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Pre-Sealing of Anodized Aluminum in a Triethanolamine
Solution at 50 °C—Effect of Aging at Ambient &

Moderately High Temperatures

By V. López, A. Bautista, E. Otero & J.A. González

Experimental Procedure
The specimens used were of the same type employed in
previous work,5,6 viz., 5 x 10 cm plates of 99.5-percent pure
aluminum, anodized under technical conditions in 18-per-
cent H

2
SO

4
 at 20 °C and 1.5 A/dm2 until coatings of 20 ±1 µm

thickness were obtained.
The coatings were pre-sealed in a 2 cm3/L TEA solution in

deionized water at 50 °C for 30, 45 or 60 min. In this way,
pores were partially filled with the sealing solution in times
similar to those required in HTS, but at a substantially lower
temperature. These pre-sealed anodic layers were subse-
quently allowed to age in a wet chamber at ambient tempera-
ture or 50 °C over variable intervals from 1 to 14 days.

Sealing quality was assessed by using the dye spot and
(phosphochromic) acid dissolution tests, as well as admit-
tance measurements at 1 kHz.12 Measurements were made
immediately after pre-sealing and after 1, 2, 4, 7, 10 and 14
days of aging.

Routine quality control tests were complemented by ob-
taining impedance diagrams for the anodic coatings under
each set of experimental conditions studied. The cell and
experimental set-up used were described in detail else-
where.9–11

Results
As can be seen from Figs. 1 and 2, the amount of water
absorbed during immersion in the sealing bath ranged from
about 12 to 23 mg, depending on the duration of sealing.
Water continued to be absorbed in the moist atmosphere, very
rapidly within the first 24 hr and much more slowly thereafter
until a limiting value, probably dictated by the overall pore

Traditional standard quality control tests and electro-
chemical impedance spectroscopy (EIS) were used to
demonstrate that brief pre-sealing in a triethanolamine
solution at 50 °C, followed by aging in a highly moist
atmosphere, lead to results similar to those of cold-sealing
procedures. In both cases, standard quality requirements
are not fulfilled immediately after sealing, but are easily
met after aging for a short period. The time needed for the
standard tests to be passed is two weeks if aging takes
place at ambient temperature, but only 24 hr if the
temperature is raised to 50 °C.

Anodic oxidation of aluminum is most often performed by
using a phosphoric, oxalic or, especially, sulfuric acid solu-
tion that gives rise to a porous coating separated from the
underlying metal by a very thin, highly compact film known
as the barrier layer.1–4 The high cost of classical hydrothermal
sealing (HTS) procedures in boiling deionized water, which
are required to ensure preservation of the aesthetics and
durability of anodized materials—threatened by their porous
nature—has fostered the exploration of a variety of additives
for the sealing bath, intended to reduce the treatment time or
temperature. Prominent among such additives are nickel
acetate, cobalt salts and triethanolamine (TEA).3

The accelerating effect of TEA addition on sealing at
different temperatures5,6 and the improved quality for sealed
anodic layers provided by aging, whatever the sealing condi-
tions, have been demonstrated.7-11 It seems logical, therefore,
to explore the potential of brief immersions in a TEA solution
below boiling temperature, followed by aging under different
conditions. This was the chief purpose of the present study.

Fig. 1—Changes in the amount of water absorbed by specimens pre-sealed
in a 2-cm3/L TEA solution at 50 °C for 30, 45 and 60 min as a function of
the time of aging in a wet chamber at ambient temperature.

Fig. 2—Changes in the amount of water absorbed by specimens such as
those of Fig. 1, aged in a wet chamber at 50 °C.
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volume, was reached asymptotically. There were no signifi-
cant differences in absorption at ambient temperature (Fig. 1)
and 50 °C (Fig. 2).

The dye spot (#4) was very intense immediately after
immersion in a TEA solution at 50 °C for 30 min. It was still
too intense if immersion was extended for a further 15 min
and weak enough to pass the test when immersion was
prolonged for another 15 min for an overall time of 60 min

(Fig. 3). After two days of aging at ambient temperature, the
specimens passed the test—those that were immersed in the
sealing bath for 30 min included. After 10 days of aging, the
spot intensity was close to level 1.

If aging took place at 50 °C, the absorbing capacity was
much lower than that established by the standards at the end
of the first day (Fig. 4). Absorption virtually stopped after
two days, whether pre-sealing in the TEA solution lasted 60,
45 or only 30 min.

Figure 5 illustrates the behavior in an acid dissolution test
of specimens pre-sealed in a TEA solution and allowed to age
at 50 °C. All this suggests that brief pre-sealing, which is
compatible with chain production practices, suffices to meet
the requirements of the acid dissolution test, provided the
materials are allowed to age at 50 °C for 24 hr.

As can be seen from Fig. 6, the demands of the admittance
test are stricter. The admittance measured immediately after
immersion in the bath was about 300 µS. To bring it below the
20-µS threshold imposed by the standard, the pre-sealed
material must be allowed to age for 10 days (up to 12 if it was
pre-sealed for only 30 min) at ambient temperature. After two
weeks, all pre-sealed specimens had admittance values well
below the established threshold (specifically, 16 µS). As can
also be seen from Fig. 6, aging was much slower in the
absence of pre-sealing.

Fig. 3—Changes in the dye spot test of the specimens pre-sealed in a 2-cm3/
L TEA solution at 50 °C for 30, 45 and 60 min as a function of the time of
aging at ambient temperature.

Fig. 4—Changes in the dye spot test of the specimens pre-sealed in a 2-cm3/
L TEA solution at 50 °C for 30, 45 and 60 min as a function of the time of
aging at 50 °C.

Fig. 5—Changes in the acid dissolution test of specimens pre-sealed 60 min
in a 2-cm3/L TEA solution at 50 °C as a function of the time of aging in a wet
chamber.

Fig. 6—Changes in the admittance of specimens pre-sealed in a 2-cm3/L
TEA solution at 50 °C for 30, 45 and 60 min, and unsealed specimens as a
function of the time of aging in a wet chamber at ambient temperature.

Fig. 7—Changes in the admittance of the specimens pre-sealed in a 2-cm3/
L TEA solution at 50 °C for 30, 45 and 60 min as a function of the time of
aging in a wet chamber at 50 °C.
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temperature was raised. As a result, if 100–200 kΩcm2 is
taken to represent the minimum quality required by the
standards,9,10 EIS can no doubt assess much higher quality
levels than those established by the traditional tests and so
clearly surpasses them as an evaluation tool.

Changes in the capacitance of the porous layer, C
p
, which

can also be derived from impedance diagrams, can be used to
monitor sealing completeness. If there are unsealed anodic
layers, Cp is not initially apparent because the porous layer
does not act as an insulator, inasmuch as it is crossed by as
many pores as cells it contains. Above a given degree of
hydration, such as that provided by pre-sealing, pores are
saturated and Cp, which tends to decrease with increasing
sealing quality (Fig. 11), can be determined. At the end of the
process, C

p
 ranges from 10–9 to 10–8 F/cm2 (i.e., about 1000

times lower than the typical C
b
 values for layers about

1000 times thicker than the barrier layer). The invariabil-
ity of Cb (Fig. 11), another parameter that can be derived
from impedance diagrams, also testifies experimentally to
the fact that barrier layers are not significantly affected by
sealing.

Discussion
Figures 1 and 2 reveal that pre-sealing causes pores to be
partially filled (about one-third of the overall volume at the
shortest pre-sealing time). However, the high relative humid-
ity imposed during the aging process virtually saturates the
whole length of the pores within a week (Figs. 1 and 2).
Consequently, the conversion of anhydrous alumina into
hydrated alumina must produce the total pore blocking dur-
ing aging.

The behavior of anodic layers pre-sealed in a TEA solution
at 50 °C is similar to that of materials subjected to cold
sealing. The latter do not meet quality standards immediately
after sealing; rather, they require aging for as many as 30
days, depending on the type of test used.13 Specimens pre-
sealed in TEA do not fulfill the standard requirements imme-
diately after immersion, either; however, they do so after
aging at ambient temperature for two weeks (Figs. 3 and 6),
or for only 24 hr if the aging temperature is raised to 50 °C
(Figs. 4, 5 and 7).

Fig. 8—Variation of the impedance of specimens pre-sealed in a 2-cm3/L
TEA solution at 50 °C for 60 min as a function of the time of aging at ambient
temperature: (m) immediately after sealing, and after 1 day (+), 2 days (x),
7 days (̈ ) and 14 days (l) of aging.

Figure 9—Variation of the resistance of the porous layer of specimens pre-
sealed in a 2-cm3/L TEA solution at 50 °C for 30, 45 and 60 min with the time
of aging in a wet chamber at ambient temperature.

On the other hand, the admittance for the specimens aged
at 50 °C was close to the 20-µS threshold within the first day
of aging (see Fig. 7). Subsequently, the admittance seemingly
leveled off at about 7 µS if aging was continued.

Changes in sealing quality with aging can be monitored
much more precisely with EIS than with standard control
tests. Impedance diagrams, such as those of Fig. 8, which
shows changes during aging at ambient temperature of speci-
mens pre-sealed by immersion in a TEA solution at 50 °C for
60 min, allow derivation of various electrochemical param-
eters typical of the porous and barrier layers. Accordingly,
Fig. 9 shows the variation of the resistance of the porous
layer, R

p
, at the different pre-sealing times, as a function of

the time of aging in a highly moist atmosphere at ambient
temperature. The higher the Rp, the greater the extent to which
hydration reactions developed within pores and the more
perfect the sealing.

As can be seen in Fig. 10, which compares changes in R
p

as a function of the aging time at ambient temperature and 50
°C for specimens pre-sealed in a TEA solution at 50 °C for 30
min, sealing quality improved substantially as the aging



7070707070 PLATING & SURFACE FINISHINGPLATING & SURFACE FINISHINGPLATING & SURFACE FINISHINGPLATING & SURFACE FINISHINGPLATING & SURFACE FINISHING

The accelerating (catalytic) effect of TEA traces, which
penetrate into pores during pre-sealing, continues to be
exerted during aging. This is apparent from Fig. 6, which
compares changes in admittance of pre-sealed and unsealed
specimens stored in a wet chamber.

The water absorption capacity is rapidly lost, especially if
aging takes place at 50 °C; consequently, the dye spot test
cannot detect changes in the layer beyond the first 24 hr (Fig.
4). Such a limited sensitivity also affects the acid dissolution
(Fig. 5) and admittance tests (Figs. 6 and 7), where values
rapidly level off. Hydration is far from complete by that time,
however, and major transformations continue to take place
within the pores, as reflected in the impedance diagrams
obtained after aging for a variable time (Fig. 8) and in the
variation of electrochemical parameters for the porous layer
derived from such diagrams (Figs. 9–11).

Accordingly, Rp continues to increase indefinitely for
weeks (Figs. 9, 10), months, years or even decades,11,14 so the
last stage of sealing, probably the transformation of alumina
trihydrate, which is usually formed below 70–80 °C, into a
thermodynamically more stable variety, proceeds also in-
definitely. In any case, EIS continues to provide valuable
information well after routine sealing quality control tests
become ineffective.

Conclusions
1. Adding TEA to the sealing bath accelerates or catalyzes

hydration reactions within the pores of aluminum coat-
ings. The effect continues to be exerted during aging and
further improves sealing quality.

2. Pre-sealing for a short time in a TEA solution at 50 °C  leads
to results similar to those of cold sealing procedures. In
both cases, standard quality requirements are not met
immediately after sealing but are easily met after aging for
a short period.

3. The time needed to meet standard quality requirements is
less than two weeks at ambient temperature and only 24 hr
if the aging temperature is raised to 50 °C.

4. The EIS technique allows changes in the porous layer
during the aging process following sealing to be monitored
with much higher precision than that afforded by classical
standard quality control tests.

Editor’s note:  Manuscript received, July 1997.
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Fig. 11—Variation of the capacitance of the barrier and porous layers
during aging at ambient temperature and at 50 °C, of anodic layers pre-
sealed by immersion in a 2-cm3/L TEA solution at 50 °C for 60 min.

Fig. 10—Variation of the resistance of the porous layer of specimens pre-
sealed in a 2-cm3/L TEA solution at 50 °C for 30 min with temperature
during aging in a wet chamber.
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