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What Is Chromium?

Naturally: eceurring
metallic element founad in
focks; soll, plants and
Volcanic aust

EXIStS primarily in mineral
fiorm, chromite; FeCr;, 0,

Chromite Is the main
constituent 1 chrome
ore, and the only:
commercial source of Cr




EXISES In several oxidation (vValence)
States

lnerganic

s Divalent (Cr?) (Lncommoen)
= [rvalent (Cr°)

s Hexavalent (Cr#°)

Organic

Elemental (Metallic (Cr%))




Starting place for all chromium
products Is; Cr+6

e Sodium dichromate (Na2Cr207 = 2H20)
IS the starting place

e Chromic acid (CrO3) and sodium
dichromate are the building blocks of all
chromium chemicals used commercially

Chromium |  Sodium Sodium dichromate
Ore dichromate
Chromic acid
v v v
Chromium Potassium Ammonium
dioxide dichromate dichromate




Industrial Uses of Cr

Metallic (Cr9) Trivalent (Cr+3) Hexavalent (Cr+b)
= Metal Cr = Most stable form = Occurs in a range of
= Does not occur = Used in leather compounds
naturally tanning, dyes, paint o Useq in Chrome
= Used for making steel pigments, brick plating (CrO;)

(alloying agent) lining in furnaces = Wood preserving
= Conversion coatings

= Chrome plating




Properties of Different States

Metallic (Cr©) Trivalent (Cr+3) Hexavalent (Cr*°)

= Does not occur = Insoluble in water : ngb't?’dread”y
naturally = Essential micro-nutrient S S ~

= Not toxic (helps convert sugar, = Structurally flmll_ar to

= Metallic structure protein, & fat) Ehosplhate (“Trojan
(body centered cubic) = Low toxicity — unless it oISEl)
provides excellent enters a cell, then it = Converted to V-1V-111
wear resistance, and can damage DNA in cells
also means the Cr is = Highly toxic

bound in the metal
matrix



Chromium In the environment

Cr enters the air, water and soll 1n the +3
and +6 forms

Iniair, Cr (+3 and +6) compoeunds exist as
fine dust that settles (rain or snew help
remoyve Cr)

Strongly: hinds to sell;, Which can prevent it
firom reaching grouncdwater

Does not bioaccumulate in fish




Toxicological Responses to Cr+6

ACULEe RESPONSEs:
Ulceration of nasal septum
Allergic dermatitis (can e Very severe)
Asthma
PErmanent eye damage
Chronic Responses:
LUNQ Cancer;
Cell injury: Imterferes with cellular respiration
Ingestion can cause stemach, liver, kidney damage
Teratoegenic: probable, little data



Acute responses to Cr+-6

Perforated nasal septum Severe dermatitis



Chronic Responses to Cr+6

HUman: carcinegen When
iInhaled

NOt cancer-causing Wwhen
Ingested

= But damage to the Gl tract,
kidneys and liver may: still
result, particulary when |
large doses are ingested Primaty organs affected when

clirosiliiin s Faken [ throigh
Jood, water, or air,
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Erin Brockovich Factor

PG&E uised Cr(VI1) for anti-corresion

Private wells contaminated — health effects of
NeIgnhoring citizens ehsernv/ed

Contreversial — health risks threugh drinking
Water Incenclusive

$333m settlement — likely teravoid further
contreversy and prelenged trial

1990 EPA rule hanned Cr+6 1n coeling towers
and HVAC systems

Noen-chromate substitutes (melyndate salts and
erganic compounds) have largely replaced Cr
compounds In anti-corresion
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Regulation of Cr (V1)

Primanry contaminant in ¥z of Superfund: sites

CalEPA — Toxicity review committee study of
drnking water (2001) incenclusive

Federal MCLL for drnking wateris 100 pph

Greatest proven threat to htuman health Is
Inhalation expoesure — therefore, It Is pamarily.
an eccupational’exposure Issue
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Inhalation Exposure to Cr(\V1)

Seurces of Cr emissions:
Oll'and coal cembustion (moestly Cr+3)
Cement plants

Chrome plating production
= Avg cone: 10-30 pg/m> with ventilation
= 120 pg/mew/oe ventilation
Stainlessisteel preduction and welding
= 1500 pg/m?

(PEL: 100 po/ms2, REL is 1 ug/m®) =t
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Eurepean Union Directives
End efiltife Venicle (ELV)

(Directive 2000/58/EC)

PURPOSE: prevent Wwaste from the recevery, reuse
and recycling of vehicles

Covers 3 and 4 wheel venicles

Eliminates feur metals that make recyecling
difficult fer venicles marketed In Eurepe starting
July: 2003 (IMoedel Year 2005)




Hex Chrome Under ELV

Total limit @ 2.0'grams/venicle for Cr+6

for Corresion protection purpeses only.

x Starting July 1, 2003 (autemohile Moedel Year 2005)

= Annex llfexemptions allew 2 g hex carome used in
Corresion Preventative Coeatings until July 1., 2007

s Limited thereafter t6:0.1% (W/W) per hemoegenous
materal NI /tentoenally intreatcea.

Currently there Is ne standard test methoa
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Hex Chrome Under ELV

ApPplies te chromate conversion coating for
ZING and zinc alley, parts

x Deliberately leave Cr+6'on the parts

» Fasteners, tulbing, brackets; etc. (1000s: of parts)
= Most common: yellow: chremaite

Not affected:

= Chrome plating = metallic chrome (0-valence
chrome left oni part)

= Functional (*harad®) chreme and decoerative plating
are NOT covered under this adirective
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Hex Chrome Under ELV

/0 doer BUSINESS 1N EUrepe; autemakers
must fellew: the ELV directive.

Impossible to have one spec for Eurepe
and anoether for the rest of the world

one universal specification is required
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Chromate Conversion Coatings

COATING FEATURES

 Proetection of sacrficial zinc (or zinc
alley) layer:

s EXcellent corresion resistance
 Friction properties — erganic coating
adhere well

o Seli-healing

« \Wide range of celors possible (clear,
plue-Pright, Irndescent, golden yellow,
elive dral; matte black and lbronze)

o Solaerability

» Constant conductivity.

Traditional Cr (VI)
Coating System

Lubricant

!rw” Chromate
[—

Electroplated Zn

Substrate




Alternative Systems

L ots of alternative
coatings

BUt ne drep in
supstitute

Cost will e higher

Perfermance not
eguivalent te Cr+6

Traditional Cr (VI)
Coating System

Lubricant

mr Chromate
==,

Electroplated Zn

Substrate

ELV Compliant
Coating System

Lubricant

ﬂr(lll) or

non-chromium

e Eecoptea Zn

Substrate

240)



Hex-free alternatives

1. Trivalent Chromate

* Most commercially acceptable * Not self-healing

alternative at lowest cost « Growing realization all

 Suitable or superior corrosion chromate to be phased out in time
resistance

2. Non-Chromium Passivations
(organic polymer films, inorganic salts, oxides, organometallics)

* Individual adoption seems unlikely
* Non-chromate e Cost

» Similar corrosion resistance as
Cr+6 not possible yet
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Conclusions

EUrepe IS moving

Japaniis trying te get ahead

US recognizes the inevitanle

OEMSs' are passing on requirements te: suppliers

Suppliers that can meet thoese reguirements will
Pe 1IN a geoad competitive position

IHeweVver, until customers specifically: ask: for
them, nen-chromate coatings may. not be
proefitaile
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What you can do

1. Stay Infermea

TURI’'s Metal Finishing Supply Chain Forum

www.turi.org
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http://www.epa.gov/ttn/atw/hlthef/chromium.html
http://www.pfonline.com/articles/00win02.html
http://ehpnet1.niehs.nih.gov/docs/2000/108-9/focus.html
http://www.pfonline.com/articles/020102.html

You the guy who jusf made a Seven-
coordinate compound of Chromium IT..7

Chromium I cloesn't LIKE
being seven - coordinate ...

o

LATE THAT NIGHT, FroFESSOR RoBINSoN'S LABORATORY
WAS OVERRUN RY HOSTLE. ELEMENTS.

copyright Nick Eim
http:/ /strangematter sci waikatoac.nz/

Used by permission from the artist

25



	Hexavalent Chromium:�Use, Toxicology and Restrictions
	What is Chromium?
	Exists in several oxidation (valence) states
	Starting place for all chromium products is Cr+6
	Industrial Uses of Cr
	Slide Number 6
	Chromium in the environment
	Toxicological Responses to Cr+6
	Acute responses to Cr+6
	Chronic Responses to Cr+6
	Erin Brockovich Factor
	Regulation of Cr (VI)
	Inhalation Exposure to Cr(VI)
	European Union Directives
	Hex Chrome Under ELV
	Hex Chrome Under ELV 
	Hex Chrome Under ELV
	Slide Number 18
	Chromate Conversion Coatings
	Alternative Systems
	Hex-free alternatives
	Conclusions
	What you can do
	Bibliography
	Slide Number 25

