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Editor’s Note: Originally published in Products Finishing as https://www.pfonline.com/articles/hexavalent-chromium---what-
else-the-50th-william-blum-lecture in April 2013, the following is an edited version of the 49t William Blum Lecture, presented
at SUR/FIN 2012 in Las Vegas, Nevada on June 11, 2012. Presented here is the Powerpoint presentation used in Dr.
Benaben’s lecture with commentary provided by Dr. James H. Lindsay, Technical Editor for the NASF.

Introduction

Since its inception in 1958, under the auspices of the AES, the NASF Scientific Achievement Award has been given annually to a
person who has contributed to the advancement of the theory and practice of electroplating, metal finishing and the allied arts or
has raised the quality of the profession or has been involved in a combination of these. In 2011, the award was given to Dr.
Patrick Benaben, Full Professor at Ecole Nationale Supérieure des Mines, in St. Etienne, France. Over the years, he has been a
prolific contributor to the surface finishing science and technology, and has focused his research on new electrolytic processes,
in particular, on the use of ionic liquids in hard chromium plating and on such materials as high ordered alumina obtained by
anodic oxidation. He has authored or co-authored about 100 papers and is inventor or co-inventor of ten international patents.
He has been a member of NASF (AESF) since 1990 and served six years as 1st Vice-President of the AESF International
Branch. He has been awarded both the Silver and Gold medals for outstanding papers published in Plating & Surface Finishing.

Dr. Benaben'’s lecture title was “Hexavalent Chromium - What Else?,” a rather timely topic. He first described the nature of
chromium, and the uses of chromium metal in industry and in commerce. Applications in surface engineering included
decorative and hard chromium plating, chromium anodizing, chemical conversion and passivation, sealing and etching.

He then went on to note the risks involved in its use, including chromates, fumes from welding of stainless steel and
ferrochromium alloys, chromium fumes during electroplating, and others. This led to a discussion of the toxicity, health and
regulatory issues of the day.

Given those problems, Dr. Benaben discussed “what else” would serve as substitutes for chromium and its deleterious health
effects. He stressed that there are two regimens to consider when considering exposure to toxic forms of chromium: (1)
exposure during the processing and (2) exposure in the end product to the general public. The difference is significant, and is
often ignored (or at least discounted) in the ongoing debate on such issues.

He notes that, since hexavalent chromium is recognized as one of the more toxic forms of chromium, products that have the
potential to release Cr(VI) to the public must be banned, and important work must be done to find alternative processes across
the board. On the other hand, in other applications, the public is not directly exposed to Cr(VI). Stainless steel is an obvious
example. Dr. Benaben noted that decisions and regulations must be discussed by all interested parties, although he added that
such a constructive goal is very difficult to achieve. What follows is an edited version of his presentation, along with commentary
provided by Dr. James H. Lindsay, Technical Editor for the NASF.
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. Benaben began his 2017 VWiliam Blum mwmnwmnlm:mn&m
Nalionale Supérieurs des Minss and an outfine of the material that he would be covering In the lecturs,
beginning with & peneral discussion of hexavalent chronsdum and the issuee invalved, followed by a
aurvey of the opions involved in mesting reguiatory lssues — the “Wivat Blse?” in his fifle.

In the slide above, he noted that the elactronle structure of chromium was enomalous with the other
dﬂmﬂhlhlhgﬁmrlln&Ehhdhhhh,nhmﬂmqunldﬂnﬂnmmhmlmgh
row. Going from vanadium o chromium, two siectrons s added o fhe 1d shell, and the ds shall s
only partially filed with one legtron . This given configuraion |s the most probable but thevs |s a nan-
zern probahilty of having a “nomal” structure; 3%, ds'; What would otherwise be & difficull process of
oxldafion by the toss of siy electrons from the Jd and ds shels becomes viable.
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‘Most of the world's chromlum s produced from chromits, #n iron magnesium chromium exide: The
predominant supplies of cheomite coms from South Afics, India and Mazakhstan, Ferrochrome, most of
which is ussd in the production of steel, |s produced by the electric arc melting of chrome.
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The applications. of Cr{VI] in Indusiry are many. hmuﬁwndhﬁlpmm ﬂqnhljuh iz ysed
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 numerqus essentizl alloys used in commerce. This application consttutes by far the largest usa for
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Within the surface finkshing industry, mhipﬂﬂﬁﬂhm indusiry segmants as fisted above.
Tha appearance, gorrosion and wear properies of decorstive chromium are important in sutomotive
trim and many articiss used in the home andin business. The robust mechanical properties of hard
 chromlum find usa i numessus heavy-duty applicaBions. Anodizing based on CriVl) chemistry is used
where comosion, wear and sdhesion of subssquent layers (paints) are important. Conversion and
passivate cosfings offer simdar properfies. Finally, other processes, |ncluding sealing and etching find
uze In a vansty of processes, ranging from ABS efchants for plated plastics fo perfume manufacturs.
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Surkace Treatment Process Using Vi)

st 1

« Hard Chromum 5%
® Decorative Chromium 16K

o Passivation 17%

" :'Fmﬁ:':ﬁ!-rmm Coating 13

« Dther 1a%
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The abave slide shows the relative mmﬁhmkr surtace finishing processes using CriVi] in
France. Hard chromium comprises ome quarter of all CriVi-based processing. Indeed, the slectrofytic
processes (hard and decorative plating plus chromic acid anodizing) constiuts neary haff of 5
Mﬂnlntuhmﬁnm mhhm Fnishing industry.
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» Chembtry 5%
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This slide shows the varlous industrial sectors that use surface findshing in their operations In France.
The inrgest sage is found In the mechanical {l.&, heavy duty machinery), sercnaufios/asrospace and
automotive segments. There are numerous indusiries dependent on surtace finishing technology.
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& Chromate pigments in dyes, paints, inks and plastics

U Chromates added as anti-corrosive agents to paints, primers and
other surface coatings '

i Particles released during smelting of ferrochromium ore

O Fumes from welding stainless steel or nonferrous ehromium alloys
U Impurities present in Portland cement.

Qdchromium plating by depositing chromium metal onto an item’s
surface using a solution of chromic acid (in workshops)

5-LFHFLH LY — W|||I!I'I'I llUMLt-:ni = —Lii 'i".l.,-,l:. e l.'l. .?'.IH..'E

Desplie the importancs of hexavalent chromium chemistry in pommeres, ft s we established that CriVl)
poses risks In tenms of health and tovicity 10 humans. The pollufion sources Bsted here ga wel beyond
the chrondum Fddinguﬂguhmfuuﬂnlﬂig_ There are risks involved in the metallurgica! araas,
including smalting and welding of chroméum-bearing allays. Hexavalent chramium kn a varisty of other
coatings, inchuding palnts, primers. Inks, dyss, stc. are also potential pollubion sources.
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Exposure to hexavabent chramium may cause the follawing health efects!
st o rsie ad sxpnes
O Lesion in the nose.
L1 f the damage is severe, hole {pedoration] in the nasal septum
Contact with non-intact skin;
LIchrome ulcers: smiall crusted skin sores with o raunded border (well kngwn)

Exposure to hnmhmnhnnﬂmnmwm the foflowing hnlth EﬂEElH
2 Breathing henovalant chroemivm
* Lung cancer
* Irritation or damage to the nose, thioat and lung {respiratory lﬂlﬂ
O By contact with MMHITIH'II chromium selution:
= lritation or damage to the EYES
= Shin irritation if contact '

:Braathing small amodntsof beiavalent chromslum even for [ong periods does rot cruse red plratory trac
Irritation In rrrn-l'l:'p-mpl!
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Tomichy: Thphuﬂtlﬁuhﬂimpﬂuﬁhhﬂnﬂuﬂqﬁmuﬂum,hdhﬂnmhﬂludgmhm
alr, are displaysd in the above shida. Dr. Banaban stressed that for most people, “breathing small
amounts of hexavalent chramium sven for long periods doss not causs resplratory fract infection
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0,005 and Surface tension lowared - 0,01 mg/dsem o 0.035 mg/dacm
89,74 reduction in Industry since 1985

SUIRFIN 2002 —Williarn BLUN Lecturs — L Vegas june L1 7013
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REACH u INFLUENCE &

REACH: Ruglstration, Evaluation, Autharization of Chemical Products by ECHA [European
Chemical Agency)

BEACH regulation: Defhms substances of very high concern (SVHC):
O carcinogenic, mutagenic or tokic to reproduction (CMRs]
1) Persistent, bio-accumulative and toxic (PETs)
0 Very parsistent and bie-accumulative [vPyBs+)
O Seripusly and/or irreversibly damaging the environment ar human health, as
substances damaging the harmone system
SWHC List 2012
[ ECHA updated the candidate list with twenty new Substances [3 Crivi)] of Very
High Concern (12/19/2011}

Vi jy 0 gl mop ppd B cml e & imie @l jponmes s il 0 VLEY 85 70 o DU bide B blall ol Y
SLIRFTN 2002 — W illiarn BLLFN Lecpors — Lid Weaes June 11, A002

Th.a:ﬂmaugrmiim Evaluation uﬂ.ﬂ.nilwdu‘llm d’mmlmr Products] requiations: promulgated
by the European Chemical Agency have had a profound affegt on the surface finishing indusiry n
ganesal, and on usage of haxavalent chromium-based procssses |n parfioular. As outned above.
'REACH uftimately defines Substances of Very High Concer [SVHE). In late 2011, 20 new substanoes
wera added fo the SVHC list, three of which contained Cr (Vi)
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What Else ?

Following presentation is not;
1 A commercial catalogue
J An exhaustive list of processes
J A modus operandi of different processes

It is just an overview of some processes with some comments.

For more information, call your Supplier ...

SURFIN 28LE — W illiarn BLAFAY Lecturs — Lig Wesas June 11, AT

Givan all of these requistory chaflenges, haxavalent chromium-besed serface iﬁhlqﬂ.pﬂ-ﬂw face
an euiright ban of their use, Faced with this sftustion, wa must G5k “What Elsa?" Whai elss s wvalable
which provides equaf or better performance in the many applications for which hexavalent chromium
has been found lo be vesy useful?

The remainder of this presentation offers an overview of a sample of some of the CriVl) replacement

processes which have shown promise |t is netther a commarcial catalogue, nor an sxhausfiva Sst
This is mersly & sampling, and more detailed information |s availabie from the metal finishing suppliens.
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Crivil) it the CHVI) publie Cr{\T) s Lo CriV) bl
procoss b 0] = i) procmy Riow Feow
E:::’n':‘:‘r': YES No vos/NO No
Hard chromium YES No YES No
Ansdic enldation YES Ll Yiu MO Limit
Chramating e s No ewoupt fove Mo weopt ey

appl. aeonautic] appl (avronantic]

1
plastic / Al eiching YES Hi Yes My
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Balors considering replacement processes, & is Important o consider the curment sfuation for CoVi]
processes. After all. the drawbacks io haxavalent chromiom chemisiry have been known since the
18805, and RAD effords have sready been devoted to reducing the risks. posed by the use of CrVi).
Furthar, the stustion must be viewsd In terms of [1) whether hexsvalent chromium is present in the
process and (Z) whether the public s sxposed to hexavalent chromium in the final product  An obvious
mdwmnmhmmm whether decorative or hard
chromium. Clearly. chromlum metal iz deposfed from & process solution containing CrVY). But tha end
result is piated chromiom metsl; the final form that reachss the public has no Cr(Vl) chemicals present.

The above isble considers six of the mafor CriVlj prooesses in this Ight. Slnce the 1980, when Crivl)
was used in all processes, it can be sesn that Crivl) has besn weaned, to 3 greater or lesser sxtent, from
passivation, anodizing and chromating technology. And in most casss, the public’s sxposus to Crivl)
in the final products has been virually eSminated. with a few exceptions. Though somewhat reduced.
mpmmmhmmgm
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Different salutions developed by plating companies:
ATOTECH, COVENTYA, ENTHONE (COOKSON), MEDERMID, SURTEC...

‘General formulation;
3 crfiir) chioride or sulfate numplmﬂ by formate, mdﬂ:ﬁﬂnhl.huﬂ'n |barle
acid ), sluminum chloride, wetting agant |lauryl sulfate, Triton X arother)
i Crfhir) basic sulfote complexed by thioeyanate lons, conductive salts {subfates),
hutter boric acid and wetting agent

Electrolytic conditions varying a4 a functlon of the compadition:
"D 1 = 100 A dm® withoot burning
O Temp. 2510 50°C
 pH: about3
U Anode: graphite - MMO snodes— membrane
Resukts:
 Large window of cathodic density giving metallic chromium deposition
O Rate of deposition near constant between 2 and >60 A/dm’

SLIRF TN LY — Willisrme BLANY Lecrare — Lig Wegms June 11, KT

Cr{Vl) replacements for decorattve chromium have been developed by many of the plating supplers.
mmummmmmmmnmhmmm;
manufacturing standards for appearance and corrosion parformance  Several chamisiries: have been

- daveloped, sach having specific charactersiics for a given application. Most important, the processes
aflow operation over a wide mnge of cument densities.
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Charactaristics of the deposit;
O Talerance to current Intemuption
[ Deposit In general microporous
U Coloration near hesavalent one (CIE L'a*hl tast for bright blue deposit

O Corroabon reslstance: Cf publicathon of D. Snyder in PESF |09/2005) and Blum
Lecture | Aussian Muod - SURFIN 2010

26 ¥ of comrosion test - Long term corrosion study: Marine exposure (N.C.]
Decorative chromium with differsnt thickness an steel, steel»Cu, In :Ihrnﬂlm
bright nickel over steel, duplex nkckol...

 Value of duplex [and more) nickel sub-layer

O Trivalent microporous system appeared to bast for 10 ¥ without corrosion
O Standard hexavalent chromium systems present corrosion early

O Trivalent chromium déposits (intrinsically microporous) and hexavalent
chromium dépodits (porous nickal] pedarmed almast identically

SLIRF TN LY — Willisrme BLANY Lecrare — Lig Wegms June 11, KT

Indesd thars are many sdvaniages that trivalent chromium depostts: have over their hexavalant
countsrparts. bt operation, Lhe deposifing layer has & tolerancs o current intsrruption, something that
was lacking In CrVi) systems. In general. the deposht- structure is microporous, & deskable situation
for ehromium over nicksl Tha depos® color produced by cument Gl technology approaches that for
hexayalent chramium, something that has been steadily improving over the decades.

The gorroston performancs has besn shown to be aqual or better than hexavalent-based deposits.
mh:mnhmdMﬂm devedopment , mmnwmmmu
years. A considerable body of work, Including the valuable contribuions of Don Snydsr, have spanned
this period of fims. A large variety of substrats and Cril| multRayar systems have been stugfisd

Amang the imporant conclusions of this work, the importance of using multiple layer nicksl systems
{duplex or higher} undar trivalent chromium was criisal 1o performance jas i was under hexovatant
chromium). |n figid tests, the trivaisnt microporous chromium showed no corrosion affer ten years,
while standard Cr{\i) exhibited orrosion earfier. Finadly, Criil] layer parformancs was equal to that of
Cr{\V) over microponmus [nrlﬂbmuwmﬁnd}n]ﬁﬂ,u:itumtmﬂhﬁr systam.
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important activity and progra

a H':I'l:iF- HEAT program « Huﬂmmmhm:hmaﬂumm.‘n. M{H‘J.’I
O Ni-Py with heattreatment
O Ni-P electroless = Particles, Co-P = pmlﬂm{SH‘.. dlamond. .}
U Trivalent chromium:
- Until now no real commerciol process
- Aguenus solutions: ECOCHROM European,/Worldwide program
- lonic Liguids: No process - BUT interesting resultsin |ONMETEsropean program.,

HIRFiN EEL.—WIllum ll’LFMLi‘.'-:IH = —Lii 'i".l.,,l:. e l.'l. .?IH..'E

The current stalus of trivalent deposis for hard chromum applications ks not as advenced. Applying
the higher thicknesses ‘of hard chroméium appications from dmiwﬂﬂlﬂ,ﬂulhlry Is probismatic,
at thés: point. At przgant, there Is no actual commevelal process. Monetheless, efforts to devalop 3.
vﬁmmn“myhm:nnﬁi,kmhdhlqmm and fonis liquids. Pulse
wavelorms have been used by Taylor, of al, with promising resulls, and other programs In Europe snd
other venues e sogoing.

Nenathsless, several hard chromium substities have bean developed which provide the characieristics
required for hard chromium plating. These inchuds therma! spraying, in particular the high velocty
ony-fual (HVOF) technology with WC-Co and WC-Co-Cr materiais; heat reated elecholess W-P and
slectroless Ni-P and Co-P with codeposited pariicles, such as sllcon carbide, dlamonds and the like.
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Beole Mitlondle
Sl:p:r.-:urmf:. hines

NRINT ETIRNKY ! imuT il

MARD CHRONILIN

SEITFTN m—lﬁumn__—unmqug 11, 3043

Mﬂhﬂmﬁlmﬂwﬂ*hﬂm :M—m AR BSOS

rivalend chromiuny bath thal has been deveinped in the ENSM-SE laboratory during the ECOCHROM -

European Programms. The upper left picture represents: a hard irivalant chromium deposit produced on

ool i Mﬂﬁﬁmﬁﬁ“ S e
AR

 of the chroméum Mwﬁnﬂﬁmhﬁ mechank machanical polishing. Thmwdhm

d=posi Is about 5055 pm (30 pin), S
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Ecole Nationale WUAT ELSEY '
__-[J Supéricure des Mines WHAT ELSE? m
NARINMT || ¥ ] | .h;l_'.l. :I.‘".I:IrlI

Hexavalent chromium is definitely recognized as one of the more
toxic products:

# Products that could release Er{Vi) to public have to be banned.

* Following this kdea, Important werk must be done te find alternative pProtedaei.

*  However, regulation has to be identical around the world,

FHowrever, insome-applications, Cri\|] lons are oot directhyin contact with-public:

*  The questions are |

- 4 the farmation of Cr(Vijcompounds possible by chamical reaction : strang oskdizing agant,
femperaturs reacbony

- Is the righaf releasing Cr{VI) agent alter erosion, corrasion, transfarmatkan ., possible over
a long life time?

#= Decigion and regulation have 1o be distussed by ALL the interesied
Very difficult to be applied |

SLIRF TN LY — Willisrme BLANY Lecrare — Lig Wegms June 11, KT

mﬂaﬂmmﬂaMHhmemthmhm ons of the more toxic chemistrise in
industry thess days. He stressed that, saparats from the use of Cr{Vl} in manufacturing, any end
products that could resull in releasing CriVl) to the genenal public must be benned. With this in mind,
altarnadlve procasses dwmﬂhhundwﬁ“ﬁupﬂhﬂumuldhddﬂ_ He also

- stressed the nead for sny regulstion to be identical sround the world  The afiemative would be 3
mhl:gmﬂnmw of copficfing reguiaticns from nabion to nafion.

Ha noted that using Cr{Vi) processes in product manufacture do nof necesssily aipose the ganeral
public to the toxic chemistry. Chromium plated sicies are one such example. Nonetheless, there are
Issuas. The mafter of CrVij formation over fine [n ifvalenl passivates was one concem. Long tarm
V) redesse would be another.

A very important part of his message deaf with communicobion.  The decisions on regulation in these
areas must be openly disoussed by ol inferested parties Including industry, reguiators and
snvironmental interests. But as Ov. Benaben noted. this is “very difficust to be appled ™ Nonethaless.
the need for such open communicstion & paramount
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AND MANY THANKS to NASF

L. Pafrick Bepraben [cemfer] redeives the NASF Scientifc Achisremant dward plagiie affar hizaslfection
wid antiounced af SURAN 2097 In Rosemont, Minols. With him are Exsculive Ves-Prosident Chriatian
Richitar fafl] 2nd MASF Prasident Tony Revier (Hight]

ABDUT DR PATRICH BENABEN:

0w Patrich Benaben is Full Professor at Ecole Nationele Supérisure des Mines de St-Etienne {ENER-
BE|(France] which k:aFrench Enginesrs High School (Training of Enginesrs and PhD). He s Resaarch
Dérector enahisd by the French Ministry of Ressarch @nd Universities. He & currently (7 charge of ane
of the Ressarch Deparimanie in the "Cenire de Microslactronique e Provence” si ENSM-5E in
Gardanne {Provencal. His ressarch s focused on new slechalyfic processas, move precizaly on the uss
of bonic liguide in hard chromium plating and on such matedials a5 high oadered aloming obtained by
anodle oxsdation  He has suhored or co-authored about 100 pepers and is venton or co-knventor of
fen Intamations] patents. D, Benaben |s the Frepch represeniative’ o the Ewnpean Bosrd of the
Edropean Acadenry of Surface Technology {www sasl-sile nel) aod & member of the French Surface
Treatmant Crgapizetion. He has oeganized sevedal Intemational Cologuia-on Cheomium Plating in
Bpint-Efianne [France] and s Prusident of the BURMAT Cellogidum. Hé hos been 5 member of MASF
(AESF] einge 1280 snd has served slx years 25 1sd Vice-Presidend of the AESF infernational Branch. He
has bean awarded both the Silver and Gold medals for outstanding papers publshed In Plating £
Sunface Finlahing respeciivaly at SUR-FIN Boston (1330} and BUR-FIN Chicago (100, Heis a mamber
of the MABF Hard Chromium Commities, in 2011, he was selected 1o be the 5th recipient of the
AESFIMASF Willimm - Bfum Scientific Achievement Award, the gasocistion’s highest honor
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