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Das Bundesministerium fiir Umwelt, Naturschutz und Reaktorsicherheit und die 16
Bundesldnder haben eine Verwaltungsvereinbarung geschlossen, um gemeinsam eine
auszugsweise Ubersetzung der BVT-Merkblitter ins Deutsche zu organisieren und zu
finanzieren, die im Rahmen des Informationsaustausches nach Artikel 16 Absatz 2 der
Richtlinie 96/61/EG iber die integrierte Vermeidung und Verminderung der
Umweltverschmutzung (IVU-Richtlinie) (Sevilla-Prozess) erarbeitet werden. Die Vereinbarung
ist am 10.1.2003 in Kraft getreten. Von den BVT-Merkblittern sollen die fiir die
Genehmigungsbehdrden wesentlichen Kapitel iibersetzt werden. Auch Osterreich unterstiitzt
dieses Ubersetzungsprojekt durch finanzielle Beitrige.

Als Nationale Koordinierungsstelle fiir die BVT-Arbeiten wurde das Umweltbundesamt (UBA)
mit der Organisation und fachlichen Begleitung dieser Ubersetzungsarbeiten beauftragt.

Die Kapitel des von der Europdischen Kommission verdffentlichten BVT-Merkblattes
»Oberflichenbehandlung von Metallen und Kunststoffen®, in denen die Besten Verfiigbaren
Techniken beschrieben sind [Zusammenfassung, Kapitel 4, Kapitel 5, Glossar], sind im
Rahmen dieser Verwaltungsvereinbarung im Auftrag des Umweltbundesamtes {ibersetzt
worden.

Die nicht {iibersetzen Kapitel liegen in diesem Dokument in der englischsprachigen
Originalfassung vor. Diese englischsprachigen Teile des Dokumentes enthalten weitere
Informationen (u.a. Emissionssituation der Branche, Technikbeschreibungen etc.), die nicht
iibersetzt worden sind. In Ausnahmefillen gibt es in der deutschen Ubersetzung Verweise auf
nicht iibersetzte Textpassagen. Die deutsche Ubersetzung sollte daher immer in Verbindung mit
dem englischen Text verwendet werden.

Das Kapitel ,,Zusammenfassung® basiert auf der offiziellen Ubersetzung der Europiischen
Kommission in einer zwischen Deutschland, Luxemburg und Osterreich abgestimmten
korrigierten Fassung.

Die Ubersetzungen der weiteren Kapitel sind ebenfalls sorgfiltig erstellt und fachlich durch das
Umweltbundesamt und Fachleute der Bundesldnder gepriift worden. Diese deutschen
Ubersetzungen stellen keine rechtsverbindliche Ubersetzung des englischen Originaltextes dar.
Bei Zweifelsfragen muss deshalb immer auf die von der Kommission verdffentlichte
englischsprachige Version zuriickgegriffen werden.

Dieses Dokument ist auf der Homepage des Umweltbundesamtes
(http://www.bvt.umweltbundesamt.de/kurzue.htm) abrufbar.

Durchfiihrung der Ubersetzung in die deutsche Sprache:

Rudolf Kreisel

Héndelstrafle 9

D-90491 Niirnberg

Tel.: +49 911 511476

Fax: +49 911 516233

E-Mail: Kreisel-Nuernberg@t-online.de
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Zusammenfassung

ZUSAMMENFASSUNG

Das Merkblatt iiber die Besten Verfiigbaren Techniken (BVT-Merkblatt) mit dem Titel
,»Oberflichenbehandlung von Metallen und Kunststoffen (STM)“ beruht auf einem
Informationsaustausch nach Artikel 16 Absatz 2 der Richtlinie 96/61/EG des Rates (IVU-
Richtlinie). In der vorliegenden Zusammenfassung werden die wichtigsten Ergebnisse, die
wesentlichen Schlussfolgerungen zu den BVT und die damit verbundenen Emissions- und
Verbrauchswerte beschrieben. Sie ist im Zusammenhang mit dem Vorwort zu sehen, in dem die
Zielsetzungen dieses Dokuments, seine Verwendung und seine Rechtsgrundlage erldutert
werden. Sie kann als eigenstdndiges Dokument gelesen und verstanden werden. Dem Charakter
einer Zusammenfassung entsprechend sind jedoch nicht alle Aspekte des gesamten Merkblattes
enthalten. Im Prozess der BVT-Entscheidungsfindung ist diese Zusammenfassung daher nicht
als Ersatz fiir den vollen Wortlaut anzusehen.

Anwendungsbereich dieses Dokuments

Der Anwendungsbereich dieses Dokuments ergibt sich aus Anhang I Nummer 2.6 der IVU-
Richtlinie 96/61/EG: ,, Anlagen zur Oberflichenbehandlung von Metallen und Kunststoffen
durch ein elektrolytisches oder chemisches Verfahren, wenn das Volumen der Wirkbdder 30 m’
iibersteigt“. Die Auslegung von ,wenn das Volumen der Wirkbider 30 m’ iibersteigt® ist
wichtig flir die Entscheidung dariiber, ob fiir eine konkrete Anlage eine IVU-Genehmigung
erforderlich ist. MaBBgebend ist die Einleitung zu Anhang I der Richtlinie: ,, Fiihrt ein und
derselbe Betreiber mehrere Tdtigkeiten derselben Kategorie in ein und derselben Anlage oder
an ein und demselben Standort durch, so addieren sich die Kapazititen dieser Tdtigkeiten*.
Viele Anlagen betreiben eine Mischung aus Klein- und GroBproduktionslinien und aus
elektrolytischen und chemischen Verfahren sowie damit verbundene Aktivitdten. Damit wurden
beim Informationsaustausch alle Verfahren innerhalb des Anwendungsbereichs unabhédngig von
ihrer GroBenordnung beriicksichtigt.

In der Praxis werden die zur Zeit angewendeten elektrolytischen und chemischen Verfahren auf
wissriger Basis durchgefiihrt. Direkt damit verbundene Aktivititen werden ebenfalls
beschrieben. Nicht behandelt werden im Merkblatt:

e das Hérten (mit Ausnahme von Wasserstoffentsprodung)

e andere physikalische Oberflachenbehandlungen wie das Vakuumbedampfen mit
Metallen

e das Feuerverzinken und Massenbeizen von Eisen und Stéhlen: diese werden im BVT-
Merkblatt fiir die Verarbeitung von Eisenmetallen erortert

e Oberflichenbehandlungsverfahren, die im BVT-Merkblatt fiir die
Oberflachenbehandlung mittels Losemitteln erortert werden, wenngleich die Entfettung
mittels Losemitteln im vorliegenden Dokument als Entfettungsalternative erwéhnt wird

e das elektrophoretische Lackieren, das ebenfalls im BVT-Merkblatt zu STS erortert
wird.

Oberflichenbehandlung von Metallen und Kunststoffen (STM)

Metalle und Kunststoffe werden behandelt, um ihre Oberflicheneigenschaften fiir folgende
Zwecke zu verdndern: Dekor und Reflexion, verbesserte Héarte und Abriebfestigkeit,
Korrosionsbesténdigkeit und als Basis fiir die bessere Haftung anderer Behandlungen wie
Lackierungen oder lichtempfindliche Beschichtungen zum Bedrucken. Kunststoffe, die
preiswert erhiltlich und problemlos gieB3- oder formbar sind, behalten ihre Eigenschaften wie
Isolationswirkung und Biegsamkeit, wiahrend ihren Oberflichen die Eigenschaften von Metallen
verlichen werden konnen. Leiterplatten sind ein Sonderfall, geht es doch dabei um die
Herstellung komplizierter elektronischen Schaltkreise unter Verwendung von Metallen auf der
Oberfldche von Kunststoffen.
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Zusammenfassung

STM bildet selbst keinen eigenen vertikalen Sektor, da eine Leistung fiir eine Vielzahl
verschiedener anderer Industriezweige erbracht wird. Leiterplatten konnten als Erzeugnisse
gelten, werden aber in grofem Umfang bei der Fertigung von Computern, Mobiltelefonen,
Elektro-Haushaltsgeriten oder Fahrzeugen usw. eingesetzt.

Der Markt fiir Produkte der Oberflichenbehandlung ist anndhernd so strukturiert:
Kraftfahrzeuge 22 %, Bauwesen 9 %, Lebensmittel- und Getrinkebehilter 8 %, Elektroindustrie
7 %, Elektronik 7 %, Stahlhalbzeuge (Komponenten fiir andere Baugruppen) 7 %, industrielle
Ausriistungen 5 %, Luft- und Raumfahrt 5 %, andere 30 %. Die Bandbreite von behandelten
Komponenten reicht von Schrauben, Muttern und Bolzen, Schmuck und Brillengestellen,
Bauteilen fiir Kraftfahrzeuge und andere Industriezweige bis hin zu Stahlwalzen von bis zu 32 t
und iiber 2m Breite fiir das Pressen von Fahrzeugkarosserien, Lebensmittel- und
Getrankebehiltern usw.

Der Transport von Werkstiicken oder Substraten im Rahmen der Fertigung erfolgt entsprechend
ihrer GroBe, Form und geforderten Oberfldchenspezifikation durch Gestelle (rack ist die amer.
Form fiir jig, Anm. d. Bearb.) fiir Einzelteile oder Werkstiicke in kleinen Stiickzahlen und hoher
Qualitdt oder durch Trommeln fiir grole Mengen von Teilen geringerer Qualitdt; kontinuierlich
zu behandelnde  Substrate (von Draht bis hin zu grofen Stahlbandrollen) werden in
Durchlaufanlagen bearbeitet. Bei Leiterplatten sind die Produktionsabfolgen besonders
kompliziert; sadmtliche Tétigkeiten werden unter Verwendung von Gestellen ausgefiihrt,
weshalb die Téatigkeiten unter Gestellanlagen beschrieben und erortert werden mit ergdnzenden
Abschnitten, die sich mit speziellen Aspekten der Trommel-, Band- und
Leiterplattenbearbeitung befassen.

Gesamtzahlen fiir die Produktion liegen nicht vor, aber im Jahre 2000 belief sich der
Bandstahldurchsatz auf rund 10,5 Mio. t, und es wurden rund 640 000 t Aluminium fiir das
Bauwesen anodisiert. Ein anderer Gradmesser fir Grof3e und Bedeutung der Industrie ist die
Tatsache, dass jedes Auto iiber 4000 oberflichenbehandelte Komponenten enthélt, darunter
auch Karosseriepaneele, beim Airbus-Flugzeug sind es sogar mehr als zwei Millionen.

In der EU-15 gibt es ca. 18 000 Anlagen (IVU und Nicht-IVU), obwohl durch den Verlust von
Maschinenbaukapazitdten, vor allem an Asien, die Industrie in den letzten Jahren um mehr als
30 % geschrumpft ist. Mehr als 55 % sind spezialisierte Subunternehmer (,,Lohnbetriebe),
wihrend die iibrigen Oberflichenbehandlungen unter anderen anbieten, in der Regel sind dies
KMU. Einige gro3e Anlagen gehoren groen Unternehmen, aber die meisten sind KMU mit 10
bis 80 Mitarbeitern. Verfahrenslinien sind iiblicherweise modular aufgebaut und aus einer Reihe
von Behiltern zusammengesetzt. GroBanlagen sind allerdings zumeist spezialisiert und
kapitalintensiv.

Wichtigste Umweltprobleme

Die Oberflichenbehandlung spielt eine wichtige Rolle bei der Verlangerung der Lebensdauer
von metallischen Gegenstinden, etwa bei Kfz-Karosserien und Baumaterialien. Ein weiteres
Einsatzgebiet sind Ausriistungen, die die Sicherheit erhohen oder den Verbrauch anderer
Rohstoffe senken (z. B. Galvanisieren von Brems- und Federungssystemen in der Luft- und
Raumfahrt und bei Kraftfahrzeugen, Galvanisieren von Prézisionskraftstoffeinspritzpumpen fiir
Kfz-Motoren zur Reduzierung des Kraftstoffverbrauchs, Galvanisieren von Dosenblechen zur
Lebensmittelkonservierung usw.). Die wichtigsten Einwirkungen auf die Umwelt stehen in
Verbindung mit dem Energie- und Wasserverbrauch, dem Verbrauch von Rohstoffen,
Emissionen in das Oberflichen- und das Grundwasser, festen und fliissigen Abfillen und der
Situation des Standorts bei Stilllegung der Anlage.

Da die in diesem Dokument erfassten Verfahren vorwiegend auf wissriger Basis ablaufen, sind
der Wasserverbrauch und seine Steuerung zentrale Themen, denn er hat auch Einfluss auf die
Verwendung von Rohmaterialien und deren Emission in die Umgebung. Sowohl
prozessintegrierte als auch end-of-pipe-Techniken beeinflussen die Menge und Giite von
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Zusammenfassung

Abwissern sowie die Art und Menge von anfallenden festen und fliissigen Abféllen. Obwohl
Praxis und Infrastruktur in der Industrie sich verbessert haben, kommt es immer noch zu vielen
Umwelthavarien und der Gefahr ungeplanter Emissionen, deren Auswirkungen als zu hoch
angesehen werden.

Fiir die elektrochemischen Reaktionen und den Betrieb der Anlagen wird elektrische Energie
benotigt. Fossile Brennstoffe werden vor allem fiir das Beheizen von Prozessbehiltern und
Arbeitsrdumen sowie zum Trocknen verbraucht.

Die wesentlichen Emissionen, die ins Wasser gelangen, sind Metalle, die als 16sliche Salze
eingesetzt werden. Je nach Verfahren konnen die wéssrigen Emissionen auch Zyanide enthalten
(wenn auch in sinkendem Mafle) sowie Tenside mit unter Umstéinden geringer biologischer
Abbaubarkeit und kumulativer Wirkung, z. B. NPE und PFOS. Die Vorbehandlung von
zyanidhaltigen Abwissern mit Hypochlorit kann zur Entstehung von AOX fiihren.
Komplexbildner (einschlieBlich Zyanide und EDTA) konnen die Féallung von Metallen bei der
Abwasserbehandlung beeintriachtigen oder bereits gefillte Metalle in aquatischem Milieu
riicklésen. Ortlich kénnen noch andere Ionen, z. B. Chloride, Sulfate, Phosphate, Nitrate und
borhaltige Anionen, eine Rolle spielen.

Die Oberflichenbehandlung spielt keine wesentliche Rolle bei Emissionen in die Luft, aber
einige Emissionen konnen ortlich von Bedeutung sein, wie NOyx, HCI, HF und Saurepartikel aus
Beizprozessen, Chrom(VI)-Nebel aus der Verchromung mit Chrom(VI) sowie Ammoniak aus
dem Kupferitzen bei der Leiterplattenherstellung und der chemischen Metallabscheidung. Staub
- als Gemisch aus Schleifmitteln und Abschliffsubstrat — entsteht durch die mechanische
Vorbehandlung von Komponenten. Bei einigen Entfettungsprozessen werden Losemittel
verwendet.

Angewandte Prozesse und Techniken

Bis auf einige einfache Tatigkeiten erfordern alle Vorginge eine gewisse Vorbehandlung (z. B.
Entfettung), gefolgt von mindestens einer Hauptbehandlungsstufe (z. B. Galvanisieren,
Anodisieren oder chemische Bearbeitung) und schlieBlich Trocknen. Alle Verfahren sind fiir
Gestellteile entwickelt worden; einige Verfahren werden auch fiir Teile in Trommeln
durchgefiihrt, und einige Band-Substrate auf Spulen- oder grofen Rollen. Bei Leiterplatten sind
die Fertigungsablaufe kompliziert und kénnen bis zu 60 Schritte umfassen. Fiir Trommel-und-,
Bandgalvanik sowie fiir die Leiterplattenfertigung werden zusétzliche Informationen aufgefiihrt.

Verbrauchs- und Emissionswerte

Best geeignet wiren die Daten, die auf den Produktionsdurchsatz bezogen sind, wie auf die
behandelte Fliche (in m?), aber hier liegen kaum Angaben vor. Der GroBteil der Daten betrifft
die Emissionskonzentrationen fiir spezielle Anlagen oder die Bandbreite fiir Industriezweige
oder Regionen/Lénder. Wasser wird - abgesehen von einigen Kiihlsystemen - am meisten beim
Spiilen verbraucht. Energie (fossile Brennstoffe und Elektrizitdt) wird fiir Heizprozesse und das
Trocknen verbraucht. Elektrizitit wird in einigen Fillen auch zum Kiihlen sowie flir die
elektrochemischen Prozesse, fiir Pumpen und Verfahrensausriistungen,
Behilterzusatzheizungen, zur Beheizung des Arbeitsplatzes und fiir Beleuchtung verbraucht.
Bei Rohmaterialien ist der Verbrauch von Metallen von Bedeutung (wenn auch nicht global,
denn beispielsweise werden nur 4% des in FEuropa verarbeiteten Nickels fiir die
Oberfldchenbehandlung verwendet). Sduren und Basen werden ebenfalls in groen Mengen
verbraucht, andere Materialien wie Tenside hingegen werden oft als fertige Mischungen
geliefert.

Emissionen erfolgen hauptsédchlich in das Wasser, zusitzlich fallen jedes Jahr rund 300 000 t
gefahrliche Abfille an (im Schnitt 16 t pro Anlage), vor allem in Form von Schlamm aus der
Abwasseraufbereitung oder als verbrauchten Prozesslosungen. Ortlich sind einige Emissionen
in die Luft, einschlieBlich Larm von Bedeutung.
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Zusammenfassung

Bei der Festlegung der BVT zu beriicksichtigende Techniken

Wichtige Probleme fiir die Verwirklichung von IVU in diesem Industriezweig sind: wirksame
Managementsysteme (eingeschlossen die Verhinderung von Umweltunféllen und Minimierung
ihrer Auswirkungen, besonders fiir Boden, das Grundwasser sowie die Standortstilllegung),
effizienter Rohmaterial-, Energie- und Wasserverbrauch, die Substitution schidlicher durch
weniger schidliche Stoffe sowie die Minimierung, Aufbereitung und Wiederverwendung von
Abfillen und Abwasser.

Zu den genannten Problemen gibt es eine Vielzahl verschiedener prozessintegrierter und end-of-
pipe-Techniken. Im vorliegenden Dokument werden iiber 200 Techniken zur Vermeidung und
Verminderung der Umweltverschmutzung vorgestellt, und zwar in den folgenden 18 Rubriken:

1. Instrumente des Umweltmanagements: Umweltmanagementsysteme spielen eine wesentliche
Rolle bei der Minimierung der Umweltauswirkungen industrieller Aktivititen im Allgemeinen;
einige MaBnahmen sind von besonderem Belang fiir STM, darunter die Standortstilllegung.
Weitere Instrumente sind die Minimierung von Neubearbeitungen zur Verringerung von
Umweltauswirkungen, das Festlegen von Benchmarks fiir den Verbrauch, die Optimierung von
Verfahrensanlagen (am einfachsten durch Software) und die Verfahrenssteuerung.

2. Anlagenplanung, -bau und -betrieb: Viele allgemeine Mallnahmen kénnen angewendet
werden, um ungeplante Freisetzungen zu vermeiden und zu vermindern, und diese vermeiden
die Verunreinigung von Boden und Grundwasser.

3. Allgemeine Betriebsprobleme: Techniken zum Schutz der zu behandelnden Materialien
senken den Umfang der erforderlichen Behandlung und die entsprechenden Verbrauchs- und
Emissionswerte. Mit der richtigen Positionierung von Werkstiicken in der Prozessfliissigkeit
wird der Austrag von Chemikalien aus Prozesslosungen reduziert, und durch das Bewegen von
Losungen wird eine einheitliche Losungskonzentration an der Oberfliche gewéhrleistet und
zusétzlich beim Anodisieren Warme von der Oberfliche von Aluminium abgefiihrt.

4. Energie-/Wassereinsatz und sein Management: Es gibt Techniken zur Optimierung des
Stromverbrauchs und zur Optimierung der beim Kiihlen verbrauchten Energie- und/oder
Wassermenge. Es kommen andere Brennstoffe vorrangig fiir das Erwdrmen von Losungen unter
Verwendung von direkten oder indirekten Systemen zum Einsatz, und Warmeverluste konnen
vermindert werden.

5. und 6. Austragsverringerung und -verhinderung: Spiltechniken und Riickgewinnung von
Austragsverlusten: Die Hauptquelle fiir Verunreinigungen in dieser Branche sind Rohstoffe, die
von den Werkstiicken aus Prozesslosungen ausgetragen und in das Spililwasser eingetragen
werden. Der sparsame Einsatz von Materialien in den Verfahren sowie die Nutzung von
Spiiltechniken zur Riickgewinnung von Austrag sind mafBgebend fiir eine Senkung des
Rohmaterial- und Wasserverbrauchs sowie die Verringerung von Emissionen in das Abwasser
sowie das Entstehen von Abfall.

7. Andere Wege zur Optimierung des Rohmaterialverbrauchs: Wie das Austragsproblem (siche
oben) kann auch eine mangelhafte Verfahrenssteuerung zur Uberdosierung fithren, wodurch der
Materialverbrauch und die Verluste ins Abwasser zunehmen.

8. Elektrodentechniken: Bei einigen elektrolytischen Verfahren ist die anodische Stromausbeute
hoher als die an der Kathode, was zu Metallanreicherung im Elektrolyten und erhohten
Verlusten fiihrt; dies wiederum ist Ursache fiir vermehrte Abfall- und Qualititsprobleme.

9. Ersatz: Die IVU-Richtlinie verlangt, den Einsatz weniger gefahrlicher Substanzen zu priifen.
Es werden verschiedene Ersatzmoglichkeiten fiir chemische Stoffe und Verfahren erortert.
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Zusammenfassung

10. Pflege der Prozesslosung: In Losungen sammeln sich Verunreinigungen durch Eintrag oder
Abbau von Einsatzstoffen usw. an. Es werden Techniken zur Entfernung dieser
Verunreinigungen erdrtert, durch die die Qualitdt des fertigen Produkts verbessert und die
Nachbearbeitung von Fehlchargen verringert sowie Rohmaterialien gespart werden.

11. Riickgewinnung von Prozessmetallen: Diese Techniken kommen oft in Verbindung mit
Austragkontrollen zur Riickgewinnung von Metallen zum Einsatz.

12: Nachbehandlungstitigkeiten: Dazu gehoren das Trocknen und Entsprodung, doch es
wurden keine Daten vorgelegt.

13: Bandbeschichtung im Durchlaufbetrieb — Stahlbandbeschichtung im grofstechnischen
Mapstab: Hierbei handelt es sich um spezielle Techniken fiir die Stahlbandbeschichtung in
GrofBanlagen, und sie ergidnzen Techniken in anderen Abschnitten, die anwendbar sind. Sie
konnen auch bei anderen Bandbeschichtungs- oder Reel-to-Reel-Verfahren angewendet werden.

14. Leiterplatten: Diese Techniken dienen speziell der Leiterplattenfertigung, die allgemeine
Erorterung von Techniken schlie3t jedoch die Leiterplattenherstellung ein.

15: Verminderung von Luftemissionen: Bei einigen Tatigkeiten kommt es zu Emissionen in die
Luft, die verringert werden miissen, um Ortliche Umweltqualititsnormen zu erfiillen. Es werden
prozessintegrierte Techniken sowie Extraktion und Behandlung erortert.

16: Verminderung von Abwasseremissionen: Abwasser und der Verlust von Rohstoffen konnen
gesenkt werden, aber sehr selten auf Null. Zusétzliche Abwasserbehandlungstechniken richten
sich nach der Art der vorhandenen Chemikalien einschlieBlich Metallkationen, Anionen, Ole
und Fette und Komplexbildner.

17: Abfallmanagement: Abfallminimierung wird durch Kontrolle der Ausschleppverluste sowie
durch Pflege der Elektrolyte erreicht. Das Hauptabfallaufkommen sind Schlémme aus der
Abwasserbehandlung, verbrauchte Losungen und Abfille aus der Prozesswartung. Interne
Techniken kdénnen die Verwendung von Aufbereitungstechniken Dritter unterstiitzen (die
jedoch nicht zum Umfang des vorliegenden Dokuments gehdren).

18: Liarmmanagement: Beispielhafte Praktiken und/oder maBigeschneiderte Techniken kénnen
Larmeinwirkungen verringern.

BVT fiir die Oberfliichenbehandlung von Metallen und Kunststoffen

Im BVT-Kapitel (Kapitel 5) werden die Techniken genannt, die als BVT im Allgemeinen
gelten, vor allem basierend auf den Angaben in Kapitel 4 sowie unter Berlicksichtigung der
Definition des Begriffs ,beste verfiigbare Techniken“ in Artikel 2 Absatz 11 und der
Erwédgungen in Anhang IV der Richtlinie. Im BVT-Kapitel werden keine Emissionsgrenzwerte
festgelegt oder vorgeschlagen, sondern Verbrauchs- und Emissionswerte empfohlen, die mit der
Anwendung bestimmter BVT erreicht werden koénnen.

Im Folgenden werden die wichtigsten BVT-Schlussfolgerungen zu den relevantesten
Umweltproblemen zusammengefasst. Auch wenn die Industrie im Hinblick auf die Gréfe und
Bandbreite der Tatigkeiten komplex ist, gelten die gleichen grundlegenden BVT fiir alle, und es
werden andere BVT fiir spezielle Verfahren genannt. Die BVT-Elemente miissen dann an den
speziellen Anlagentyp angepasst werden.

Grundlegende BVT

BVT bedeutet die Umsetzung und Einhaltung von Umwelt- und anderen Managementsystemen.
Dazu gehoren die Festlegung von Vergleichswerten fiir Verbrauchs- und Emissionswerte (im
zeitlichen Verlauf gegeniiber internen und externen Daten), die Optimierung von Verfahren und
die Minimierung von Nacharbeit. BVT bedeutet Schutz der Umwelt, vor allem von Boden und
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Grundwasser, durch einfaches Risikomanagement bei der Planung, beim Bau und Betrieb von
Anlagen im Verbund mit Techniken, die im vorliegenden Dokument und im BVT-Merkblatt zur
Lagerung gefahrlicher Substanzen und staubender Giiter (Lagerung und Verwendung von
Prozesschemikalien und Rohmaterialien) beschrieben werden. Diese BVT sind hilfreich bei der
Standortstilllegung durch Verminderung ungeplanter Emissionen in die Umwelt, der
Aufzeichnung der Vorgeschichte des Einsatzes von Vorrang- und geféhrlichen Chemikalien und
der unverziiglichen Regelung von potenzieller Verunreinigung.

BVT ist die Minimierung der Verluste an elektrischer Energie im Versorgungssystem sowie die
Verringerung von Wirmeverlusten bei den Heizprozessen. In Bezug auf das Kiihlen heifit BVT,
den Wasserverbrauch durch Verwendung von Verdunstungssystemen und/oder Systemen mit
geschlossenen Kreisldufen zu verringern und auflerdem Systeme zu konstruieren und zu
betreiben, die die Bildung und Ubertragung von Legionellen verhindern.

BVT ist die Minimierung von Materialverlusten durch das Zuriickhalten von Rohmaterialien in
Prozessbehiltern und gleichzeitig die Minimierung des Spiilwasserverbrauchs durch
Verminderung des Ein- und Austrags von Prozesslosungen sowie der Anzahl der Spiilstufen.
Dies kann erreicht werden durch Behandlung von Werkstlicken auf Gestellen und in Trommeln,
die ein schnelles Abtropfen zu ermdglichen, durch die Vermeidung einer Uberdosierung von
Prozesslosungen und durch den Einsatz von Oko- und Mehrfach- Gegenstrom-Spiilen
(Kaskaden) insbesondere mit der Riickfiihrung von Spiilwasser in den Prozessbehélter. Diese
Techniken konnen noch aufgewertet werden durch die Anwendung von Techniken zur
Riickgewinnung von Materialien aus den Spiilstufen. Der Referenzwert fiir den
Wasserverbrauch  bei einer Kombination dieser Techniken liegt bei 3 -20 I/m’
Substratoberflache/Spiilstufe; es werden einschrinkende Faktoren fiir diese Techniken
beschrieben. Fiir beispielhafte Anlagen werden einige Materialeffizienzwerte in Verbindung mit
diesen Riickhalte- und Riickgewinnungstechniken angegeben.

In manchen Fillen kann der Spiilwasserverbrauch fiir ein spezielles Verfahren einer Linie
verringert werden, bis der Materialkreislauf geschlossen ist: Das ist BVT beispielsweise fiir
Edelmetalle, Chrom(VI) und Cadmium. Diese ,,abwasserfreiec Technik* ist nicht fiir eine
gesamte Verfahrenslinie bzw. Anlage geeignet; sie kann in einzelnen Féllen erreicht werden, ist
aber keine generelle BVT.

Andere BVT, die Aufbereitung und Riickgewinnung unterstiitzen, sind aufgefiihrt, um
potenzielle Abfallstrome fiir die Trennung und Behandlung ermitteln, um Materialien wie
Aluminiumhydroxidsuspension extern wieder verwenden oder bestimmte Sduren und Metalle
extern riickgewinnbar zu machen.

BVT beinhaltet die Vermeidung, die Trennung von Abwasserteilstromen, die Maximierung der
internen Aufbereitung (durch Behandlung gemidB der Einsatzanforderungen) und die
Anwendung geeigneter Behandlungen fiir das Abwasser. Dazu gehoren Techniken wie
chemische Behandlung, Olabscheidung, Sedimentation und/oder Filtration. Vor dem Einsatz
neuer Prozesschemikalien ist es BVT, diese auf mogliche Folgen fiir das
Abwasserbehandlungssystem zu priifen und potenzielle Probleme zu 16sen.

Die folgenden Werte werden beispielhaft in STM-Anlagen erreicht, in denen jeweils mehrere
BVT angewendet werden. Sie sollten mithilfe der Anmerkungen in den Kapiteln 3 und 4 und
der Anleitung des Merkblatts zu den allgemeinen Uberwachungs-grundsitzen interpretiert
werden:
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Emissionswerte in einigen Anlagen bei Anwendung einer Reihe verschiedener BVT*
Gestelle, Trommeln, kleine
Bandbeschichtungs- und andere Beschichtung von Stahlband
Verfahren aufler Stahlbandbeschichtung | in grofitechnischem Mal3stab
im grofien Mafistab
Abgaben in die
offentliche Zusétzliche
Alle Angaben Kanalisation Bestimmungsgrofen, nur Weiliblech Zn oder Zn-
in mg/1 oder das anwendbar bei Abgaben oder ECCS Ni
Oberflachen- | in das Oberfldchenwasser
wasser
Ag 0,1-0,5
Al 1-10
Cd 0,10-0,2
CN, frei 0,01 -0,2
CrVI 0,1 -0,2 0,001 -0,2
Cr gesamt 0,1-2,0 0,03-1,0
Cu 0,2-2,0
F 10-20
Fe 0,1 -5 2-10
Ni 0,2-2,0
Phosphat als P 0,5-10
Pb 0,05-0,5
Sn 0,2-2,0 0,03-1,0
Zn 0,2-2,0 0,02-0,2 0,2-22
CSB 100 — 500 120 - 200
Kohlenwasser- 1_5
stoffe gesamt
VOX 0,1-0,5
4-40
Suspendierte 5_3p (nur
Feststoffe Oberflichenwas
ser)

*Diese Werte beziehen sich auf die Tagesmenge von Verbundstoffen, ungefiltert vor der Analyse und
ermittelt nach der Behandlung und vor einer Verdiinnung, z. B. durch Kiihlwasser, anderes Prozesswasser
oder Niederschlagswasser

Luftemissionen konnen die ortliche Umweltqualitit beeintrachtigen, und dann ist es BVT,
diffuse Emissionen aus einigen Verfahren durch Extraktion und Behandlung zu verhindern.
Diese Techniken werden mit dazugehdrigen Referenzswerten fiir Dbeispielhafte Anlagen
beschrieben.

Es ist BVT, Larm durch beispielhafte Praktiken zu verhindern, z. B. durch Schlieen von Tiiren,
Minimierung der Lieferintervalle und Anpassung von Lieferzeiten, oder gegebenenfalls durch
spezielle MaBBnahmen

Spezielle BVT

Es ist allgemeine BVT, weniger gefahrliche Stoffe zu verwenden. Es ist BVT, EDTA durch
biologisch abbaubare Alternativen zu ersetzen oder alternative Techniken anzuwenden. Wenn
EDTA verwendet werden muss, ist es BVT, Verluste moglichst gering zu halten und alle Reste
im Abwasser zu kliaren. Bei PFOS ist es BVT, den Einsatz durch die Kontrolle der Zugabe zu
minimieren, Ddmpfe zu minimieren, und zwar durch Kontrolle mittels Techniken wie
schwimmende Oberfldchenisolierung: die Gesundheit am Arbeitsplatz kann jedoch ein
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wichtiger Faktor sein. Bei der Anodisierung kann schrittweise darauf verzichtet werden, und es
gibt alternative Verfahren fiir die Chrom(VI)- und die cyanidftreie alkalische Verzinkung.

Cyanid kann nicht bei allen Anwendungen ersetzt werden, aber die cyanidische Entfettung ist
keine BVT. BVT-Ersatz fiir cyanidisches Zink ist saures oder alkalisch-cyanidfreides Zink und
fiir cyanidisches Kupfer — mit einigen Ausnahmen — saures Kupfer — oder die Mdglichkeit,
Kupfer-Pyrophosphat einzusetzen.

Chrom(VI) kann bei der Hartverchromung nicht ersetzt werden. BVT fiir das dekorative
Galvanisieren sind Chrom(III) oder alternative Verfahren wie Zinn-Kobalt. Doch kénnen in
einer Anlage besondere Griinde fiir die Verwendung von Chrom(VI) gegeben sein,
beispielsweise Abriebfestigkeit oder Farbe. Bei einer Chrom(VI)-Galvanisierung ist es BVT,
Luftemissionen durch Techniken wie das Abdecken der Losung oder des Behélters und einen
geschlossenen Kreislauf fir das Chrom(VI) und bei neuen und umgebauten Linien in
bestimmten Situationen durch Einhausen der Linie zu reduzieren. Es ist derzeit nicht mdglich,
eine BVT fiir die Chrom-Passivierung zu formulieren, aber es ist BVT, Chrom(VI)-Systeme bei
Phosphor-Chrom-Oberfliachen durch Systeme ohne Chrom(IV) zu ersetzen.

Fiir das Entfetten ist es BVT, mit den Kunden zusammenzuarbeiten, um die aufgebrachte Fett-
bzw. Olmenge so gering wie mdglich zu halten und/oder iiberschiissiges Ol mittels
physikalischer Techniken zu entfernen. Es ist BVT, die Losemittelentfettung durch andere
Techniken zu ersetzen, in der Regel durch solche auf Wasserbasis, es sei denn, diese Techniken
konnen das Substrat beschddigen. Bei wissrigen Entfettungssystemen ist es BVT, die Menge an
verbrauchten Chemikalien und den Energieverbrauch zu reduzieren, indem Langzeitsysteme mit
Wartung oder Regenerierung der Losung eingesetzt werden.

Es ist BVT, die Nutzungsdauer von Prozesslosungen zu verlingern sowie die Qualitit zu
erhalten, indem Losungen innerhalb festgelegter Grenzwerte mittels der in Kapitel 4
beschriebenen Techniken {iberwacht und gewartet werden.

Fiir das Beizen in grofitechnischem Mafistab ist es BVT, die Standzeit der Sdure durch
Techniken wie Elektrolyse zu verldngern. Die Séuren konnen auBerdem extern riickgewonnen
werden.

Es gibt spezielle BVT fiir das Anodisieren, darunter in bestimmten Einzelfillen die
Riickgewinnung von Wirme aus Verdichtungsbiddern. Es ist ebenfalls BVT, Atzlauge
rickzugewinnen, wenn der Verbrauch hoch ist, keine Zusatzstoffe storen, und die Oberfléche
die Spezifikationen erfiillen kann. Es ist keine BVT, Spiilwasserkreisldufe mit entionisiertem
Wasser zu schlieBen, und zwar wegen der medieniibergreifenden Auswirkungen des
Regenerationsaufwands.

In groftechnischen Stahlbandanlagen ist es — zusétzlich zu anderen relevanten BVT — BVT,

e Echtzeitprozesssteuerungen zur Verfahrensoptimierung zu benutzen

e defekte Motoren durch energieeffiziente Motoren zu ersetzen

e Abquetschwalzen zu benutzen, um den FEin- und Austrag von Prozesslosung zu
verhindern

o die Polaritét der Elektroden beim elektrolytischen Entfetten und Beizen in regelméBigen
Abstinden zu wechseln

e den Olverbrauch durch die Verwendung von abgedeckten elektrostatischen Olern
gering zu halten

e den Anoden-Kathoden-Abstand bei elektrolytischen Verfahren zu optimieren

e die Leitrollenleistung durch Polieren zu verbessern

e Kantenpoliermittel zu verwenden, um Metallabscheidungen an der Bandkante zu
entfernen
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e Kantenabdeckungen (Blenden) zu verwenden, um {iberschiissige Metallabscheidungen
zu vermeiden, und um eine Streuung zur Riickseite zu verhindern, wenn nur eine Seite
galvanisiert wird.

Bei Leiterplatten ist es — zusétzlich zu den anderen relevanten BVT — BVT,

e Abquetschwalzen zu verwenden, um den Aus- und Eintrag von Prozesslosung zu
vermeiden

o umweltvertridgliche Techniken fiir das Bonden der Innenlagen zu verwenden

e fiir das Trockenresist: den Austrag zu verringern, die Konzentration und das
Aufspriihen des Entwicklers zu optimieren und das entwickelte Resist aus dem
Abwasser zu entfernen

e fiir das Atzen: die Konzentrationen der Atzchemikalien regelméBig zu optimieren und
beim Ammoniakitzen die Atzlosung zu regenerieren und das Kupfer riickzugewinnen.

In Entwicklung befindliche Techniken

Fiir die Minimierung von Umweltauswirkungen sind derzeit einige Techniken in der
Entwicklung oder begrenzt im Einsatz. die als in der Entwicklung befindliche Techniken
angesehen werden. Finf von ihnen werden in Kapitel 6 erdrtert: Die Integration der
Oberflichenbehandlungen in die laufende Fertigung ist in drei Féllen erfolgreich demonstriert
worden, kann aber aus verschiedenen Griinden doch nicht in jedem Falle umgesetzt werden. Ein
Chrom(IIl)-Ersatzverfahren fiir die Hartverchromung mittels modifiziertem Impulsstrom ist
weit fortgeschritten und befindet sich jetzt im Vorlauftest bei drei typischen Anwendungen. Die
Kosten fiir die Ausriistung werden hoher sein, was aber durch die geringeren Kosten fiir
Energie, Chemikalien und andere Posten wieder ausgeglichen wird. An Ersatzmaterialien fiir
Chrom(VI) bei Passivierungsbeschichtungen wird derzeit gearbeitet, um die Anforderungen
beider Richtlinien zu erfiillen. Das elektrochemische Abscheiden von Aluminium und
Aluminiumlegierungen aus organischen Elektrolyten ist erfolgreich demonstriert worden,
bedingt aber den Einsatz explosiver und leicht entflammbarer Elektrolyte. Bei Leiterplatten
konnen Feinstleiter-Schaltungen mit weniger Material auskommen und der Bildauftrag kann
verbessert werden, und zwar bei reduziertem Chemikalieneinsatz durch Verwendung von
Lasern.

Abschliefende Bemerkungen

Das Dokument beruht auf iiber 160 Informationsquellen mit maB3gebenden Informationen
sowohl aus der Industrie (vor allem von Betreibern, weniger von Zulieferern) und
Mitgliedstaaten. Probleme mit Daten werden im Einzelnen dargelegt: in erster Linie geht es um
das Fehlen einheitlicher Mengenangaben. Die Verbrauchs- und Emissionswerte werden
iiberwiegend nicht fiir einzelne Techniken, sondern fiir Gruppen von Techniken genannt.
Dadurch sind einige BVT allgemein oder es werden keine Schlussfolgerungen gezogen, obwohl
konkrete Schlussfolgerungen fiir Industrie und Regulierer hilfreich waren.

Im Allgemeinen bestand ein hohes MaB an Ubereinstimmung, die Schlussfolgerungen
betreffend, und es waren keine abweichenden Meinungen zu verzeichnen.

Der Informationsaustausch und seine Ergebnisse, d. h. das vorliegende BVT-Merkblatt, stellen
einen wichtigen Schritt auf dem Weg zur Erreichung der integrierten Vermeidung und
Verminderung der von der Oberflichenbehandlung von Metallen und Kunststoffen ausgehenden
Umweltverschmutzung dar. Mit der kiinftigen Arbeit konnte dieser Prozess fortgesetzt werden.
Zu diesem Zweck sollten folgende Schritte unternommen werden

e Bereitstellung aktueller Informationen zum Einsatz von PFOS und dessen Alternativen
sowie Ersatztechniken fiir die Chrom(VI)-Passivierung
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Bereitstellung von mehr mengenbezogenen Daten zu erreichten Verbesserungen im
Umweltbereich, Nebenwirkungen und Kosten, insbesondere fiir Heizen, Kiihlen,
Trocknen und Wasserverbrauch/-wiederverwendung

weitere Informationen zu neuen Techniken, die in Kapitel 6 genannt werden

Software zur Verfahrensoptimierung fiir eine Reihe unterschiedlicher Verfahren und in
ausgewdhlten Sprachen.

Weitere wichtige Empfehlungen, die iiber den Anwendungsbereich des vorliegenden
BVT-Merkblatts hinausreichen, sich jedoch aus dem Informationsaustausch ergeben, betreffen
folgende Punkte:

die Entwicklung strategischer Umweltziele fiir die Industrie insgesamt

eine Liste von Forschungsschwerpunkten der Industrie

die Organisation von ,,Klubs“ oder Kooperationsaktivititen, insbesondere fiir die
Durchfiihrung eines Teils dieser weiteren Arbeit

die Nutzung eines ,Klub“-Ansatzes fiir die Entwicklung der Riickgewinnung
bestimmter Abfille durch Dritte (speziell Metalle und Beizsduren), wenn keine
prozessintegrierten Techniken verfiigbar sind

die Entwicklung des Konzepts der ,,unendlichen Wiederverwertbarkeit* fiir Metalle und
und Metalloberfldchen zur Beratung von Herstellern und Verbrauchern

die Entwicklung und Forderung von leistungsbezogenen Normen, um die Akzeptanz
neuer Techniken mit besserer Umweltvertraglichkeit zu steigern.

Ferner wurden im Rahmen des Informationsaustauschs einige Bereiche ausgemacht, in denen
FuE-Projekte sinnvoll wiren, beispielsweise

die Verldngerung der Standzeiten der Elektrolyte und/oder Metallriickgewinnung bei
der chemischen Metallabscheidung. Diese Elektrolyte haben eine sehr begrenzte
Standzeit und sind eine Hauptquelle fiir Metallabfille.

Techniken zur schnellen und preiswerten Messung der Oberfliche von Werkstiicken
wiirden der Industrie helfen, ihre Verfahren, Kosten und damit auch Verbrauch und
Emissionen leichter zu kontrollieren. Die Techniken sollten eine Bezugnahme der
Oberflachengréfe zu anderen durchgehenden Maflen wie dem Metallverbrauch oder
dem Substratdurchsatz (in Tonnen) einschlieBen

Optionen fiir die weitere Anwendung von Techniken, die mit moduliertem Strom
arbeiten und —Ausriistungen hierfiir. Diese Technik kann einige der Probleme der
herkdmmlichen Gleichspannungsgalvanisierung 16sen.

Verbesserung der Materialeffizienz bei einigen ermittelten Verfahren.

Die Europédische Kommission initiiert und fordert im Rahmen ihrer FuE-Programme zahlreiche
Projekte, saubere Technologien, neue Abwasserbehandlungs- und -aufbereitungsverfahren
sowie Managementstrategien betreffend. Diese Projekte konnen moglicherweise einen
niitzlichen Beitrag zu kiinftigen Uberarbeitungen dieses Dokuments leisten. Die Leser werden
daher gebeten, das Europdische Biiro fiir die integrierte Vermeidung und Verminderung der
Umweltverschmutzung (EIPPCB) iiber etwaige Forschungsergebnisse zu unterrichten, die fiir
dieses Merkblatt von Bedeutung sind (siche auch Vorwort).
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VORWORT

1. Status dieses Dokuments

Sofern nicht anders angegeben, beziehen sich alle Hinweise auf ,die Richtlinie* im
vorliegenden Dokument auf die Richtlinie 96/61/EG des Rates iiber die integrierte Vermeidung
und Verminderung der Umweltverschmutzung. Wie die Richtlinie beriihrt auch dieses
Dokument nicht die Vorschriften der Gemeinschaft tiber die Gesundheit und Sicherheit am
Arbeitsplatz.

Dieses Dokument ist Teil einer Reihe, in der die Ergebnisse eines Informationsaustauschs
zwischen den EU-Mitgliedstaaten und der betroffenen Industrie iiber beste verfiigbare
Techniken (BVT), die damit verbundenen UberwachungsmaBnahmen und die Entwicklungen
auf diesem Gebiet vorgestellt werden. Es wird von der Europdischen Kommission gemil
Artikel 16 Absatz 2 der Richtlinie verdffentlicht und muss daher gemidfl Anhang IV der
Richtlinie bei der Festlegung der ,,besten verfiigbaren Techniken” beriicksichtigt werden.

2. Rechtliche Pflichten und Definition der BVT gemill der Richtlinie iiber die
integrierte Vermeidung und Verminderung der Umweltverschmutzung

Um dem Leser das Verstindnis des rechtlichen Rahmens zu erleichtern, in dem das vorliegende
Dokument ausgearbeitet wurde, werden im Vorwort die wichtigsten Bestimmungen der
Richtlinie tber die integrierte Vermeidung und Verminderung der Umweltverschmutzung
beschrieben und eine Definition des Begriffs ,,beste verfiigbare Techniken” gegeben. Diese
Beschreibung muss zwangsldufig unvollstindig sein und dient ausschlieSlich der Information.
Sie hat keine rechtlichen Konsequenzen und é&ndert oder beriihrt in keiner Weise die
Bestimmungen der Richtlinie.

Die Richtlinie dient der integrierten Vermeidung und Verminderung der Umweltverschmut-
zung, die durch die im Anhang I aufgefiihrten Tétigkeiten verursacht wird, damit insgesamt ein
hoher Umweltschutz erreicht wird. Die Rechtsgrundlage der Richtlinie bezieht sich auf den
Umweltschutz. Bei ihrer Anwendung sollten auch die anderen Ziele der Gemeinschaft, wie die
Wettbewerbsfahigkeit der europdischen Industrie, beriicksichtigt werden, so dass sie zu einer
nachhaltigen Entwicklung beitrégt.

Im Einzelnen sieht sie ein Genehmigungsverfahren fiir bestimmte Kategorien industrieller
Anlagen vor und verlangt sowohl von den Betreibern als auch von den Durchfithrungsbehdrden
und sonstigen Einrichtungen eine integrierte, ganzheitliche Betrachtung des Umweltver-
schmutzungs- und Verbrauchspotenzials der Anlage. Das Gesamtziel dieses integrierten
Konzepts muss darin bestehen, das Management und die Kontrolle der industriellen Prozesse so
zu verbessern, dass ein hoher Schutz der gesamten Umwelt gewihrleistet ist. Von zentraler
Bedeutung fiir dieses Konzept ist das in Artikel 3 verankerte allgemeine Prinzip, nach dem die
Betreiber alle geeigneten Vorsorgemafinahmen gegen Umweltverschmutzungen zu treffen
haben, insbesondere durch den Einsatz der besten verfiigbaren Techniken, mit deren Hilfe sie
ihre Umweltschutzleistungen verbessern konnen.

Der Begriff ,,beste verfiigbare Techniken® ist in Artikel 2 Absatz 11 der Richtlinie definiert als
»der effizienteste und fortschrittlichste Entwicklungsstand der Tétigkeiten und entsprechenden
Betriebsmethoden, der spezielle Techniken als praktisch geeignet erscheinen lésst, grundsétzlich
als Grundlage fiir die Emissionsgrenzwerte zu dienen, um Emissionen in und Auswirkungen auf
die gesamte Umwelt allgemein zu vermeiden oder, wenn dies nicht moglich ist, zu vermindern.*
Weiter heif3t es in der Begriffsbestimmung in Artikel 2 Absatz 11:

»Techniken® beinhalten sowohl die angewandte Technologie als auch die Art und Weise, wie
die Anlage geplant, gebaut, gewartet, betrieben und stillgelegt wird.
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Als ,,verfiigbar* werden jene Techniken bezeichnet, die in einem Mafistab entwickelt sind, der
unter Beriicksichtigung des Kosten/Nutzen-Verhiltnisses die Anwendung unter in dem
betreffenden industriellen Sektor wirtschaftlich und technisch vertretbaren Verhiltnissen
ermoglicht, gleich, ob diese Techniken innerhalb des betreffenden Mitgliedstaats verwendet
oder hergestellt werden, sofern sie zu vertretbaren Bedingungen fiir den Betreiber zuginglich
sind.

Als ,,beste” gelten jene Techniken, die am wirksamsten zur Erreichung eines allgemein hohen
Schutzes fiir die Umwelt als Ganzes sind.

Anhang IV der Richtlinie enthélt eine Liste von ,,Punkten, die bei Festlegung der besten
verfiigbaren Techniken im Allgemeinen wie auch im Einzelfall zu beriicksichtigen sind ... unter
Beriicksichtigung der sich aus einer Maflnahme ergebenden Kosten und ihres Nutzens sowie des
Grundsatzes der Vorsorge und Vermeidung“. Diese Punkte schlieen jene Informationen ein,
die von der Kommission gemafl Artikel 16 Absatz 2 veréffentlicht werden.

Die fiir die Erteilung von Genehmigungen zustindigen Behorden haben bei der Festlegung der
Genehmigungsauflagen die in Artikel 3 verankerten allgemeinen Prinzipien zu beriicksichtigen.
Diese Genehmigungsauflagen miissen Emissionsgrenzwerte enthalten, die gegebenenfalls durch
dquivalente Parameter oder technische MaBBnahmen erweitert oder ersetzt werden. Entsprechend
Artikel 9 Absatz 4 der Richtlinie miissen sich diese Emissionsgrenzwerte, dquivalenten Para-
meter und technischen MaBBnahmen unbeschadet der Einhaltung der Umweltqualititsnormen auf
die besten verfiigbaren Techniken stiitzen, ohne dass die Anwendung einer bestimmten Technik
oder Technologie vorgeschrieben wird. Hierbei sind die technische Beschaffenheit der
betreffenden Anlage, ihr Standort und die jeweiligen Ortlichen Umweltbedingungen zu
beriicksichtigen. In jedem Fall haben die Genehmigungsauflagen Vorkehrungen zur weitest-
gehenden Verminderung weitrdumiger oder grenziiberschreitender Umweltverschmutzungen
vorzusehen und einen hohen Schutz fiir die Umwelt als Ganzes sicherzustellen.

Gemal Artikel 11 der Richtlinie haben die Mitgliedstaaten daflir zu sorgen, dass die
zustindigen Behorden die Entwicklungen bei den besten verfiigbaren Techniken verfolgen oder
dartiber informiert sind.

3. Ziel des Dokuments

Entsprechend Artikel 16 Absatz 2 der Richtlinie hat die Kommission ,einen
Informationsaustausch zwischen den Mitgliedstaaten und der betroffenen Industrie iiber die
besten verfiigbaren Techniken, die damit verbundenen UberwachungsmaBnahmen und die
Entwicklungen auf diesem Gebiet“ durchzufithren und die Ergebnisse des Informations-
austausches zu veroffentlichen.

Der Zweck des Informationsaustausches ist unter der Erwégung 25 der Richtlinie erldutert, in
der es heifit: ,,Die Entwicklung und der Austausch von Informationen auf Gemeinschaftsebene
iiber die besten verfiigbaren Techniken werden dazu beitragen, das Ungleichgewicht auf
technologischer Ebene in der Gemeinschaft auszugleichen, die weltweite Verbreitung der in der
Gemeinschaft festgesetzten Grenzwerte und der angewandten Techniken zu fordern und die
Mitgliedstaaten bei der wirksamen Durchfiihrung dieser Richtlinien zu unterstiitzen.*

Zur Unterstiitzung der unter Artikel 16 Absatz 2 vorgesehenen Malinahmen hat die Kommission
(GD Umwelt) ein Informationsaustauschforum (IEF) geschaffen, unter dessen Schirmherrschaft
mehrere technische Arbeitsgruppen eingesetzt wurden. Bei diesem Forum und in den
technischen Arbeitsgruppen sind, wie in Artikel 16 Absatz 2 verlangt, sowohl die
Mitgliedstaaten als auch die Industrie vertreten.

In dieser Dokumentenreihe werden der Informationsaustausch, wie er geméfl Artikel 16 Absatz
2 stattgefunden hat, genau wiedergegeben und der Genehmigungsbehorde Referenz-
informationen fiir die Genehmigungsauflagen zur Verfiigung gestellt. Mit ihren Informationen
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iiber die besten verfligbaren Techniken sollen diese Dokumente als ein wertvolles Mittel zur
Verbesserung der Umweltschutzleistung dienen.

4. Informationsquellen

Dieses Dokument enthélt eine Zusammenfassung von Informationen, die aus verschiedenen
Quellen, einschlieBlich sachkundiger Angaben der zur Unterstiitzung der Kommission
geschaffenen Arbeitsgruppen, stammen und von den Dienststellen der Kommission gepriift
wurden. Alle Beitrdge werden dankbar anerkannt.

5. Anleitung zum Verstindnis und zur Benutzung des Dokuments

Die im vorliegenden Dokument enthaltenen Informationen sind als Unterstiitzung bei der
Bestimmung der BVT in speziellen Fallen gedacht. Bei der Bestimmung der BVT und bei den
auf BVT basierenden Genehmigungsauflagen ist stets vom Gesamtziel, d. h. einem hohen
Schutz fiir die Umwelt als Ganzes, auszugehen.

Der verbleibende Teil dieses Abschnitts beschreibt, welche Art von Informationen die einzelnen
Kapitel des Dokuments enthalten.

Kapitel 1 und 2 geben allgemeine Informationen iiber die Branche und iiber die in der Branche
angewandten industriellen Verfahren. Kapitel 3 enthdlt Daten und Angaben iiber die Emissions-
und Verbrauchswerte bestehender Anlagen. Sie zeigen den Stand zum Zeitpunkt der
Erarbeitung des Dokuments.

In Kapitel 4 werden eingehender die Verfahren zur Emissionsverminderung und andere
Methoden beschrieben, die als die wichtigsten fiir die Bestimmung der BVT wie auch fiir die
auf BVT basierenden Genehmigungsauflagen betrachtet werden. Diese Informationen schlieSen
die Verbrauchs- und Emissionswerte ein, die sich mit dem jeweiligen Verfahren erreichen
lassen, einige Vorstellungen iiber die mit der jeweiligen Technik verbundenen Kosten und die
medieniibergreifenden Aspekte sowie Angaben iiber die Anwendbarkeit der Technik in
Anlagen, die der IVU-Genehmigung unterliegen, z. B. neue, bestehende, grofle oder kleine
Anlagen. Verfahren, die allgemein als veraltet gelten, wurden nicht beriicksichtigt.

In Kapitel 5 werden die Verfahren und die Emissions- und Verbrauchswerte aufgefiihrt, die
allgemein den Anforderungen an die besten verfiigbaren Techniken entsprechen. Dabei geht es
darum, allgemeine Angaben iiber die Emissions- und Verbrauchswerte bereitzustellen, die fiir
die auf BVT basierenden Genehmigungsauflagen oder fiir allgemein verbindliche Vorschriften
gemill Artikel 9 Absatz 8 als Bezug gelten konnen. Jedoch muss darauf hingewiesen werden,
dass es sich in diesem Dokument nicht um Vorschldge fiir Emissionsgrenzwerte handelt. Bei
den Genehmigungsauflagen sind lokale, standortspezifische Faktoren wie die technische
Beschaffenheit der betreffenden Anlage, ihr Standort und die 6rtlichen Umweltbedingungen zu
beriicksichtigen. Ferner ist bei bestehenden Anlagen die wirtschaftliche und technische
Vertretbarkeit einer Modernisierung zu beachten. Allein die angestrebte Sicherung eines hohen
Schutzes flir die Umwelt als Ganzes erfordert nicht selten ein Abwégen der einzelnen Umwelt-
auswirkungen, das wiederum oft von lokalen Erwagungen beeinflusst wird.

Obgleich im vorliegenden Dokument der Versuch unternommen wird, einige dieser Aspekte
aufzugreifen, ist eine umfassende Behandlung in diesem Rahmen nicht méglich. Somit sind die
in Kapitel 5 aufgefiihrten Verfahren und Zahlenwerte nicht notwendigerweise auf alle Anlagen
anwendbar. Andererseits verlangt die Pflicht zur Sicherung eines hohen Umweltschutzes ein-
schlieBlich einer weitestgehenden Verminderung der weitrdumigen oder grenziiberschreitenden
Umweltverschmutzung, dass Genehmigungsauflagen nicht aus rein lokalen Erwégungen
festgesetzt werden. Daher ist die vollstindige Beriicksichtigung der im vorliegenden Dokument
enthaltenen Informationen durch die Genehmigungsbehorden von grofiter Bedeutung.
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Da sich die besten verfiigbaren Techniken mit der Zeit dndern, wird dieses Dokument bei
Bedarf tiberpriift und aktualisiert. Stellungnahmen und Vorschldge sind an das Europdische
IPPC-Biiro beim Institut fiir technologische Zukunftsforschung zu senden:

Edificio Expo, ¢/ Inca Garcilaso s/n, E-41092 Sevilla, Spanien
Telefon: +34 95 4488 284

Fax: +34 95 4488 426

E-Mail: eippcb@jre.es

Internet: http://eippcb.jrc.es
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Umfang

UMFANG

Der Umfang dieses Dokuments basiert auf Abschnitt 2.6 des Anhangs 1 der IVU Richtlinie
96/61/EC: ‘Anlagen zur Oberflichenbehandlung von Metallen und Kunststoffen durch
elektrochemische oder chemische Verfahren, in denen das Volumen der , Wirkbdder* 30 m?
tibersteigt.

Die Interpretation des Teilsatzes ‘in denen das Volumen der “Wirkbédder* 30 m® iibersteigt’ ist
fiir die Entscheidung von Bedeutung, ob eine Anlage im Sinne der IVU genehmigungspflichtig
ist oder nicht. Dieses Dokument befasst sich nicht mit der Interpretation dieses Sachverhalts.
Die technische Arbeitsgruppe (TWG) diskutierte jedoch diese Definition und akzeptierte, dass
sich dieser 30 m*-Schwellenwert auf das Gesamtvolumen aller Arbeitsbehélter innerhalb eines
Anlagenstandorts bezieht und. das Volumen von Spriihstationen mit einschlieft. Unterschied-
liche Meinungen gab es zur Frage, ob die Volumina der Entfettungsbehélter mit zu beriicksich-
tigen seien.

An vielen Standorten arbeiten mehrere kleinere und groBlere Anlagen mit unterschiedlichen
elektrochemischen und chemischen Prozessstufen sowie damit zusammenhéngenden Aktiviti-
ten. Punkt 2 des Anhangs 1 zur Richtlinie lautet: ‘Wo ein Betreiber mehrere Aktivitiiten in einer
Anlage oder an einem Standort durchfiihrt, sind alle Volumina der einzelnen Aktivititen zu
addieren. Das heif}t, dass alle Prozesse, die dieses Dokument umfasst, unabhingig von ihrem
Umfang und ihrer Gréfe beim Gedankenaustausch beriicksichtigt worden sind.

Mit einfachen Worten: die derzeit angewandten elektrochemischen und chemischen Verfahren
werden in wiéssrigen Losungen durchgefiihrt. Die damit direkt verbundenen Aktivititen werden
ebenfalls beschrieben. Dieses Dokument befasst sich nicht mit folgenden Verfahren:

e Das Hérten (mit Ausnahmen der Wasserstoffentsprodung, wenn sie im Zusammenhang
mit dem Galvanisieren steht)

e Andere physikalische Oberflichenbehandlungsverfahren wie das Metallbedampfen

e Das Feuerverzinken und das Massenbeizen von Stahl und Eisen, die in dem BREF-
Dokument ,,Stahlbearbeitende Industrie® behandelt werden

e Oberflichenbehandlungsverfahren, die in dem BREF-Dokument fiir die Oberfldchen-
behandlung mit Losemitteln behandelt werden, obwohl die Entfettung mit Losemitteln
als Entfettungsvariante auch in diesem Dokument kurz behandelt wird

e Die elektrophoretische Lackierung, die ebenfalls im BREf-Dokument fiir die Oberflé-
chenbehandlung mit Losemitteln behandelt wird
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Chapter 1

1 GENERAL INFORMATION ON THE SURFACE TREATMENT
OF METALS AND PLASTICS

Treating the surfaces of metals

The surface treatment of and by metals dates back to early man using gold decoratively before
4000 BC. Gold and silver plating (including their deposit from amalgams) was well-known by
the 13th century AD, and tin plating of iron was carried out in Bohemia in 1200 AD. In the mid-
19th century, the electrodeposition of metals was discovered enabling new possibilities, which
are still being extended [4, Cramb, , 5, Hook and Heimlich, 2003, 41, 2003].

The surface properties of metals are typically changed for:

e decoration and/or reflectivity
e improved hardness (to maintain cutting edges and resistance to damage and wear)
e prevention of corrosion.

Currently, the main areas of application are: automotive and transportation, packaging, building
and construction (for more information, see Section 1.1) [118, ESTAL, 2003]. Two further
commercial areas of application have emerged since the 1960s:

e in microelectronics, especially with the advent of telecommunications and
microprocessor controls in many common appliances. These demand mass-produced
components with high conductivity capable of carrying very small electrical currents.
This is achieved by applying precious metal plating on cheaper substrates

e in printing, where aluminium is usually the substrate of choice for lithographic plates.
The aluminium is first treated by electrochemical graining and anodic oxidation
(anodising) prior to photosensitive treatments.

Treating the surfaces of plastics

Plastics are now widely used in their own right and not only to replace metals. However,
although they can be easily formed, may be flexible or rigid, and are corrosion-resistant and
insulating, they lack other desirable properties. This has led to demands to change the surface
properties of these new materials for:

e decoration, to achieve a high value, metal-like appearance similar to gold, brass, and
chromium

e reflectivity, similar to chromium

e durability, as plastics are generally softer than metals

e clectrical conductivity, usually in selected areas.

These requirements are met by depositing layers of metals on the surface of the plastic.

Printed circuit boards are a specific case, where intricate electronic circuits are manufactured
using metals on the surface of a plastic — usually resin or glass fibre board but also plastic films.
A complicated series of processes removes and adds successive layers of metals as circuits to
connect small holes. The inside surface of these holes are also coated with metal during the
processes to enable electronic components to be subsequently soldered into them.
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1.1 Industries using surface treatments

The surface treatment of metals and plastics does not itself form a distinct vertical industry
sector. Surface treatments do not create products; they change the surface properties of
previously formed components or products for subsequent use. Printed circuit boards might be
considered products but are components manufactured for use in other products, and are made
by a considerable number of interdependent manufacturing stages. The surface treatment of
metals and plastics is therefore largely a service to many industries and examples of key
customers are given below:

e automotive e food and drink containers

e aerospace e printing

e information systems e domestic appliances

e telecommunications e jewellery, spectacles and ornaments
e heavy engineering e furniture

e construction (building) e clothing

e bathroom fittings e coinage

e hardware e medical.

The market structure in volume is approximately: automotive 22 %, construction 9 %, food and
drink containers 8 %, electric industry 7 %, steel semi product 7 %, electronic industry 7 %,
industrial equipment 5 %, aerospace industry 5 %, unspecified 30 % [121, France, 2003]. Table
1.1 sets out examples of key treatments and their uses.
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Treatment type Substrate Example workpieces Effect achieved
Fastenings (nuts, bolts, screws, nails, specialist design, etc.) for construction, automotive,
Zinc plating and chromium Steel furniture. corrosion protection
passivation Automobile brake system components, windscreen washer system components. decoration
Chassis and casings for domestic goods (TVs, Hi-fis, videos, washing machines, fridges).
Heavy duty engines (marine, etc.). .
. ; i . . durability
. . Rolling mill bearings (steel and non-ferrous metal). Rollers (in paper mills). . L
Hard chromium plating Steel . prevention of sticking
Aerospace undercarriage and control components. micro-smooth surface
Medical equipment. Automotive shock absorbers [157, ACEA, 2004].
. . . . . . i tecti
Chromium plating Steel coil Food, domestic and commercial products packaging (cans) corrosion protection
decoration
ickel lytic plati . . . . . . . .
Nickel, autocatalytic plating Plastic, steel, Bathroom fittings. Furniture fittings. Textile and printing machinery. decoration

(for subsequent chromium
plating)

aluminium, etc.

Automotive trim [124, Germany, 2003].

corrosion protection

Coins (all EU currencies).

corrosion protection

Nickel, electrolytic Steel Fittings (screws, etc.). Automotive trim [157, ACEA, 2004]. decoration

Copper anq copper alloy Steel Cf)1ps (all EU currencies). decoration

(brass) plating Fittings.

Cadmium plating Steel Aerospace fittings. corrosion prevention

prevention of sticking

Gold plating

Copper, printed
circuit boards

Connectors and wires for telecommunications and IS hardware.

corrosion prevention
high conductivity

lfrecioqs. metal P lat%ng (gold, Steel, copper, Jewellery, ornaments (hollowware), spectacle frames. decora.tion .
silver, iridium, platinum) brass, alloys corrosion prevention
Automotive components [111, ACEA, 2003].
.. . Aerospace wing and fuselage panels. corrosion protection
Anodising Aluminium Buildirr)lg door agnd window%‘raﬂles, cladding panels. decorationp(with or without colour)
Packaging and consumer goods.
Hard anodising Aluminium Bearing surfaces in turbine compressor housings for automotive engines. durability, increased hardness

Conversion coatings, such as
phosphating, chromating and
others [118, ESTAL, 2003]

Steel, aluminium
and other metals

Nuts, bolts, screws, tubes.

Engine pinions, camshafts, pistons, gears, valves.

Cold forming of wires, tubes, etc.

Food and domestic goods packaging. Automotive bodies and panels [111, ACEA, 2003].
Domestic electrical goods, etc.

corrosion protection

durability (surface lubrication for cold
drawing, or forming)

overcomes surface irregularities
adhesion of paints

Printed circuit boards (tin and
copper plating, etching,etc.)

Copper on
plastics

Control systems for aerospace, automotive products (engine management, braking, etc.),
telecommunications and IS, domestic goods.

circuit systems

Table 1.1: Examples of key treatments and their uses
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1.2 Industry structure and economic background

1.2.1 Type and size of installations

The surface treatment of metals and plastics discussed in this document is carried out in more
than 18300 installations (both IPPC and non-IPPC) in Europe, ranging from small private
companies to facilities owned by multinational corporations. The large majority are small or
medium enterprises (SMEs, [61, EC, 2002]); in Germany the typical number of employees is
between 10 and 80. Altogether, the industry for the surface treatment of metals and plastics
employs about 440000 people in Europe. These figures include manufacturers of printed circuit
boards. More than 10000 (55 %) are specialist surface treatment installations (known as job or
jobbing shops). The remaining 8300 (45 %) are surface treatment shops within another
installation typically also an SME. The majority of jobbing shops serve more than one industry
(see those listed in Table 1.1). There is no installation typical of the whole range of activities,
and even though there are strong similarities between sites engaged in the same activities, no
two sites will be identical. [3, CETS, 2002, 104, UBA, 2003] For gathering economic statistics,
electroplating, plating, polishing, anodising and colouring are classified under the Standard
Industrial Classification (SIC) code 3471, but this includes establishments engaged in all types
of metal finishing. Companies that both manufacture and finish (surface treat) products are
classified according to the products they make. For data on sources of emissions, the industry is
classed under general purpose manufacturing processes (for emissions, NOSE-P 105.01 [2, EC,
2000]). These groupings make the extraction of data for specific surface treatments or for the
whole sector difficult as they cannot be differentiated readily from the other engineering
activities.

Surface treatment is positioned between initial workpiece or substrate manufacture and final
product assembly, completion and packaging. Treatment (both in jobbing shops and many in-
house workshops) often has low priority in the production chain, although there are significant
exceptions. Low priority can result in insufficient attention to correct and up to date
specifications, insufficient attention given in product design to minimise and reduce
consumptions, as well as a lack of investment.

Surface treatment is usually carried out after the primary metal or plastic has been formed into
workpieces or shaped substrates, such as nuts, bolts, pressed or moulded components, sheets, or
coils. They may even be sub-assemblies made of several components, often of different
materials. These components and sub-assemblies can be complex shapes which have been
pressed, cast and/or machined. However, in coil processing the surface treatment is applied
before the substrate used. The size varies from wires to steel strip 2008 mm wide. In smaller
scale reel-to-reel applications, copper, brass or other alloys are also coated. Printed circuit
boards are made from plastic or glass fibre boards which are already laminated (usually with
copper) or plastic films.

Process lines are usually modular, and small lines can be easily assembled as a series of tanks.
However, large automated lines and the modules in those installations handling steel coil on a
large scale, or large components such as parts of aircraft wings, are typically specialist, large
and capital intensive.

Most installations, particularly the jobbing shops, will operate multiple lines side by side. This
assists in increased capacity and reliability of delivery, and allows the installation to offer
different treatments (jig, coil or small scale coil, see Chapter 2) for different products and prices
and/or to offer different finishes. In these cases, point 2 of Annex 1 to the IPPC Directive
applies: “Where one operator carries out several activities falling under the same subheading in
the same installation or on the same site, the capacities of such activities are added together”
[1, EC, 1996].
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As an example of geographic distribution and structure of the industry, in France the industry is
widely spread, with concentrations in the south east (21 %) and the Paris area (24 %). The
number of surface treatment installations where the volume of treatment vats exceed 1.5 m® is
2250 (the threshold level for French national legislation), and the number where the volume of
treatment vats exceed 10 m® is 1260 [121, France, 2003].

1.2.2 Equipment lifetime

The vast majority of process lines are modular and the actual plant life is difficult to quantify as
individual modules are repaired or replaced as necessary. Typically, complete production lines
are only replaced at long intervals (when maintenance of individual modules is no longer
sufficient), or when radically new technology is introduced. However, for large scale surface
treatment operations such as steel coil coating and treating automotive bodies and panels, capital
investment can be many millions of euros (and up to EUR 500 million for a complete paint shop
installation) with a lifetime of 20 to 40 years. Depreciation is usually over 20 years [111,
ACEA, 2003].

1.2.3 Technical characteristics of installations

Due to the modular nature of the process lines, some techniques can be installed or changed
relatively quickly and cheaply. For instance, some process solutions are changed on a regular
basis, others are expensive with a long life and change is an investment decision. Some
techniques may require alterations or extensions to production lines. Although the modular
nature facilitates such changes, in many cases other factors will affect the ease of change, such
as the limits of transporter mechanisms and control systems, and the space available in the
installation. In-house operations tend to be for specific products. Introducing changes for these
and for plants handling larger products such as steel coil coating, aerospace parts or automotive
bodies may be technically more difficult and/or involve higher capital costs. For larger plants,
depreciation is usually between 6 and 20 years [157, ACEA, 2004].

Because of overcapacity in the sector, it is rare for totally new plants to be built. In existing
installations, it is more common to replace modules or lines.

1.2.4 Market structure
1.2.4.1 Competition

The low cost and ease of modular construction of lines is a low barrier to entry. Businesses
treating the surfaces of metals and plastics using only one or two process lines, often of small
vat volumes, are frequently in direct competition for some customers with installations
operating larger process lines utilising more abatement techniques.

While this industry serves several major manufacturing areas, there is a high concentration of
customers in some areas (such as the automotive industry) with highly competitive markets, and
surface treatment overcapacity. Very few jobbing shops are large enough to serve more than
three or four industry types or provide more than three finish options, with most company
business strategies focused on specialising in certain finish types. There are some limited
opportunities to differentiate the business by providing specialist treatment finishes and/or by
specialist quality standards, or for vertical integration such as manufacturing the components to
be treated. The in-house installation is the complete vertical integration of the business. The
large scale production lines depend on large volumes of very specific surface finishes, such as
one type of coating for steel coil, and typically opportunities for diversification or new markets
are extremely limited.
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1.2.4.2 Extent of the market

The geographic size of the market is often proportional to the degree of specialisation of the
treatment. Those treatments that are widely carried out by jobbing shops (such as zinc plating
with chromium passivation) are carried out on a very local basis, with customers usually
controlling the price. Other, more specialised, finishes where the higher price justifies transport
costs (such as cadmium plating or anodising of large components to aerospace specifications)
may be carried out on a national scale, or even between neighbouring countries. However, the
concentration of surface treatment installations within Europe usually means physically
extending markets brings more competitors within range.

The extent of the market for the customers’ goods is also an important factor. During 2001 and
2002 the volume of business in the light engineering industries fell by 30 % across Europe. This
was due to the increased exporting of the total manufacture of engineered components and
assemblies to Asia (Verbal discussions, TWG).

Current predictions for printed circuit board (PCB) production are that by 2005/6 the worldwide
PCB production may again reach the level of the boom year 2000. Due to the cost structure of
Asian competitors, the long-term competitiveness of high volume PCB production in Europe
using standard technologies remains questionable with global customers. Worldwide
overcapacity may result in further mergers and insolvencies, unless further growth is generated
in Europe. [122, UBA, 2003]

The percentage growth of multilayer boards (MLBs) and other high-tech products, including the
disproportionate growth of HDI (high density interconnect) or microvia boards, demonstrates
the technological development of European PCB production. It is expected that European PCB
manufacturers will continue to move to high-tech areas, concentrating in segments such as
sensor technology, industrial applications, telecommunications, automotive electronics, and
medical and aeronautical industries (see Section 1.3.5).

1.2.4.3 Market substitutes

Substitutes in this context [88, EIPPCB, | means alternative, competing ways for the customer
to achieve the desired result, and not the substitution for chemicals or other processes described
in Section 4.9. Alternatives are readily available for many of the surface treatments of metals
and plastics. The customer may change to one of these alternatives because of price or for
design reasons. This type of substitution can take three forms:

e a different surface treatment system. For example, electrolytic or chemical treatments
compete with surface treatments by solvent-painting: painted car door handles have
largely replaced chrome-plated ones; lithographic printing from aluminium plates can
be replaced by laser or ink jet for small runs

e component manufacture from a different material. The customer may redesign the
products or components from alternative materials, reducing the need for surface
treatment. For example, paint or foodstuffs can be sold in plastic containers instead of
metal cans; lithographic plates can be produced with different substrates such as plastics

e a combination of the above. Car light reflectors can now be moulded from plastic with
vapour deposition of a metal, instead of copper/nickel/chrome plating of a steel
pressing.

Figure 1.1 and Figure 1.2 both show example activities where customers can switch between
anodising and other coatings, according to design trends, customer specification requirements
and cost.
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1.2.5 Summary of general economic situation
Opportunities to pass increased costs to customers are limited because of:

e the large number of surface treatment installations competing for a decreasing number
of customers

e the decline of engineering businesses in Europe

e the increasing substitution options (as described above).

1.3 Specific industry activities
1.3.1 Anodising of aluminium architectural panels and profiles

The surface treatment of aluminium predominantly for construction use as architectural profiles
is carried out in more than 460 plants across the EU-15 and 6 non-EU-15 countries. Again,
these are mainly small or medium enterprises [9, ESTAL, 2002]. In Europe, the consumption of
anodised aluminium amounts to approximately one square metre per capita per year [118,
ESTAL, 2003].

Figure 1.1 shows the total production for both anodising and other coatings for aluminium
profiles in Europe.

xl

Figure 1.1: Total production of coatings for aluminium
[9, ESTAL, 2002]
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xl

Figure 1.2: Total European aluminium surface finishing of architectural profiles
[9, ESTAL, 2002]

Figure 1.2 shows the European production of anodising by batch (jig line, see Chapter 2), other
coatings by batch, and other coatings on coils from 1996 to 2000.

Figure 1.3 shows the production of the leading four European countries for anodising of profiles
from 1996 to 2000.

xl

Figure 1.3: Leading anodising countries in Europe

[9, ESTAL, 2002]
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1.3.2 Large scale continuous coating of steel

There are four types of electrolytic treatment systems applied to steel coil in the EU-15: tin
plate, chromium (ECCS: electrolytic chrome coated steel), zinc or zinc-nickel alloy and lead
[19, Eurofer, 2003]. In the Czech Republic, copper, brass, nickel, and zinc are applied to steel
strip in widths of 145 — 265 mm. [116, Czech-Republic, 2003] No data are known for other
European countries.

Electrolytic tin plate and electrolytic chromium coated steel (ECCS)

The main application for the substrate from this process is packaging. The production of
continuous electrolytic tin plate and electrolytic chromium (ECCS) in EU-15 was 4800 kt in
2000. The trend in production for both tin plate and ECCS is shown in Figure 1.4 and by
country in Table 1.2.

xl

Figure 1.4: Steel for packaging (tin plate and ECCS) production in EU-15 (in kt)
APEAL [19, Eurofer, 2003]'

Production (kt) Production (kt)
Country tin plate in 2000 ECCS in 2000
nd = no data nd = no data
Austria nd nd
Belgium 281 12
Denmark nd nd
Finland nd nd
France 886 207
Germany 802 147
Greece 69 nd
Ireland nd nd
Italy 283 67
Luxembourg nd nd
Netherlands 612 51
Portugal 76 nd
Spain 494 61
Sweden nd nd
United Kingdom 588 147
Totals for data given 4091 692

Table 1.2: Production tonnages for the year 2000 for both tin plate and ECCS by country in EU-15

' APEAL: - The Association of European Producers of Steel for Packaging — a federation of four multinational producers of steel

packaging for Europe across seven countries. This represents some 90 % of the total European production of steel for packing
and hence of tin plate and ECCS lines.
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EUROFER STATS [19, Eurofer, 2003]
Tin plate and ECCS activities annual turnover is in the order of EUR 3000 million and employs
directly and indirectly 15000 people.

There are installations in nine Member States. The number of continuous coil production lines
in EU Member States operating, under construction and planned is shown in Table 1.3.

Country No of tin plate lines | No of ECCS lines
nd = no data nd = no data

Austria nd nd
Belgium 1 1*
Denmark nd nd
Finland nd nd-
France 5 5%
Germany 3 1
Greece 1
Ireland nd nd
Italy nd nd
Luxembourg nd nd
Netherlands 4 2 including tinning*
Portugal 1 0
Spain 4 1*
Sweden nd nd
United Kingdom 2 1
* Indicates lines that can produce tin plate ECCS [119, Eurofer, 2003].

Table 1.3: Number of continuous lines producing both tin plate and ECCS in EU-15
[19, Eurofer, 2003]

Figure 1.5 shows the share of tin plate and ECCS consumption by industries in the EU-15 with
an average annual production close to five million tonnes. Steel packaging of human and pet
food represent the main application with a 48 % share, followed by general production lines (for
paint cans, industrial cans, etc.).

xl

Figure 1.5: Main consuming industries for tin plate and ECCS outputs
APEAL [19, Eurofer, 2003]

Continuous electrolytic zinc and zinc nickel (Zn and Zn-Ni) coating of steel

Since the 1970s, the production of zinc and zinc alloy-coated steel sheet has increased
significantly. This has been largely for the automotive industry in response to the demand for
anti-corrosion guarantees and longer vehicle lifetimes.
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Figure 1.6: Production of continuous electrolytic zinc/zinc-nickel in EU-15 (in kt)
[19, Eurofer, 2003]

The production of continuous electrolytic Zn or Zn-Ni coating steel was 5.37 Mt in 2001. The
evolution of the production in the EU-15 is shown in Figure 1.7, below.

xl

Figure 1.7: Production of continuous zinc and zinc-nickel coating steel in EU-15 (in kt)

[19, Eurofer, 2003]

Continuous electrolytic lead coating of steel

There is only one continuous lead coating plant in Europe (Austria). This plant will lose key
European automotive customers and is due to close by 2005 —6. This is due to European
legislation controlling the amount of lead in end-of-life vehicles [99, EC, 2000].

Other continuous electrolytic coating of steel

In the Czech Republic, there is an installation for the continual application of metallic coatings
(copper, brass, nickel, zinc) on steel strip (width 145 — 265 mm) with a total capacity 8000 t/yr
steel. [116, Czech-Republic, 2003]
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1.3.3 Coil and sheet anodising for lithographic (offset) printing plates

Lithographic or offset printing uses an intermediate roller to transfer ink from a plate to paper. It
requires plate-making that is simple, quick, and economical. Aluminium is the usual substrate of
choice. There are two types of plates: [38, Ullmann, 2002/3]

e pre-sensitised (PS) plates (manufactured with a photosensitised finish). Current world
sales are about 180 x 10° m?

e wipe-on plates which are not pre-coated and are coated by the printer as required. They
are still being used in some countries, mainly the United States and Eastern Europe.
Worldwide consumption amounts to about 30 x 10° m™.

1.3.4 Continuous coil processing of aluminium

Many hundreds of kilotonnes per year of aluminium coil are processed through lines of the main
rolling mills and other companies. Processes include cleaning, pretreatment, etching, anodising,
colouring, sealing, electrobrightening and tunnel etching [118, ESTAL, 2003].

1.3.5 Printed circuit boards

The world market for PCBs in 2002 was USD 31640 million, down 24.3 % from the market
peak in 2000 of USD 41824 million, which was a boom year for electronics (see Figure 1.8)
[122, UBA, 2003].

The European share of the world market in 2002 was 18.0 %. The shares of the other regions
were: Africa and the Middle East: 1.3 %, South East Asia: 26.4 %, Japan: 25.1 % and the
Americas 29.2 %.

xl

Figure 1.8: World market for PCBs 1999 — 2002 per regions, value in million USD
[122, UBA, 2003]
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Production of PCBs in Europe

In 2002, the total PCB production in Europe was EUR 3422 million, and employed
29000 people at 434 plants.

The number of European manufacturers has changed significantly. In 1999, there were
612 manufacturers, which reduced to 434 by 2002. More than 80 % of these have a turnover of
less than EUR 7.5 million/yr showing the European industry is dominated by SMEs, despite the
high level of technology (see Figure 1.9).

xl

Figure 1.9: Number of PCB manufacturers in Europe by turnover

[122, UBA, 2003]

Figure 1.10 shows the industrial sectors served in 2002.

xl

Figure 1.10: Industry sectors served by European PCB production in 2002
[122, UBA, 2003]
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In Europe, the percentage of high-tech PCB production has grown as a proportion of the total,
showing the technological strength of the European PCB industry. This underlines the trend to
higher specification products, with ever-more detailed structures in the smallest possible
dimensions (see Section 1.2.4.2).

1.4 Key environmental issues
1.4.1 Overall

The STM industry plays a major role in extending the life of metals, such as in automotive
bodies and construction materials. It is also used in equipment that increases safety or reduces
consumption of other raw materials (e.g. plating of aerospace and automotive braking and
suspension systems, plating precision fuel injectors for automotive engines to reduce fuel
consumption, etc.). The main environmental issues arising from the surface treatment of metals
and plastics relate to energy and water consumption, the consumption of raw materials,
emissions to surface and groundwater, solid and liquid wastes and the site condition on
cessation of activities.

Surface treatments have traditionally been associated with large water usage creating a wet
working environment, although many installations have moved away from this way of working.
The chemicals used have the potential to cause environmental harm particularly to surface
waters, groundwaters and soil. Metals removed from waste waters end up in solid wastes and,
together with some used process solutions, may need special management for recovery or
disposal. The industry can discharge fumes and dust to air, as well as generating noise. The
sector is a significant user of electricity, water and non-renewable resources (metals). The
following issues are crucial:

minimisation of the consumption of raw materials, energy and water
minimisations of emissions by process management and pollution control
minimisation of waste production and its management

improvement of chemical safety and reduction of environmental accidents.

The measures to achieve better environmental performance are frequently complex and have to
be assessed in respect to their potential impacts on the product and other processes (both pre-
and post-treatment), the age and type of installation as well as the benefits to the environment as
a whole. Best available techniques will be balanced against these criteria and therefore include
changes within process units as well as end-of-pipe abatement techniques.

Sophisticated process and treatment techniques play an important part in achieving improved
environmental performance. Competent operation and regular maintenance are as essential as
the choice of technology. Important considerations therefore include good management and
working practices, good process and site design, education of the workforce on environmental
and process performance, workplace safety and accident prevention, and finally, monitoring of
the process and environmental performance.

1.4.2 Water

The activities covered in the scope of this document predominantly use aqueous solutions as the
medium, therefore the management of water, its pathways and targets — the protection of surface
water, groundwater and soils — are central themes. Both in-process techniques and end-of-pipe
processes can affect the type and quantity of solid and liquid wastes produced (sometimes
negatively), as well as changing the quality of waste waters.
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Process waters are often treated in on-site waste water treatment plants. The discharge is then
usually to municipal (urban) waste water (sewage) treatment plants, or if the effluent is treated
to a suitable standard, directly to surface waters. This is the principal route for chronic pollution
and can be caused by poor process controls and/or inadequate end-of-pipe controls. This may be
due to poor management and maintenance, or lack of investment.

Although the industry has improved both its practice and infrastructure in many areas, it is still
the source of a significant number of environmental accidents [44, France, 2003]. For France,
from 1992 to 2002, 1.2 % of all serious industrial water pollution incidents were attributable to
this sector, rising to 5 % for ‘near misses’ [121, France, 2003]. Thames Water plc in the UK has
identified the sector as posing a high risk to sewage and water resource operations [Tempany,
2002 #18]. The impacts can include the loss of biological sewage treatment processes,
disruption of sewage sludge management, as well as damaging water resources for drinking
water use and aquatic ecosystems.

Poor housekeeping or accidents in handling and storing solutions, including the failure of
storage containers and process tanks, cause acute polluting discharges to surface waters, as well
as both chronic and acute pollution events affecting groundwaters and soils. The batch discharge
of used process solutions without adequate treatment [113, Austria, 2003], or which overload
treatment facilities, is also a cause of surface water pollution. Overload may be caused by
poorly designed or out-of-date facilities, production capacity increasing beyond the projected
design capacity, changes in process type and/or poor control of water and material usage in the
processes [158, Portugal, 2004].

Water usage is also an important issue. The largest proportion of water intake is used in rinsing
between process stages and then discharged. In some sites, significant amounts of water are
used in cooling. There may be insignificant amounts of water in wastes and there are some
losses in evaporation from drying components, hot solutions in open tanks and from some
recovery processes. Some water is used in making fresh process solutions (make up); the service
life of these solutions varies according to the activity and throughput.

1.4.3 Energy

Electricity is consumed in electrolytic and other electrochemical reactions (inter alia,
electroplating and anodic oxidation). Electricity is also used to operate the process plant and
equipment such as pumps, transporter equipment, other motors and compressors. It may also be
used for supplementary vat heating (by immersion heaters) as well as space heating and lighting
in the installation.

There are transmission losses when electricity is transformed from high to low voltages [111,
ACEA, 2003]. Energy can also be lost when drawing from more than one phase (reactive
energy), as well as in DC (direct current) supplies to the treatment lines. Energy is lost, too, as
heat when electric current is passed through the treatment solutions: some process chemistries
are less energy efficient than others.

Energy is also consumed in raising the temperature of the process baths, in drying components
and for other heating activities. Losses occur from evaporation and as radiant heat from
equipment. Some process chemistries require more heat energy than others. Energy is also used
in drying workpieces or substrate and in extracting process fumes. [158, Portugal, 2004]

Cooling can consume significant amounts of water in open flow or some cooling towers, and
electricity is consumed by sealed refrigerating systems.
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1.4.4 Substances of concern

Due the wide range of process activities, the range of substances used and emitted by the
industry is substantial. However, most installations will only use or generate some (and not all)
of these substances [111, ACEA, 2003]. Table 1.4 identifies key substances used and the media
they may affect when emitted. As most substances are used in aqueous solutions, they will be
found in process waste waters as well as in-plant leakages and spills. Very little is known of the
breakdown products in the processes.
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Principal substances of concern Medium affected
Note: It is unlikely that all substances Other issues to be
will be used or arise in one installation, Water Soil Air .
considered

as they are process-dependent

Metals: See Annex 8.1

Zinc \ \

Copper \ \

Nickel N N Health issues during use and
in products

. Health issues with aerosols

Chromium v v v of Cr(VI) solutions

Lead \ \ Pb and Cd are EU priority

Cadmium \ \ v |pollutants

Non-metals:

Cyanides \ \ \ Toxic
Concern for formation of

. AOX with other substances.

Hypochlorite v v Can release chlorine under
certain conditions

AOX (absorbable organic halogens) \ \ May be formed in some
effluent treatments

Peroxides Qxidising agent: storage
issues

Surfactants:

Dispersing agents, emulsifiers, NPE is banned.

detergents, wetting agents (including Health and environment

nonyl and other alkyl phenyl \ issues with PFOS, see Annex

ethoxylates (NP/NPEs) brightening 8.2

agents (brighteners), PFOS

Complexing agents:

EDTA V

Tartrate, EDDS, NTA, gluconate, N

Quadrole

Sodium dithionite \ Storage issues

Acids and alkalis:

Hydrochloric, nitric, phosphoric, N N N Acid fumes, particularly

sulphuric, hydrofluoric, acetic NOx

Sodium and potassium hydroxides, lime \ \ Dusts

Other ions \ \ Local environmental issues

Solvents:

Trichloroethylene (TRI) \ \ \

Tetrachloroethylene (PER) \ \ N Other legislation

Trichlorotrifluoroethane (CFC-113) V \ \ | applies to air emissions

Methylene chloride \ V \

Gases:

Chlorine \ Used in cyanide treatment

Dusts V V' [From linishing and polishing

Wastes \ \ \

Table 1.4: Key substances of concern across the sector and media potentially affected

Process discharge problems with metals, cyanides, surfactants, complexing agents, acids, alkalis
and their salts can be addressed by substituting processes and/or chemicals, and managing
processes and rinsing systems to reduce the amount of chemicals dragged out of the solution on
the substrates being treated. End-of-pipe treatment may also be applied.
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1.4.41 Metals

The main impact of metals is as soluble salts. Metals are conservative materials, that is, they
cannot be created or destroyed: they are neither created nor destroyed in the treatment processes
or in waste water treatment. Their form may be changed and/or managed so they cannot readily
access environmental pathways but their disposal means that the metals still remain in part of
the environment. Options exist for maximising their in-process recovery and recycling as well
as for external recovery. They can also be separated in end-of-pipe systems into sludge. Metals
not removed from the effluent accumulate in sewage sludge or in aquatic ecosytems.
Management routes for municipal waste water treatment sludges vary in all Member States and
are strongly dependent on the acceptability of applying the sludges to agricultural land where
the metal content is a key determining factor.

While all the metals used in surface treatment (including substrates) can have adverse effects,
depending on their speciation, six metals are of most concern for their environmental and/or
health effects: cadmium, lead, nickel, chromium, copper and zinc [114, Belgium, 2003]. A
Commission Decision [2, EC, 2000] implementing an inventory of emissions and sources from
IPPC installations requires the reporting of the quantities emitted above certain thresholds and
the six metals are mentioned in key EU environmental directives, PARCOM (now OPSAR) [12,
PARCOM, 1992] and four are restricted in product-related directives (see Annex 8.1).

Cadmium’s toxic properties are well established and it is a priority hazardous substance
according to the Water Framework Directive [93, EC, 2000]. However, it has certain key
properties important in surface treatment (see Section 2.5.5), for applications with high fail-safe
requirements such as aeronautical and aerospace, nuclear, mining, and communications
applications. Its use is therefore restricted to these by the Marketing and Use Directive as
amended [144, EC, 1976]. These controls have been in place for many years and emissions of
cadmium have been considerably reduced from the surface treatment industry.

Hexavalent chromium has adverse health effects, causing skin and mucus membrane irritation
and certain cancers. Aerosols are generated from the electroplating process solution by cathodic
hydrogen evolution (see Section 2.5.3). Workplace health and safety regulations usually require
measures to meet maximum allowable concentrations (MACs). Hexavalent chromium is also
soluble at a wide range of pHs contributing to high aquatic toxicity. Due to its solubility and
chemistry, it must first be reduced to trivalent chromium before precipitation in waste water
treatment plants. Recent Directives [99, EC, 2000, EC, 2003 #98] limit the quantities of
hexavalent chromium (but not the metal) in certain products treated by this industry.

Nickel metal and its salts have adverse health effects: nickel sulphate is currently classed as a
category 3 carcinogen® [105, EC, 1967]. Aecrosols and airborne particles can arise from
electroplating and autocatalytic (electrocatalytic) as well as plant and solution maintenance
operations. Again, workplace health and safety regulations usually require measures to meet
maximum allowable concentrations (MACs). Nickel and its salts can cause allergic contact
dermatitis and contact can be avoided by using good health and safety at work practices [144,
EC, 1976, CETS, 2003 #115].

Lead is subject to a review for possible identification as a priority hazardous substance. Recent
Directives [99, EC, 2000, EC, 2003 #98] also limit the quantities of lead in certain products
treated by this industry.

2 R40: possible risk of irreversible effects. R42/43; may cause sensitisation by inhalation and skin contact.
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1.4.4.2 Cyanides

Cyanides are well-known hazardous substances but are still essential in some processes. As well
as their inherent toxicity, cyanides give off cyanide gas in acid conditions. Cyanides can cause
problems in effluent treatment by strongly complexing some metals, such as nickel, and this
interferes with both the easy oxidation of the cyanide and the separation by precipitation of the
metal (see complexing agents, Section 1.4.4.5). There is a PARCOM recommendation for
cyanide to be substituted [12, PARCOM, 1992].

1.4.4.3 Hypochlorite, chlorine and AOX

Hypochlorite and chlorine are used in the oxidation of cyanide in waste water treatment plants.
They are capable of reacting with organic substances to form AOX (absorbable organic
halogens). [104, UBA, 2003] Hypochlorite has been flagged by OSPAR as a candidate
substance for prioritisation for cessation of emission [131, OSPAR, 2002 ongoing]. Chlorine is
the only gas likely to be used in surface treatment installations for the oxidation of cyanide, and
is not widely used. Hypochlorite can release chlorine in certain conditions, such as low pH.

1.4.4.4 Surfactants

Surfactants are widely used in many of the processes, such as in degreasing, in wetting surfaces
and assisting other processes such as etching, and as brighteners by promoting finely divided
metal deposition. Some surfactants have low degradability in aquatic systems, and the by-
products of degradation may have adverse effects. Nonyl phenyl ethoxylate (NPE) is cited as
being used in the industry. [38, Ullmann, 2002/3] For metal working, with effect from
17 January 2005 [115, CETS, 2003], NPE and nonylphenol are OSPAR chemicals for priority
action and are banned except for uses in “controlled systems where the washing liquid is
recycled or incinerated” [30, EC, 2003]. PFOS (perfluorooctane sulphonate) is widely used as a
foam suppressant and surfactant, especially in preventing the formation of mists in hexavalent
chromium electroplating and alkali non-cyanide/zinc baths. However, it is now under
investigation (see Annex 8.2, [109, DEFRA, 2004]) and the OECD Task Force on existing
chemicals has already agreed that it is persistent, bio-accumulative and toxic.

1.4.4.5 Complexing agents

Complexing agents [73, BSTSA, ] including cyanides and EDTA retain metals as complexes
and preventing the absorption the metal onto sediments or suspended sediments. The soluble
metals may be carried through effluent treatment systems and into sewage and aquatic systems.
EDTA is both a strong complexing agent and has low biodegradability. Excess uncomplexed
EDTA carried into aquatic systems may remobilise metals from sediments with high metals
loads [22, Fraunhofer, 2002].

1.4.4.6 Acids and alkalis

Acids and alkalis are commonly used industrial chemicals and their discharge without
neutralisation may affect sewers or receiving watercourses. Spillage and leakage can also
contaminate soils. When used in hot solutions, the resulting fumes may cause problems in the
workplace or locally when extracted. Hydrochloric acid is the most commonly used acid and its
fumes can also cause corrosion damage inside the installation, affecting equipment controls.
Specific problems occur with nitric acid, as it can release NOx when in contact with metals.
This is a local environmental and workplace health issue, as most installations are not
significant NOx emitters. Sulphuric acid is widely used, particularly in anodising. However,
concentrations are lower than the level for the emission of fumes.
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1.4.4.7 Otherions

Chlorides, sulphates, phosphates and other salts are the necessary anions in treatment solutions
and are not usually a problem when discharged to municipal waste water treatment plants.
However, they may occasionally cause salinity problems, and phosphates and nitrates [121,
France, 2003] contribute to eutrophication, especially if discharged directly to surface waters.

1.4.4.8 Solvents

Solvents are used for degreasing incoming components. 1,1,1,-trichloroethane used to be widely
used, but is being phased out under controls as an ozone layer damaging substance. The heavier
solvents trichlorothethylene and tetrachloroethylene can cause problems including accumulation
into, and leakage from, sewerage systems [70, Ellis, 2001]. This can cause health and safety
problems to maintenance workers and pollution problems to groundwater. Non-halogenated
solvents are also used, but have lower environmental impacts. The Solvent Emissions Directive
[97, EC, 1999] controls the use and emission of VOCs and the Reference Document on Surface
Treatments using Solvents (the STS BREF) discusses BAT for solvent-based processes [90,
EIPPCB, ]. Organic solvents also have health and safety effects in use and the degree and type
of control depends on the substance [113, Austria, 2003].

1.4.4.9 Dusts

Dusts are generated from linishing and polishing where these occur as directly related activities.
They are usually a mixture of particles of abrasives with the abraded substrate. They may have
health and safety impacts in the workplace, but can have adverse environmental impacts when
extracted to the outside environment. The collected dusts require disposal as wastes, and may be
hazardous.

1.4.4.10 Wastes

Much of the waste produced from process activities is likely to be classed as hazardous [92, EC,
1991, 100, EC, 2000]. The industry produces in the order of 300000 tonnes of hazardous waste
a year in Europe’ (approximately 16 tonnes a year per installation). Liquid wastes are spent
process solutions that cannot be treated or discharged, and solid wastes are largely sludges from
waste water treatment plants and treatments of process solutions. Metals may be recovered from
both solid and liquid wastes. Other solid wastes include broken equipment such as jigs (which
may contain recoverable materials), packaging for workpieces as well as used chemicals (see
Section 2.13.2).

1.4.5 Other emissions
1.4.5.1 Noise

Surface treatment is not a major noise emitting industry. However, some activities and
associated activities do generate significant noise. These can be as peaks, such as unloading of
metal components in stillages, or continuous noise from linishing and polishing or fans and
motors sited externally.

*  This derived from an industry estimate of <1 % of hazardous waste in Europe and the Eurostat figures from hazardous waste

management in the EU-15.
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1.4.5.2 Odour

Again, odour is not a major factor for this industry. However, odour can be associated with
some activities, particularly acid fumes and especially when stripping metal layers. The impact
will depend on the type and size of activity carried out, the design and operation of any
extraction system (e.g. chimney height) and the proximity of receptors, such as housing.
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2 APPLIED PROCESSES AND TECHNIQUES

General description of activities

The surface treatments of plastics and metals described in this document are mostly water-based
and the installations carry out activities sequentially, usually in process lines made up of a series
of vats or activities. Figure 2.1 shows a simplified process workflow of a typical process line.
All lines (except some simple iron phosphating lines, see Section 2.5.16) contain more than one
treatment or activity type, usually with rinsing vats in between. Some activities are waterless,
such as drying and, for printed circuit boards, drilling. The size of an individual vat can range
from a few litres for precious metal coating, to 500 m’ or more for some installations processing
aerospace workpieces. Historically, the surface treatment industry has been characterised by the
large volumes of water used in processing, and these were often visible running across process
area floors: this is no longer usual [124, Germany, 2003] [111, ACEA, 2003].

xl

Figure 2.1: A simplified process line workflow diagram

A common feature of surface treatment installations is the large number and complex mix of
processes and activities carried out in an installation, particularly in jobbing shops (as shown in
Figure 2.2), as well as in single purpose installations (see Figure 2.27). Figure 2.7 shows a
section through a typical jig plating process line with multiple processes and activities (note the
activities are not carried out in numeric order because of transporter programming) and
Abbildung 4.33 shows two large scale jig lines in an installation.

The size and complexity of the installation, the core activities and associated activities are
dictated by:

the type of surface treatments to be carried out

the quality standards being worked to

the type, size and amount of workpieces (substrates) to be treated
the transport systems required to handle the workpieces.

These all also impact on the pollution potential from the installation.

Before and after the activities described here, subsequent operations may be performed on the
workpiece or substrate such as pressing, forming, bending, crimping, drilling, welding,
soldering, etc. These subsequent operations, as well as the final use of the treated product, will
be critical factors in determining the specification and type of surface treatment to be applied.
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The manufacture of printed circuit boards is the most complex, and can involve over 40
activities.

xl

Figure 2.2: Example of a jobbing shop layout

Despite this complexity and the range of activities described in this chapter, all workpieces or
substrates pass along a common route of activities, described in Figure 2.3. The first activity on-
site is the delivery and storage (Section 2.1) of incoming workpieces, substrates and raw
materials. Workpieces or components are loaded onto the appropriate transport systems (see
Section 2.2) prior to pretreatment, such as degreasing. Most workpieces or substrates are given
more than one pretreatment (see Section 2.3), and some of these may be prior to loading to a
process line. The workpieces or substrates are then surface treated with one or more of the
activities described in core processes. Rinsing, (see Section 2.4), is usually carried out between
processes steps, whether they are pretreatment and/or core processing steps. Treatment is
followed by after treatments such as drying, (see Section 2.6), and the workpieces or substrates
are stored and dispatched (described in Section 2.1, together with incoming goods).

All the core treatment processes and other activities have historically been developed for jig
lines. Indeed, jig lines still carry out the widest range of activities. The treatments are
therefore described generically for jig lines. Specific issues for barrel and coil processing
and printed circuit boards are described subsequently: barrel processing in Section 2.8, coil
processing for large scale steel coils in Section 2.9, coil and sheet processing for aluminium
lithographic plates in Section 2.10, and printed circuit boards in Section 2.11.

There are also utility inputs - energy and water - to surface treatment installations (described in
Section 3.2), as well as the use of abatement techniques for the treatment of water, waste and air
emissions (see Section 2.13).
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Figure 2.3: Common route in Chapter 2 for workpieces and substrates and the activity descriptions

Electrolytic processes
An electrolytic process needs:

e asolution of electrolytes, i.e. capable of carrying a current

e at least two electron conductors (electrodes) and the ability to form a circuit

e a current — usually direct current (DC), although the voltage can be AC or reversing DC
in specific cases.

The electrolytic process requires the electrolyte to complete an electric circuit between the
electrodes. When the electrodes are connected to a source of direct current (DC), one electrode,
the cathode, becomes negatively (—ve) charged while the other, the anode, becomes positively
(+ve) charged. The positive ions (cations) in the electrolyte will move towards the cathode and
the negatively charged ions (anions) toward the anode. This migration of ions through the
electrolyte constitutes the electric current in that part of the circuit. The migration of electrons
into the anode, through the wiring and an electric power supply (supplied by rectifiers), and then
back to the cathode constitutes the current in the external circuit. Electrolysis therefore converts
electrical energy into chemical energy [11, Tempany, 2002, 34, Brett, 2002, 35, Columbia,
2002, 36, IUPAC, 1997].

Chemical energy in electrolytic reactions is associated with changes in the oxidation state in part
of the circuit (in the electrolyte, at the anodes or at the interface) and can be manifested as some
or all of the following:

e the dissolution of metal ions into electrolyte

e the deposit of metal from the electrolyte

e some layer conversion coatings, e.g. anodising, change the oxidation state at the anode
surface (see Section 2.5.13)

e the release of gases. In the circuits discussed here, hydrogen and/or oxygen are the
gases usually released.
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Electrolytic cells and reactions

When the workpiece or substrate is connected to the circuit in the electrodeposition cell, the
cations (in the example, M and H") move towards the cathode (—ve). The metal is deposited
while hydrogen is generated as a secondary cathodic reaction. The anions (e.g. Cl) move
towards the anode (+ve) [118, ESTAL, 2003, Ireland, 2003 #125].

As a simple example, M is the metal being electroplated, and X is the anion in solution:

xl

e 1n acid solution:
anode reaction: 2H,0 — 4H" + O,1 + 4e Electrolysis of water

cathode reaction: M +e - M| Reduction to metal

e in alkali solution:
anode reaction: 40H — O,1 + 2H,0 + 4¢

cathode reaction: M +e — M|

The choice, design and sizing of the other line components and associated activities are
dependent on the choice of the electrolytic cell and its components. The choice of an electrolytic
cell depends on:

e the industrial applications the producer intends to supply

e the layer type and thickness required (deposit and/or conversion) and of the throughput
capacity required

e the type of substrates (workpieces) to be treated

e the transport type required to move them: jig, barrel or coil.

26 September 2005 PT/EIPPCB/STM_BREF_FINAL



Chapter 2

Electrolytic cells may be classified in function by four main parameters:

electrolytic cell geometry

current density

types of electrolyte bath (described for each process, below)
anode types.

Two families of anodes are available:

e soluble anodes which have two functions: to provide metal ions to the electrolyte bath
and to repel the positive ions towards the substrate (forming the cathode). The anodes
are consumed during the process and need to be replaced regularly to maintain the
solution strength. They are fixed on a supporting rail which carries the current to them

e insoluble anodes have only one function: to repel the positive ions towards the steel
strip (cathode). They are constructed of current carrying materials that do not take part
in the solution reaction. They are used in electrochemical processes where the anode
material does not take part in the process, such as electrolytic degreasing. Where there
is deposition of material, process solution strength is maintained by additions as make-
up, often from a separate feed tank, e.g. a zinc dissolution tank.

2.1 Delivery and storage — workpieces and consumable raw
materials

2.1.1 Incoming workpiece and/or substrates to be treated

The workpiece and/or substrates to be treated are delivered in different ways according to size,
substrate material, quality and cost, and whether they are intended for in-house treatment or for
external shipment to another site or a subcontractor. Jig treatment is most costly, and
workpieces may be packed in bulk in stillages for cheaper steel components but are more
carefully packaged for more valuable workpieces: from layering in stillages with protective
inter-layers (to protect against physical damage and/or corrosion) to high value components
such as aluminium alloy aircraft wing sections being individually packed in robust boxes.
Automotive bodies are moved individually before and into processes on large jigs (or sleds) see
Figure 2.4 [111, ACEA, 2003]. Handling of workpieces can be mechanical or manual. Barrel
plating tends to be cheaper, where the quality of the finish is less critical and substrate is robust,
and here workpieces are usually transported loose in stillages and often emptied mechanically.
For coils, the external initial layers protect the rest of the coil. While small coils (in reel-to-reel
processing) can be moved by hand, large scale coils (because of their weight) need specialist
equipment, such as air flotation rafts and overhead cranes.

Environmental considerations
The amount and type of packing used and the minimisation of loss of materials by damage to
workpieces or substrate.
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Figure 2.4: Automotive body undergoing spray pre-treatment
[ACEA]

2.1.2 Consumable raw materials

Raw material inputs will vary according to the installation and will depend on the chemistry the
various processes carried out and the workpiece or substrate condition, shapes and surface area
throughput. Larger sites will receive some liquid chemicals in bulk by tanker, most IPPC sites
will receive at least some chemicals in IBC (Intermediate Bulk Containers) and all will receive
liquids in sizes from 2.5 to 210° litre containers. Bulk liquid storage is in bulk tanks or in IBC
containers, with smaller quantities being stored ‘as delivered’ and used from the delivery
containers.

Large scale solids deliveries may be by bulk tanker, but are more usually in the form of big
bags. Most commonly, 25 kg sacks, bags, drums and other containers including disposable
packaging, are used for powders, pellets and flakes. Storage of bulk solids may be in silos.
Other solids are stored in the containers they are delivered in. [111, ACEA, 2003].

Metals for deposition are usually delivered as anode bars or anode balls, or as salts (see solids,
above) but may be in proprietary solutions for chemical treatments (including autocatalytic
processes) or precious metal plating.

Smaller quantities of chemicals are used in laboratories and for replenishing costly ingredients,
such as in gold solutions or some trace components of process solutions.

The largest amount of chemicals in an installation are usually stored in use in the process line
vats and the containment of these chemicals, the use of chemicals in maintaining the solutions
and leakage issues are analogous to those for the incoming raw materials.

A description of the storage and handling of chemicals is given in the reference document on
BAT for emissions from storage [23, EIPPCB, 2002].

Environmental considerations
Prevention of unplanned releases to surface and groundwaters, and soils.
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2.2 Handling techniques for processing and loading for
processing

When workpieces are in a suitable state for the core treatments, they are loaded for processing
using one of the three transport types described below: [104, UBA, 2003]

e jigsorracks — frames carrying the workpieces singly or in groups
e Dbarrels - plastic cylinders holding many workpieces
e coil - coils or reels of substrate working on a continuous basis.

In a limited number of cases, components are treated in situ (see brush electroplating and
anodising, below).

Jigs or racks

Jigs (also known as racks or frames) provide both physical support for handling during
processing, as well as electrical contact when needed in electrolytic processing. Jigs may be
used for all sizes of components from small, such as jewellery and small precision engineered
components, to large installations handling parts of aircraft and automotive bodies (see Figure
2.4). Small components are secured by hand on jigs, either by being clipped onto spring
retainers forming part of the jig or fixed using copper wire: both systems carry the current in
electrolytic processes. Jigs are hung on flight bars: these assemblies are used both to move the
jigs through the core process steps and (where the processes depends on electrical current) to
carry the electrical current to the jig [128, Portugal, 2003]. Where current is carried, the flight
bars need to make good electrical contact: for example, the jigs are hung in each process vat
from copper U- or V-shaped cradles. For very large components, the jig may be a large platform
or frame without a separate flight bar, and electrical connectors are attached to the jig where
necessary.

Figure 2.5 shows finished gold plated components being unloaded from jigs with spring
retainers, visually inspected and packed in specialised plastic trays. There are two jigs
suspended from a flight bar.

Flight bars can be moved by two types of mechanism:

e transporters, which are hoists travelling on rails running the length of the process line.
This is the most flexible type of system and can be programmed for various finish
options, with different dwell times in different vats, or operated manually

e Dbeams, where the flight bars are hung on a beam. The beam moves up and down at
present intervals. In the up position, the flight bars are moved to the next process vat
position. However, the only way of varying the process time in different vats is to
change the tank length.

In process lines with low throughput, or small components, jigs may also be moved by hand.
Large, individual components, such as aircraft parts or automotive bodies may be moved on
conveyor systems or by overhead transporters.
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Figure 2.5: Jig or rack plating: unloading finished components
Graingorge S.A., France and Agence de I’eau Seine-Normandie

Barrels

Barrel lines tend to be used for high volume, lower cost work such as nuts and bolts, and can
only achieve lower quality finishes than jigs. Barrels are usually hexagonal or octagonal plastic
drums, with many holes in the long panels allowing access for the process liquids. The barrels
are usually moved by transporter systems, although for very small components (such as contact
pins being gold plated) small barrel units can be moved by hand. They are loaded from stillages
of components. Usually workpieces are emptied from stillages onto the floor, and the barrels are
then loaded manually using a shovel. Large scale barrel operations may use a mechanical loader
or a mechanised system. The barrel hangs from cradles which carry current at the appropriate
process vats. The barrel spindle carries current to a flexible electrode which trails in the barrel
from the central spindle and carries current to the loaded components in the relevant process
vats. The barrel is constantly rotated usually via a drive mechanism on the side. The current is
then passed through a flexible inert anode which trails in the rotating barrel and current is
passed through the contacting workpieces.

Steel coils
Coils can be up to 32 tonne rolls of steel up to 2080 mm wide [119, Eurofer, 2003]. Coils are
loaded in an entry loader section and welded onto the end of the preceding coil, see Section 2.9.

Aluminium coils
Aluminium coils up to about 25 tonnes, up to 2200 mm wide and up to about 3 mm thick are
processed [118, ESTAL, 2003].

Printed circuit boards
The transport of boards can vary during production, they are moved both as individual boards
across rollers in some parts of the process lines and in other parts they are moved in sets on jigs.

Brush electroplating and anodising

This is a specialised technique, developed for selective plating using portable equipment and
anodes surrounded by absorbent material that do not require immersion of the part. The method
is not generally used for production, but repair of worn or defective parts, e.g. large printing
rollers, large bearings, military and aviation parts, statues and other parts too large to process by
immersion techniques. [38, Ullmann, 2002/3]
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2.3 Workpiece or substrate pretreatment

Workpieces or substrates to be surface treated must be clean from dust, swarf and moulding
flash, as well as being corrosion- and grease-free to ensure uniform application and permanent
adhesion of the surface treatment. Many workpieces or substrates are oiled to prevent corrosion
in transit or from a previous operation such as pressing. Usually (but not necessarily) the
workpieces will need to be totally smooth to produce a high quality treated finish. Some
preparation of the workpieces may be carried out at the site producing them, but these activities
are also carried out at the surface treatment installation [6, IHOBE, 1997].

Activities preparing steel coil and wires prior to surface treatment in coil coating process lines
are described in the BREF on the ferrous metals processing industry [86, EIPPCB, ].

While virtually all process lines include cleaning or degreasing, where components are heavily
oiled or surface preparation is critical, it may be necessary to supplement this by an additional
pre-degreasing step. [104, UBA, 2003]

The pretreatment steps not only remove greases and oil, but also remove oxides and provide
chemically active surfaces for the subsequent treatment [73, BSTSA, |.

Overall environmental considerations
If cleaning is a separate activity to the main processing, the increased handling (such as
emptying containers, etc.) may give rise to additional noise [73, BSTSA, ].

2.3.1 Mechanical pretreatment
2.3.1.1 Linishing and polishing

Mechanical polishing produces a flowed amorphous surface under the influence of pressure and
high local temperatures [121, France, 2003, Finland, 2003 #120]. Individual components are
linished using abrasive belts, and then polished with an abrasive paste applied on fabric mops,
which removes fine marks and gives a highly polished finish. These activities are carried out
less frequently as modern production techniques produce better engineered components than in
the past, or use alternative materials such as plastics which can be precision moulded. Where
large numbers of workpieces are handled, the linishing and polishing are usually automated.
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Figure 2.6: Linishing
Producmetal S.A., France and Agence de I’eau Seine-Normandie

Environmental considerations
Noise and dust are associated with this activity.

Wastes may be hazardous depending on the substrate.
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2.3.1.2 Abrasive blasting

This traditionally uses sand or grit, but may use softer, finer abrasives such as ground nut shells.
These techniques may be used to de-stress the surface of the workpieces.

Environmental considerations
Noise and dust are associated with this activity.

Abrasive blasting creates solid wastes. With non-ferrous metals, the wastes (a mixture of
abrasives and abraded material from the metals) may be hazardous [113, Austria, 2003].

2.3.1.3 Deburring and/or tumbling

Applied to smaller, mass-produced components often followed by barrel treatment. The
workpieces are mixed with abrasive stones and tumbled or vibrated for up to several hours [73,
BSTSA, ]. These techniques can also be used in aqueous media with chemical additives to
clean, deburr and pickle the parts.

Environmental considerations
Noise and dust are associated with this activity.

Wastes generated directly may be contaminated with oils, surfactants and abrasive particles,
particularly vibratory finishing [73, BSTSA, ].

Where used with an aqueous system, the effluent may require specific treatment to eliminate
metals in solution and COD. This effluent is often recycled after centrifugation, simple filtration
or ultrafiltration. The residues from treatment may be treated off-site in a suitable waste
treatment plant or on-site in a physico-chemical waste water treatment plant. The residues may
be hazardous waste [121, France, 2003].

2.3.2 Electrolytic and chemical polishing

As well as the mechanical methods, electrolytic and chemical processes are employed in the
production of smooth, bright surfaces. Although their function in industry is similar, the
principle by which polishing is carried out is very different. While mechanical polishing
produces a flowed amorphous surface under the influence of pressure and high local
temperatures, chemical and electrolytic polishing are selective dissolution processes where the
high points of the rough surface are dissolved faster than the depressions. The potential
advantages of these methods are [118, ESTAL, 2003, Finland, 2003 #120, P G Sheasby, 2002
#132]:

e being similar in operation to anodising and electroplating processes, they can be
employed together in a single production line, with considerable reduction in plant and
simplified control, while mechanical polishing may often be replaced entirely

e they are suitable for bulk treatment and labour costs are appreciably lower, particularly
on components not suited to automatic polishing machines

e the surface is clean and gives better subsequent deposit adhesion as well as high
corrosion resistance

e the reflectivity and colour are often superior and there is no tendency to ‘bloom’.

Overall environmental considerations

Some of the chemicals used in electropolishing are toxic and this should be taken into account
both in the workplace and when disposing of spent baths. For chromium compounds, see
Sections 1.4.4.1 for health effects, and Section 2.5.3 for overall environmental considerations.
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Spent electrolytes and acids have a low pH and high concentration of dissolved metals including
chromium and nickel and may need to be treated before disposal as effluent (see Section
4.16.2). Alternatively, spent electrolytes may be managed as hazardous wastes. Electrolytes for
stainless steels deteriorate due to excessive iron in solution [73, BSTSA, ].

Rinsing waters may also require treatment for the same reasons.

Acid fumes, particularly those containing hexavalent chromium, may need extraction and
treatment. Where nitric acid is used, an air-scrubber may be used to remove nitrogen oxides
(NOx).

There is no associated dust and noise, unlike mechanical polishing processes.

2.3.2.1 Electropolishing

Electropolishing is a commonly used electrochemical method for smoothing, polishing,
deburring and cleaning various metals, generally steel, stainless steel, copper and its alloys and
aluminium and its aluminium alloys. It is widely used in food equipment, surgical equipment
and implants, the pharmaceutical, paper, pulp and food industries, as well as in automotive and
architectural applications. Electropolishing removes a fine surface layer electrolytically, and is
often used in cases where very smooth and bright finishes are needed. In electropolishing, the
workpiece (anode) is immersed in electrolyte and electric current (usually DC) is connected
between the workpiece and the cathode. The workpiece becomes polarised and metal ions start
to diffuse to the cathode, and metal is removed from the anode. The reaction can be controlled
by adjusting bath and process parameters and by choosing the metal or alloy being
electropolished.

In these electropolishing processes, different electrolytes are used. Electrolytes are usually
mixtures of various acids (sulphuric acid, chromic acid, citric acid, and/or phosphoric acid) and
sometimes organic compounds (such as glycerine or diethyleneglycolmonobutylether) are
added. [133, Hensel, 2002, 134, CEN/BSI, 1997, 135, Swain, 1996, 136, Webber and Nathan,
2000], [137, ISO/BSI, 2000]

Environmental and other considerations

During electropolishing of stainless steels, hydrogen is formed, which mixes with oxygen at the
solution surface. If ignited by a spark, this can produce an explosion. It is therefore advisable to
extract gases forming on top of the solution. This is vital when processing the internal surfaces
of enclosed vessels, otherwise a serious, possibly fatal, injury may occur. Repeated noise of this
type may have an impact beyond the perimeter of the installation (as well as being an
occupational health issue).

2.3.2.2 Electropolishing with electric discharge (also known as plasma-
electrolytic polishing)

Plasma-electrolytic polishing is an alternative method for some applications. The process differs
from conventional electropolishing mostly because of its electrolytes and process parameters
used. Instead of mixed acids, these electrolytes are different salt solutions and far more friendly
for employees and for environment. In this process, the used electric potential between anode
and cathode is in the range of 200 — 400 V DC depending on the solution and temperature (40 —
95 °C) used.

The same process can be used also for plasma-electrolytic oxidation in order to get hard oxide-
ceramic coatings.
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2.3.2.3 Electrolytic and chemical polishing processes for aluminium
Industrial electrolytic and chemical polishing processes for aluminium are of two types:

e processes designed to replace or reduce mechanical polishing. These provide a smooth,
bright, though not a ‘mirror’, finish, and are characterised by high dissolution rates
(between 2.5 and 5.0 um per minute). In most cases, the best results are obtained on
high purity aluminium or its alloys, but some processes may be employed on
commercial purity based grades of aluminium, producing a correspondingly lower
grade of finish

e processes employed after mechanical polishing. These processes have a low rate of
attack and are employed on aluminium reflectors and other components which require a
higher specular reflectivity than is obtained by mechanical methods alone. Their use is
generally restricted to high purity based materials as reflectivity falls off sharply as the
quantity of second-phase constituents present increases.

Hot, highly concentrated acid mixtures are normally used, especially phosphoric acid, sulphuric
acid and sometimes nitric acid. The temperature is >80 °C.

2.3.3 Solvent degreasing

Solvent degreasing is usually by means of chlorinated hydrocarbons (CHC), alcohols, terpenes,
ketones, mineral spirits or hydrocarbons [90, EIPPCB, , 104, UBA, 2003], [73, BSTSA, ].
CHC:s are used because of their good cleaning efficiency and universal applicability, as well as
their quick drying and incombustibility, but their use is restricted by environmental and health
legislation. All solvents affect the central nervous system and exposure should be controlled
(see environmental considerations, below) [73, BSTSA, , 90, EIPPCB, ].

There are two types of process:

e cold cleaning: The workpieces and/or substrates are immersed in the solvent or cleaned
in a stream of solvent. In some cases, the solvent is pumped round taking the liquid
from near the top of a holding tank, leaving dirt to settle at the bottom. The tank is
cleaned periodically

e vapour phase: The solvent is vaporised in a purpose-built bath and the cold component
suspended in the vapour. The vapour condenses on the component dissolving grease
and drained off with the dirt and grease, leaving the component clean and dry. The most
common solvents are CHCs. As the vapours are heavier than air they are contained in
the bath. Hydrocarbon solvent may be used.

The choice of solvents will depend on a number of factors including the substrate to be cleaned,
the type of oil or grease to be removed, the previous manufacturing process and the
requirements of the subsequent surface treatments. Chlorinated ethanes and ethylenes attack
aluminium and should not be brought into contact with substrate, tanks, containers, valves, etc.
made of aluminium. Dichloroethylenes in contact with copper should be avoided under all
circumstances as explosive acetylides may be formed.

Chlorinated solvents have no flashpoints [73, BSTSA, ]. Ketones and mineral spirits may be
used, but are flammable. Higher hydrocarbons with a narrow distillation range give the highest
flashpoints commensurate with solvent drying from the workpieces and/or substrate.

Environmental considerations

Because of the classification of certain CHCs as potentially carcinogenic materials, their water-
endangering potential and problems with emissions to the air, their use is strongly regulated
[[93, EC, 2000, 97, EC, 1999]. Most other solvents are either inflammable or not self-drying
[73, BSTSA, ]
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2.3.4 Aqueous cleaning

The workpieces are placed in this process solution for several minutes, or placed in a spray bath.
The solution is usually alkaline or neutral but may be acidic and usually working at increased
temperatures (40 — 90 °C) because of the improved cleaning effect. The main components of the
aqueous cleaning system are alkalis or acids, silicates, phosphates and complexing and wetting
agents. Aqueous cleaning systems work either by forming unstable emulsions (known as weak
emulsion systems) or stable emulsions. [3, CETS, 2002, 104, UBA, 2003]

Aqueous chemical systems avoid the use of solvents. The cleaned items can remain wet if the
subsequent treatment is water-based, such as electroplating. Process solutions have a short life,
dependent on throughput and the amount of oil or grease on the workpieces. The efficiency of
aqueous cleaning systems depends on the type and concentration of chemicals, the mechanical
effect, the temperature and the time. The mechanical effect can be applied by spray pressure or
flowrate, agitation of parts or solution, or by using ultrasonics.

Hot water is used effectively to remove oil and grease, especially from steel panels. It is widely
used in the automotive industry.

Strong alkalis and silicates are not suitable for aluminium. Complexing agents (tensides) are not
used in aluminium cleaners. For wetting agents, only very specific agents can be applied (for
instance, non-anionic agents). Cleaning at a low temperature is possible, from 40° upwards
[160, ESTAL, 2004]

Environmental considerations
Energy usage: process tanks operate at 50 — 90 °C and may require fume extraction to remove
water vapour and alkaline or acid fumes.

Rinse-waters (including those from air scrubber units) may require simple pH treatment in
waste water treatment plants.

Metals can be stripped from the substrate surface (including trace elements such as lead which
may have toxic effects). They can be separated after pH adjustment.

Alkaline degreasing agents may contain small amounts of substances of concern, such as nonyl
phenols [161, Assogalvanica, 2004].

Used acid or alkali solutions are often treated separately as they create a large pH change which
may not be accommodated by continuous flow waste water treatment plants.

Solution maintenance by replacing consumed components and removing the accumulated oil
dirt, oil and grease can greatly increase the solution life by various options [73, BSTSA, |.

Cleaning solutions may need to be separated from other process effluents to avoid interference
with the waste water treatment plant by excess surfactants. Cleaning solutions containing
complexing agents should be separated from other waste water streams containing metal ions
[73, BSTSA, ], see Section 4.16.2.
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2.3.5 Other cleaning techniques
2.3.5.1 Air knives

Air knives can be used to remove excess oil and grease from parts [73, BSTSA, ]. They are low
pressure, high volume systems where air is emitted through precision slits, giving a laminar air
curtain, through which components can be passed, either manually or on a conveyor belt. The
air heats up due to compression and movement in the system, and this warms oils and greases,
assisting their removal. Both the laminar air movement and the temperature also facilitate
drying of components.

2.3.5.2 Centrifuges

Centrifuges are used on a batch basis to remove excess grease, and usually applied to smaller
workpieces prior to barrel treatment.

2.3.5.3 Dryice

Blasting with pellets of dry ice by a process called ‘Cryoclean’ can be used to remove oil and
grease as well as particles, paint, etc. The cleaning effect comes from cooling and cracking of
contaminant layers, mechanical impact and lifting by the gas formed from sublimation of the
dry ice. [115, CETS, 2003, 116, Czech-Republic, 2003]

Pellets are made from liquid CO, with a diameter of 3 mm and length of 8 mm at a temperature
of -78 °C. They are accelerated by air to a velocity of 100 to 300 m/s. The pellets release kinetic
energy at the surface. On impact, they sublimate immediately. The surface is locally cooled and
due to different thermal expansion coefficients of the substrate and any coating and/or
contaminants, the cleaning ability is increased.

After use, the pellets of dry ice evaporate so the only waste formed is the solid waste of the
stripped coatings. This method is used mainly for cleaning pressing forms and other special
parts. In special cases, it is used to strip coatings (organic and metallic).

Environmental considerations

The method is noisy, and requires protection of workers. The waste may contain toxic
compounds (such as paints with heavy metals, lead, cadmium, etc.). Workers must protect eyes
and respiration. Air extraction and filtration may be necessary.

2.3.5.4 Hand wiping

Hand wiping uses a clean cloth and solvent, or an absorbent such as ground chalk or limestone.
This is carried out on large, high value workpieces such as aerospace components. It is also
used for small, quality critical components [73, BSTSA, ].
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2.3.6 Pickling, descaling and desmutting

Pickling and descaling are chemical metal-stripping procedures used to brighten and/or remove
oxides from the degreased metallic surface prior to other surface treatment processes [73,
BSTSA, ]. The bulk pickling of steels is described in the BREF on ferrous metals processing
[86, EIPPCB, ]. During the pickling processes disturbed or adhering layers, such as scale, oxide
films and other corrosion products of the metal, are removed by chemical reaction with an acid-
based pickling agent. In order to remove strong oxide layers effectively, specified acid
concentrations, temperature and pickling times must be adhered to. Hydrochloric or sulphuric
acids are normally used. In special cases nitric, hydrofluoric or phosphoric acid, or mixtures of
acids are used. Solutions containing fluorides are necessary for reliably pickling certain alloys.
The typical pickling reaction is described by the following chemical equation:

e metal oxide + pickling solution =~ — metal ion + water

Some erosion of the metallic surface is desirable, but excessive attack of the acid on the basic
material is unwanted. Hydrogen is usually formed:

e metal + pickling solution —» metal ion + hydrogen

The attack can be reduced by using so-called pickling inhibitors. These also cause an inhibition
of hydrogen development, thus minimising so-called hydrogen (or pickling) embrittlement (or
brittleness), caused by entrapment of hydrogen in the metal crystalline structure at the surface
and diffusion of hydrogen to stress concentration sites in the material. This may cause
catastrophic failures in high strength steels [73, BSTSA, ].

The concentration of the ions of the dissolved metal increase in the pickling solution while the
strength of the free acid declines. The acid consumption associated with the dissolution of metal
and metal oxide can be supplemented by adding fresh pickling solution [73, BSTSA, ].
However, this technique is limited by the constantly increasing metal content. A maximum iron
content of 8 % is recommended for sulphuric acid, 12 % for hydrochloric acid and 2.5 % for
phosphoric acid. When the limiting concentrations are reached, the pickling solution must be
disposed of completely or partly. [104, UBA, 2003]

The workpieces to be pickled must be completely grease-free, otherwise uneven pickling will
occur as the acid attacks grease-free areas only. The use of wetting agents accelerates the
pickling procedures as the workpieces are wetted better and more quickly. [ron materials can be
de-rusted and descaled in so-called acid degreasing agents without prior degreasing. The
commercial acid degreasing agents contain mixtures of wetting agents and emulsifying agents,
which can support the emulsification of fats and oils in strong acid media.

The pickling time is reduced with increasing acid concentration and temperature. A maximum
pickling effect is reached with a sulphuric acid concentration of 25 %. Above this, the pickling
speeds decrease. The optimal temperature is at 60 °C.

The pickling effects can also be accelerated by movement of the workpieces in the pickling
solution or movement of the pickling solution by solution injection [159, TWG, 2004].

Hydrochloric acid is also good for descaling and pickling. It works rapidly in most cases, with a
concentration of 18 —22 %. However, its disadvantage is aggressive vapours. Heating up to
30 — 35 °C not only increases the pickling effect, but also the formation of hydrochloric acid air
emissions.

Hydrofluoric acid is nearly exclusively used for the pickling of cast iron, for example engine
blocks. A concentration of 20 —25 % (as HF) and temperatures of 35 -40 °C are generally
preferred.
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For aluminium, the process is called desmutting, and nitric acid is at concentrations below 150
g/l

Environmental issues
Process tanks may need to be equipped with fume extraction to remove generated aerosols and
hydrochloric acid gas and nitrous oxides if nitric acid is used.

Spent pickling solutions require either treatment and disposal through an effluent treatment
system or disposal as liquid wastes. Excessive attack of the metal surface removes a significant
amount of iron, which can have adverse effects on the waste water treatment systems, such as
significantly increased sludge production [158, Portugal, 2004].

Effluents can easily be treated in typical waste water plants.

Maintenance of pickling electrolytes by acid retardation and diffusion dialysis is used in
Germany in some cases, such as anodising; it is not widely used in electroplating [124,
Germany, 2003].

2.3.7 Etching and descaling of aluminium

Descaling and pickling are not normally applied to aluminium processing because the natural
oxide on aluminium is very thin, unlike that on steel. Aluminium oxide removal may not be
necessary as part of a pretreatment but as a consequence[118, ESTAL, 2003].

The etching of aluminium and its alloys is usually carried out in sodium hydroxide solutions,
fluorides being added as necessary. Zincate treatment is necessary for good adhesion prior to
autocatalytic or electrolytic metal plating. This solution is based on sodium hydroxide
containing <20 g/l zincates.

2.3.8 Electrolytically assisted pickling, activation and degreasing

Pickling can be enhanced by making the substrate anodic. The non-electrolytic pickling of
metals is often followed by electrolytic activation to remove the remains of unwanted residues
from the surface, such as oil and dirt, which remain trapped in the micro-roughness of the
substrate surface. These are removed by the formation by electrolysis of H, at the surface of the
cathode and O, gas at the surface of the anode [73, BSTSA, ]. The basic composition of the
solution is similar to alkaline degreasers, although the chemical concentration is generally twice
as high. Wetting agents are omitted to prevent foaming; however, cyanides or other complexing
agents may be added to improve the activation of steel items. For normal applications, cyanide-
and chelating-agent free electrolytes are sufficient. The solution lifetime is mainly determined
by dilution through drag-in of rinse-water and drag-out of process solution. [3, CETS, 2002].
This process is not used in anodising [159, TWG, 2004].

Environmental considerations
Process tanks may be equipped with fume extraction to capture vigorously generated aerosols.

Rinse baths are rapidly saturated with dirt, fats and oils.

Rinse effluents and used solutions can be treated as alkaline or cyanide solutions in waste water
treatment plants. The waste water can upset the waste water installation because of the amount
of oils and grease, and the composition and concentration of components, e.g. phosphates and
surface active agents which can interfere with settlement processes [20, VITO, 1998].
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2.3.9 Metal stripping

Metal stripping is necessary for the processing of defectively electroplated components without
losing the properties of the base material [73, BSTSA, ]. It may also be used [73, BSTSA, ] for
the new treatment of nascent workpieces. It may be also used for the recovery of expensive
metals (such as the precious metals), both from the base metals and the coating materials. Often
scrap iron substrate metal can only be regenerated if certain metal coatings which cause
problems are removed. The metal stripping of jigs and/or of jig contacts used in the
electroplating process extends the life of the jigs and recovers the metal deposited.

To preserve the form of the surface to be stripped, the metal stripping techniques should remove
the coating material quickly and safely and not attack the base metal. In exceptional cases, [73,
BSTSA, ] electrolytic activation of the coat can be necessary, for example with chemical
chrome stripping. Chemical procedures are simple in application and they require less
expenditure on plant equipment. On the other hand, electrolytic procedures usually work more
quickly, more economically and with more control. They are therefore preferable for activities
such as the metal stripping of rack contacts.

Environmental considerations

The use of strong acids can generate spillage capable of attacking concrete floors and
subsequently polluting the soil and any groundwater beneath with acid and the dissolved metals.
The disposal of used acid stripping solutions may exceed the treatment capacity of effluent
systems. Acid fumes and mists are caused by reaction with the metals and substrate. These can
cause local air problems, health effects in staff and deterioration of equipment in the installation.

Stripping of previous treatments is often carried out as a batch process outside of the normal
process controls of an installation. They are a potentially significant source of breach of permit
conditions and pollution from the industry.

There can be increased waste production (in sludges from treatment and used acids), as well as
wasted energy, water and raw materials where defective components are stripped for reworking.
2.3.10 Pretreatment of plastics (etching)

Pretreatment is essential in the surface treatment of plastics by autocatalytic plating (see Section
2.5.8) and printed circuit boards (see Section 2.11).

2.3.10.1 Conditioning of plastics

This provides wetability of the surface as a prerequisite for subsequent voidless covering and
good adhesion of metal layers [3, CETS, 2002, 77, BSTSA, ].

The process solution contains sulphuric acid (<20 % by volume) or sodium hydroxide and
carbonate (<10 % by volume), water soluble organic biodegradable solvents (alcohol, glycol
derivatives).

For PCB boards, cleaning using a mix of pumice and water may be used to provide a micro-
rough surface for the subsequent adherence of layers [125, Ireland, 2003].

Environmental considerations
Acid effluents may require pH adjustment in waste water treatment plants.
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2.3.10.2 Etching or pickling of plastic

The pickling of plastic is a prerequisite for good metal adhesion. It is carried out in an aqueous
mixture of chromic acid (up to 380 g/l) [73, BSTSA, ] sulphuric acid (380 g/l) and wetting
agent. It is applied to ABS-type plastic surfaces to oxidise and dissolve the butadiene
component, thus generating a micro-rough surface [3, CETS, 2002].

Environmental considerations
Process tanks may be equipped with fume extraction to remove small amounts of generated
aerosols and acid gases.

The solution lifetime can be extended by membrane electrolysis to oxidise Cr(III) to Cr(VI).

Effluents can easily be treated in a similar manner to other solutions containing hexavalent
chromium in waste water treatment plants.

2.4 Drag-out and rinsing

Drag-out is the liquid from the previous process which adheres to the workpiece or substrate
surfaces. Rinsing is necessary:

e Dbetween most process steps to prevent cross-contamination of process solutions
e to ensure there is no deterioration of the workpiece and/or substrate surface by residual
chemicals, such as by over-reaction or by staining by the drying of dissolved chemicals.

A reduction of drag-out is a primary measure for minimising losses of chemicals, operating
costs and environmental problems in rinse-waters. In some processes, such as etching in
anodising, a certain amount of drag-out is used to maintain the solution by preventing the build-
up of by-products, such as in aluminium etching [159, TWG, 2004].

Rinsing is therefore a common activity carried out after nearly all process steps in surface
treatment [3, CETS, 2002]. Figure 2.7 shows a section through a typical jig plating line with six
rinsing stations [65, Atotech, 2001].

Rinse-water may vary in quality depending on the process requirements (see Section 2.12.2).
Many rinsing techniques have been developed to reduce water consumption to a minimum, and
some of these are discussed in Sections 4.6 and 4.7. There is usually a balance to be sought
between achieving the requisite cleanliness of the surface, the quality and quantity of the water
used, and the way rinsing is carried out.
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Figure 2.7: Section through a jig plating process line for PCB production
(Atotech Deutschland GmbH)

Environmental considerations

Rinsing is one of the largest potential sources of waterborne contamination as rinse-waters carry
all the process chemicals from an activity. In many cases rinse-waters are treated prior to
discharge (treatment options are discussed in Section Fehler! Verweisquelle konnte nicht
gefunden werden.. Key issues are:

e minimisation of the loss of materials, including possible re-use of rinse-water

e metals: these are conservative, i.e. can only be treated and moved to another waste
stream, but cannot be destroyed

e cyanides: these are usually treated by oxidation

e complexing agents: (including cyanides) these may need to be treated separately to
enable metals to be successfully treated subsequently

e surfactants, brighteners and other additives may interfere in waste water treatment or
have their own environmental impacts

e other cations may have local water quality effects.

Rinsing is also one of the two largest water usages in installations (the other large use is
cooling).

2.5 Core activities

2.5.1 Copper and copper alloy plating

[3, CETS, 2002] Copper plating is common for items in daily use, such as coins, and buttons or
zip fasteners with a patina for haberdashery. These types of workpieces can be plated on jigs or
in barrels. Copper plating is also essential in printed circuit board manufacture, see Section
2.11.
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2.5.1.1 Cyanide copper

Cyanide copper low temperature electrolytes are necessary for strike plating on steel and zinc
die casts to prevent spontaneous cementation of copper and poor adhesion of the subsequent
metal deposit. This type of solution is based on copper cyanide and sodium cyanide, with a
copper concentration of 15 — 20 g/l. Copper strike layers are usually no thicker than 2 - 3 pm.

Thicker layers (6 - 8 um) are achieved with potassium cyanide and potassium hydroxide based
high performance electrolytes at a metal content of 25 — 50 g/I, mainly for barrel plating and
others.

Another high performance electrolyte is based on copper cyanide and sodium cyanide with
potassium sodium tartrate providing higher current densities system, enhanced brightness of
layers and reduces the tendency to anode passivation. The metal content is 40 — 60 g/I.

Potassium carbonate is generated in potassium-based systems during processing. This disrupts
bright copper deposition and causes roughness at concentrations beyond 90 g/1.

Environmental considerations
Process tanks may be equipped with fume extraction to remove generated aerosols.

Sodium-based solutions can be regenerated by batch or continuous precipitation of sodium
carbonate.

Potassium-based electrolytes have to be discarded as soon as the content of potassium carbonate
exceeds 90 g/l.

Effluent can be treated in typical waste water plants, with a cyanide oxidation stage.

2.5.1.2 Acid copper

These solutions are now the usual choice for copper plating [124, Germany, 2003]. Due to their
excellent levelling capability, acid copper electrolytes based on copper sulphate and sulphuric
acid are used to make polishing and buffing redundant prior to decorative bright nickel and
copper plating on furniture frames, bathroom fittings, wire work, etc. The normal copper
content is 50 — 60 g/l and sulphuric acid is 60 — 90 g/I.

An important technical application of acid copper electrolytes is for through-hole, panel and
pattern plating of printed circuit boards and multilayers. Sulphuric acid enhances the
conductivity, the macro-throwing power and provides fine crystalline and ductile layers. In such
electrolytes, the concentration of sulphuric acid is in the range of 180 — 200 g/l and the copper
concentration is 20 g/l.

The solutions are also cyanide free, do not suffer from carbonate build-up and are more
electrolytically efficient.

Environmental considerations
Process tanks may need to be equipped with fume extraction to remove aerosols generated by

air agitation of the plating solution.

Effluents can be treated in typical waste water plants for low pH and to remove copper.
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2.5.1.3 Pyrophosphate copper

Pyrophosphate copper electrolytes no longer play an important role. They are based on copper
pyrophosphate (110 g/1) and potassium pyrophosphate (400 g/I). Additives are citric acid
(10 g/1) and ammonia (3 g/1) [124, Germany, 2003].

They are used for special technical applications such as shielding on heat treated parts, as a
drawing aid for wires, and for other thick bright layers that need little or no polishing, to prevent
hydrogen embrittlement and as an intermediate layer below nickel and silver.

Pyrophosphate electrolytes can also be used for through-hole and panel plating of printed circuit
boards and multi layers, but are currently substituted mainly by acid copper electrolytes.

Pyrophosphate is continuously decomposed by hydrolysis if pH is not maintained sufficiently,
shortening the lifetime of the process solution. Appropriate regeneration means are not currently
available. However, properly maintained baths can last more than 10 years [129, Spain, 2003].

Environmental considerations
Fume extraction is normally used at process tanks.

Effluents have to be treated with lime, as sodium or potassium hydroxides do not precipitate
copper from the pyrophosphate.

Due to the ammonia content, separate treatment from other effluents containing metals is
required.

2.5.1.4 Brass

Brass is predominantly an alloy of copper and zinc although nickel, tin, or lead may be added. A
mixture of copper and zinc cyanides in solution are widely used to deposit copper and zinc
alloys for decorative purposes. They are alkaline electrolytes containing between 8 — 15 g/l
copper and 5—30 g/l zinc (depending on the formulation used). The total sodium cyanide
content can vary from 70 to 90 g/l and working pH around 10. The deposited alloy contains
65 to 80 % of copper and the colour is light yellow. It can be used as a flash over a bright
substrate or if heavier deposits are used then different finishes can be obtained through a
subsequent chemical colouring of the deposit.

2.5.1.5 Bronze

Bronze is copper alloyed with tin and zinc. Cyanide bronze alloy is used as a decorative plating
process. It is used as a substitute for nickel in jewellery as a ‘nickel free’ coating to avoid skin
allergy effects. Acid bronze is under development [ 124, Germany, 2003].

The metal concentration in this stannate and cyanide-based electrolyte is 4 — 10 g/l of stannate,
4-20 g/l copper, and 1 -4 g/l zinc, with 6 — 10 g/l potassium cyanide. It is used in two
different colours: white or yellow bronze.

Lead is used in low concentration as a brightener in some electrolytes. Its future use in many
products is banned by new directives [98, EC, 2003, 99, EC, 2000].

Cyanide oxidises with the passage of current to carbonate. Solutions have to be discarded as
soon as the carbonate level exceeds 40 g/1.
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Environmental considerations
Process tanks may need to be equipped with fume extraction to remove generated aerosols.

Effluent can be treated for pH, cyanide and metals in a typical waste water treatment plant with
a cyanide oxidation step.

2.5.2 Nickel electroplating

[73, BSTSA, ] Nickel electroplating and electroless plating processes are used in a wide range
of industrial and consumer applications. Although the prime function of these processes is to
improve the resistance of substrates to corrosion, wear and abrasion, nickel provides a smooth,
highly reflective and corrosion-resistant coating below a range of other coatings for decorative
finishes.

Nickel plating processes - including both electrolytic and electroless (autocatalytic)
systems - can conveniently be considered in seven separate categories.

Nickel/chromium electroplating

The most important application of nickel is in nickel/chromium electroplated coatings,
commonly called ‘chrome plating’. They consist of a very thin chromium topcoat (1 %) over an
undercoat of nickel (99 %). Nickel provides a very smooth, brilliant corrosion-resistant finish.

Nickel electroplating with other topcoats
Brass, gold and silver topcoat systems are used as alternatives to chromium.

Nickel electroplating
Nickel can be used on its own without any topcoat. Generally, this is only for engineering
purposes, such as refurbishment of worn components.

Nickel composite electroplating systems

Almost uniquely, nickel matrixes can be formed in which inert, non-metallic particles, such as
silicon carbide, diamond or PTFE are incorporated by co-deposition to improve engineering
properties such as hardness, abrasion resistance and coefficient of friction.

Nickel alloy electroplating
Electrodeposited nickel alloys of commercial significance include zinc-nickel, nickel-cobalt,
and nickel-iron.

Nickel electroforming

Nickel electroforming is a unique process that allows articles to be produced by the
electrodeposition of relatively thick nickel layers-it is a vital part of the process of
manufacturing compact discs, DVDs, holograms and screen printing cylinders.

Electroless nickel plating

This is a chemical process giving hard uniform coatings. They can also be deposited on
materials that cannot be electroplated, such as plastics and some alloys. A full description of
these processes is given in Section 2.5.8.

Overall environmental considerations
The health issues related to nickel metal and its soluble salts, and the principal areas of concern
are described in Section 1.4.4.1.

Nickel solutions are likely to require agitation and the choice of agitation can affect the amount
of airborne pollutants, see Section 4.3. Effectiveness of distribution can be improved by the
addition of wetting agents.
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Exhaust extraction is regularly used and mist eliminators are often employed and the effluents
may be treated with other waste waters (see below).

Waste waters can be treated in a typical waste water treatment plant. However, waste waters
containing nickel must be separated from cyanide-bearing waste waters, as nickel forms stable
complexes with cyanide which are difficult to treat. Contact with other complexing agents
should also be avoided.

Solid residues will require management as a hazardous waste [92, EC, 1991, 100, EC, 2000].

Substrate considerations

Nickel is regularly deposited onto a wide range of metallic substrate materials commonly used
in manufacturing processes such as steel, copper, brass, zinc alloys, aluminium, and magnesium
as well as onto a range of plastics substrates.

It can successfully be plated directly, achieving good adhesion, onto some of these substrates
(steel, copper and lead-free brass) if the correct cleaning and other pretreatment processes (see
Section 2.3) are properly carried out.

Zinc alloys are, however, susceptible to corrosive attack in acidic nickel plating solutions and
consequently require a layer of copper deposited from a cyanide solution (see Section 2.5.1)
before nickel can be successfully deposited.

With aluminium and its alloys, because of their very high surface reactivity, it is necessary to
deposit a layer of zinc (produced by non-electrolytic chemical treatments known as the ‘zincate’
or ‘double zincate’ processes) before a layer of copper can be applied, again from a cyanide-
based solution. Magnesium alloys require similar treatment.

2.5.2.1 Watts-type nickel solutions

Watts-type nickel solutions account for the majority of solutions used in the nickel plating
industry, including those used for nickel-chromium plating, nickel with other topcoat systems
and composite nickel plating. Nickel sulphate (240 -375 g/l) is used with nickel chloride
(35-60 g/l) and boric acid (30 - 45 g/l). Operating temperatures can range from 25 to 70 °C
although the more restricted range of 50 to 60 °C is more common. The pH is normally
3.5 - 4.5. Formulations with a nickel chloride content at the higher end of the range may be used
to achieve increased deposition rates.

Watts-type solutions can be used without any additions to produce dull nickel deposits, although
wetting agents are almost always added to reduce gas bubble retention on the nickel surface
which would result in ‘pitting’. However, Watts-type solutions are most frequently employed
with the addition of organic compounds. These modify the metallurgical structure of the nickel
to produce either a lustrous and fully bright appearance or alternatively semi-bright or satin
nickel deposits. As well as altering the visual appearance of the nickel, these additives also
inevitably bring about changes in deposit ductility, hardness and internal stress. Typical
additions depend on the required function of the nickel deposit and varies from a small amount
of organic semi-brightener (<1 ml/l) and wetting agent (<1 ml/l) for a semi-bright finish to
primary and secondary brighteners at 10 - 20 ml/l and <10 ml/l wetting agent for a bright finish.

There are many types of organic compounds used to modify the properties of deposits produced
from Watts-type solutions. In general, they are added as proprietary mixtures.
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If regularly analysed, used and maintained with care, Watts-type solutions can have an almost
indefinite working life. Nickel metal deposited at the cathode is rather more than fully
replenished by that dissolved at the anode since the cathode efficiency is normally only between
96 — 98 %, compared to an anode efficiency of 100 %. This small difference in efficiencies is
normally compensated for by removal (‘drag-out’) of solution from the process tanks by work
being carried forward into the rinsing system. In systems where ‘drag-out’ is low, the solution
concentration may actually increase; this may require treatment to keep the concentration within
operating limits.

The problem most likely to shorten the working life of the nickel solution is the introduction of
contamination which can be either inorganic or organic in nature.

Inorganic contaminants can be introduced by an impure water supply, solution carried forward
into the nickel solution from those preceding it in the process chain (e.g. cleaning solutions) or
metallic components accidentally dropped into the nickel solution, such as work falling from
jigs, subsequently dissolving into the process solution. Some inorganic contaminants (Fe) can
be removed by measures such as high pH precipitation and others (Cu and Zn) by low current
density electrolysis known as ‘plating out’, see Section 4.11.9.

A considerable number of organic contaminants can be removed simply by filtration over
activated carbon or using adsorber polymers. Others may require additional treatment either
with hydrogen peroxide or with potassium permanganate in order to break down the compound
into simpler ones that can then be removed by active carbon treatment.

Environmental considerations
See overall environmental considerations.

The wetting agents used do not usually interfere with typical waste water treatments.

With suitable maintenance and rinsing measures, closed loop operation can be achieved,
reducing effluent treatment requirements and increasing raw material and water conservation.

2.5.2.2 Nickel sulphamate-based solutions

These solutions are widely used, and most frequently in electroforming applications where the
low internal stress of the deposits they produce is absolutely vital. In these cases chloride-free
solutions can be used (but only if a form of sulphur-activated nickel anode material is
employed) to reduce deposit stress to a minimum. They are also used in barrel plating
operations and reel-to-reel, since their higher electrical conductivity allows faster deposition
rates to be used, and for thicker layers (>2000 pm).

Generally, sulphamate-based solutions are not used in situations where Watts-type solutions
will prove effective due to their higher cost.

The solutions are based on nickel sulphamate (rather than nickel sulphate) in concentrations
ranging from 350 to 600 g/l of the tetrahydrate salt, allowing a higher current. These solutions
always contain boric acid (35 — 45 g/I) and frequently nickel chloride (1 - 15 g/1).

These solutions normally operate in similar temperature and pH ranges as those used for Watts-
type solutions although high concentration sulphamate solutions that are used to achieve high
metal deposition rates, using current densities up to 35 A/dm’, are often operated at around
70 °C.
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Sulphamate-based solutions are frequently used without any additions, other than wetting agents
to reduce ‘pitting’. However, selected organic compounds, such as saccharin and naphthalene
tri-sulphonic acid, can be added to the solution to increase deposit hardness or to control deposit
internal stress.

Like Watts-type solutions, those based on nickel sulphamate can have an almost indefinite life if
analysed regularly and carefully maintained. There is, however, an additional complication to be
considered in relation to the chemical and electrochemical stability of the sulphamate anion. At
higher temperatures and lower pH values this will hydrolyse to produce sulphate ions plus
ammonium ions in solution. The ammonium ion increases the deposit stress and hardness to
unacceptable levels and, furthermore, cannot be removed from the solution. In addition, if the
anodes in the process solution become passive, the sulphamate anion will undergo
electrochemical oxidation to produce an unspecified mixture of by-products that radically and
detrimentally affect deposit properties.

The avoidance of inorganic and organic contamination and treatment are as for Watts-type
solutions.

Environmental considerations
Issues relating to solution loss by ‘drag-out’ and effluent treatment are the same as for Watts-
type ones.

2.5.2.3 Nickel chloride-based solutions

Solutions based on nickel chloride have very limited uses due to the very high internal stresses
of the deposits they produce. One exception is the Woods nickel strike solution which normally
consists of 240 g/l of nickel chloride hexahydrate plus 125 ml/l hydrochloric acid and is
operated at 20 - 30 °C. It is used for one specific purpose only: to provide an initial adherent
nickel layer on the surface of materials, such as stainless steel and nickel-chromium alloys,
where it is difficult to achieve adhesion due to the naturally forming passive oxide film.

2.5.2.4 Nickel sulphate-based solutions

Solutions based on nickel sulphate and not containing nickel chloride are only rarely used as
they do not promote good dissolution of the nickel anode material. Formulations similar to the
Watts-type solution (but without chloride) can be used when it is vital to use inert anodes in
order to deposit into highly inaccessible recesses.

A sulphate-based (70 g/l nickel sulphate plus 100 g/l sulphuric acid) nickel strike solution is
sometimes used for a similar purpose as the Woods solution (see above).

2.5.2.5 Other nickel plating solutions

Solutions based on nickel fluoroborate are mentioned in literature but currently find little, if
any, commercial application.

2.5.2.6 Nickel alloy plating solutions

Nickel-cobalt alloys are used in electroforming because they are harder than pure nickel and
nickel-iron alloys find applications in the electronics industry, generally related to their
magnetic properties. Solutions used for depositing both types of alloy are normally based on the
standard Watts-type or nickel sulphamate formulations, with the same issues of operation and
maintenance.

PT/EIPPCB/STM_BREF_FINAL September 2005 47



Chapter 2

Nickel-iron processes, however, require special additives to stabilise the ferrous ions in solution
and prevent spontaneous oxidation to the ferric state.

Nickel-zinc alloy plating processes that produce alloys containing 10 - 14 % nickel have been
developed recently and are becoming increasingly important since they can provide almost
10 times the level of corrosion protection that can be achieved with pure zinc (see Section
2.5.4)).

2.5.3 Chromium plating

[3, CETS, 2002] Chromium plating has found wide usage both as a decorative surface finish
(bright chromium plating) and as a functional coating (hard chromium plating), because of its
typical high hardness and wear resistance properties. It is also widely used in packaging
applications (see Section 1.3.2).

For decoration, often referred to as bright chrome or bright chromium, it is usually applied as a
thin layer to prevent the corrosion of the very level and bright surfaces generated by bright
nickel undercoats. Deposit thickness is generally in the range 0.1 to 0.4 pm [73, BSTSA, , 124,
Germany, 2003], with a treatment time from 2 to 13 minutes [73, BSTSA]. The finish has a
typical silver-bright colour and has a very high resistance to tarnishing.

Bright chromium can be plated either from a hexavalent or trivalent chromium electrolytes [122,
UBA, 2003].

Hard chromium plating (usually known as hard chrome) consists of heavy deposits applied on
particular components (drive shafts, hydraulic cylinders, aircraft landing gear [73, BSTSA, ]
pins, valves, etc.) to give high resistance to mechanical and wear damage. Hard chromium
plating can only be plated from hexavalent chromium electrolytes.

Aerosols are generated from the hexavalent process solution by significant cathodic hydrogen
evolution. The health effects of hexavalent chromium are described in Section 1.4.4.1.
Theoretically, trivalent processes based on a chloride solution may produce hazardous organic
halogens (AOX) and chlorine gas, but production solutions prevent this by additives reducing
the chlorine. There is no problem with sulphate-based solutions.

Further issues relating to Cr(III) and Cr(VI) are discussed in Section 4.9.6.
Annex 8.10 contains a spreadsheet setting out all the comments received and their validation.

Overall environmental considerations for hexavalent chromium
Process tanks are normally equipped with fume extraction to remove hexavalent chromium
aerosols.

Fume suppressants may be used to control foaming and to reduce the amount of aerosol,
whether in conjunction with fume extraction or not [73, BSTSA, ]. However, the suppressants
are based on PFOS, which is toxic and persistent [73, BSTSA, ].

Extracted vapours may be treated through a suitable mist eliminator and the wash liquor treated
with other chromium effluents.

Effluents may be treated in a typical waste water treatment plant, with reduction of Cr(VI) to
Cr(IIT) followed by flocculation and precipitation.

Cr(III) solutions do not require separation and reduction prior to treatment.
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2.5.3.1 Bright chromium plating (hexavalent chromium electrolytes)

Bright hexavalent chromium plating electrolytes are based on chromic acid (80 - 400 g/1),
sulphate as the primary catalyst (0.8 - 5.0 g/l) such as fluoride ions (<2 % of the concentration
of the chromic acid). Where high corrosion protection is required so-called ‘micro-cracked or
micro-porous’ chromium coating can be applied using readily available techniques, with a
thickness from 0.7 to 0.8 um, and a treatment time of 7 - 8 minutes [113, Austria, 2003].

Decorative chromium coating properties are determined by the characteristics of the nickel
underlayer, by the CrOj/catalyst ratio and by the operating temperature (20 —45 °C) [73,
BSTSA, ]; [124, Germany, 2003].

Environmental considerations
See overall environmental considerations for hexavalent chromium, above.

2.5.3.2 Bright chromium plating (trivalent chromium electrolytes)

Bright trivalent chromium electroplating electrolytes are based on chromium III compounds,
such as sulphate or chloride, together with proprietary chemicals. The electrolyte contains only
about 20 g/l of the trivalent chromium, compared with about 200 g/l of chromic acid in the
hexavalent chromium process.

Currently, trivalent chromium can only be used for decorative finishes, and cannot replace
hexavalent chromium for hard chrome plating (see Section 2.9.8.3) [124, Germany, 2003]

The use of trivalent chromium eliminates the carcinogenic and other hazards associated with
hexavalent chromium in the workplace. Fume extraction and scrubbing, or fume suppressant are
not required for hexavalent chromium. However, additives are required to prevent the formation
of free chlorine and AOX.

The lower electrolyte concentration has a lower viscosity than the hexavalent electrolyte. This
results in better draining of plated parts, and subsequently less drag-out, less loss of electrolyte,
less effluent treatment required and less chromium-containing waste being produced.

Environmental considerations
There is no hexavalent chromium aerosol to control, but fume extraction may be required to
deal with any acid fumes [115, CETS, 2003, 124, Germany, 2003].

Fume extraction will assist with, providing evaporation and sufficient volume reduction for
additions made during solution maintenance [124, Germany, 2003] or returned drag-out from
rinsing processes. However, evaporation may be needed.

The significantly reduced drag-out losses result in much reduced associated effluent treatment
and sludge disposal requirements: up to 90 % reduction is possible.

The waste water requires less chemical treatment as the chromium is already in the trivalent
state and will precipitated at a suitable pH.

2.5.3.3 Black chromium plating
[113, Austria, 2003]

Black chromium finishes can be achieved for decorative black pieces and on the same substrates
as for bright chromium plating. They are also plated onto a preceding nickel layer. Usually, they
are treated in emulsions to achieve a decorative finish after the plating process (see Section
2.5.11).They are based on hexavalent chromic acid electrolytes (350 - 520 g/I) and catalysts
(nitrates, fluorides). The layers are porous and <Ium.
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Environmental considerations

See overall environmental considerations for hexavalent chromium, above.

Although not usually required, there may be a need to treat nitrates and/or fluorides in any waste
waters.

2.5.3.4 Hard chromium plating

[3, CETS, 2002, 74, BSTSA, ] Hard chromium plating electrolytes are based on chromic acid
(180 — 350 g/1) and on one of the following catalysts:

e sulphate ions (1.8 — 6.0 g/l)
e mixed sulphate and fluoride ions (<2 % of the content of the chromic acid)
e pre-prepared proprietary fluoride-free (<2 % of the content of the chromic acid).

The catalyst choice is fundamental to the efficiency of the electrolyte (from 25 - 33 % [73,
BSTSA, ] for the sulphate catalyst to 25 —27 % for the pre-prepared proprietary fluoride-free
type). The type of catalyst used, and the operating temperature have a great influence both on
the physical properties (cracked, micro-cracked and crack-free coatings) and on the chemical
and mechanical properties, e.g. the corrosion and wear resistance, the mechanical workability,
etc.

Environmental considerations
See overall environmental considerations for hexavalent chromium, above.

Due to the long plating times and high process temperatures (50 - 60 °C) there is usually
sufficient evaporation to use rinse-water returned from the subsequent rinsing station. This may
enable closed loop operation, with or without an evaporator. Alternatively, there may be high
water consumption [73, BSTSA, ].

2.5.4 Zinc and zinc alloy plating

[3, CETS, 2002, 78, BSTSA, ] Zinc and zinc alloy coatings are the most widely used
electrolytic surface treatment, providing corrosion resistance and/or cheap decorative coating to
a very wide variety of iron and steel items for the automotive, construction and other industries.
For example, they are used for steel sheet or wire, screws, washers, nuts, bolts, shopping
trolleys, construction frames (chassis) and casings for domestic appliances (such as washing
machines) and many other kinds of applications (see Section 1.1).

Zinc layers require post-treatment (see Section 2.5.17): in conjunction with various coatings,
zinc layers of only 2.5 —18 pm thick will be sufficient to protect parts for their whole working
lifetime [159, TWG, 2004].

Zinc plating has been in existence for a hundred years and because of its wide application, many
different electrolyte systems are in use. The most common ones are described below.

Overall environmental considerations

Zinc ores contain cadmium. At the purity used for zinc electroplating, anodes contain about 1
gram of cadmium per tonne of zinc or 0.0001 %. EN 1179: requires a zinc purity of 99.995 %.
The maximum amount of cadmium allowed is 0.003 %, although in practice, this is about
0.0003 % or 3 g per tonne [124, Germany, 2003] Trace quantities of cadmium may therefore
appear in the effluent. These traces are largely removed in typical waste water treatment plants,
and will be in the sludge produced. The quantities in either treated effluent or wastes are not
usually significant. Treatment to remove zinc to regulatory levels are usually sufficient to
remove this incident cadmium. If necessary, additional steps such as filtering may be added (see
Section 4.16.10 [124, Germany, 2003].
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2.5.4.1 Alkaline cyanide zinc

This is used mainly for technical (non-decorative) corrosion-resistant layers. The process
electrolytes are easy to operate, and have compositions of zinc oxide (10 — 30 g zinc/l), sodium
hydroxide (80 — 120 g/1) and sodium cyanide (5 — 100 g/1). They operate at pH values close to
14, using both soluble and insoluble anodes.

Alkali zinc gives coating with good post-forming properties. Some sources suggest this is due to
a fine structure of the deposit, others that is due to the cleaning action of the cyanide solution
giving good adhesion [73, BSTSA, ].

The cyanide-based electrolyte has good throwing power into holes and blind spaces.

The plating solution has low conductivity, thus a higher voltage (6 -8 V for jig plating,
10 -15 V for barrel plating) and a higher energy demand is needed. [73, BSTSA, ] Carbonate
build-up from cyanide decomposition can be dealt with by crystallising out (see Section 4.11.4),
which also removes metallic impurities in the electrolyte.

The current efficiency is from 50 % to 75 % on a well-run process at an average current density
of 2A/m* [73, BSTSA, ], but decreases with increasing current density.

Fume extraction of the process tanks to remove aerosols may be used.

Environmental considerations
There is an industry tendency towards decreasing the cyanide content because of environmental
and safety reasons.

Cyanide in rinse-waters can be readily oxidised by several methods in the waste water treatment
plant.

Zinc can be readily removed in a typical waste water treatment plant.

2.5.4.2 Alkaline cyanide-free zinc

These are mainly applied for technical corrosion-resistant layers (non-decorative). The process
solutions contain zinc oxide (5 — 15 g zinc/l) and sodium hydroxide or potassium hydroxide
(100 — 150 g/). This process may require better pre-cleaning treatment than for cyanide
solutions [73, BSTSA, ]. The process can give better metal distribution than cyanide
electrolytes.

The plating solution has a low conductivity, thus a higher voltage (6 - 8 V for jig plating,
10 - 15 V for barrel plating) and higher energy demand is needed

Current efficiency 65 -70 %, decreasing with increasing current density. 70 —85 % is
achievable at 2A/m? for well-managed processes [129, Spain, 2003, CETS, 2003 #115].

Environmental considerations
Zinc from rinses can be readily removed in an waste water treatment plant.

Aerosols from the bath can be reduced by using wetting agents, which create a foam blanket
over the bath.]. However, the suppressants may be based on PFOS, which is toxic and persistent
[73, BSTSA, 1.

Air extraction may be required from the plating vats and any external dissolution tank for zinc
metal (see Section 2.13.3[113, Austria, 2003].
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This process has a much higher energy demand than other zinc-processes (cooling, lower
current efficiency). Potassium electrolytes have better current efficiency than sodium
electrolytes [113, Austria, 2003].

2.5.4.3 Acid zinc

Acid zinc electrolytes give bright decorative layers, and used, for example, on furniture frames,
shopping trolleys and baskets. In conjunction with post-treatments, they provide corrosion
resistance comparable with finishes from alkaline-type electrolytes. Metal distribution is poor to
acceptable, but this improves with warm electrolytes.

Electrolytes contain zinc chloride (30 —55 g zinc/l), potassium and/or [124, Germany, 2003]
sodium chloride (130 - 180 g/l) [116, Czech-Republic, 2003], boric acid (10 —40 g/l) and
wetting agent. Only soluble anodes are used. The solutions have good conductivity and high
cathode efficiency, typically 93 - 96 %. It has a lower energy demand than alkali processes[73,
BSTSA, 1.

Plating tanks may be equipped with fume extraction hoods to remove chloride-containing mists,
thus preventing the corrosion of equipment.

Environmental considerations
Current efficiency of the electrolyte means lower power consumption.

If the extracted air is passed through mist elimination, effluents may require treatment to adjust
pH and remove zinc.

Effluents may be easily treated in typical waste water treatment plants.

Acid zinc electrolytes generate more solids in effluent treatment than alkali cyanide processes,
resulting in possibly four times as much solids. This may be due to increased dissolution of steel
substrates, where the iron both bulks and acts as a flocculant in waste water treatment (Personal
communication, D. Hemsley).

2.5.4.4 Zinc alloy plating

Zinc alloy coatings provide extended corrosion resistance and the main use is for automotive
applications (see Sections 1.1 and 2.9).

The main zinc alloys deposited are:

e zinc-iron (<1 % Fe), from alkaline cyanide-free electrolytes

e zinc-cobalt (<3 % Co), from acid or alkaline cyanide-free electrolytes

e zinc-nickel (<15 % Ni), from acid (ammonium chloride-based) or alkaline cyanide-free
electrolytes. Alloys containing 10 % - 14 % nickel have been developed recently and
are becoming increasingly important since they can provide almost 10 times the level of
corrosion protection than can be achieved with pure zinc. They can be deposited either
from acidic chloride-based solutions or from alkaline solutions where the relatively low
concentration of nickel in solution (1-2 g/l) is stabilised by the addition of small
amounts of amines. The alkaline solutions are becoming the preferred formulations
since they give a more consistent alloy composition on complex work geometry [115,
CETS, 2003].
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Environmental considerations
Plating tanks may be equipped with fume extraction hoods to capture aerosols or ammonium
chloride fumes.

The extracted air may be passed through mist elimination.
Alkaline cyanide-free effluents are treated in typical waste water plants.

Treatment of effluents from ammonium chloride-based electrolytes is difficult and has to be
effected separately. Recovery of drag-out can be close to 100 % (closed loop operation) and this
facilitates effluent treatment.

For zinc-nickel, the dilution factor that occurs in rinse-waters generally overcomes the
complexing effect of the amines so that special treatment is not required to remove the nickel
from the effluent. If it is necessary to dispose of quantities of undiluted process solution,
however, chlorination treatment will be necessary be to destroy nickel amine complexes before
the nickel can be precipitated from the effluent stream [73, BSTSA, ].

2.5.5 Cadmium plating

[114, Belgium, 2003, 115, CETS, 2003, 121, France, 2003] Cadmium is mainly used to protect
parts made of steel, and aluminium or titanium alloys. It has particular properties: a low risk of
hydrogen embrittlement, a low friction coefficient and constant torque for fasteners, and has
better throwing power and penetration as well as better corrosion resistance than zinc. It’s
toxicity has resulted in it being restricted to specific vital technical uses where it is difficult to
replace in aviation and aerospace, military equipment, mining and nuclear industries and some
safety critical electrical contacts (see Section 1.4.4.1, Annex 8.1, [105, EC, 1967])

Cadmium plating can be performed in acidic as well as alkaline cyanide baths. The pretreatment
is the same as for zinc plating. After plating the coating is often given a passivation treatment in
chromic acid. High strength steel parts are heat treated to minimise the hydrogen uptake and
then activated in diluted nitrous acid before chromating. Cadmium covering layers can be
chromate plated.

Electrolytes may be based on cyanide, fluoroborate, sulphate or chloride:

e clectrolyte based on cyanide:
NaOH: 20 g/1; NaCN: 120 g/l; cadmium: 20 -30 g/1; temperature: 20 - 35 °C

e clectrolyte based on fluoroborate:
Cadmium fluoroborate: 250 g/l; ammonium fluoroborate: 60 g/l; boric acid: 25 g/l;
temperature: 20 - 35 °C

e clectrolyte based on sulphate:
Cadmium sulphate: 52 - 85 g/l; sulphuric acid: 50 - 120 g; temperature: 18 - 30 °C

e clectrolyte based on chloride:
Cadmium chloride: 114 g/l; ammonium chloride: 112 g/l; complexing agent (EDTA,
NTA): 180 g/l

Environmental considerations
The toxic effects of cadmium are well-known. [114, Belgium, 2003], see Annex 8.1.

Discharge levels from waste water treatment plants are likely to be orders of magnitude lower
than for other metals (such as zinc, see Annex 8.3). Effluent may be treated by chemical-
physical treatment. The precipitation of cadmium can be to improve by adding Fe* during the
coagulation step, when there is a co-precipitation of cadmium and iron. It can be very difficult
to obtain very low emission values for cadmium by precipitation. Additional treatment may be
required, such as separate treatment at the point source prior to mixing with other effluents: e.g.
electrolysis, mobile ion exchangers, evaporation [114, Belgium, 2003, 121, France, 2003].
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2.5.6 Tin and alloy plating

Tin plated metal is widely used in many applications because of its unique properties. Plated tin
coatings are non-toxic, ductile, resistant to corrosion, easy to coat, and have high throwing and
good distribution properties. This makes it possible to plate items with complex shapes to a
uniform thickness compared with hot tin dipping methods. Tin finishes are also subsequently
easier to solder components onto[73, BSTSA, ].

The main applications of tin are the coating of steel coil for packaging of food, beverages and
aerosols, etc (see Sections 1.3.2 and 2.9.9). It is also widely used in printed circuit boards (see
Section 2.11), electronic components [73, BSTSA, ], appliance chassis, as well as for kitchen
utensils.

Several different electrolytes are available, such as acid stannous sulphate, acid tin fluoroborate,
alkaline sodium or potassium stannate and more recently the stannous systems based on organic
acids, such as methane sulphonic acid, (MSA) and accounts for 13 % of European tin plate
production [73, BSTSA, ]. The simpler sulphate baths containing stannous sulphate, sulphuric
acid and addition agents (antioxidants for stannous tin, plus grain refiner) are the most popular
in rack and barrel applications because of their high current efficiency [73, BSTSA, ].

Tin lead plating is the most commonly tin plated alloy. It is used as solder coat in different alloy
ratios (60/40, 90/10, 95/5) traditionally using stannous, and lead fluoroborates with fluoroboric
acid and additives[73, BSTSA, ].

Non-fluoroboric tin lead electrolytes are now available based on the organic methane sulphonate
acid They have improved stability, low sludge formation, higher plating rates, [73, BSTSA, |
better deposit properties and structure of the deposit. They are widely-used in reel- to-reel
machines, as well as in barrel processing.

Tin-nickel has high throwing power, good distribution of metal, ductile, non-toxic, and is
readily soldered to.

Environmental considerations
Process tanks may be equipped with fume extraction to remove aerosols generated during the
electrolysis.

Effluents may be treated in typical waste water plant.

The MSA-based process is fully biodegradable, contains no chelates, complexing agents or
phenols, has low COD and simple waste treatment (neutralisation and filtration) [73, BSTSA, ].

Fluoroborate bath effluents should be pretreated separately to a typical waste water treatment
plant.

The organic load from MSA-based processes is usually biodegradable [73, BSTSA, |.

2.5.7 Precious metal plating

[3, CETS, 2002, 75, BSTSA, ] Silver and gold have been deposited electrolytically since the
first half of the nineteenth century. More recently, processes for the so-called platinum metals
(palladium, rhodium, ruthenium and platinum) have also been developed. Thin layers of less
than 1pm are used to make a wide range of items appear valuable without commensurate cost.
They also provide stain and corrosion resistance. Other specific technical properties such as
conductivity, hardness and wear resistance have led to their wide-spread application in the
electric and electronic industries.
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2.5.7.1 Silver

[73, BSTSA, ] The silver plating of cutlery and hollowware is one of the oldest decorative
applications of electroplating (see Chapter 1). Bright silver deposits are widely used for
jewellery as well as on ornaments, trophies, giftware, etc. Due to its high conductivity and
mechanical and chemical properties, silver layers are found on many components of electrical
and electronic devices. Also, silver-palladium layers as a substitute for gold on electrical
connectors have recently gained importance.

The majority of silver electrolytes are based on potassium-silver cyanide (potassium dicyano-
argentate). A silver content of 30 — 65 g/l with free potassium cyanide of 100 — 160 g/l and
potassium carbonate (15—20 g/l) is necessary for good plating performance. However, a
potassium carbonate concentration of over 200 g/l makes it necessary to discard the electrolytes.

Attempts to replace cyanide, for example by thiosulphate and alternative complexing agents,
have had limited success due to lower stability of the bath, high cost and cosmetic differences of
the deposit.

Environmental considerations

The cost of silver makes recovery economic. Residues of silver may be recovered from rinse-
water through electrolysis or ion exchange. Recovery of silver from spent electrolytes may be
achieved through precipitation with zinc powder.

Plating tanks may be equipped with fume extraction hoods to remove cyanide fumes.

Cyanide can be readily oxidised in typical effluent treatment in waste water treatment plants.

2.5.7.2 Gold

[73, BSTSA, ] Gold can be plated using rack, barrel or high speed equipment either as a very
pure metal or as an alloy. It finds use in a wide range of industries such as connectors, printed
circuit boards, integrated circuits, semiconductor manufacture, bathroom fittings, giftware,
tableware, buttons, watches, pens, jewellery, and spectacle frames.

The majority of gold plating solutions in commercial plating facilities, whether the deposit has a
decorative or a functional requirement are based on mildly acid solutions of gold potassium
cyanide as potassium cyanoaurate, KAu(CN),. These solutions typically contain 2 - 6 g/l of gold
together with buffering agents to maintain the pH. These solutions often contain alloying metals
such as cobalt, nickel, iron or indium. These harden, increase the wear resistance, and brighten
the deposit. They also give distinctive colours.

A gold strike solution is often used to deposit the initial layer of gold to promote adhesion.
Strike solutions usually based on gold potassium cyanide at 1 -2 g/l but may use gold (III)
potassium cyanide (KAu(CN),) at a pH of around 1. These are often used on difficult to plate
base materials such as stainless steel.

Alkaline solutions containing free cyanide are occasionally used for jewellery plating and for
electroforming.

There are non-cyanide gold electrolytes, which are based on one of the gold sulphite complexes,
which generally operate in mildly alkaline conditions, these typically contain 8 - 15g/1 of gold
together with organic or inorganic brightener systems.
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Environmental considerations
Drag-out recovery and gold recovery with electrochemical reactions on ion exchangers from the
rinse-water is economically viable.

Chelating agents resistant to degradation have been largely substituted by biodegradable ones.

Effluent treatment is similar to other electroplating rinse streams in typical waste water
treatment plants.

Air emissions from potassium gold cyanide plating operations can give rise to emissions of
hydrogen cyanide. The levels of emissions can be significant depending on the size of operation
when considered in conjunction with emission limits contained in the revised TA Luft
guidelines for air emissions regulation (inorganic gaseous substances Class II) [125, Ireland,
2003]

2.5.7.3 Palladium and alloys

Layers of palladium-nickel alloy (75 — 80 % Pd/25 — 20 % Ni) are hard, extremely ductile [73,
BSTSA, ] and have a white colour with good corrosion resistance. They are suitable for coating
spectacle frames and writing implements.

Pure palladium deposits are also used to substitute for nickel as a diffusion barrier below a final
gold flash on spectacle frames, jewellery and buttons. Sandwich layers of nickel, palladium or
palladium/nickel alloy and gold flash have proven applicability on printed circuit boards and
connectors as substitutes for hard gold layers.

The most common formulation is based on the complex tetraamine palladium (II) dichloride
(4 - 20g Pd/), [73, BSTSA, ] containing ammonia. Alloying metals are nickel, cobalt and silver.

Environmental considerations
Besides drag-out recovery, electrolytic and ion exchange recovery of palladium are normally
practical.

Tanks for ammonia-containing electrolytes may be equipped with fume extraction hoods to
capture ammonia escaping from the plating electrolyte.

Effluents may be treated in typical waste water treatment plants.

2.5.7.4 Rhodium

Very thin rhodium deposits on silver have a silvery-white colour and are used to prevent
staining. Their hardness and wear resistance properties are suitable for technical applications
such as on reed contacts and on heavy duty connectors. Rhodium is also applied on reflectors
for optical equipment and in aerospace applications.

Electrolytes are based on rhodium (III) sulphate or rhodium (III) phosphate, with a rhodium
content of 2.5-20 g/l depending on their application for decorative (thickness of layer
0.05 - 0.5 um) or for technical purposes (thickness of layers 0.5 - >8 um), where selenium and
sulphites are added to prevent cracking.

Environmental considerations
Besides drag-out recovery, electrolytic and ion exchange recovery of rhodium are normal
practice.
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Tanks for sulphuric acid-containing electrolytes may be equipped with fume extraction hoods to
remove acid fumes.

Effluents may be treated in typical waste water treatment plants.

2.5.7.5 Platinum

Thin platinum layers are applied for decorative purposes, with thicker layers on electrical
devices and on equipment for the chemical industry. Non-soluble platinised titanium anodes and
anode baskets are in common use in electroplating.

Acid electrolytes are based on chloride, sulphate, nitrate and nitrite complexes of platinum,
alkaline electrolytes on phosphate, ammonia and sodium hydroxide complexes, with metal
contents of 6 — 40 g/1.

Environmental considerations
Besides drag-out recovery, electrolytic and ion exchange recovery of platinum are normal
practice.

Effluents may be treated in typical waste water treatment plants.

2.5.8 Autocatalytic plating (catalytic chemically reduced coatings)

This is also known as electroless plating according to BS EN ISO 4527: 2003, [73, BSTSA, |
but the term should be avoided, according to [101, CEN, 2000]. The fundamental reaction
requires the presence of a catalytic metal — the metal being deposited - that allows the reaction
to proceed. The advantages of the system are:

e provided there is sufficient agitation to maintain fresh undepleted solution in contact
with all surfaces at all times, the deposit is uniform over the entire surface even if the
shape is highly complex

deposits are usually less porous than the same metal deposited electrolytically

racking or fixing is greatly simplified

non-conductors (such as plastic) are coated

deposits often have special chemical or physical properties since the deposit is an alloy
of the metal and a compound formed from the reducing agent. For example, with
hypophosphite [73, BSTSA, ] the deposit is an alloy of the metal and the metal
phosphide, and with boron reducing agents the metal and the metal boride.

Overall environmental considerations:
Autocatalytic coatings commonly generate more waste than other plating techniques, but
efficiency can vary significantly between facilities [69, NCDPPEA, 2003].

Improvement in process efficiency and a reduction in waste can be achieved by the use of
electrodialysis to continuously remove the by-products from the plating solutions during
operation [73, BSTSA, ].
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2.5.8.1 Autocatalytic nickel on metals

Autocatalytic nickel electrolytes are based on nickel sulphate and nickel chloride (nickel
2-10 g/1). Sodium hypophosphite (10— 50 g/l) is the most often used reducing agent [73,
BSTSA, ]. Solutions also contain chelating agents (organic carboxylic acids 10 - 50 g/l) and
buffers as sodium hydroxide and sodium carbonate. Cadmium may be present in some
formulations as a brightener, 1-5 mg/l giving approximately 0.03 % in the deposit. [73,
BSTSA, ] Lead may be used in some formulations as an alternative up to 3mg/l. Modern
formulations are available which avoid the use of both cadmium and lead, in line with the
requirements of the End-of-Life Vehicles Directive [99, EC, 2000].

Autocatalytically deposited nickel-alloy layers contain 2 — 15 % phosphorus.
Their key properties are:

e uniform thickness of deposit irrespective of the size and shape of items to be plated,
provided that the plating solution can freely circulate around all surfaces of the
components to be treated

deposit thickness can be controlled accurately,

surface hardness as high as electroplated finishes and within the range 350- 750 Knoop
high resistance against wear and abrasion,

inherent high resistance to corrosion resistance,

good adhesion on base material,

special properties such as natural lubricity, easily soldered to, magnetic properties.

Applications include (among many others):

data storage devices as rigid memory discs
components for chemical and oil and gas industry
automotive, machine tool and electronics industries
plastics molding tools.

Environmental considerations
See overall environmental considerations for Section 2.5.8.

Fume extraction may be required at process tanks including mist elimination to remove nickel
containing aerosols.

The solution working life is short (6 - 8 MTOs, metal turnovers) due to the formation of
reaction by-products. Process performance deteriorates requiring frequent discarding of used
solutions. The working bath then requires disposal as a hazardous waste.

Effluents may have to be pretreated before discharge to the waste water treatment plant.
Ammonia, which can complex other metals, and can be oxidised. Hypophosphite ions and
phosphite ions can be oxidised to phosphates. The phosphate ion can be precipitate by adding
calcium ions during the neutralisation. Metals can be separated from effluents by precipitation,
plate-out or ion-exchange.

The strong chelating agent may require separate waste water treatment.

There may be trace amounts of cadmium and lead in the effluent. [124, Germany, 2003]
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2.5.8.2 Autocatalytic nickel coating for plastics

Similarly to autocatalytic copper, electroless nickel solutions are used for generating a first
conductive metal layer on plastic surfaces prior to further electrolytic metal (copper, nickel)
deposition. [73, BSTSA, |

Plastics require etching (see Section 2.3.10.2) before deposition. Process solutions contain
nickel sulphate or nickel chloride (nickel 2 - 5 g/l), reducing agents e.g. sodium hypophosphite
(5—-20 g/1), dimethylaminoborane (>10 g/I) and optionally, chelating compounds such as
organic acids. Both weakly acidic (sulphuric acid at pH 3 - 6) and alkaline solutions (sodium
hydroxide or ammonia hydroxide at pH 8 - 10) are in use.

An example of a process line plating on plastics (PCBs) using autocatalytic nickel [73, BSTSA,
] is shown in Figure 2.7

Environmental considerations
See overall environmental considerations

Fume extraction may be used for alkaline or high temperature processes. Typical effluent
treatment will remove metals except where effluents contain strong chelating agents, which may
have to be treated separately.

2.5.8.3 Autocatalytic copper on metals and plastics

Autocatalytic copper plating is still a key process [73, BSTSA, ] in printed circuit boards (see
Section 2.11) and as well as for the metallisation of plastics. The main properties of the copper
layers are uniform thickness, and fine crystalline, ductile layers with low internal stress. Copper
layers are applied on small items as buttons, fashion jewellery as well as on plastic housings for
electric shielding and printed circuit boards.

Plastics require etching (pretreatment, see Section 2.3) before deposition. Copper deposition
starts on metal nuclei such as palladium and continues autocatalytically, thus providing an
initial conductive layer. The deposition rate is 5 - 8 pm/h. The solution has a copper content of
2 -5¢/l, with sodium hydroxide (15-20 g/l), chelating agents such as EDTA or similar
(10 - 15 g/1) or tartrates (5 — 10 g/1) and reducing agents, e.g. formaldehyde (3 — 5 g/1).

The process solution lifetime is limited by the build-up of reaction products.

Environmental considerations
See overall environmental considerations.

Fume extraction for the process tanks may be necessary to remove gases (formaldehyde and
others).

Effluent containing EDTA requires separate treatment as EDTA will prevent the precipitation of
metals in the treatment process. There was an industry trend to replace EDTA as a chelating
agent, although high specification work may require its use and the trend is currently being
reversed [22, Fraunhofer, 2002]. Some parts of industry report the trend is being maintained
[73, BSTSA, ].

PT/EIPPCB/STM_BREF_FINAL September 2005 59



Chapter 2

2.5.9 Immersion or displacement coatings — non-catalytic chemically
reduced coatings

Non-catalytic chemically reduced coatings have been in use for many years, and are often
known as immersion or displacement coatings. [38, Ullmann, 2002/3] They are formed when
the metal to be deposited is precipitated on its reduction in solution either (i) chemically from
solution, or (ii) the metallic substrate is more active than the ions in the solution in terms of the
electromotive or electrochemical series, e.g.

Cu* + Fe’ — Cu’+ Fe?'

Although these deposits are often non-adherent and of poor physical quality, careful attention to
solution composition and operating conditions can produce deposits that are acceptable for
certain purposes. The zincate and stannate solutions used for plating aluminium are examples of
special finishes producing acceptable deposits.

Printed circuit boards
High purity deposits, usually only of gold, silver and tin, are widely used on printed circuit
boards. Thickness does not exceed 0.1 — 0.2 um. [121, France, 2003] (see Section 2.11.3.2).

Mirrors

Their best known use is in producing mirrored surfaces from silver, although other techniques
can now be used (such as vapour phase deposition). Their two main drawbacks are that only
relatively thin coatings can be deposited and that all surfaces, including the container, receive a
coating. While these solutions are sometimes used by immersion, they are now more often
applied by spraying the solutions from a dual spray gun.. [38, Ullmann, 2002/3] [116, Czech
Republic, 2003] The first step in silver coating of mirrors is the activation of the glass surface
by stannous chloride (SnCl,). This is followed by the application of a solution of silver nitrate
(AgNO:s) and a reducing agent (usually glucose) by spraying. The precipitated silver (about 12 —
17 um thick is rinsed by deionised water. The Ag coating is fixed by cementing copper with
iron or zinc, forming a layer several um thick: the copper is precipitated from solution by
contact with the more electropositive silver deposit. This technique was discovered in 1835 and
is still the best one. Some years ago a Belgian patent was given for a technique which used tin
for fixation of Ag coating solution of Sn. This process is used by the largest producer of mirrors
in the Czech Republic. Passivation using mercaptosilanes is also used.

The metallic layers are protected by a 50 - 70 um of solvent-based lacquers. Replacement by
water-based lacquers has so far been unsuccessful.

Figure 2.8 shows an example of a mirror processing plant.
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Figure 2.8: Example of mirror processing line
(SVUOM, Czech Republic)

Environmental considerations
For mirrors: copper from the cementation process can form a complex in the waste water s, and
is difficult to precipitate in a typical waste water treatment plant. [116, Czech-Republic, 2003]

For printed circuit boards, the environmental considerations for gold and silver are as for tin
[73, BSTSA, ] (see Sections 2.5.6 and 2.5.7) Tin concentrations are low, and are treated in a
typical waste water treatment plant.

2.5.10 Electropainting or electrocoating
Also known as: electrophoretic painting, E-coat, Elpo, electrodeposition.
Electropainting is covered in detail in [90, EIPPCB, ].

The activity is increasingly found alongside surface treatment activities covered in this
document, both for subsequent painting and/or in conjunction with other coatings described
here. It is used to apply a protective coating after decorative finishes (for example, applying a
lacquer coat to brass plating) and as an alternative or supplement to corrosion-prevention layers,
such as replacing hexavalent chromium conversion coatings on its own or used in conjunction
with trivalent chromium systems, discussed in Sections 2.5.17 and 4.9.10.2. They may also
reduce friction, and enable parts to be evenly or readily distributed without surface damage
[124, Germany, 2003].

Common issues discussed in this document are:

rinsing and drag-out control techniques (Sections 2.4, 4.6 and 4.7)

solution maintenance (Section 4.11.1)

water usage (Sections 2.12.2 and 4.4.5)

electricity supply to the process and the workpieces (Sections 2.12.1.1 and 4.2.3)
waste water treatment (Sections 2.13.1 and 4.10).
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2.5.11 Lacquering

Lacquers are applied to protect and enhance decorative coatings (such as copper plating of
hollowware) or to supplement corrosion protection systems such as chromating (see Section
2.5.17). They also reduce friction, and enable parts to be evenly or readily distributed without
surface damage [124, Germany, 2003]. They can be applied by dipping in a proprietary water-
based solution or by electropainting (see Section 2.5.10) [76, BSTSA, ].

Topcoatings are applied immediately after chromate or trivalent chromium conversion coatings,
by dipping in an appropriate proprietary medium or by electropainting (electrophoretic
painting), see Section 2.5.10.

Environmental considerations
Effluents have no impact on typical waste water treatment plants. Rinsing waters may need to
be treated separately to reduce BOD or TOC levels in the discharged effluent.

2.5.12 Oiling

See coil coating, Section 2.9.5, for electrostatic oiling.

2.5.13 Anodising

The anodising of metals is an electrolytic surface oxidation process which enhances the natural
aptitude for the metal to oxidise; coatings can be 1000 times thicker than the natural layer
Aluminium is the most important material to be anodised, with alumina (Al,O;) formed at the
surface: magnesium, titanium, tantalum and niobium are also anodised in smaller quantities [3,
CETS, 2002, 45, France, 2003] [118, ESTAL, 2003].

Aluminium is normally (90 % of cases) anodised in sulphuric acid electrolyte. For special
applications, aluminium may be anodised in many different types of process solution:
phosphoric acid, sulphuric/oxalic acids, sulphuric/salicylic acids and chromic acid electrolytes.
[73, BSTSA, |.

A wide variety of current forms and wave shapes may be used for the process, depending on the
solution selected and the purpose of the anodic film. Direct current (DC), alternating current
(AC), and DC with superimposed AC. are all used in various processes.

The workpiece or substrate to be treated is made anodic. During the anodising process the
negatively charged anion migrates to the anode where it is discharged with a loss of one or more
electrons. The metal reacts with the oxygen of the anion and a layer of oxide forms on the
surface.

Figure 2.9 shows examples of decorative anodising options and Figure 2.10 shows a typical
anodising line layout.
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Figure 2.9: Example of decorative anodising process options
[45, France, 2003] Note: Rd means rinsing ratio

The alumina coating is sealed to improve corrosion resistance and retain any surface colouring
(see Section 2.5.14). Sealing is described in Section 2.5.15.

Overall environmental considerations for all anodising processes

Anodised aluminium (coloured or not) is very easily recycled for metal recovery, i.e. anodising
processes have no significant effect on the recovery of aluminium metal, and other metals are
not added.

Typical emission levels after typical waste water treatment are given in Section 3.3.1
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2.5.13.1 Sulphuric acid anodising of aluminium

On most aluminium alloys a colourless, transparent aluminium oxide is formed, but alloys
containing high quantities of elements such as iron, manganese, silicium and others [118,
ESTAL, 2003] tend to give greyish or brownish coloured layers. The anodising voltage is in the
range of 17—-22V and the temperature of the electrolyte. is generally 20 °C + 5 °C and
electrolyte concentration is generally 190 g/l + 40 g/l H,SO4. A film thickness of 5 - 30 um is
used for decorative and protective sulphuric acid anodising. The working parameters may vary
according to the application, especially in architectural anodising. Sulphuric acid anodised
coatings are often coloured by special colouring processes. (See Figure 2.10). The oxide coating
is sealed to obtain improved corrosion resistance (see Section 2.5.15).

In hard anodising, a film thickness of 25 — 250 um is obtained. The electrolyte is operated at -
below 5 °C [73, BSTSA, ]. Processes with oxalic acid and sulphuric acid with organic additions
can also be used for hard anodising. The hard anodising layer is normally not sealed. In this
state it can be impregnated with lubricants.

Environmental considerations

Acid concentrations and operating temperatures are low. If necessary, aerosols can be
minimised by a layer of foam. [118, ESTAL, 2003]. However, the suppressants may be based
on PFOS, which is toxic and persistent see Annex 8.2, [109, DEFRA, 2004], although
alternatives to PFOS exist and are used successfully [159, TWG, 2004].

Effluent may be treated in typical waste water treatment plants.

64 September 2005 PT/EIPPCB/STM_BREF_FINAL



Chapter 2

Figure 2.10: Typical anodising plant layout

2.5.13.2 Chromic acid anodising of aluminium

This forms an aluminium oxide film on most aluminium alloys ranging from a light to dark
grey. The process is mainly used for aerospace and military applications. Parts can be treated
after joining since residual chromic acid in the joins does not cause corrosion and the process
gives very limited degradation of fatigue properties of the materials [73, BSTSA, ].

The electrolyte contains 30 — 100 g of chromic acid per litre. The temperature is kept within the
range of 38 - 42 °C for most aluminium alloys. The voltage cycle used depends on the alloy
treated and must be closely followed to avoid etching. The coating is thin with an average of
2 - 5 um and is relatively soft. Its corrosion resistance is good and the coating is normally not
sealed.

The regeneration of anodising baths using a retardation process extends the electrolyte life by
reducing its aluminium content.

Environmental considerations
Effluent may be treated in typical waste water plants.
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Process tanks may to be equipped with fume extraction to remove generated acid aerosols and
gases. Section 1.4.4.lincludes a discussion of the health effects of chromium and Section 2.5.3
for environmental considerations for hexavalent chromium solutions. [118, ESTAL, 2003]..
[116, Czech-Republic, 2003]

2.5.13.3 Anodising of magnesium, titanium, tantalum and niobium

[73, BSTSA, ] Anodising of magnesium gives the best protection for abrasive wear. The
coatings are relatively porous and contain crystalline phases like Mg(OH), and MgO. The oxide
layer can be 25 um or more.

Anodising of the DOW-17 type is dark grey or green and has very good adhesion. Alternating
current is preferable. The coating has an attractive appearance and is well suited for being
coated by for example a transparent paint. The oxide layer is soluble in the acid electrolyte
meaning that the deposition rate decreases until a steady state condition is reached. Thorough
rinsing is required and if the parts are not to be painted a sealing in 50 g/l Na,SiyOy at
93 - 100 °C for 15 minutes can be performed.

Anodising of the HAE type gives the hardest oxide and is well suited for protecting against
abrasion. It has very good adhesion and gives good protection against corrosion. The coating is
from light to dark brown, depending on alloy and thickness and the best properties are achieved
by using alternating current. Dipping in a Na,Cr,O;/NH4HF, solution at 20 -30°C for
40 - 60 seconds can seal the coating.

Environmental considerations
High temperature, toxic and aggressive electrolyte (for DOW-17) require good ventilation.

2.5.13.4 Phosphoric acid anodising

Phosphoric acid anodising is being increasingly used as a preparative treatment for subsequent
applications of organic or plated coatings. Phosphoric acid anodising produces a relatively thin,
porous oxide that is used for bonding, painting, plating and printing applications. [132, Sheasby
and Pinner, 2002].

This process has been originally developed by the aerospace industry and is presently used
mainly as a pretreatment for preparing adhesively bonding aluminium structures in the
aerospace industry, for painting aluminium in architectural applications and for the printing
industry.

Phosphoric acid anodising produces a porous, hydration-resistant oxide and increases fracture
toughness. The anodic coatings resulting from phosphoric acid anodising have a high porosity
compared to those produced with other processes.

2.5.14 Colour anodising on aluminium
[118, ESTAL, 2003]

Aluminium can be coloured in many shades and colours in conjunction or after sulphuric acid
anodising and is normally referred to as ‘colour anodising’. Normally colouring methods are
identified as ‘dip dyeing’, ‘electrolytic dyeing’ or ‘two-stage colour anodising’, ‘self-colouring
process’, or ‘integral colour process’. [118, ESTAL, 2003]. There are four methods [3, CETS,
2002, 45, France, 2003].
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2.5.14.1 Immersion colouring

This is the most widely used colouring method with a large range of dyes giving good light
resistance. The anodised aluminium workpieces or substrate are immersed in a water-based
organic or inorganic dye solution before sealing. The pores in the oxide layer adsorb the dye and
then sealing is carried out to achieve durability. For colouring the oxide, thickness depends on
the type of product and on the colour required. For a good corrosion protection and weather
resistance, at least 15 um minimum is needed. [118, ESTAL, 2003, Sheasby, 2002 #132].

Environmental considerations
Some organic dyes may require additional waste water treatment.

2.5.14.2 Electrolytic colouring

The anodised aluminium is placed in an acid solution containing metal salts and an alternating
current (AC) is applied. This deposits oxide of the other metal which penetrates 1 - 5 pm deep
into the pore of the alumina, with the residual oxide layer remaining on top. The film obtains a
colour characteristic of the metal salts used. The metal salt most commonly used in Europe is
tin. For special applications, nickel, cobalt and copper can be used. Tin sulphate gives shades
from light bronze to black depending on the process time, of 0.5 to 15 minutes. A major use is
for architectural panels. Electrolytic and immersion colouring can be combined to form new
shades. [73, BSTSA, ] [118, ESTAL, 2003]

Environmental considerations
The other metals used may require treatment in a waste treatment plant prior to discharge.

2.5.14.3 Interference colouring

Interference colouring is a special technique based on the electrolytic colouring principle. The
appearance is produced by interference effects between two light-scattering layers: the
electrochemically deposited metal layer at the bottom of pores and the aluminium
oxide/aluminium interface beneath.

2.5.14.4 Integral colouring

With integral colouring, the aluminium oxide layer is coloured itself during the anodising
process. Colouring occurs either by anodising in a solution of special organic acids or by normal
anodising in sulphuric acid of special aluminium alloys with substances that are not oxidised
such as Al-Si or Al-Fe-Mn. The oxide layer appears with a colour ranging from light bronze,
through dark bronze to black, depending on the layer thickness. This technique has almost
entirely been replaced by electrolytic colouring [73, BSTSA, ]

2.5.15 Sealing following anodising

Sulphuric acid anodising is normally followed by a sealing process. Sealing improves the
corrosion and stain resistance of the oxide layers. It also prevents organic dyes from leaching
out and improves the light fastness. Sealing may be carried out in hot or cold processes. (For
architectural applications see ref [138, QUALANOD, 1999, ESTAL, 2003 #118])
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2.5.15.1 Hot sealing

With hot sealing, the pores in the oxide layer are closed by hydrating the aluminium oxide to
boehmite: the pores are close by the increased volume of the boehmite structure. The sealing
process is carried out by dipping the anodised parts in hot or boiling (minimum 95- 96 °C)
deionised water for three minutes per um thickness. Sealing with steam achieves the same
effect. [118, ESTAL, 2003, CETS, 2003 #115]

2.5.15.2 Cold sealing

Sealing methods at lower temperatures have been developed. So-called mid-temperature sealing
processes are also available operating at about 60 °C. These are not based on the hydrothermal
conversion of aluminium oxide for closing the pores, but by the use of nickel salts, such as the
fluoride or silicate. In the past, in the European market, there was some concern about long
term-properties such as light fastness and corrosion resistance. However, such processes have
now been proven and accredited for outside use (see Qualanod [138, QUALANOD, 1999,
ESTAL, 2003 #118])

There are also processes working at 25 - 35 °C. Advantages with cold processes are lower
energy consumption and shorter process times[73, BSTSA, ].

Environmental considerations

Hot sealing may also require ventilation and have very high energy consumption. However, this
can be reduced by covering the tanks or with proper insulation [159, TWG, 2004]. There is
lower energy consumption with cold sealing [73, BSTSA, ].

2.5.16 Phosphating layer conversion coatings

[38, Ullmann, 2002/3, 71, BSTSA, JPhosphate coatings are the most widely used conversion
coatings and probably the most widely used surface treatment. They are used to treat steel,
aluminium and zinc for:

e cold forming: this involves very high surface stresses and phosphating is used in all
types of cold forming operations, i.e. drawing of wire, tube, or profile; deep drawing;
cold heading, cold extrusion, cold forging. These applications are described in the
reference [86, EIPPCB, ]

e coil coating: steel strip electroplated with zinc is phosphated in the process line to
improve formability in subsequent drawing operations, such as steel can forming, as
well as for corrosion resistance and subsequent paintability, see Sections 2.9.6 and
2.9.8.9. Hot dip galvanised steel strip is discussed in [86, EIPPCB, ]

e rustproofing: heavy zinc and manganese phosphate coatings retain a protective oil film
and provide substantial corrosion prevention, e.g. for nuts, screws, bolts, and tubes

e Dbearing surface lubrication: manganese phosphate improves the retention of lubricant
and shortens running-in periods. It is used for pinions, camshafts, pistons, gears, and
valves

e paint base: phosphating enhances the adhesion and corrosion protection of paints, see
[90, EIPPCB, ]

e clectrical insulation: phosphate layers can be used to coat the silicon steel sheets
forming the cores of electric motors, generators or transformers. A phosphate coating of
1 - 6 um thickness is sufficient insulation to prevent eddy currents.

There is a wide variety of phosphating processes, but the most important are alkali (iron) and
zinc phosphating. The surface weight of layers is 0.05 — 5 g/m’.
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Methods of application

The phosphating solutions are generally applied by spraying or by immersion depending on the
number, size, and shape of the parts to be treated. The type of application may lead to
differences in the composition and morphology of phosphate coatings. Coiled strip is also
coated by the roll-on, dry-in-place process, in which phosphating solution is applied to the strip
and, without rinsing, is dried to form the phosphate coating, see Section 2.9.6.

Phosphating requires workpieces or substrates to be degreased and pickled see Section 2.3.
[116, Czech-Republic, 2003] Activation prior to phosphating may be with hot water or with
special proprietary titanium or manganese phosphate dispersions to induce the formation of a
fine-grain phosphate coating in the subsequent step. Final rinsing may be with deionised water
or passivating chemicals based such as Cr(VI) and Cr(III) compounds. Rinsing with water is
needed between the processing stages as described in Section 2.4.

Overall environmental considerations for all phosphating processes

Effluents may require pH control and may [124, Germany, 2003] contain nickel, manganese, as
well as zinc (according to solution make-up), which can be dealt with in a typical waste water
treatment plant. Anions that may be of concern include nitrite and fluoride, which may require
additional treatment.

Sludges formed in the process solutions require removing as wastes as part of the solution
maintenance.

Health and environmental concerns have instigated the development of:

e nitrite-free processes with hydroxylamine, nitroguanidine, or hydrogen peroxide as
accelerators

e nickel-free processes

e chromium-free after-rinses based on organotitanium, inorganic zirconium, or polymeric
compounds

o cffluent-free phosphating lines using ultrafiltration for cleaning, hydrogen peroxide
acceleration in phosphating, and precipitation plus ion exchange for chromium-free
after-rinses, without compromising the performance of the subsequently painted parts.

2.5.16.1 Alkali phosphating

This is mainly used when corrosion protection does not have to satisfy stringent requirements.
For steel substrates, the solutions (pH 4 - 6) consist of acid alkali phosphates, free phosphoric
acid, and small amounts of additives; oxidising agents (e.g. chlorates, chromates, or nitrites),
condensed phosphates (e.g. pyrophosphate or tripolyphosphate), and special activators (e.g.
fluorides or molybdates). The first reaction is the pickling reaction which produces Fe*" ions
from the substrate (steel). These ions react with phosphate ions from the solution to form
sparingly soluble iron phosphate that precipitates and adheres strongly to the metal surface. Iron
phosphating processes may not require acceleration. The coating weight varies with the bath
composition. Coatings formed on ferrous surfaces contain iron oxides and phosphates. Iron
phosphating solutions normally contain surfactants for cleaning and oily surfaces may thus be
treated in one step (so-called ‘cleaner-coater’).

On zinc surfaces, zinc phosphate layers are formed in an analogous reaction sequence.
Aluminium is usually treated with solutions containing fluoride; thin, complex coatings are
formed that contain aluminium, phosphate, and fluoride. The baths are adjusted to a
concentration of 2 — 15 g/l. Treatment may be by spraying, flooding, or dipping. The bath
temperature is normally 40 -70 °C, but can be lowered to 25-35°C with special bath
compositions. Treatment times are 5 - 10 seconds (spraying of strip material) and 1 - 3 minutes
(spraying or dipping of individual parts). Iron phosphating includes both thin-coating
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(0.2 - 0.4 g/m?) and thick-coating methods (0.6 - 1.0 g/m®). The colour of the layers is blue-
green, but may be reddish iridescent. The surfaces become more matt and grey with increasing
coating weight.

2.5.16.2 Zinc phosphating

Zinc phosphating is primarily used for the surface treatment of steel and zinc (or zinc coatings
on steel) as well as composites of these metals with aluminium. Application may be by spraying
or immersion. Essential constituents are zinc, phosphate ions, and an oxidizing agent, often
sodium nitrite. The pH value is between 2 and 3.5. Concentrations vary considerably; additives
such as nitrate, fluoride, silicofluoride, nickel ions, or manganese ions are common.

The following is an example of a process suitable for the phosphating of steel sheets as a
pretreatment prior to painting:

Zn*" 1.2 g/l, Ni** 1.0 g/l, HsPO4 + H,PO,4 15 g/, and NO, 0.1 g/l

A pH of 3.2 is achieved with sodium hydroxide. The process is usually carried out at up to
95 °C. For cold forming applications total concentrations may well be ten times higher.

Typically, the phosphating reaction may be broken down into five steps:

Pickling reaction
Part of the metal surface is dissolved by the acid:

Fe + 2H'— Fe’" + H, for Fe or Zn+2H" — Zn’" + H, for Zn

The phosphating of aluminium requires fluoride ions to attack surface oxides which only slowly
dissolve in phosphoric or nitric acid:

AIOOH + 3HF — A+ 3F + 2H,0; Al + 3H'— AI*'+ 3/2H,

Acceleration

The pickling reaction is accelerated by oxidising agents called accelerators, which also prevent
the evolution of excessive amounts of molecular hydrogen thus minimising hydrogen
embrittlement: [159, TWG, 2004]

H,+20, — 2HO,; Fe*' + H" + O, — Fe*" + HOj for Fe

Complexation

When coating aluminium, sufficient fluoride ions must be available for complexation of surplus
AT’ ions as, in concentrations as low as 3 mg/l, they prevent the formation of zinc phosphate
coatings. If different metals including aluminium are to be treated, the use of fluoride-free
phosphating solutions may allow phosphating of steel or zinc without coating the aluminium:

AP"+6F — AlF> for Al

Coating formation

Metal dissolution in the pickling reaction results in a significant increase of the pH value close
to the metal surface. Consequently, the equilibrium constant for the precipitation reaction is
exceeded and zinc phosphate is precipitated as the metal surface offers favourable nucleation
sites. Once the whole metal surface is covered, the reaction ceases:

3Zn%"+ 2H,PO; + 4H,0 — Zny(PO,), 4H,0+ 4H"
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2Zn*"+ Fe*'+ 2H,PO, +4H,0 — Zn,Fe(PO,), 4H,0+ 4H'

Sludge formation

Dissolved iron and AlF¢ ions from the pickling reaction do not accumulate in the phosphating
solution but are precipitated as iron(Ill) phosphate or trisodium hexafluoroaluminate,
respectively. When treating galvanised surfaces and in spraying processes, relatively small
amounts of tertiary zinc phosphate sludge are formed as well. Nitrate-accelerated processes
often do not involve sludge formation. Iron(Il) nitrate accumulates until equilibrium is reached
between iron dissolution and drag-out.

Fe''+H,PO"; — FePO, +2H" for Fe; or AlFs" +3Na” — Na;AlF; for Al
The sludges formed must be removed either periodically or continuously.

Pre-paint processes

Zinc phosphating processes carried out prior to painting can be classified as high zinc or low
zinc processes. High zinc processes operate at 3 -4 g/l Zn*" and low zinc processes at
0.7-1.5¢/1 Zn**, the upper limit for dip applications. Low zinc concentration, i.e. high
phosphate to zinc ratio, improves corrosion protection. Coatings on steel produced by low zinc
processes consist mainly of phosphosphyllite and show superior paint-base performance to the
high zinc processes with their hopeite coatings, such as stone chipping resistance and wet
adhesion on galvanised substrates. Performance has further increased with the introduction of
trication processes, which contain zinc, nickel, and manganese both in solution and in the
coating. These processes have become commonplace in, for example, the automotive industries.
[38, Ullmann, 2002/3]

For powder coatings, iron phosphate often gives optimum results [90, EIPPCB, ].

Low temperature processes for cold forming

These are accelerated by nitrate, and the iron(IIl) concentration in the bath is limited to 5 - 8 g/1
by oxidation with air, preferably continuously in a separate reaction tank. The operating
temperature has thus been lowered by about 30 °C to 50 - 60 °C, and the phosphating tank
remains virtually free of sludge.

2.5.16.3 Manganese phosphating

This is performed by dipping only, and iron(II) nitrate is often used for acceleration.

2.5.17 Chromium conversion coatings

[3, CETS, 2002, 104, UBA, 2003]

Chromium conversion coatings are used to enhance corrosion protection on various metal
surfaces, including electroplated zinc and cadmium, zinc die castings, tin, aluminium,
magnesium and magnesium alloys, copper, brass and bronze, nickel, silver and stainless steel.
Without such protection, zinc electroplated steel surfaces have a strong tendency to white (zinc
oxide) corrosion. Often referred to as ‘chromating’ because the process originally used only
hexavalent chromium as the chromate ion (Cr,0,%), it is used in nearly all areas of the steel
processing industry and is an essential post treatment step in zinc plating. The wide spread use
of the original yellow chromating was increased by the development of further layer systems of
blue and black chromating, which have decorative effects in addition to corrosion protection.

Phospho-chromating exists with both hexavalent chromium (Cr(VI)) and trivalent chromium
(Cr(IIl)) versions and is used in the treatment of aluminium prior to painting [118, ESTAL,
2003].
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The layer thicknesses of the chromating coats lie between 0.1 and 2 um. They are well suited as
adhesion mediators for subsequent treatment with paint layers or synthetic material coatings.
Lubricants can be included in order to decrease the friction values of treated pieces.

The corrosion protection of the chromium coatings can be increased by further sealing layers,
described in topcoatings, Section 2.5.17.7.

The typical composition of solutions are chromic acid, dichromate, chloride, fluorides,
sulphates, borates, nitrates and acetates, which are used in different combinations and
concentrations to produce different colours and layer characteristics.

Overall environmental and health considerations
For health issues relating for Cr(VI), see Section 1.4.4.1.

For Cr(VI) aerosols and effluents, see Section 2.5.3.

2.5.17.1 Chromium (VI) conversion coatings

Conventional processes are all based on the use of acid oxidising solutions, the oxidant being
hexavalent chromium (Cr(VI)). The protection mechanism is based on the dissolution of the
Cr(V]) present at the surface of the film. The presence of chromate works locally to inhibit any
corrosive action on the exposed metal surface.

2.5.17.2 Chromium (VI) conversion coatings on electroplated zinc layers

Coatings are applied by chemical reaction in aqueous solutions. Numerous proprietary
conversion coating processes are available, producing decorative and protective films with
colours ranging from clear through iridescent yellow to brass, brown, olive drab and black.
Broadly, the deeper the colour the better the corrosion resistance.

2.5.17.3 Chromium (VI) conversion coatings on copper, brass and bronze

Chromate solutions to treat copper and copper alloys are prepared with proprietary materials.
The treatment not only passivates the surface but also provides effective chemical surface
polishing. Consequently, chromate treatments on copper and copper alloys are used both as a
final finish and as a whole or partial substitute for mechanical buffing prior to nickel or
chromium plating. The passivity obtained is effective in reducing corrosion and sulphide
tarnishing.

Environmental considerations
Chromate bright dipping solutions are preferred because of their non-fuming nature.

Increased effluent treatment may be required because of the dissolution of copper in the process
bath.

2.5.17.4 Chromium (VI) conversion coatings on aluminium

Chromate or phospho-chromate conversion films, ranging from clear yellow for chromate to
green for phospho-chromate [118, ESTAL, 2003] can be produced on aluminium. The film
colour depends on the immersion time, pH, solution concentration and, to some extent, on the
composition of the alloy to be treated. The main use is as a pretreament prior to painting or
powder coating, although it is used for components in aerospace, electronics and other
applications [118, ESTAL, 2003, CETS, 2003 #115].
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The ability of the treatment to provide corrosion resistance without a corresponding loss of
conductivity is particularly useful for electronic applications.

Solutions containing low Cr(VI) are available (Personal communication, ESTAL).

Environmental considerations
Low Cr(V]) solution reduce drag-out and typical waste water treatment requirements.

2.5.17.5 Chromium (VI) conversion coatings on magnesium and its alloys

Because of their corrosion characteristics, chromate treatment is still the only common method
to treat magnesium and magnesium alloys. This treatment is often applied at the raw material
source, in order to ensure good storage characteristics. Chromate treatment is also used to
prepare magnesium and magnesium alloys for subsequent plating, particularly for nickel
autocatalytic plating.

There are two typical process methods in use:

e pickling is mainly used to protect parts during storage and shipment
e dichromate treatment provides maximum corrosion protection and improved adhesion
properties for paint.

2.5.17.6 Trivalent chromium (Cr(lll)) conversion coatings on aluminium and
electroplated zinc

Trivalent chromium (Cr(IIl)) conversion coating processes were first developed about 20 years
ago as a more environmentally acceptable alternative to hexavalent chromium (Cr(VI))
processes, mainly on electroplated zinc. These conversion coating systems and treatment baths
do not contain hexavalent chromium and therefore avoid the environmental or health problems
associated with hexavalent chromium. [118, ESTAL, 2003]

Trivalent chromium-based blue coating pro