Proceedings of the 2006 IASME/WSEAS International Conference on Energy & Environmental Systems, Chalkida, Greece, May 8-10, 2006 (pp11-14)

NEW ENVIRONMENTALLY FRIENDLY METHODS AND
MATERIALS IN SURFACE TREATMENT

D. K. YFANTIS', A. YFANTIS’, S. LAMPRAKOPOULOS?, S. DEPOUNTIS?, C. YFANTIS', D.
SCHMEISSER’
'Faculty of Chemical Engineering, Dept. III: Materials Science and Engineering
National Technical University of Athens (NTUA), Zografou Campus 157 73, Athens
GREECE
*Faculty of Applied Sciences, General Dept. of Applied Sciences
TEI - Chalkidos 34400, Psachna Evia
GREECE
*Dept. of Applied Physics, Technical University of Cottbus, Cottbus

GERMANY

Abstract: - This work presents an overview of our research work to develop environmentally friendly methods
in different chemical processes (mainly surface treatment). Chrom-free methods in different chemical processes
(mainly surface treatment — anticorrosion protection of metal alloys like aluminium and/ or magnesium,
metallization of plastics, anticorrosive treatment of tin plate etc ) have been developed. A new class of
materials, the conductive polymers and in particular the polypyrroles (Ppy) have been used for these methods.
Applications of Ppy are presented, referring to corrosion protection of Al and Mg alloys and metallizing of

plastics (ABS and glass-reinforced epoxy polymers).
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1 Introduction

In recent years intrinsically conductive polymers
(henceforth ICPs) have attracted much attention as
advanced materials and have led to the development
of novel and diversified applications. ICPs have a
number of interesting features that make their
application in industry particularly attractive. The
most interesting property of ICPs is the high, almost
metallic electrical conductivity. In advance, ICPs
can be deposited even in complex topographies and
possess sufficient mechanical properties within
copolymers. They have low density and good
flexibility and they are often redox reactive. Finally,
ICPs belong to a small class of materials changing
their properties by reversible intercalation processes.
Thus, various technological applications of these
novel polymeric materials have been proposed in
the field of light emitting diodes (LED),
rechargeable batteries, gas sensors, micro/nano
devices, electrochromic  displays, corrosion
protection, metallization of insulators, antistatic
coatings, shielding of electromagnetic interference,
printed circuit technology, for radar avoidance
coatings etc.

This class of polymer is completely different from
“conducting polymers” which are merely a physical

mixture of a non-conductive polymer with a
conducting material such as a metal or carbon
powder distributed throughout the material [1].
‘Conventional’ —non conductive polymers have all
four electrons of carbon used up in covalent bonds,
while in ICPs the chemical bonding leads to one
unpaired electron (the m-electron) per carbon atom
[2]. m-bonding, in which the carbon orbitals are in
the sp’p, configuration. A electronic delocalization
provides a way for charge mobility along the
backbone of the polymer chain.

In advance, the concept of doping is the unique,
central and underlying theme, which distinguishes
conducting polymers from all other types of
polymers [1]. During doping process, an organic
polymer (typically in the range of 107 to 10™ S/cm)
is converted to a polymer, which is in the “metallic”
conducting regime (~1 to 10* S/cm) (Table 1 & 2
specific electrical conductivities). The controlled
addition of known, usually small (<10%) non-
stoichiometric quantities of chemical species result
in dramatic changes in many polymers’ properties.
Doping is reversible to produce the original
polymers with little or no degradation of the
polymer backbone. Both doping and undoping
processes, involving dopant counteranions which
stabilize the doped state, may be carried out
chemically or electrochemically.



Table 1: specific electrical conductivities of various
conventional polymers.

. Electrical
Conventional polymers o
(insulators) conductivity
(S/cm)
Polyethylene (PE) 10"
Cellulosic 107-10"°
Polytetrafluoroethyleneo 10"
Polystyrene (PS) 10"7-107"
Polyester 10°-10"

Table 2: specific electrical conductivities of various
conductive polymers

Intrinsically conductive Electrlp a.l
conductivity
polymers (S/em)

Polyacetylene (PA) 200 — 1000

Poly-p-phenylene (PPP) 500
Polythiophene (PT) 10— 100
Polyaniline (PANI) 5
Polypyrrole (PPY) 100 — 10°

2 Problem Formulation

Chromium compounds are involved in many metal
surface processes (Al and Mg alloys,Tinplate
industry etc ).

The use and disposal of chromium compounds give
rise to a complex environmental and public health
protection problem. These compounds received
much regulatory attention because of their toxicity
(most of these compounds are confirmed or
suspected human carcinogens) and there is the
tendency their use to be completely banded in the
future from all the industrial sectors where
contaminated effluents can be produced.

3 Problem Solution

The following environmentally friendly methods are
discussed:

1. Application of conductive polymers in corrosion-
protection of aluminium alloys (patented method) —
replacing of chromatizing. An innovative formula,
where polypyrrole based coating could be easily
formed on the aluminium surface, has been
developed (aqueous system, pyrrole monomer,
fluorometal acids, zinc oxide). These conversion
coatings  show advanced corrosion resistance
[S1[61[71[8][91[10].

2. Application of conductive polymers in corrosion
protection of magnesium alloys -replacing of
chromatizing. For the corrosion inhibition of Mg
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alloys (AZ31) a thin polyacrylic — polypyrrole film,
has been developed. The optimized synthesis
conditions achieved 70% reduction of corrosion rate
with respect to uncoated specimens [11][12].

3. Use of polypyrrole powder as a pigment in
conventional anticorrosive coatings (primers) —
replacing of zinc chromate pigments. Chemically
produced polypyrrole was used after having been
grinded and added as pigment in conventional
binders like alkyd resins. It was proved that
polypyrrole has satisfactory inhibitive properties in
a corrosive milieu of sodium chloride [13].

4. Metallization of plastics using polypyrrole
coatings - replacing of sulfuric-chromate acid
etching solution - direct copper plating without
palladium deposition. ABS (acrylonitrile butadiene
styrene) specimens were coated in situ with
polypyrrole. The conventional etching bath, hot
sulfuric-chromate acid was not necessary. The Ppy
coating was enough conductive for further copper
plating [14]. The use of non-toxic chemicals with no
etching, no rinsing, and therefore no effluent, makes
our methods environmentally friendly.

This technology offers an attractive alternative to
the classical methodology that is summarized in the
following figure (Table 3 & 4). Advantages of this
novel method over the “conventional” one are : no
use of precious and hazardous materials, much less
steps, environmentally friendly method, ease of
processing etc.

Table 3: Conventional method for metallizing non-
conductive substrates
Conventional Industrial Method
Degreasing
Polymer etching (chrome-sulfuric acid)
Rinsing
Immersion in PdCl, — solution
Surface activation / reduction of Pd*" in SnCl,
solution
Electroless Copper or Nickel plating
Degreasing (10%H,SO,)
Rinsing
Electrodeposition of Copper
Further process

Table 4: alternative method for metallizing non-
conductive substrates based on ICPs
Alternative Method

Polymer etching with (NH,),S,0g

In situ Ppy chemical deposition

Rinsing (water)

Drying

Electrodeposition of Copper




| - Further process

A similar methodology has been developed for the
metallization of PCBs (Printed Circuit Boards). In
this process Ppy 1is deposited by chemical
polymerization, provided on the surface of a glass
fiber reinforced epoxy resin (insulating) composite.
Thus, through hole plating can be achieved by
copper electrodeposition. This method provides
promising advantages and is already in industrial
use in USA and Europe replacing the graphite
through hole technique

5. Application of conductive polymers in
galvanoforrming.Galvanoforming is an advanced
manufacturing process based on the
electrodeposition of a metal (24-carat gold) onto a
substructure (duplicated prepared master die i.e.
type IV dental stone), after which, the substructure
is removed, leaving the electrodeposite as a three-
dimensional, stable, homogeneous metal structure.
Our research work is being carried out in
cooperation with a German company and focuses on
facilitating and accelerating the gold deposition by
applying on type IV dental stone (gypsum product)
a conductive polymer (Ppy)

6. A new chrome-free passivation method of tinplate
used in the canning industry - alternative to the
traditional cathodic dichromate procedure (CDC). A
coating has been developed that is a combination of
an acrylic copolymer with an active pigment based
on fluorozirconic acid. Results of experiments were
encouraging [15][16][17].

4 Conclusion

Environmentally friendly methods in different
chemical processes (mainly metal surface treatment-
surface modification) have been developed in
laboratory scale. The problem of chromium
compounds can be tackled using innovative
materials like conductive polymers of pyrroles.
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