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Figure 1. Proposed process change: rinse the boards directly on
top of the active bath and integrate MD to maintain the active bath
concentration and reuse the permeate as rinsing water.

Background and objective. The production of PCBs is a water-intensive process. Several metal plating
steps where the PCBs are rinsed after exposure to an active bath/etching bath, are required for surface
treatment. In every rinsing step, valuable metals (Au, Pd, etc.) are lost and diluted in large amounts of
water. A proposed process change is to rinse the PCBs directly on top of the active bath. However, this
requires a concentration technology for the diluted active bath to keep a constant concentration (Fig. 1).
MD is a thermally driven process that can make use of industrial waste heat and produce high-quality
water. The challenge of this work was the integration of the MD technology to keep a constant concentration
in the active bath while producing a permeate that will meet the requirements to be used in the rinsing step.
The MD technology is still in its first steps of industrial application. This project covered all the steps from
membrane selection to module design and system integration in a real plant at AT&S, a world leader and

largest European PCBs manufacturer.

Membrane robustness

Two different PTFE membranes (0,2 ym, PP scrim
backer) were tested. The membranes were immersed
in the process water (Au and Pd active baths) for a
year. Contact angle (CA) and Liquid Entry Pressure
(LEP) measurements were used to test their
robustness against the process water. Membranes
used for long term flux experiments were also
subjected to these tests.
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Figure 2. Time evolution of the CA measurements of the PTFE
membranes exposed to the Pd and Au bath plating solutions.

All the membrane samples remained hydrophobic
(CA>90°) and showed practically the same CA after
long periods of exposure to the active baths when
compared to the new samples (Fig. 2). However, a
decay of 10-17% was already detected when the
membranes were exposed to the working solution in
comparison with just water.

Regarding the LEP tests, the results showed
practically no influence of the process water in the
robustness of the tested membranes (Fig. 3). The
average LEP values were determined taking into
consideration the threshold set by [1] for the same
measuring method. It remained around 1.5-1.75 bar
for both membranes before and after operation with
the process water.

[1] Warsinger D. et al. Environ. Sci.: Water Res. Technol., 2017,3,
930-939.
in the test cell (0,0375 m? and without heat recovery)
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Figure 3. LEP values for both PTFE membranes as-received
and after exposure to the Au plating solution during months.
Practically no influence was observed.

Transmembrane flux and long-term operation
Experiments were performed in lab scale (test cell
area: 0,0375 m?) in DCMD configuration. A first set of
experiments with DI water to assess the membranes’
performance was done at different temperatures and
velocities (Fig. 4).
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Figure 4. Preliminary flux experiments for the tested
membranes. Experimental conditions: DI water; T feed: 50-80°C
T perm: 20°C; membrane area: 0,0375 m? in DCMD configuration
and different feed flow velocities.

PTFE#1 performed better than PTFE#2 (Fig 4). This ‘
was attributed to the thicker nature of membrane ||
PTFE#2. However, PTFE#2 was selected because of | |

commercial reasons. Fig. 5 shows the results for a

continuous run (>200 h) with the Au solution. The ||
results showed a stable operation and no visible |!

fouling (no flux decay or pressure increase over time).
Maximum flux achieved was ~ 5.6 | h"" m? with a RR
of 0,13%. The AT defined the specific heat
consumption’ which was ~ 1800 kWh m=.

Figure 5. PTFE#2 Transmembrane flux and delta T (Tteed_in-
Tteed_out). Exp. cond.: Au solution (constant concentration); pH
4.5; Tperm_in: 16°C; Tfeed_in: 35°C; Vfeed/perm: 0.1ms™.

Quality of the concentrated feed and permeate
Several experiments to reach the desired
concentration in the feed were performed in the lab.
To confirm the suitability of both the feed
(concentrated active bath) and the permeate,
elemental analysis of metal ions (AA) were conducted.
The required concentration levels in the feed were
achieved (for both Au and Co). In the permeate, the
metal concentrations were below the detection limits
(<0.03 mg I'"). It was found though, that the pH of the
permeate was slightly acidic. In any case and
according to AT&S, the permeate is suitable for
rinsing. Additionally, successful plating tests with the
treated gold solution after one week of continuous MD
separation process were done at AT&S (Fig 6).
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Figure 6. Plating test performed with the Au solution after 1
week of continuous MD concentration. The plated piece was
tested at different electric currents (A) and no defects were

observed.

Conclusion and outlook

e Evidence of permanent compliance with the required target concentration levels and permeate quality was confirmed by the laboratory tests.

e The tests results served to the development of a modelling tool to design a MD module to be integrated in a scale-up concept at AT&S facilities.

e The installation of the first real scale demo MD-Plant at AT&S, Fehring (Austria) is planned for the second half of the year 2018 under the context of the EU
funded H2020-SPIRE-2016 ReWaCEM project.
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