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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bod

ies

(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical commlttees Each member body interested in a subject for WhICh a techmcal committee has been

non-governmental, in liaison with ISO, also take part in the work. I1SO collaborates closely with
International Electrotechnical Commission (IEC) on all matters of electrotechnical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.
The main task of technical committees is to prepare International Standards. Draft Interpational Standa

adopted the technical committees are circulated to the member bodies for voting. Publication as
International Standard requires approval by at least 75 % of the member bodies casting.a-vote.

In exceptipnal circumstances, when a technical committee has collected data ©fya different kind from f{
which is nprmally published as an International Standard (“state of the art”, for example), it may decide b

nd
he

rds

an

hat
y a

simple majority vote of its participating members to publish a Technical Report! A Technical Report is entirely

in nature and does not have to be reviewed until the datarit‘provides are considered to be
or useful.

drawn to the possibility that some of the elements of this document may be the subject of pat
rights. 1ISQ| shall not be held responsible for identifying any or all‘'such patent rights.

ISO/TR 1
SC 2, Org

89 was prepared by Technical Committee ISO/RC 79, Light metals and their alloys, Subcommit
nic and anodic oxidation coatings on aluminitinr.
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D
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Introduction

The chromic/phosphoric acid solution (CPA) test is the main test used internationally to assess the quality of
sealing of anodic oxidation coatings on aluminium. The method is described in 1ISO 3210['], ASTM B680[2],
EN 12373-6[3] and EN 12373-7[4]. ISO 7599[5] and EN 12373-11¢] designate it to be the referee test, as do the

intary standards of Qualanodl’] and the AAMA (Ampri(‘nn Architectural Manufacturers’ Assaociati ")n)[8]_

VO

Th
19
dis
ad
go

Th

e CPA test was originally proposed by two workers at Alcoa, J. H. Manhart and W. C. Cochran,

70s[9]. They compared it for hot-water sealing with various simple laboratory tests including
solution tests, some of which were in regular use at that time and were described in 18Q.2932(10]
pption of the CPA test, practical experience has revealed that low-coating mass 'loss is an in
bd sealing quality and of the ability of the coating to resist staining and blooming in.many types of

ere is mounting concern in Europe over the use of this test because the test solution contains

Eufopean Chemicals Agency candidate list of substances of very high-concern for authorizatig
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comparable to the CPA test for a range of sealing methods. Sapa Technology offered to undertake
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ch}omium [Cr(VI)] which is a human carcinogen via inhalation. Chromic acid.was included, 2010-12

horization will have to be obtained for the use of such substances in-every application.

solution tests because it was expected that they would behave in a manner most similar to the (

of criteria was drawn up for alternative tests to be assessed against. These criteria included
uld favour easy-to-use immersion tests. The technical literature was reviewed and a shortli
duced.

ba found that neither of the acid immersion tests evaluated were suitable alternatives to the CPA
5 because they responded very differently depending on the sealing method. It is believe]
ponse of any immersion test is dependent on the solution composition. Sapa also foun
mittance test was good at distinguishing sealing quality for all the sealing methods. However, ad
property of the whole of thé:-anodized coating whereas the CPA test is surface-specific, p
diction of the likelihood of-surface degradation during service.

s Technical Report gohtains an edited version of Sapa Technology technical report D09-0179[11]

perficial, cosmetic degradation during exposure to the weather. This would not include the a
bdized coating to protect the aluminium from pitting corrosion, which can already be assessed U
ay test-Rdther, it would assess the susceptibility to weathering effects such as staining, bloomin
mutting"and iridescence.

n the early
other acid
. Since the
dication of
service.

hexavalent
15, in The
n. Special

P007 Qualanod initiated a study to identify potential alternative tests. It was decided to restrict this to acid

PA test. A
ones that
5t of tests

e next stage was to carry out experimental” work to determine whether the alternative {ests were

his project.
\ test. This
d that the
H that the
Mmittance is
roviding a

5 believed that future investigations should focus on finding a test method that will enable the pfediction of

pility of an
sing a salt
j, chalking,
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Anodizing of aluminium and its alloys — Experimental research
on possible alternative sealing quality test methods to replace

the phosphoric acid/chromic acid immersion test — Evaluation
of correlations
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sinpilarity with the SA-test. The scope of the work to develop a new phosphoric acid method was
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s Technical Report contains data from an evaluation of candidates to replace-the chromic/phos
ution (CPA) test for the quality of sealing of anodic oxidation coatings on alufinium.

lowing a review by Qualanod (see Working Group report in Annex A), itwas agreed with Sapa T
t the candidate tests for evaluation would be as follows:

acetic acid/sodium acetate solution (AASA) test as descriped in 1SO 2932010 a method u
1970s;

sulfuric acid solution (SA) test as described by Manhartand Cochran(®l.

b evaluation consists of a comparison of the candidates with the CPA (EN 12373-63]), dye
N 12373-4[12]) and admittance tests (EN 12373¢5['3]) using four different sealing methods:

hot-water sealing;

cold sealing;

medium-temperature (midtemp) sealing using a nickel-containing solution;

midtemp sealing using a-nickel-free solution.
immersion test based on the CPA test, but without the inclusion of chromic acid, was excluded
comprehensiyvefor this project.

general,sthe sealed coating (pores filled by hydration) loses mass and thickness linearly with
e. Different sealing methods (or sealing conditions of time, temperature, pH, composition

comsidering replacing the CPA test with an alternative acid dissolution test, there are some criterisg

ution) ‘result in different pore-filling material with differences in resistance to acid dissolut

bhoric acid

echnology

sed in the

absorption

due to the
considered

dissolution
of sealing
on. When

for a new

test. If possible, the response to the test should be similar for different sealing methods, i.e. it should be
possible to use the same standard even if the sealing method is different. There should be a significant
difference in the mass loss for a good and a bad sealing.
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2 Literature research

2.1 General

A comprehensive survey of the methods of testing the sealing quality of anodic coatings was given

by

Manhart and Cochranl® and by Kapel'4l in the 1970s. A more recent survey was made in 1987 by Wernick

and al.[’% where the main acid dissolution tests are:

— acidified sulfite test (Kape test);

— AASA|test;
— CPA tpst.

These tests are explained below, see 2.2 to 2.4.

In Figure 1 is shown the correlation of several acid dissolution tests with sealing time for sulfuric acid coati:|:gs

published py Manhart and Cochranl®. Note that the curves generally exhibit the same shape with a differe
in the absplute value of the mass loss. The thickness of the anodic oxide is about 25 ym (estimated fr]
given anodizing conditions).

2.2 Acidified sulfite test (Kape test)

The test s
that sulfur|dioxide is evolved but mainly retained in solution. Test*selution: 1 000 ml deionized water to wh
have been| added glacial acetic acid (20 ml/l to 40 ml/l) to give d¢pH of 3,6 to 3,8 followed by 5 N sulfuric 3
(10 ml/I to [15vmi/l) to give a pH of 2,5 at room temperature. Apredip is made 10 min in 50 % by volume ni
acid at room temperature.

The mass| of the sample is assessed before predip, after predip and after immersion in test soluti

ce
pm

lution is a mixture of sodium sulfite, acetic acid and sulfuric.acid at 90 °C to 92 °C and pH 2,5 suich

ich
cid
tric

pn.

Immersion| of the sample for 20 min. Note that care should be taken such that the solution temperature dges

not at any fime exceed 92 °C or the sulfur dioxidé dissolved in the solution will be boiled off.

ing of good quality the loss, of. mass between the first and second weighing is negligible
significant |difference indicates an exceSsively porous coating). Assessment of total mass loss is made us
the mass Ipss between the second and-third weighings. A maximum mass loss 20 mg/dm? is permitted[!5] (
specified if the standard). The test,isdescribed in the standard 1ISO 2932[10 which was withdrawn in 1991.

2.3 Acetic acid/sodium acetate solution test

This sealirjg quality4est was made according to standard 1ISO 2932191, The method was used in the 1970s
the standard waswithdrawn in 1991 being replaced with the CPA test.

(a
ng
hot

but

The test splution is a mixture of 100 ml/l acetic (glacial) acid, 0,5 g/l sodium acetate in deionized water at

pH

2,3 to 2,5. Renéwed solution after each test is recommended. Not more that 3 dm# surface area of immersed
sample per litre of solution. Non-anodized areas are not taken into account when calculating the surface area
since the solution only slightly attacks bare metal (not more than 0,05 mg/cm?2), unless the bare areas
exceeds 5 % of the total surface area of the sample. During immersion, 15 min, the solution is maintained at
boiling point. A maximum mass loss of 20 mg/dm? is permitted('5]. Furneaux and Wood pointed out that this
test might be less suitable for other sealing methods than conventional hot sealing (e.g. nickel-based cold

sealing)[16l.

2 © 1SO 2012 — All rights reserved
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Figure 1 — Correlation of several acid dissolution tests with sealing time for sulfuric acid c¢atings[®!

2.4 ~“Chromic/phosphoric acid solution test

This test was originally proposed by Manhart and Cochran in 1971[% and was then adopted as the general
referee mass loss test previously described by 1ISOv3210['l. The sealing quality is evaluated with a mass loss
test today according to EN 12373-6[31. The mass loss test is destructive and frequently used as a complement
to the dye spot test (EN 12373-4[12]). The better the sealing, the lower the mass loss in this test. The
specifications on the mass loss vary depending on the application, even though for normal applications a
mass loss of less then 30 mg/dm? is needed for approval according to Qualanod(”].

The test solution is a mixture of 2 % by mass chromic acid and 5 % by mass phosphoric acid, operated at

37,8 °C for 15 min [the same solution is used at higher temperature for determination of oxide density
(EN 12373-2017])).

© 1SO 2012 - All rights reserved 3
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Note the drying procedures associated with the weighing. Prior to weighing the sample is:
— degreased for 30 s in a suitable organic solvent (e.g. ethanol);

— left to dry 5 min in ambient atmosphere;

— placed in a drying oven pre-heated to 60 °C for 15 min;

— left to cool for 30 min over silica gel in a closed desiccator.

When this [t ' 3 3 5
(i.e. no drying in oven and no cooling down in desiccator). This sealing test is sometimes combined,wit

10 min predip in an aqueous solution containing (470 + 15) g/l nitric acid (EN 12373-7[4]), specified-accord
to Qualanqdl”].

e pPropaply adlway np

The test solution should not be used for more than 10 dm?2 surface area of immersed sample per litre
solution. The result is similar as with Kape and AASA tests but with greater mass_losses (sulfuric 3
anodized ¢oatings)['4l. Some of the mentioned advantages!®! with the CPA test are thé stability, conveni
operating temperature, no attack of uncoated metal, a convenient test period and no unpleasant odg
Thickness|loss and mass loss occur at the same rate.

2.5 Sulfuric acid solution test
This methpd is described by Manhart and Cochranl®. The test solution contains sulfuric acid in deioniz

water at 48,9 °C. The immersion time is 20 min. It is written that _bare metal surfaces should be protec
since the test solution also dissolves the aluminium and that the test might need a nitric acid predip.

3 Materials and experimental

3.1 Anqdizing

Anodizing frials were made in an in-house anadizing pilot plant at Sapa Technology in Finspang, Sweden. 1
process sgquence was: degreasing, alkaline etching, desmutter, anodizing, sealing. Profile samples
anodizing were of alloy EN AW 6063-and temper T6. The anodized area was 1 dm2 (100 mm x 50 mn
3 mm). An| electrolyte with 185 g/l sUlfuric acid at 20 °C was used anodizing at a current density of 1,5 A/d
and, if nothing else is stated, witha target thickness of (20 + 1) ym which requires 42 min anodizing.

3.2 Sealing

Details abput the sealing additives used and conditions used during tests are shown in Table 1. Cold seal

cid
ent
ur.

ed
ted

he
for
N X
m2

ng

was alwayls made-in_combination with a hot sealing (i.e. dual step sealing) being 10 min. Note that the test

conditionsjon purpose go outside the recommended working conditions.

4 © 1SO 2012 — All rights reserved
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Table 1 — List of tested sealing additives with recommended working conditions and test

conditions
Type of Product Manufacturer Chemical Working conditions Test conditions
i
sealing name °C pH min/pm °C pH min/um
Hot Almeco Henkel Anti-smut 97 5,8 3 90/97 5,2/5,8 11213
Seal SLX
Midtemp | Houghto Houghton Nickel acetate | 74— | 5,5- 0,55 80 5.8 0,25/0,4/
seal A620 Chemicals 85 6,1 0,55/1/
1,5/2
Alfiseal Alufinish Mono- and 86— 5,8— 3 88 6,0 11213
969 dihexadecyl 90 6,1
disulfonic
diphenyloxide,
disodium salt
Cold PS41 Metachem Nickel fluoride | 28- | 5,8- | 0,8-1,2 |.20/25/ | 5,5/5,8/ || 0,5/0,75/
32 6,4 30 6,0 1
(6,3)
NOTE The cold sealing step was followed by 10 min hot sealing at 96 °C.
3.3 Measurements of sealing quality
3.3.1 Acid dissolution tests
These are mass loss tests that assess the resistance to'dissolution by acid solutions.
3.31.1 CPA test
The sealing quality was evaluated with a_mass loss test according to EN 12373-6:1998[31. A mass Ipss of less
thgn 30 mg/dm? is needed for approval‘according to Qualanod!”.
The test solution is a mixture of 2.% by mass chromic acid and 5 % by mass phosphoric acid, dperated at
378 °C [the same solution is (sed at higher temperature for determination of oxide density (EN 12B73-2[17])].
Note the drying procedures associated with the weighing. Prior to weighing the sample is:
—| degreased for 30's’in a suitable organic solvent (e.g. ethanol);
—| left to dry 5¢in’ambient atmosphere;
—| placediin-a drying oven pre-heated to 60 °C for 15 min;
—| Jleftto cool for 30 min over silica gel in a closed desiccator.

When this test is performed in a production line however the drying procedures are probably always simplified
(i.e. no drying in oven and no cooling down in desiccator).

This sealing test is sometimes combined with a 10 min predip in an aqueous solution containing (470 + 15) g/l
nitric acid (EN 12373-7[4]), specified according to Qualanod!(7].

The test solution should not be used for more than 10 dm?2 surface area of immersed sample per litre of

sol

ution. The mass loss of a bare aluminium substrate under test conditions was evaluated in 4.2.

© 1SO 2012 - All rights reserved
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3.3.1.2 AASA test

The test solution is a mixture of 100 ml acetic (glacial) acid, 0,5 g sodium acetate in deionized water (total
volume 1 000 ml) pH 2,3 to pH 2,5. During immersion, 15 min, the solution is maintained at boiling point. After
the test the sample is rinsed in deionized water, dried and reweighed. A maximum mass loss of 20 mg/dm? is
permitted!19].

Renewed solution after each test is recommended. Not more that 3 dm? surface area of immersed sample per
litre of solution. Not anodized areas are not taken into account when calculating the surface area since the
solution only slightly attacks bare metal (not more than 0,05 mg/cm? (5 mg/dm?2) according to the standard)

unless thepmam
substrate under test conditions was evaluated in 4.2.

3.31.3 SA test

The test polution described contains 15 % sulfuric in deionized water at 48,9 °Cl'l. ,For simplicity fhe
temperature of the test solution in the trials made in this project was kept at 50 °C. The immersion timg is
20 minl®l.

It is written that bare metal surfaces should be protected since the test solution, also dissolves the aluminibm
and that the test might need a nitric acid predipl®. The mass loss of a bare_aluminium substrate under fest
conditions|in the sulfuric acid test was evaluated in 4.2.

3.3.2 Admittance test

The sealing quality was also evaluated using the admittance testaccording to EN 12373-5[13]. The instrumgnt
used for [the admittance measurements was an Anotest YD from Fischer (ring diameter 13 mm).
Measurements were performed (if nothing else is mentioned) approximately 24 h after sealing and (accordjng
to the stapdard) the measuring probe was left in the electrolyte 2 min before reading the result. Approyed
value for an oxide thickness of 20 um is approximately 20 uS. Values above this value are not approved.

Unlike the [dye spot test and the mass loss test thetadmittance measurement takes into account the total oxide
film thickngss such that it is sensitive to the sealing of the pores (pore filling) in the bulk.

Note that,[depending on sealing additive‘used, different results might be achieved (i.e. the sealing addifive
might inflyence the results obtained). The use of admittance measurements where cold (nickel fluorige)
sealings have been used is not recommended according to Qualanod!”]. The presence of heavy metals (like
nickel) in the oxide might increase the conductivity and therefore the admittance of the oxide. Nevertheless} in
the datasheets for Alfiseal 9857(hickel fluoride cold sealing from Alufinish) impedance is however mentioned
as one method to control theZsealing quality (earliest 15 h after sealing).

The test i$ simple, fast(2 min) and in principle non-destructive (contact to the base metal is made with a
screw preferably infene end of the profile).

Some adnittance measurements were taken from a previous work reported in D07-0223[18l,

3.3.3 Dye spot test

The samples were evaluated with a dye spot test according to EN 12373-4. Rating 0 to 2 is accepted and 3 to
5 not accepted according to Qualanod (rating 0 is good quality; rating 5 is poor sealing quality)["].

6 © 1SO 2012 — Al rights reserved
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4 Results

4.1 Masking of cut surfaces

In Annex A is shown the report of the Working Group (Qualanod) on the replacement for the CPA test for
sealing quality. In the conclusions of this report are given three possible candidates to replace the CPA test:
the AASA test; the SA test; a phosphoric acid test (similar to CPA test but without the chromic acid).

The SA and phosphoric acid tests suffer the disadvantage that those acids attack bare aluminium. Because of
this a means of protecting the cut edges of test coupons would have to be developed.

Inifial trials were made where masking of the cut surfaces were made using nail polish. The_nail'polish was
applied on cut surfaces after the initial weighing and removed using acetone (masked surfaces) fpllowed by
ethanol (full sample) before the second weighing. The preliminary results show that thisceould be|a possible
mgthod to use. It is important however that the cut surfaces are smooth enough to facilitate the renfoval of the
nafil polish after performed test. More tests are needed however. For reasons described’in 4.2 belov the work
with developing a masking method was not completed.

4.2 Bare aluminium and dissolution in the dissolution tests

WHhen investigating the mass loss of a bare aluminium substrate under ‘test conditions in the different acid
dislsolution tests the mass loss turned out to be very low, see Table 2,-within the region of the accuracy of the
mdasurement (the result from the CPA test is even negative). The\total mass loss on a sample where the cut
sufface (bare aluminium surface) corresponds to 2 %, 5 % and/10 % of the total sample surface rgspectively
wals estimated to be less then 0,3 mg/dmZ2. This is very low and we concluded that a masking methpd was not
needed in cases where the bare aluminium surface is less than 5 % (the same criteria as for the AABA test).

Table 2 — Measured mass loss-on a bare aluminium substrate

Oissolution test Sample area Mass loss Calculated mass losses for different percentages of
(dm?) (mgldm?) bare aluminium (mg/dm?2)
2% 5% 0%
CPA 1,1 -2,3 - - -
AASA 1,1 2,5 0,05 0,12 .25
SA 14 1,3 0,03 0,06 0,13

4.3 Hot sealing

4.3.1 Mass-loss

In Fable\3-the recommended working conditions in production and the sealing solution conditions during test
arg shown. Note that the test conditions on purpose go outside the recommended working conditions.

Figures 2 to 6 shows the mass loss on samples sealed with hot sealing (at pH 5,8 and at 97 °C if nothing else
is stated). Figure 3 shows the mass loss response in the CPA test when compared with the mass loss in the
sulfuric acid test; note different y-axes. Note the difference in response to the lowered sealing temperature
(90 °C, 2 min/um). Figure 4 shows the mass loss response in the CPA test when compared with the mass
loss in the AASA test; note different y-axes. The response is similar even though the absolute value of the
mass loss is lower for the AASA test. However, the AASA test generates mass losses with a larger variation
for similar sealed samples (for example, compare the two sealed for 1 min/um). In Figures 5 to 6 are shown
also the data presented by Manhart and Cochranl®! as well as measured mass losses from samples from a
production plant.

© 1SO 2012 - All rights reserved 7


https://standardsiso.com/api/?name=41c36c354cc53e7574c53b19dea133c0

ISO/TR 16689:2012(E)

The mass loss in the AASA test is very flat in the relevant sealing time interval, such that it would be difficult to
separate a good sealing from a bad, see Figures 5 to 6. The test results are easily within the maximum
permitted mass loss 20 mg/dm? in spite of the poor sealing conditions. This is valid also for the CPA test, i.e.
the test results are easily within the maximum permitted mass loss 30 mg/dmZ2. The most significant difference
in the mass loss with sealing time is seen for the SA test. Also included is the average mass loss of two
samples from a production plant, which were measured about one week after production.

Table 3 — Recommended working and test conditions

Type of | Product | Manufacturer Concentration Working conditions Test conditions
li I
sealing name (@) °C pH min/pm °C pH min/plln
Hot Almeco Henkel 2 97 5,8 3 90/97 | 5,2/5,8 1/2/3
Seal
SLX
100
SA test
80 - CPA test
;.é_‘ B AASAtest
3 60 -
g
k4
2 40 -
°
[’ ]
] -
z 0 O
e m e m = H R

o A AN R N A
Q Q & Q
%.m“\ ICONS %.1“‘ O S 8 a2
, 50" o o o 5 o 5o o
PONMEURO oS n SRR SRR \ SR SRR SRR
, oC oC oCh oCh oCh )
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Sealing conditions

Figure 2 — Mass loss for 20 um thick oxides sealed with hot sealing
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Figure 3 — Relative comparison of theimass loss for 20 ym thick oxides
sealed with hot sealing using the CPA and SA tests
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Figure 4 — Relative comparison of the mass loss for 20 ym thick oxides
sealed with hot sealing using the CPA and AASA tests
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Figure 5 — Comparison of the mass loss for 20 ym thick oxides sealed with hot sealing
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Figure 6 — Comparison of the mass loss for 20 ym thick oxides sealed with hot sealing (log scale)
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4.3.2 Admittance

Figures 7 to 10 show the CPA test mass loss and the admittance as a function of sealing temperature of the
hot sealing bath, oxide thickness 10 and 20 uym respectively and a sealing time of 2,5 min/um. These data
were taken from a previous investigation('8l. Approved value for the mass loss is 30 mg/dmZ2. Approved
admittance values for oxide thicknesses of 10 um and 20 ym are approximately 40 uS and. 20 uS
respectively.

Both the mass loss and the admittance respond well to an increased sealing bath temperature. The difference
between the two methods (mass loss and admittance are that while the CPA test gives an approval already at

a caalinatamparatiinra-of-82 °C (10 1y ovidn caon Eilonien 7\ Ay Q8 0 (DN 1y v Eicaien Q) tha -\dmittance
JearmgtCrperaturc- oo C— oo oGt —SeCT1gurc— O 90— oo oxiGCT1gurc—u ey

gives an approval only at a sealing bath temperature of 97 °C (see Figure 8 and Figure 10).

A production sample sealed at 97 °C gave an admittance value of 16 uS.
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Figure 7 —/€PRA test mass loss of 10 ym thick oxides sealed with hot sealing at different temperatures
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Figure 9 — CPA test mass loss of 20 um thick oxides sealed with hot sealing at different temperatures
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In Fable 4 the recommended wogihg conditions in production and the sealing solution conditions during test

4.4 Cold sealing (two step)

4.41 Mass loss

arg shown. Note that the test tions on purpose go outside the recommended working conditions.

O

@’ble 4 — Recommended working and test conditions

Tlype of | Produ QDNanufacturer Chemical Working conditions Test conditigns
aling na@ o : o i
S Cc pH min/pm Cc pH min/pm
Cold @‘ém Metachem Nickel 28-32 | 5,8-6,4 | 0,8-1,2 20/25/ | 5,5/5,8/ || 0,5/0,75/
\\\ fluoride (6,3) 30 6,0 1

\
N )5/3\ The cold sealing step was followed by 10 min hot sealing

Figures 11 to 15 shows the mass loss of the cold sealed samples. Figure 14 shows a relative comparison of
the mass loss for the CPA and AASA tests (at a cold sealing pH of 6,0 if nothing else stated). The response to
the different sealing times and different sealing solution parameters is very similar.

In Figure 15 a relative comparison of the mass loss for the CPA and SA tests is shown (at pH 6,0 if nothing
else stated). The response for the sulfuric acid test is rather limited.

The test results are easily within the maximum permitted mass loss 30 mg/dm?2 (for the CPA test) and
20 mg/dm? (for the AASA test), in spite of the poor sealing conditions.
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Figure 11 — Comparison of the mass loss for cold sealing.at 30 °C and pH 6,0 with different timeg
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Figure 12 — Comparison of the mass loss for cold sealing at 30 °C
and for 0,75 min/um with different pH values
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Figure 13 — Comparison of the mass loss for cold sealing at pH 6,0
and for 0,75 min/um-with different temperatures
30
O CPA test
—~ 25 4
© W AASA test
el
S 20 1
£
v 1544
°
@ 10 A
=
5 -
O T T T T T T
« « « « N\ « <«
PAR SO A A\ A \ PN\ A\
«© «© « « « «© «
QP 1% N 1% 1% 1% 1
O e oo AP ST P\ A
20 20 N 10 % e N
P I\ S AV LA RS

Sealing conditions

Figure 14 — Comparison of the mass loss for cold sealing under various conditions
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Figufe 15 — Relative comparison of the mass loss for the CPA test and the sulfuric acid test

4.4.2 Admittance and dye spot

Table 5 shows the admittance and the dye spot test result’of the nickel-based cold-sealed samples. Since

Sealing conditions

he

cold sealing solution was freshly made up, it turned out'that the pH was very sensitive to the sealing procgss

such that

solution). Ih the second series the pH was kept under strict control.

the pH increased after a limited amount-of sealed material (a few square decimetres per ljtre

The admitfance limit value for 20 um oxidesis 20 uyS. The admittance and dye spot tests on the production
sample wgre carried out 2 weeks afterspreduction. The coating thickness was 26 um so the admittance limit

value was 15,4 uS.

The admitfance is strongly depending on the time that has elapsed since the sealing (compare one day 4

one week fafter sealing).

nd

16
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Table 5 — Admittance and dye spot result on the nickel-based cold-sealed (dual step) samples

Temperature pH Sealing time Admittance (uS) Dye spot test rating

) (min/um) after 1 day after 1 week after 1 day
1st series 30 6,0 0,5 22 11 1

30 6,0 0,75 30 13 1

30 6,0 1 18 10 0-1

20 6,0 0,75 16,5 8,8 1

25 6,0 0,75 20 10,2 01

30 5,5 0,75 21 14,5 1

30 5,8 0,75 22 11,5 1
Ind series 30 6,0 0,5 17 9,5 1

30 6,0 0,75 16 10 1

30 6,0 1 18 14 1
Hroduction 30 6.0 1 ) 8 0

sample
4.% Nickel-based medium temperature sealing

4.1 Mass loss

In [Fable 6 the recommended working conditions ja-production and the sealing solution conditions [during test
arg shown. The recommended sealing times._are 7, 11 and 15 min for coatings 10, 20 and 3P uym thick
regpectively. Note that the test conditions (sealing time) on purpose go outside the recommendéd working
conditions.

Table 6 — Recommended working conditions and test conditions

Type of Working conditions Test conditlons
Lol Product name | Manufacturer | Chemical
S¢aling °C pH min/um °C pH min/um
Houghto-seal Houghton Nickel
M{dtemp AG20 Chemicals acetate 74-85 | 5,5-6,1 | 0,5-0,7 80 5,8 0,25-2

In [Figures 46yto 19, the mass losses in the three tests are shown. Note that the mass loss trend differs
sighificantly~for the three tests. The recommended sealing times for 20 um and 30 um thick cqatings are
0,95 min/pm and 0,5 min/um respectively.

Thetestswere atso runm on a sampie taken from production where a seating time of 0,3 min/gm was used. The
oxide thicknesses were higher on the samples from production being 30 pum as compared to 20 um on the
samples anodized at the pilot line at Sapa Technology.

The data in Figure 17 indicate that the CPA test acceptance criterion is achieved by a sealing time greater
than 0,6 min/um.

Concerning Figure 18, the coating thickness after the test indicated that almost all the coating was removed in
the test. A mass loss of 500 mg/dm?2 for a removal of a 20 um coating corresponds to a coating density of
2,5 g/cms.

Note that Figure 19 records a mass gain (negative mass loss) in the AASA test.
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Figure 16 — Mass loss in the CPA test for samples with.20 um thick coatings
sealed using the nickel-based midtemp.seal
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Figure 17 — Mass loss in the CPA test for samples with 20 um thick coatings
sealed using the nickel-based midtemp seal
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Figure 18 — Mass loss in the SA test for samples with 20 pm thick coatings
sealed using the nickel-based midtemp seal.
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Figure 19 — Mass loss in the AASA test for samples with 20 um thick coatings
sealed using the nickel-based midtemp seal.
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4.5.2 Admittance and dye spot

In Table 7 the admittance and the dye spot test result of the nickel-based midtemp sealed samples are shown.
The coating thickness was 30 um. The sample sealed for 0,3 min/um was a production sample with a coating
thickness of 20 ym; the admittance and dye spot tests were carried out 2 weeks after production. The
recommended sealing times for 20 ym and 30 pm thick coatings are 0,55 min/um and 0,5 min/um respectively
and the admittance limit values for coatings of 20 ym and 30 ym coatings are 20 yS and 14 uS respectively.

In Figures 20 to 21, the CPA test mass loss and corresponding admittance of nickel-based midtemp sealed
samples with increasing sealing time are shown, here at an coating thickness of 10 um and a recommended
sealing time of 0,7 min/um. The mass loss and admittance acceptance limits are 30 mg/dm2 and 40 uS

respectively. These data were taken from a previous investigation!18!.
In order tolbe able to use the admittance test straight off the production line (or one day after production) fhe
acceptanceg level needs to be significantly increased.
Table 7 — Admittance and dye spot result on the nickel-based midtemp sealed samples
Sealing|time (min/um) Admittance (pS) Dye spot test rating after
after 1 day after 1 week 1day
0,25 150 80 0
0,4 125 48 0
0,55 90 35 0
1 60 26 0
1,5 46 20 0
2 32 19 0
0,3 - 40 0
15
t
S 10
~~
(@)]
E
0
(72}
Lo 5
7))
24
U
) B s
0 .

20

0,7

1 2

3

Sealing time (min/um)

Figure 20 — CPA test mass loss of 10 ym thick coatings sealed
with nickel-based midtemp sealing for different sealing timesl[18]
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Figure 21 — Admittance of 10 pm thick coatings sealed
with nickel-based midtemp sealing for difféfent sealing timel18l

4.6 Nickel-free medium temperature sealing

4.1 Mass loss

In Fable 8 the recommended working conditions in production and the sealing solution conditions [during test
arg shown. Note that the test conditions (sealing time) on purpose go outside the recommended working

conditions.

Table 8 — Recommended working conditions and test conditions

Type of | Product . Working conditions Test conditfons
Ll Manufacturer Chemical
s¢aling | name °C pH min/pm °C pH min/pm
Mono- and
Alfiseal dihexadecyl
Midtemp Alufinish disulfonic 86-90 | 5,8-6,1 3 88 6,0 1/2/3
969 . .
diphenyloxide,
disodium salt

In Figures 22 to 24, the mass losses in the three tests are shown. The recommended sealing time for the
20 pm thick coafings is 3 min/um. The mass loss limit acceptance for the CPA test is 30 mg/dm2. The
changes in mass during the tests for production samples with coating thickness 30 ym were measured about
four weeks after production. The averages of two samples for each test were —4,2 mg/dm?2, —42,6 mg/dm? and
+0,9 mg/dm? for the CPA, SA and AASA tests respectively. Note the mass gain for the AASA test.

The CPA test and the SA test show a significant difference in the mass loss depending on the sealing time,
see Figures 22 to 23. The CPA test though is very flat in the critical min/um-interval (estimated to be 2 to
3 min/um), making it difficult to distinguish between a good and a bad sealing. For the SA test the level of
acceptance needs to be significantly higher for the nickel-free midtemp seal (as compared to hot seal and

nickel-based cold seal).
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In the AASA test there is a mass gain instead of a mass loss, see Figure 24. That test is therefore not a
suitable replacement for the CPA test for the nickel-free midtemp seal.
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Figure 22 — CPA test mass loss of 20 ym’thick coatings sealed
with nickel-free midtemp sealing for different sealing times
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Figure 23 — SA test mass loss of 20 um thick coatings sealed
with nickel-free midtemp sealing for different sealing times
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Figure 24 — AASA test mass loss of'20 um thick coatings sealed
with nickel-free midtemp sealing for different sealing times

4..2 Admittance and dye spot

In [Fable 9 the admittance and the dye spot test result of the nickel-free midtemp sealed samples are shown.
The sample sealed for 3 min/um was\aproduction sample and the admittance and dye spot tests were carried
ouf 4 weeks after production. Theicoating thickness was 20 uym so the admittance limit value was 2( uS.

In |Figure 25 is shown the~admittance of a 10 um coatings as a function of time after angdizing (at
reqjommended sealing time, 3 min/um), data taken from a previous investigation['8]. The admittance]limit value
for|the coatings of 10 4mthickness is 40 uS. In order to be able to use the admittance test straight off the

=

p

qduction line (or one,day after production) the acceptance level needs to be increased however.

Table /9 — Admittance and dye spot result on the nickel-free midtemp sealed samplels

Sealing'time (min/um) Admittance (uS) Dye spot test rJting after
after 1 day after 1 week 1day
1 70 40 0
2 37 24 0
3 27 19 0
3 - 15 0
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Figure 25 — Admittance of 10 pm thick coatings measured at various times
after sealing with nickel-free midtemp sealingfor’3 min/um[18]

5 Discussion

A summary of the response to the different acid dissolution tests for different sealing methods is giver] in
Table 10. This indicates that the AASA test could be_an alternative to the CPA test for the nickel-based cold
seal but ngt for any of the other sealing solutions. The'SA test could be an alternative for the hot seal and the
nickel-free|midtemp seal but not for nickel-based-midtemp seal.

The admitfance test is in general good in.distinguishing between a bad and a good sealing for all sealjng
methods Ysed (hot, dual step cold, nickel-based midtemp, nickel-free midtemp). However, the acceptance
level needs to be adjusted for the( two midtemp sealing methods (nickel-based and nickel-free). Qne
disadvantggeous with the admittance test is that it is time sensitive, decreasing with time after sealing.
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