface

of the aluminium alloy sheet is in the range of from 10 to 50nm.

A process according to claim 7, wherein the layer thickness of the
aluminium oxide barrier layer produced on the surface of the aluminium

alloy sheet is in the range of from 20 to 30nm.

A process according to any one of claims 1 to 8, wherein the aluminium

oxide barrier layer is non-porous.

A process according to any one of claims 1 to 9, wherein in step (2) the
aqueous solution of alkali is selected from aqueous NaOH and

aqueous KOH.

A process according fo claim 10, wherein the aqueous solution of alkali

has a concentration in the range of from 1 to 10%.

A process according to claim 11, wherein the aqueous solution of alkali
is 2 to 5% NaOH.

A process according to any one of claims 1 to 12, wherein in step (2)
the treatment is carried out for a period within the range of from 3 to 20

seconds.

A process according to claim 1, wherein the aluminium alloy sheet is a
sheet of AA1050A alloy and the surface of the alloy is treated to
anodising conditions to form, on the said surface, a non-porous
aluminium oxide layer having a layer thickness in the range of from 10
to 30nm and wherein the aluminium oxide layer is treated, in step (2),

with 3% aqueous NaOH at 60°C for from 3 to 8 seconds.
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17.

18.

19.

20.

21.
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An aluminium sheet formed by the process of any preceding claim for

use as a lithographic substrate.

A sheet of aluminium alloy having on a surface thereof a non-porous
aluminium oxide layer having a layer thickness in the range of from 20
to 30nm.

A sheet according to claim 16, wherein the aluminium alloy is AA1050A

alloy.

The use of a sheet of aluminium alloy having on a surface thereof a
non-porous aluminium oxide layer having a layer thickness in the range
of from 20 to 30nm in the manufacture of aluminium alloy sheet having
a roughened surface which manufacture comprises treating the non-
porous aluminium oxide layer with an aqueous solution of alkali at a
temperature in the range of from 35°C to 80°C for a period of time
sufficient to remove entirely or substantially entirely said layer from the

alloy surface thereby leaving a roughened surface on the alloy sheet.
The use according to claim 18, wherein the sheet is of AAT1050A alloy.

The use according to either claim 18 or claim 19, wherein the non-
porous aluminium oxide layer is treated with 2 to 5% aqueous NaOH

for a period of time in the range of from 3 to 8 seconds.

A method of making a grained aluminium alloy sheet which comprises
(1) subjecting a surface of a sheet of an aluminium alloy, to anodising
conditions to form on the said surface an aluminium oxide barrier layer
having a barrier layer thickness of from 10 to 50nm; (2) treating the
aluminium oxide layer with an aqueous solution of alkali at a
temperature of 35°C to 80°C for a period of time sufficient to remove

entirely or substantially entirely said layer from the alloy surface
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25.

26.

27.

28.

29.
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thereby leaving a roughened surface on the alloy sheet, and (3)

subjecting the roughened surface of the alloy sheet to graining.

A method according to claim 21, wherein the aluminium alloy is an
alloy selected from AA1XXX and AA3XXX alloys.

A method according to claim 21 or claim 22, wherein the aluminium
alloy is selected from AA1050A, AA1200A and AA3103 alloys.

A method according to any one of claims 21 to 23, wherein in step (1)
the aluminium alloy sheet is anodised using 20% phosphoric acid
containing from 3 to 15gI”" aluminium at a temperature in the range of
from 55° to 80°C using a current density in the range of from 2 to 3
kAmM™.

A method according to anyone of claims 21 to 24, wherein a.c.

anodising is used.

A method according to any one of claims 21 to 24, wherein d.c.

anodising is used.

A method according to any one of claims 21 to 26, wherein the layer
thickness of the aluminium oxide barrier layer produced on the surface

of the aluminium alloy sheet is in the range of from 10 to 50nm.

A method according to claim 27, wherein the layer thickness of the

aluminium oxide barrier layer is from 20 to 30nm.

A method according to any one of claims 21 to 28, wherein the

aluminium oxide barrier layer is non-porous.
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33.

34.

35.

36.
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A method according to any one of claims 21 to 29, wherein in step (2)
the aqueous solution of alkali is selected from aqueous NaOH and

aqueous KOH.

A method according to claim 30, wherein the aqueous solution of alkali

has a concentration in the range of from 1 to 10%.

A method according to claim 31, wherein the aqueous solution of alkali
is 2 to 5% NaOH.

A method according to any one of claims 21 to 32, wherein in step (2)
the treatment is carried out for a period in the range of from 3 to 20

seconds.

A method according to any one of claims 21 to 33, wherein in step (3)

graining is electrograining in nitric acid.

A method according to any one of claims 21 to 33, wherein in step (3)

graining is additive graining.

A method according to claim 35, wherein the additive graining
comprises applying to the roughened surface of the aluminium alloy
sheet obtained in step (2) a coating selected from sol gel coatings or

films that comprise a hydrophilic and hydrophobic layer.
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