Via email to steven.cliff@arb.ca.gov

February 10, 2023

Hon. Steven S, Cliff, Ph.D., Executive Officer
California Air Resources Board

1001 | Street

Sacramento, CA 95814

Re: CARB CrVI ATCM Update - Follow-up to January 27 Board Meeting

Executive Officer Cliff —

The Metal Finishing Association of Southern California [MFASC], the Metal Finishing Association of Northern California [MFANC]
and the National Association for Surface Finishing [NASF] appreciate the consideration the members of the California Air Resources
Board are giving to our industry’s concerns with the current draft of the update to the air toxic control measure for hexavalent
chromium [CrVI] for chromium electroplating and chromic acid anodizing operations.

Our industry does not propose to avoid regulation for chromium plating and anodizing facilities. We remain committed to emis-
sions-based regulations that will result in meaningful emissions reductions and believe that the update to the air toxic control
measure [ATCM] for CrVI plating can be crafted to achieve this objective.

Board Member Comments

We offer to engage in furtherance of the comments and requests the Board made in its January 27 hearing, and note the com-
ments made by individual board members. These include Chair Randolph’s concern that the smallest facilities with the smallest
emissions face the earliest ban, Board Member Balmes’ emphasis on the low emissions from decorative plating and the necessity
for more time for decorative plating to transition to alternatives, and Board Member Berg’s support for the update providing deco-
rative CrVI platers with a choice between a ban or SCAQMD Rule 1469 — type requirements.

Decorative Applications that Require Hexavalent Chromium Applications

As we have confirmed with the CARB team subsequent to the board meeting, we offer this information as staff responds to the
board’s request that it consider decorative plating for products where CrVI provides functionality, health and safety protection, or
compliance with customer specifications.

There are applications that the current draft defines as “decorative” where CrVI is needed for purposes that trivalent cannot pro-
vide, including functionality, corrosion protection, wear resistance, hardness, product performance or health and safety protection
based on customer specifications and industry standards. We have identified the following categories to-date and there are cer-

tainly more:
e Medical equipment e  Golf clubs
e Dental equipment e Scuba gear
e HVAC e Breathing apparatus
e Food surfaces e  Kitchen and restaurant equipment

Many of these critical applications and others address significant health and safety concerns posed by particularly corrosive envi-
ronments or product quality performance demands.

- continued
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Customer and Industry Specifications
Our discussions with a number of our member facilities confirm that, unfortunately, the details of the engineering specifications
are not available to us as they are prohibited pursuant to customer-required nondisclosure agreements [NDAs].

However, support for the necessity of decorative CrVI plating can be confirmed by customer specifications that necessitate CrVI
plating such as: AMS 2460', B650%, B4563, and B1774, and QQC-320°.

Support is also found in a number of publicly available documents including: two analyses of alternatives to CrVI plating that sup-
port the statement that trivalent chromium plating is an inadequate replacement®’; and four certificates of conformance that con-
firm the product performance requirements that plating must meet and necessitate CrVI+°,

The necessity for decorative CrVI plating is also evidenced by the specific decorative CrVI plating exemptions the European Union
[EU] has provided as it works aggressively to ban CrVI processes. The EU still provides numerous exemptions for many decorative
applications. For example, a reference in a document that is in the EU REACH docket states that:

“The majority of the European sanitary ware manufacturing sector has already applied for, and in some cases received,
authorisation under EU REACH to continue using Cr(VI) for another 10+ years, due largely to quality problems with the
principal alternatives and the time needed to remedy them. Manufacturers outside of the EU are free to use Cr(VI) with-
out similar regulatory controls and already supply a significant proportion of the GB and EU markets. This means that
any switch to inferior alternatives to Cr(VI)-based electroplating would result in a loss of customers and market share to
those firms still supplying higher quality Cr(VI)-based products.”

Source: TCL Manufacturing Ltd, Analysis of Alternatives and Socio-Economic Analysis, June 28, 2022, Page 112: https://consultations.hse.gov.uk/crd-
reach/reach-afa-022-01/supporting_documents/REACH%20%20AFA02201%20Cr03%20Analysis%200f%20Alternatives%20%20%20Socioeconomic%
20Analysis%20Public.pdf

Suggested Revisions to CrVI ACTM

Definition of Decorative Chrome Plating

With this information, we suggest that the definition of “decorative chrome plating” in Section 93102.3 of the draft update should
be revised to accurately state the purpose of the process. It is not limited to the terms of the current draft: “provide a bright sur-
face with wear and tarnish resistance.” The revised section would read as follows:

(30) “Decorative Chrome Plating” means the process by which a thin layer of chromium (typically 0.003 to 2.5 micrometers) is ap-
plied to provide functionality, corrosion protection, wear resistance, hardness, product performance, or health and safety protec-
tion and is electrodeposited on that Base Material. In this process, the Base Material serves as the cathode in the electrolytic cell
and the solution serves as the electrolyte. Typical current density applied during this process ranges from 540 to 2,400 Amperes per
square meter (Amp/m?) for total plating times ranging between 0.5 to 5 minutes.”

Additional Time for Decorative Hexavalent Chromium Plating
The draft update should also be revised so that decorative chrome plating as now defined would be subject to each of the numer-
ous requirements that are proposed for Functional Chrome Plating. The key revision would be to Section 93102.3, as follows:

(46) “Functional Chrome Plating” means Hard Chrome Plating—erd-Chromic Acid Anodizing and Decorative Chrome Plating.

- continued
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The Board on January 27 also requested that staff consider an appropriate period of time that would enable decorative CrVI
plating to transition to alternatives while the environment is protected from fugitive emissions.

The approximately 50 facilities in this category pose a relatively small risk compared to hard chromium and chromic acid anodiz-

ing. Decorative CrVI plating represents only 3.7% of total CrVI emissions from the surface finishing industry, which itself is less
than 1% of total statewide CrVI emissions.

Decorative Chrome Plating is only 3.7% of this 1.27% Slice of the CrVI Stationery Source Emissions

- continued
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These are the smallest facilities with the smallest emissions. Most of them are subject to SCAQMD Rule 1469 and have been in-
vesting tens of thousands of dollars to comply with the requirements of that rule and prevent fugitive emissions.

The necessity for additional time beyond the proposed July 1, 2027 ban date is supported by information submitted into the record
through written public comments as well as testimony at the January 27 hearing. These demonstrate that customers are not at
present willing to accept alternatives to CrVI and that there needs to be a focused effort to overcome this obstacle. Our industry
commits to work with CARB and our customers to continue the transition to alternatives where appropriate. The well-intentioned
offers of financial assistance for facilities unfortunately will not change customer demand.

New Requirements for Decorative Chromium Plating

The draft update should be revised to address these concerns by revising Section 93102.4, as follows:

(b) Phase out that applies to all Existing Facilities that use Hexavalent Chromium.
(1) Decorative Chrome Plating. No Person shall use any Hexavalent Chromium for the purposes of Decorative Chrome Plating in Galifor-
nia after Jenvary-1,-2027 January 1, 2039.

In addition, the draft update should be revised so that the requirements proposed for hard chrome plating would apply to decora-
tive chrome plating until January 1, 2039. These include the operation requirements of Section 93102.5, source test requirements
of Section 93102.7, chemical fume suppressant provisions of Section 93102.8, parameter monitoring requirements of Section
93102.9, inspection and maintenance requirements of Section 93102.10, operation and maintenance plan requirements of Section
93102.11, recordkeeping requirements of 93102.12, and reporting requirements of Section 93102.13.

Technology Review for Decorative Chromium Plating

Also, the technology review proposed in subdivision (3) of Section 93102.4 should be revised to specifically include decorative
chrome plating:

Technology Reviews. CARB shall conduct two technology reviews that evaluate the development of technologies to replace Hexavalent
Chromium in Decorative Chrome Plating, Hard Chrome Plating and Chromic Acid Anodizing operations. Each technology review shall
include a summary of the status of the development and availability of alternative technologies.

CARB staff will complete first technology review by January 1, 2032, and the second technology review by January 1, 2036.

Source Testing

Finally, as our industry has been stating throughout the development of the update, the two-year frequency mandated by the
source test requirements of Section 93102.7 is not supported by the record. The SCAQMD Rule 1469 appropriately sets forth a
frequency based on the facility’s permitted annual ampere hours, either 60 months or 84 months following a source test that
demonstrates compliance with all applicable requirements.

The revisions would be:

(3) All Functional Chrome Plating Facilities that use Hexavalent Chromium must conduct a Source Test on all Tier Ill Tanks every 2-eaf-

endaryears-after-the-previeus-seurce-test:

o For facility-wide permitted annual ampere hours over 1,000,000: 60 months from the day of the most recent source test that
demonstrates compliance with all applicable requirements after the date of the previous Source Test.

o For facility-wide permitted annual ampere hours over 1,000,000 or less: 84 months from the day of the most recent source test
that demonstrates compliance with all applicable requirements after the date of the previous Source Test.
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In conclusion, we look forward to discussing these issues and suggested revisions at your convenience. They are intended to be
specific to, and responsive to, the direction the board provided to staff on January 27 to consider products that are decorative CrVI
plated for functionality and health and safety purposes, and to consider a reasonable period of time for decorative chrome plating
to transition to alternatives while providing for the protection of health, safety and the environment.

Sincerely,
. Boyon Leiher
Bobbi Burns v/
Bobbi Burns, MFANC President, 510-659-8764 Bryan Leiker, MFANC & MFASC Executive Director, 818-207-1021
Vence Hoonan Gl Honnapel
Vince Noonan, MFASC President, 800-227-9242 Jeff Hannapel, The Policy Group, on behalf of NASF, 202-257-3756
Enclosures

C: Members, California Air Resources Board

Footnotes:
T AMS 2460 [Attachment One]
2 AMS B650: https://www.astm.org/b0650-95r18.html

3 AMS B456: https://www.astm.org/b0456-17.html

4 AMS B177: https://www.astm.org/b0177 b0177m-11r21.html

5QQC-320 [Attachment Two]

6 Analysis [Attachment Three — Analysis — Dornbracht]

7 Analysis [Attachment Four — Analysis: Ideal Standard]

8 Certificate of Conformance [Attachment Five — COC: eu compliant 2000R]

9 Certificate of Conformance [Attachment Six — COC: eu compliant 1180R]

* Certificate of Conformance [Attachment Seven — COC: eu compliant 21600]

0 Certificate of Conformance [Attachment Eight - COC: eu compliant 826026]
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Fed, Spec. Wi-C-3204
July 25; 1967

FEDERAL SPECIFICATION
CHROMIUM PLATING (ELECTRODEPOSITED)
This specification was approved by the Commissioner,

Federal Supply Service, General Services Administra-
tion for use of all Federal agencies.

1. SCOPE AND CLASSIFICATION

1.1 Scope. This specification covers the requirements for

electrodeposited chromium plating.

1.2 Classification.

1.2.1 Classes. Electrodeposited chromium plating shall be of the
following classes, as specified (see 6.2):

Class 1 - Corrosion protective plating (see 3.3.1)
Class 2 - Engineering plating (see 3.3.2)
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of finish, as specified (see 6,2):
Type I - Bright finish
Type II - Satin finish
2. APPLICABLE DOCUMENTS
2.1 The following documents of the issue in effect on date of

invitation for bids or request for proposal, form a part of this specifi-
cation to the extent specified herein,

Federal Specifications

QQ-N-290 Nickel Plating (Electrodeposited)
QQ-S-624 Steel Bar, Alloy, Hot Rolled and Cold Finished

(General Purpose)

FSC MFFP
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(Activities outside the Federal Government may obtain copies of
Federal Specifications, Standards and Handbooks as outlined under General

Information in the Index of

Federal Specifications and Standards and at

the prices indicated in the Index. Theé Index, which includes cumulative
monthly supplements as issued, is for sale on a subscription basis by the
Superintendent of Documents; U.S. Government Printing Office, Washington, DC

20404.

(Single copies of this
required oy activities out

specification and other Federal Specifications
side the Federal Government for bidding purposes
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atlanta, “hicago, Kansas City, MO, Fort Worth, Denver, San Francisco, Los
Angeles, and Seattle,

(Federal Government a
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P S | :

cations, Standards, and Handbooks and the Index of Federal bpecitications
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Military Specifications:
. .
MIL-S-5002 Surface Treatments and Inorganic Coatings for

IL-5-13165
MIL-R-81841

Militarv Standards:

MIL-STD-105

MIL-STD-1312

(Copies of Military S

Metal Surfaces of Weapons Systems
Shot Peening of Ferrous Partis

Rotary Flap Peening of Metal Parts

Fasteners, Test Methods

pecifications and Standards required by contrac-

tors in connection with specific procurement functions should be obtained
from the procuring activity or as directed by the contracting officer.)

2.2 Other nn
2.2 ther nubl

of this specification to the extent soecified hereln. Unless a specific

issue is identified, the is
request for proposal shall

American Society for

sue in effect on date of invitation for bids or
apply.

”, ._..

Testing and Materials (ASTM) Standards:

ASTM B-487

Measurement of Metal and Oxide Coating Thickness
by Microscopic Examination of a Cross Section

O

L"’
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ASTM B-499 Measurement of Coating Thicknesses by the HMagnetic
Method: Nonmagnetic Coatings on Magnetic Basis
Metal
ASTM B-504 Measuring the Thickness of Metallic Coatings
by the Coulometric Method
ASTM B-556 Thin Chromium Coatings by the Spot Test, Guide-
line for Measurement of
ASTM B-578 Measurement of Microhardness of Electrplated
Coatings
ASTM E-8 Tension Testing of Metallic Materials
(Application for copies should be addressed to the American Society
for Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.)
3. REQUIREMENTS
3.1 Materials., The materials used shall be such as to produce
platings which meet the requirements of this specification.
3.2 General reguirements.
3.2.1 High tensile steel parts. Unless otherwise specified (see

6.2), steel parts having an ultimate tensile strength greater than 240,000
psi (1655 MPa) shall not be plated without specific approval of the pro-
curing activity.

3.2.2 Stress relief treatment. All steel parts ig an u
mate tensile strength of 150,000 psi (1034 MPa) and above, which are
machined, ground, cold formed or cold straightened, shall be baked at a
minimum of 375 +25 F (191 +14°C) for three hours or more prior to cleaning
and plating for the relief of damaging residual tensile stresses. When
peening is required (see 3.3.2.3 and 3.3,2.5), thermal stress relief shall
be performed prior to shot or rotary flap peening.

1
1 rt

3.2.3 Cleaning., Unless otherwise
parts shall be cleaned in accordance with MI
shall be cleaned by methods which shall not
not interfere with adhesion of the deposit.

specified (see 6.2), all steel
-S-5002. Other basis metals
amage the substrate and shall

ﬂ.[‘“!‘h

o

3.2, Plating jon, Unless otherwise specified (see &
the plating st all be applied after all basis metal heat treatments and me-
chanical operatio such as machining, brazing, welding, forming and per-
forating of the artlcle have been completed.



Downloaded from http://www.everyspec.com

3.2.5 Underplating. Unless otherwise specified (see 6,2), class 1

plating shall be applied over an intermediate plating of nickel in accord-
ance with QQ-N-290 on steel, zinc and zinc-based alloys or copper and
copper-based alloys. Unless otherwise specified (see 6.2), class Z piating
aehall Lha dacacdsa tha hacdao —atal cedehaiis a2 canaldadaae. Y1_2t__ _r
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another metal. In no case shall any underplate be substituted for any part
of the specified chromium thickness.

3.2.6 Embrittlement relief, All coated steel parts having a
tiardness of Rockwell C40 and higher shall be baked at a minimum of 375 +25°F
(191 +14°C) for three hours or more, within four hours after plating

to
’
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tested in accordance with 4,5.,5 shall not crack or fail by fracture (see
4.4.3.5). Plated springs and other parts subject to flexure shall not be
flexed prior to hydrogen embrittlement relief treatment.

3.2.7 Coverage. Unless otherwise specified (see 6.2), the

all cover all surfaces inciuding roots of threads, corners and

O

3.2.8 Boundaries. Boundariesg of class 2 plating which covers
only a portion of the surface shall be free from beads, nodules, jagged
edges and other irregularities.

3.2.9 Finish, For class 1 plating, the finish or luster shall
hh mm me—mm .2 L2 VAP | s TN BERU B 4 2\ T __ . T P S R | 1 _ 11 | S - .11 __
UT dbd DSPElLllilitU DT l1l.<le.J dilU OD.<) . Llype 1 OI Cl1d55 1 Slhdil ve 4d 1u11y
bright finish, smooth, uniform in appearance and free from frosty areas.
Type 11 of class 1 shall be a satin finish, smooth and uniform in appearance.

Unless otherwise specified (see 6.2), either a fully bright or a dull matte
finish, smooth and free from frosty areas shall be acceptable for class 2
plating finish,

2 2% D e —
Je r[ULﬁbbLllE
3.3.1 Class 1 processing. Parts for class 1 deposition shall

be plated to specific dimensions as specified (see 3.4.1.1). When speci-
fied (see 6.2), parts shall be processed in accordance with procedural in-
structions for form of chromium deposit (see 6.5).
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be plated to specific dimensions as specified (see 3.4.2.1). lUnless other-
wise specified (see 6.2), steel parts shall be processed in accordance with

the procedural instructions of the procuring activity as follows:

3.3.2.1 Class 2a, Parts plated or plated and processed to specific
ions in accordance with procedures and criteria specified by the pro-
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fy baking procedures shall be baked in accordance with 3.2.6 after
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3.3.2.2 Class 2b. Plated parts below Rockwell C40 hardness, which
are subjected to static loads or designed for limited life under dynamic
loads or combinations thereof, need not be peened prior to plating.

3.3.2.3 Class 2c. Plated parts below Rockwell C40 hardness, which
are designed for unlimited life under dynamic loads, shall be peened in
accordance with MIL-S-13165 or MIL-R-81841 prior to plating. Unless other-

wise specified in the applicable drawings, the peening shall be accomplished
on all surfaces for which the plating is required and on all immediately
adjacent surfaces when they contain notches, fillets or other abrupt changes
of section size where stress will be concentrated.

2.1.2. 4 Class 24 Plated parts Rockwell C40 hardn
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which are subjected to static loads or designed for limited life under
dynamic loads or combinations thereof, shall be baked in accordance with
3.2,6 after plating. The load for the static load test (see 4.5.5, the
embrittlement relief test) shall be as specified in the contract, order or

applicable drawing (see 6.2).
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3.3.2.5 Class 2e. Plated parts, Rockwell C40 hgrdness or above,
which are designed for unlimited life under dynamic loads, shall be peened
in accordance with MIL-5-13165 or MIL-R-81841 prior to plating. Unles

otherwise specified in the applicable drawings, the
complished on all surfaces for which the plating is

peening shall be ac-
required and on all

immediately adjacent surfaces when they contain notches, fillets or other

auz upL k.udugt:b Ul. section size wuere stress W:LJ..I. De
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concentrated. ine

plated parts shall be baked in accordance with 3.2.6 after plating. The
load for the static load test (see 4.5.5, the embrittlement relief test)

and the dynamic load conditions shall be as specified in the contract,

order or applicable drawing (see 6.2).

3.4 Detail requirements.
3.4,1 Class 1
3.4.1.1 Thickness. Unless otherwise specified (see 6.2), the

minimum thickness of class 1 chromium plating shall be 0.00001 inch or

0.01 mil (0.25 micrometre) on all visible surfaces

n 7T _—alk 10 .\ L. 3 a_ —
a ball 0.75 inch (19 mm) in diameter. Unl

ie
holes, deep recesses and other openings, ba

v <
internal threads from which the external environment is completely exclude d

which can be touched b

and where a controlled deposit cannot be normally obtained shall not be
subjected to a thickness requirement but shall show evidence of plating.

There shall be no bare areas.

CadTHiTiiLS CTALASO

3.4,1.2 Underplating. Class 1 plating is normally used with an
underplate system of nickel or copper. Where such requirements exist
(see 3

ate
.2.5), the underplate thickness shall be in accordance with QQ-N-290.

The thickness of the underplate shall not be used in determination of the

specified chromium plating thickness.
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3.4.1.3 Adhesion. The adhesion of the plating and any underplate
shall be such that, when examined at a magnification of approximately 4
diameters, neither the chromium plating nor any electrodeposited under-
plate(s) shall show separation from the basis metal or from each other at
their common 1ntertace(s) when subjected to the test described in 4. 5 2

3.4,2 Class 2.

hi

N )=
B

($l pam) . The thickness requirement for class 2 plating shall apply after
all metal finishing and post-plating grinding operations have been completed.

separation from the ba sis metal or from each other at their common inter-
face(s) when subjected to the test described in 4.5.2. The interface be-
.tween a plaring and the basis metal is the surface of the basis metal before

W

plating. The formation of cracks 1in the basis metal or the plate which do )

ult in rLax1ng, peeling or biistering of the plate shall not be
or

"o

3.4.2.3 Hardness. The minimum hardness of a cross-section class
plating, when subjected to the microhardness test detailed in 4.5.3, shall
be 600 Vickers Hardness Number (VHN) or equivalent if the plating is
finished to a semi-bright or matte luster (see 3.2,9). If the plating is
finished to a bright or bright pebbiy luster, the minimum hardness shall

be 850 Vickers Hardness Number (VHN) or equivalent.

3.4.2.4 Porosity, The class 2 plating, by being as free from
porosity as possible, shall be capable of protecting the basis metal from
corrosion due to pits, pores or cracking., When subjected to the test de-

i

0
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0.79 mm) in diameter
r
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or more teoi pieces, except those areas wifhxn 1llb inch (1 S9 mm) from
identification markings and contact marks after processing.

N
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3.5 Wor kmanship.
3.5.1 Basis metal. The basis metal shall be free from visible

defects that will be detrimental to the appearance or protective value of
the plating. The basis metal shall be subjected to such cleaning and plating
procedures as necessary to yield deposits herein specified.
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ded e b £ AGLLIIE. I pPLALilp B@LL U SWVULIL, LiuE grainea, aa-
herent, uniform in appearance, free from blisters, pits, nodules, excessive

edge build-up and other defects. The plating nhall show no 1ndication of
contamination or improper operation of equipment used to produce the deposit,
such as excessively powdered or darkened plating, build-up and other defects.
The size and number of contact marks shall be at a minimum consistent with

good practice. The location of contact marks shall be in areas of minimum

exnosure to service environmental conditiong whera immsrrant 8 tha funsrion
bad A A - -~ - - - -sE Y & & wa ‘it wia A Wil A CAWVIISO Wil b W blllrv& LY - YY RS LA ile I.Ull%bb\lll

of the part. Superficial staining which has been demonstrated as resulting

from rinsing or slight discoloration resulting from baking operations to
relieve embrictlement, as specified above (see 3.2,6), shall not be cause

for rejection. All details of workmanship shall conform to the best practice
for high quality plating.

4.1 Responsibility for inspection. Unless otherwise specified
in the contract or purchase order, the supplier is responsible for the
performance of all inspection requirements as specified herein. Except as
otherwise specified in the contract or order, the supplier may use his own
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Vi a Iy vVieilg L LaGCiidibGiT O SULL-ULC I.UL Lllc PCL LUI.II“II\.G (* 2 8 U LIIOPCLLLUII ‘c-
quirements specified herein, unless disapproved by the Government. The

Government reserves the right to perform any of the inspections set forth
in the specification where such inspections are deemed necessary to assure
that supplies and services conform to prescribed requirements.

4.2 Classification of inspection. The inspection requirements
specified herein are classified as follows:

a. Production control inspection (see 4.3).
b. Qualicty conformance inspection (see 4.4).
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4.3.1 Control records. When specified in the contract or order
(see 6.2), the supplier shall maintain a record of each processing bath,
showing all additional chemicals or treatment sclutions to the unit, the
results of all chemical analyses performed, and the quantity of parts
plated during operation., iipon request of the procuring activity, such

vasavde ma 2call an vanaveta Af tha tacat vacu:lta ahall ha mada awadlahla
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These records shall be maintained for not less than one year after completion
of the contract or purchase order.
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W,

4,3,2 Production

c procedures and opera-
tions employed by a supplier shall be capable of producing high quality
electrodeposited platings as specified in this document. When specified by
the procuring activity (see 6.2), the supplier, prior to production, shall
demonstrate the capability of the process used to show freedom from hydrogen
embrittlement damage as indicated by satisfactory behavior of specimens
prepared (see 6.2.2) and tested in accordance with 4.,3.2.1 to comply to the

.
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requirements of MIL-S-5002 for preproduction process qualification.
4.3.2.1 Preproduction control. For preproduction control, four

round notched steel specimens shall be prepared in accordance with 4.4.4.3
from four individual heats for a total of 16 specimens, using the specified
teel alloy for which preproduction examinations of the process is to be
rated. Specimens shall be heat treated to the maximum tensile strength

wnraduastdan iano Tha amandmance ahall ha odwran
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treatments and treatments proposed for production. The specimens shall be

sybject to the test detailed in 4.5.5. The process shall be considered

satisfactory if all specimens show no indication of cracks or failure. The

test results and production control information shall be submitted to the

procuring activity for approval. Until approval has been received, parts
shall not be plated.
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4,3.3 Frequency of tests. To assure continuous control of the

process as required by MIL $-5002 and to prevent detrimental hydrogen em-
brittlement during production, the satisfactory behavior of specimens pre-

pared and tested in accordance with table I shall be made once each month, )
or more frequently if required by the procuring activity. The results of
tests made to determine conformance of electrodeposited platings to all re-
quirements of this specification are acceptable as evidence of the properties
being obtained with the equipment and procedures employed.
4.3.4 Production control specimens. Test specimens for produc-

tion control shall be prepared in accordance with 4.4.4, 4.4.4.1 and 4.4.4.2,
as applicable for the thickness, adhesion, hardness and porosity tests de-

tailed in table I, Specimens for the production control embrittlement
relief test shall be four round notched steel specimens of alloy steel 4340

SR 2L TORRNU NDLLNCU Sitta Spelanklis GiaivVy OwTTa T

conforming to QQ-S-624, heat treated to the maximum tensile strength from
one or more heats, and prepared in accordance with 4,4.4.3,

4.4 Quality conformance inspection.

submitted for inspection at one time.

4,4,2 Sampling for visual examination and nondestructive tests.
Sampling for visual examination and nondestructive tests shall be conducted
as directed by the procuring activity (see 6.2) in accordance with MIL-STD-105
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or using table II. A sample of coated parts or articles shall be drawn
by taking at random from each iot the number of articles in accordance with
MIL-STD-105, Level II, Acceptable Quality Level {AQL) 1.5 percent defective
or as indicated in ¢able II. The lot shall be accepted or rejected accord-
ing to the procedures in 4.4.2.1 for visual examination and 4.4.2.2 for
plating thickness (nondesttuctive tests).
Table I. Production control tests and specimens
Specimen Test
Test co:g;ng Requirement argparation reference
classes paragraphs paragraph 1/ paragraphs
Posspisrs o 4 e==¢
Thickness 1 and 2 | 3.4.1.1 and 3.4.1.2 4.4.4 and 4.5.1
or 3.4.2.1 4.4.4.1 o
Adhesion 1and 2 | 3.4.1.3 or 3.4.2.2 4,4.4 and 4.5.2
. 5.5.5.1 )
ﬂardness 2 3;1‘9293 {0,4,4 ﬂnd ‘.‘ 5 3
404.4.1 * *
Porosity 2 3.4.2.4 4.4.4 and 4.5.4
4.4.4.2 o
Hydrogen em— | ) 4 2 3.2.6 4.4.4 and
brittlement an T L 2 4 A 4.5.5
S ) 4.4.4.3
relief
1/ Standard alloy steels shall be used for production control specimens.
~  The selection shall be at the option of th supplier; however, alloy
steels such as AIS1 or SAE numbers 4130, 4135, 4140, 4145, 4340, 8645
and 8740 conforming to QQ-S-624 shall be used.

Table 11 Camnlino for vicual examination and noncdestructive tests
il, Sampiing Ior visual examination a
Weemlne € 4omemo Arnnantancan numhar (mawdmim
I\l o€er O1 iitcuws ACCEpLaliie nunivc: \waniuivw
Number of items in samples number of gample items
i i
in lot inspectlons (randomly selected) nonconforming to any test)
- - - - l, n
1> or less . /i = v
16 to 40 10 0
41 to 110 0
111 to 300 2 1
301 to 500 3¢ 1
N1 and aver 80 2
JVU4L aliuU VUVvVCy A et
.« .-s o y e a2 s el e a Lo VYot 2o YTace stham 2 ko wmecmmle e
1/ i1t the number oI 1tems 1n tThe 1inspectiodon i0C 1§ ‘€88 Liaun /, Ll nuwwci
- AL denma 4 tha camnla chall anual tha numhar Af 4rtame in tha dngnectrian
vl LLEUS 1il LII€ Salip4iT DBiliadll THYUGL LUT HUNUEL Vi ALTHO 488 LilT atopSeLawvis
lot.
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4.6.2.1 Visual examination. Samples selected in accordance with
4.4.2 ghall be exarined for compliance with the requirements of 3.2.7, 3.2.8.
3.2.9 and 3.5.2 after plating. If the number of nonconforming articles ex-
ceeds the acceptance number for the sample, the lot represented by the
sample shall be rejected.

4,6,2.2 Thickness of;plat1ngfjnonde.tructive tests). Samples
selected in accordance with 4.4.2 shall be inspected and the plating thick-
Ness measured by the applicable test detailed in 4.5.1 at several locations
on each article as defined in 3.4.1.1.and 3.4.1.2 or in 3,4.2.1; as appli-
cable, for compliance with the requirement, Measurements on fastener
nardware shall be made on location defined in MIL-STD-1213, Test 12, The
part or article shall be considered nonconforming if one or more measurements
fail to meet the specified minimum thickness. If the number of defective
items in any sample exceeds the acceptance number for the specified sample,
the lot represented by the sample shall be rejected. Separate specimens
(see 4.4,4,1) shall not be used for thickness measurements unless a need
has been demonstrated.

4,4.3 Sampling for destructive tests. A random sample of five
plated parts or articles shall be taken from each lot for each destructive
test or separately plated specimens shall be prepared in accordance with
b.bob, 4,4,4,1, 4,4,4,2 and 4.4,4.3 to represent each lot. If the number
of articles in the lot 1s five or less, the number of articles in the sample
shall be specified by the procuring activity (see 6.2).

4.4.3.1 Thickness of plating (destructive tests). If sampling and
testing for thickness of plating by nondestructive testing is not the
option of the supplier, samples selected in accordance with 4.4.3 shall be
measured for plating thickness by the applicable tests detailed in 4.5.1
at several locations as defined in 3.4.1.1 and 3.4.1.2 or in 3.4.2.1, as
applicable, for compliance with the requirements. Measurements for fastener
hardware shall be made at locations defined in MIL-STD-1312, Test 12. 1If
the plating thickness at any place on any article or specimen is less than
the specified minimum thickness, the lot shall be rejected. Separate
specimens (see 4.4.4,1) shall not be used for thickness measurements unless
a need has been demonstrated.

4.4,3,2 Adhesion (destructive tests), The articles or specimens
used for the destructive thickness test (see 4.4.3.1), if of suitable size
and form, may be used as the test pieces for the adhesion test to determine
compliance with the requirements of 3,4,1.,3 or 3.4.2.2. Failure of one or
more of the test pieces shall constitute failure of the lot.

4.4,3.3 Hardness (destructive tests). When specified in the
contract or order (see 6.2), compliance with the requirements for hardness
shall be determined. The articles or specimens, used for the destructive
thickness test (see 4.,4.3.1) if of suitable size and form, may be used for
the test pieces for examination to determine compliance with the requirement

10
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ailure of the lot.
4.4.3.4 Porositv (destructive tests). When gpecified in the con-
tract or order (see 6.2), compliance with the requirements for porosity shall

SesommiieS PULiCSaty Si&ss

be determined. A set of five separate test specimens prepared in accordance
with 4.4.4 and 4.4.4.2 in lieu of treated plated articles shall be used to
determine compliance with the requirements for porosity (see 3.4.2.4).
Failure of one or more of the test specimens shall reject the lot.

L 4L U 8§

4,4.3,5 Hydrogen embrittlement relief (destructive tests). Unless
otherwise specified in the contract or order (see 6.2), conformance to
e

or

the requirements of 3.2.6 for hydrogen embrittlement relief of treated
steel parts shall be determined for those parts, comprising a lot, having a
tensile strength of or heat treated to a tensile strength level of 240,000
p51 (1655 MPa) or above and which will be subjected to a sustained tensile
load in use. A random sample of five plated articies shall be taken from

each lot or five specimens, prepared in accordance with 4.4.4 and 4.4.4.3

shall be usgsed to repregsent the lor When te
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cracks or failure by fracture shall be caus
or more of the test pieces shall reject the lo
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4.4.4 Qualltz¥conformance specimen preparation. When the plated
form, shape, size and value as co prohibit use thereof,
or when destructive

The separate specimens shall be of a basis metal eq
article represented. '"Equivalent' basis metal includes chemical composition,
grade, condition and finish of surface prior to plating. For example, a

cold-rolled steel surface should not be used to represent a hot-rolled steel

surface. Due to the impracticality of forging or casting separate test
specimens, hot=rolled specimens may be used to represent forged and cast-siee
articles. The separate specimens may algo be cut from the ecrap casting

when ferrous alloy castings are being plated. These separate sbecinens may
be introduced into a lot at regular intervals prior to the cleaning opera-
tions, prior to plating and shall not be separated therefrom until after
completion of plating. Conditions affecting the plating of specimens, in-

cluding the spacing, plating media, bath agitation, temperature, etc. in
respect to other objects being plated shall correspond as nearly as possible
to those affecting the significant surfaces of the articles represented.
Separate specimens shall not be used for thickness measurements, however
unless the necessity for their use has been demonstrated.

4.4.4.1 Specimens for thickness, adhesion, and hardness tests. If
separate specimens for thickness, adhesion, and hardness tests are required,
they shall be strips ‘ppi‘axuﬁitely 1 inch (25 =m) wide, 4 inches (102 mm)
long and 0.04 inch (1 mm) thick,

-
=
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4.4,4.2 Specimens for porosity tests. If separate specimens for
porosity tests are required, they shall be panels not less than 10 inches
(254 mm) in length, 3 inches (76 mm) in width and approximately 0.04 inch
(1 mm) thick,
4.,4.4.3 Specimens for embrittlement relief. Separate specimens

for embrittlement relief test shall be round notched specimens with the axis
of the specimen (load direction) perpendicular to the short transverse grain

flow direction. The contigurat1on shall be in accordance with Figure 8

~E AT T O £on PR T [ o PRI _I_-11 | Y ¥ 2 T R r e 1

L1 ADINM L=0 10IL IUU"UEU SPCLLUIEHS. opecimen Siilall nave 4 oOU ﬂegree V=notcn

located approximately at the center of the gage length. The cross section

area at the root of the vee shall be appro“imacely equal to half the area

of the full cross section area of the specimen's reduced section. The vee b
shall have a 0.010 +0.0005 inch (0.254 +0.0127 mm) radius of curvature at

the base of the notch (see 6.2.2).

wn
~3

7,
4.

ests,
4.5.1 Thickness. For nondestructive measurement of plating
thickness, procedures in. accordance with ASTM B-499 (magnetic test mec,ol)

may be used. For destructive measurement of plating thickness, procedure

in accordance with ASTM B-487 (microscopic) or ASTM B-504 (coulometric) may
be used. 1In addition to the above, other procedures embodied in MIL-STD-1312
Test 12, may be used for thickness measurement of plated fastener hardware.

=’
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(spot test) within its limitations, as a destructive procedure.

4.5.2 Adhesion. Adhesion may be determined by scooping the

surface or shearing with a sharp edge, knife or razor through the plating
down to the basis metal and examining at four diameters magnification for

evidence of non-adhesion. Alternately the article or specimen mav be clamped
in a vise and the projecting portion bent back and forth until rupture
occurs. If the edge of the ruptured plating can be peeled back or if
separation between the plating and the bagis metal can be geen at the point
of rupture when examined at four diameters magnification, adhesion is not
satisfactory.

4.5.3 Hardness. The hardness of class 2 plating shall be deter-
mined by a microhardness traverse in accordance with ASTM B-578, except that
~ es: w A ncmtbnw amd 1NN gram Tmad =L _1 | VR | A It . bl L ___
d vicker AlUClitEclLl auu 1vv 8ldl 140404 SI aJ.J. D€ usca, A mainimum O1 tnnree ndra-
ness readings shall be made to establish the basis metal hardness in an area
at least 0.125 inch (3.175 mm) from the outer surface or at mid radius of

the cross section which ever is less. Readings shall be taken at 0.0005

inch (0.013 mm) intervals starting at 0.001 inch (0.025 mm) from the outer
surface in a staggered pattern until the pre-established basis metal hard-
ness is reached. The hardness reading may be plotted versus distance from

the outer surface. The point at which the hardness shows a vast decrease
may be taken as the limits of chromium plating.

=
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4.5.4 Porosity. Prior to determining porosity by the ferroxyl
test, the specimen-surface shall be cleaned to remove any oil or grease.
Contamination removal shall be accomplished with any acceptable solvent
in accordance with MIL-S-5002. A sheet of filter paper, saturated by dip-
ping in a ferroxyl solution heated to 180 to 200°F (82 to 94°C), shall be
applied to the flat surface of the specimen or of the article. The solution

comnacitrian chall he ae fAallawe:
‘vlnyva&l—&\lll DI A A - N - AV EAIWD .

Potassium ferricyanide (K3Fe(CN) ) 1 gm,
Sodium chloride (NaCl) 10 gms.
" Agar 10 gms.

Water (distilled or deionized) to make 1 litre

After 10 minutes, the heated filter paper shall be removed. Both the plated
surface and the filter paper shall be examined. Where corrosion of the
basis metal will oaccur at pores or other defecte due to the nlagig_c dark
blue spots will have been developed. Contact may further be assured by

the use of a soft bristle brush moistened with the reagent solution. For

a permanent record, the filter paper can be dried.

4.5.5 Embrittiement relief. Compliance with 3.2.6 shall be de-
termined with samples of plated parts taken as specified in 4.4.3.5. Parts
such as spring pins, lock rings, etc., which are installed in holes or rods,
shall be similarly assembled using the applicable parts specifications or
drawings tolerances which impose the maximum sustained tensile load on the
plated part. The selected samples shall be subjected to a sustained tensile
load equal to 115 percent of the maximum design yield load for which the
part was designed., Parts which require special fixtures, extreme loads to
comply with the above requirements, or where the maximum design yield load
is not known, may be represented by separate specimens prepared in accord-
ance with 4.4.4.3. The notched samples shall be subjected to a sustained
tensile load equal to 75 percent of the ultimate notch tensile strength of
the material. The articles, parts or specimens shall be held under load for
at least 200 hours and then examined for cracks or fracture.

5. PREPARATION FOR DELIVERY

5.1 Packaging and packing. Preservation, packaging and packing
mathnde Far alartvadaonnecitad nlatad aavete Av amedanla nlAawad ke .-—'I:
HC LIIVUD Aawva LR = CAVGC P aLI.GU pLroreu PIILLO v aL LL‘.J—CD C-IIIF.LU’CU U] -3 PPJLCL
shall be such as to preclude damaging during shipment and handling.
6. NOTES

6.1 Intended use.

6.1.1 Class 1 plating. Class 1 plating is applied as a decor-

ative finish, usually over nickel, or copper and nickel, on basis metals such
as iron and steel, copper and copper-base allove, and zinc and zinc-bage

diecasting where necessary to protect the basis metal from corrosion and

13
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ni O the chromium
outer layer, Gene y, the thlcker the nickel layer, the better the corro-
sion resistance. The systems of an outer layer of chromium over the com-
bined plated nickel and copper are generally used in a combined total thick-
ness of 0.0001 to 0.002 inch (2.5 to 51um) depending upon service conditions
and the basis metal.
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6.1.2 Class 2 plating. Class 2 plating, also known as "indus-
hromiun™ or "hard chromium, is used for wear resistance, abrasion
ntal corrosion protecc1on of parts as the speci-
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spec 1f1ed d1mens1ons. It la
posited nickel in thickness of 0,001 to 0.002 inch (25 to 51 um) on ferrous
parts, the minimum thlckness to be determ1ned by service conditions. Heavy
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can increase the number of
resistance, based upon equal thick
lected rather than ground deposits.

.2 Ordering data. Purchasers should select the preferred
iitted herein and inciude the following information in procure-

a, Title, number, and date of this specification.

b. Class of plating (see
3.3.2.2, 3.3.2.3

d. When plating is to be applied, if other than specified
(see 3.2.1, 3.2.4, 3.3.1, 3.3.2, 3.3.2.1, 3.3.2.2,
3.3.2.3, 3.3.2.4 and 3.3.2.5).
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Coverage, if other than specified (see 3.2.7).

e finish; if particular finish

Control record requirement (see 4.3,

required (see

1).

Preproduction control examination (see 4.3.2).

Number of samples for destructive testing (see 4.4.3).

Hardness, porosity and hydrogen embr

ittlement tests,

whether required for quality conformance inspection

{see 4.4.3.3, 4.4.3.4 and 4.4.3.5).

Hardness of steel parts
and 3.3.2).

Heat treatment for stress relief, wh
performed or is required (see 3.2.2)

ether has been

Tensile loads required for embrittlement relief test,

if applicable (see 3.2.6 and 4.5.5).

t

s should provide
to be plated for

2 2 2 1 __32 71

Stress relief.

éé 4.3,¢c.1 ana «.

There is a hazard that hardened and tem-

2 1\
J.H4)

pered cold-worked or cold-straightened steel parts may crack during cleaning
Such parts shall have a suitable heat treatment for stress
relief prior to cleaning and plating (see 3.2.2).

and plating.

6.4 Baking time. For high strength mat
above), it may be beneficial to extend the baking tim
complete hydrogen embrittlement relief (see 3.2.6),

6.5

Class 1 processing.

processed for the following forms of deposition:

Class 1 chromium plating may be

15
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R- Regular or conventional

MP-~ Micro-porous
MC- Micro-cracked

Generally, a nominal coating thickness, approximately 0,00001 inch (0 01 mil
or 0.25 ym) is used for all forms of the chromium deposition. The thickness
of Form R plating should not exceed 0.00002 inch {0.02 mil or G.Slﬁrﬂ as

the resultant chromium coating tends to crack spontanecusly. Form MP deposi-
tion should contain a minimum of 64,500 pores per square inch (100 pores

per square millimetre), invisible to the unaided eye. Form MC despositi

should have more than 750 cracks per inch (80 cracks per millimetre) in
any direction over the significant surfaces.

6.5.1 Correlation. The correlation between the chromium plating
forms and the grades and forms of nickel deposition as detailed in QQ-N-290
are indicated in table III,.

6.5.2 Determination of deposition form. The micro-porous or

micro-cracked deposition characteristic can be determined by examination
of electrodeposited copper at discontinuities in the unbuffed chromium plated
surfaces. The color contrast between the smallest dot or streak of copper

-~ Ihm ciimeemiies Ademns Al d e _-_J.“I._ ......
dlld tne SUIrrouitdililryg L [UIIILUIH can Utf Lcdadilily UDbCrVeu.

6.5.2.1 Preparation. All cut edges and those surfaces of selected

specimens which are not chromium plated should be masked with a pressure

sensitive PVC tape conforming to HH-T-0025, Tape, Pressure-Sensitive Adhesion,

Plastic (For Electroplating). The conductor (wire, rack or hook)which will
plating should also be masked

arry the current to the specimen while copper

below the plating bath level, except where electrical contact is made with
the specimen. The masked specimen should be cleaned by scaking in a hot
alkali cleaner untii the chromium plated surface is free from water breaks
after thorough rinsing in cold water and dipping in a 5 percent sulfuric
acid solution. Gentle brushing the plated surface with a soft brush, while

in the cleaner, can be helpful.

*n

oS When the spe
- -k -~
i

o
S

.

1A n At
AUWD o Lllﬁ “ul

Copper de
position

~
vl

[N ev]

[Tl N

0 ler

ion
o

.
£~
1V

Copper Sulfate (CuSOa e 5H)0)~ 28 to 32 oz/gal (210 to 240

gm/1)
Sulfuric Acid (HyS0,) - 6 to 8 fl1 oz/gal (47 to 62
ml/1)
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the nickel-chromium system is subjected to mil-:
MC or MP chromium deposition may be substituted for R chromium dep051tlon

whara tha nisrkal_rhrAaminnm auatam i0 o k-nnt—nA tn mi 1A cnwvwrdAn A AL e
Wil L O Lll Mivnca LML VUL Ul 5)3\.5!“ 40 o J “ i LY miaud BCIVLLC \_UII\JLLLUIIB
Brightness and additional agents should be used in the plating bath for
the purpose of brightening the deposit as detailed above in 6.5.2. Operati
conditiong ghould be ag follows:
Temperature - Room (65 to 75°F or 18 to 24°C)

Current density -

Time T -
Anode -

The specimen should b
water and allowed to
specimens should not
not firmly attached.
f the copper deposit
avr ha wwead €A
- ve uUococu L\Jl

ordance with AS

3 amperes per square foot (0.32 amperes per square
decimetre)

i5 minutes

Copper (conforming to QQ-A-673)

e removed, carefully rinsed in cold water, then hot
dry. Where the pores or cracks will be counted, the
be wiped. Copper nodules, deposited at the sites, are
Any physical contact after plating may remove some
ions and cause erroneous resuits.

Photomicrograpns
Antnwmmiadoan tha damantedan fawvmn and thaw A~ ha nranarad
ucLc Llllllll.lls [ 91 4 ucyuaa.l.a.uu AUVLEID Gl LUT Y LUVWULIU UL piricyarcu
TM E2, Micrographs of Metals and Alloys (Including

17

QQ-C-320B
Table I11I. Correlationship of Ciass 1 chromium plating deposition and
Class 1 nickel plating grades and deposition
Grades of
Nickel For Steels, Zinc and Zinc Alloys Por Copper and Copper Alloys
Nannecitinn
UCP DAL AV
(See QQ-N-290)| Nickel 1/ Chromium Nickel 1/ Chromium
(See QQ-N-290) (See QQ-N-290)
A M and SD R -
B M R, MP and MC M and SB R
SD MP and MC
C M MP and MC M R, MP and MC
SD R
SB MP and MC
D SB, M and SD 2/| R M and SD MP and MC
E SB, M and SD 2/| MP and MC SB, M and SD 2/|R
F SB, M and SD 2/ R, MP and MC 3/ SB, M and SD 2/|MP
G - - SB, M and SD 2/{R, MP and MC 3/
1/ Where a dull or satin-like finish is required unbuffed SD nickel may be
substituted for SB nickel or for the bright layer of M nickel.
2/ SD or M nickel deposition may be substituted for SB nickel deposition where

or moderate service conditions.
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Recommended Practice for Photography as Applied to Metallography).
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number of pores or the number of cracks may be estimated by counting on
a ground-glass screen, on a photomicrograph of a representative field of
the specimen, or on the specimen itself.
area (such as 100 square mm to simplify calculations) on a micrograph or

on the ground-glass screen
ion
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Air Force - 11

Review activities:
Army - EL, MI, ME, AV, MU,

User activities
Army - AT, GL
Navy - SH
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A circle or rectangle of known

the metallograph can be inscribed. The se-
about 100X, should be suitable to properly
observation of any limitations permitted for

Preparing activity:

Navy - AS
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1. INTRODUCTION

In 2018, the applicants, lIdeal Standard Produktions-GmbH and Ideal Standard - Vidima AD
(further referred to as ldeal Standard), submitted an Application for Authorisation (AfA) for the
continued use of chromium trioxide (CrOs) in electroplating of metal (brass) and plastic
(Acrylonitrile-Butadiene-Styrene, ABS) substrates for sanitary applications. Chromium trioxide
is currently used at the applicant’s production sites in Wittlich (Germany), Sevlievo and Gradnitsa

(Bulgaria).

The basic technology for functional chrome plating with decorative character comprises a process
chain and can be divided in three sub-processes: the pre-treatment, the main process and the
post- treatment (refer to the Analysis of Alternatives (AoA), chapter 3.2). Depending on the
substrate treated, in either one or two process steps chromium trioxide is used. For metal
substrates, only the main process is dependent on the substance, while for plastic substrates
also the pre-treatment requires chromium trioxide for an adequate etching of the surface.
Importantly, these two different steps in the electroplating process are strongly interlinked. Only
the combination of an adequate pre-treatment together with the following electroplating steps
guarantees the necessary coating performance of the final product. Hence, both were discussed
in two different uses in the submitted AfA. An authorisation decision by the European
Commission is still pending. In a letter dated from 8th June 2020 the European Commission has
requested the applicant to submit a substitution plan which is hereby presented. According to
the statement of the European Commission, use 2 describing the pre-treatment to electroplating
processes has a different scope and associated analysis of alternatives and therefore is not

affected by the request of the present letter.

In the sanitary sector, electroplating is used to achieve a high-quality surface with excellent
durability in contact with aggressive and demanding environmental conditions and at the same
time has a high aesthetic and decorative value. The finishes have a bright or matt silvery
appearance. The metallic chrome layer is applied as final coating on top of a multi-layer system
and the combination of underplates is responsible for the final appearance (bright or matt) of
the top coating as well as for the even surface. The underplates vary depending on the different

required functionalities of the final product and the used substrate.

The applicant is working toward a substitution and transition to hexavalent chromium (Cr(VI))-
free surface treatment of sanitary applications. However, this is a complex and lengthy process
where several factors need to be considered. The applicant’s development and implementation
process is separated in different phases presented and described in more detail in this

substitution plan (chapter 3).
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Identification of possible alternatives

The usage of chromium trioxide in electroplating for sanitary applications has multiple
advantages, which are mainly based on the unique characteristics of the hexavalent chromium
compound. These for example are the valuable properties of the metallic chrome layer for
sanitary applications such as among others corrosion resistance, wear resistance, adhesion and
chemical resistance (refer to AoA, chapter 3.3). These numerous beneficial properties of metallic
chrome coatings created from chromium trioxide are critical for sanitary applications and have

made this compound the state-of-the-art substance.

Importantly, all key functionalities mentioned in the AoA and related minimum requirements are
highly interconnected with each other. Therefore, it is mandatory that a potential alternative
sufficiently fulfils every single minimum requirement to achieve a high-quality surface under the

conditions of use and subsequently to prove suitability of the alternative technology.

In the AoA which is part of the AfA submitted in 2018 by the applicant, a comprehensive
assessment against the key functionalities was performed. The applicant presented detailed
technical and economic information for three most promising alternative technologies for the
Cr(VI)-based electroplating (refer to AoA, chapter 6.2). None of them were equipped with the

required combination of technical performance at the current stage.

The most promising alternatives to the hexavalent chromium electroplating process found during
the assessment were trivalent chromium electroplating (Cr(lll)-based electroplating) and two
variants of processes based on physical vapour deposition (PVD). However, these two
technologies Cr(l11)-based electroplating and PVD-based processes differ fundamentally. Cr(l11)-
based electroplating is a galvanic process similar to Cr(VI)-based electroplating. Importantly, an
etching process was still required for this alternative, which is based on Cr(VI) so far. In order
to develop a completely Cr(VI)-free method, a suitable etching alternative needs to be
developed. Potential alternatives to etching of plastics were discussed in Use 2. The PVD-based
processes do not require chemical etching pre-treatment but use a completely different coating
technology based on vacuum process (refer to AoA, chapter 6.2.2 and 6.2.3 for process details).
The outcome of the alternative assessment presented in the AfA submitted in 2018 is shown in

the following Table 1.
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Table 1: Most promising alternatives for the Cr(VIl)-based electroplating with colour-

coded technical assessment criteria with available information.

Alternative Technical key functionalities
method
Corrosion Wear Adhesion Chemical Substrate |Temperature| Colour Surface Process
resistance | resistance / resistance compati- change /7 consistency appea- conditions
abrasion bility heat rance
resistance resistance

Trivalent
chromium mostly
electroplating failed

PVD-based depending on depending
processes: deposited on deposited
PVD metal metal metal

varying, varying,

mostly failed

PVD-based depending depending

processes: on depending on on
Lacquer + PVD deposited substrate deposited

+ lacquer metal metal

Red = not sufficient; Yellow = parameters/assessment criteria fulfilment not yet clear; Green = sufficient;
Colourless = no data.

As the applicant demonstrated in its AoA in 2018, none of the assessed technologies was able
to compete with the performance of electroplating using chromium trioxide for applications in
the sanitary sector. Hence, the applicant continued supporting R&D activities related to Cr(ll1)-
based electroplating in close collaboration with the chemical supplier by testing the process and
coated products to further improve the coating properties and fulfil the required key

functionalities.

Although defined as shortlisted alternatives, both PVD-based processes already possessed
several technical and economic limitations 2 years ago especially related to process conditions,
corrosion and wear resistance. Further limitations were very high investment and production
costs as well as uncertainties regarding availability of PVYD machines and applicability to the
broad product spectrum in the sanitary sector. Trivalent chromium electroplating already showed
satisfying results for some of the key functionalities such as for adhesion and substrate
compatibility. Furthermore, it is a similar galvanic process and has the potential of comparable
performance. Hence, it was considered the most promising and favoured alternative for sanitary
applications. The main focus of R&D efforts by the applicant has been placed on this alternative
in order to replace chromium trioxide for functional chrome plating for its applications. PVD-
based coatings will most probably only be used for niche products of small series possessing e.g.
special colours and therefore being not the main topic of R&D activities according to the

development of a suitable alternative to Cr(VIl)-based electroplating.

Information on R&D activities since November 2018 and the impact of R&D results on the
substitution of chromium trioxide in electroplating processes are given in chapter 2 of this

substitution plan. Furthermore, the applicant elaborated a timeline comprising six different
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phases describing substitution activities. Please note that these activities and the timelines are
based on the assumption that an alternative is available and leads to satisfying coating properties

sufficiently fulfilling the requirements for sanitary applications.

Importantly, in order to reach coating properties comparable with Cr(VI)-based coatings, more
R&D effort both at the side of the applicant and the chemical supplier is necessary for achieving
the key functionalities defined by the applicant for its products and demanded by its customer.
With this substitution plan the applicant further wants to present its engagement regarding a

future substitution towards Cr(VIl)-free coatings.
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2. FACTORS AFFECTING SUBSTITUTION

As already mentioned above, trivalent chromium electroplating is the most promising alternative

for sanitary applications. Hence, the applicant spent a lot of effort in R&D activities in close

collaboration with the chemical supplier (IEEEEEEG—_—————
)

towards this alternative. Therefore, when describing factors affecting substitution (chapter 2)
and later on the timeline of actions required for substitution (chapter 3), it will be focused on

this type of alternative.

Trivalent chromium electroplating is based on the same technology as the currently used process
based on hexavalent chromium where similar equipment with wet-in wet bath technology is used
(though plating lines and wastewater treatment must be expanded). Therefore, this alternative
is technically the closest drop-in alternative. Nevertheless, the transition from hexavalent to
trivalent chromium electroplating cannot simply be performed by changing the electrolyte.
Before, comprehensive analyses of the influence on quality and performance of the final multi-
layer system including the chromium top layer when using different types of substrates must be

performed.

The applicant has been very engaged in these testings and already presented several results in
the AoA submitted in 2018. Trivalent chromium coatings were applied on plastic and metal
substrates and tested against key functionalities for the assessment of alternatives to Cr(VI)-

based electroplating described in the AfA.

At that time, test results showed that Cr(l11)-based electroplating was not yet a technical feasible
alternative for the substitution of chromium trioxide in the sanitary industry. Therefore, the
applicant cooperated in further R&D activities with the supplier in order to improve the coating
properties in the last 2 years. Although new insights and progress could be gained it was still
not possible to sufficiently fulfil the requirements of several key functionalities compared to

hexavalent chromium electroplating e.g. related to corrosion and chemical resistance or colour

consistency. Furthermore, products [IEEEEE—_——
I . One of the largest technical

challenges, which still could not be solved in collaboration with the chemical supplier, is that
Cr(lll)-based coatings suffer from bath impurities. These mainly involve foreign metal ions
coming for example from the racks, the brass substrate or the production surroundings. Foreign
metal ions might be embedded in the coating and can influence the surface appearance
(yellowish/brownish shade of the coating colour resulting from corroded iron ions). This

inconsistency in colour makes the assembly of different parts more difficult especially for the
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applicant’s customers. Additionally, the longer the Cr(lll)-based electrolyte solution is used, the
more accumulation of impurities in the bath occurs, which have an influence on the final colour
of the product. Finally, the yellowish colour may also appear for example after long transport
times of plated parts, even though the products have left the production facility with an adequate

colour.

Longevity, which is considered as well as a very important criterion, cannot be estimated
correctly for “real” applications based on laboratory analyses. Hence, field tests are required.
Due to the water’s fundamental impact on public health, products being in contact with drinking
water are subject to national and international regulation. Hence, nickel leaching is an important
key functionality especially for the sanitary industry that manufacturers parts in contact with
drinking water. Importantly, leaching occurs (if at all) over a longer period of time depending on
corrosion effects of the coated surface. As long-term testings will first be started when the
alternative coating fulfils the requirements, testing of nickel leaching can only be tested when
the final Cr(l1l)-based coating has been identified. Generally, testing for nickel leaching takes
approximately two years including subsequent testings of two parts (one year for each part
considering waiting periods at laboratories, the actual testing of ca. 6 months and the finalization

of the final reports).

Cr(ll)-based electroplating techniques and different kinds of electrolytes have already been
commercially available for several years and therefore also in 2018 when the applicant submitted
the AfA for CrOs. However, the Cr(lll)-coated parts for sanitary purposes which are available on
the market do not comply with the applicant’s requirements and customer demands illustrated
in the AoA, such as the longevity of parts. Despite the increasing efforts in R&D and performance
improvements during the last years, Cr(l1l)-plated parts are still not qualitatively comparable to
Cr(VI)-plated parts for sanitary applications. Critical quality requirements are not fulfilled for
example in long-term high-quality applications such as hotels where installations are highly
frequented and intensively cleaned regularly so that technical limitations become even more
obvious after a short time. This is not acceptable for the applicant’s customers. Importantly, it
is not expected that customer will change their purchase behaviour in the near future especially
when there is a demand for long-term stable and robust surfaces for sanitary products. It is
more likely that, when Cr(VI)-coated parts are not available in the EU anymore, they will prefer
to import products based on hexavalent chromium from non-EU-countries. Independently,
products must comply with e.g. the drinking water directive. Furthermore, the applicant is bound
to contracts and legal obligations. On the one hand, lIdeal Standard underlays sales contracts
stipulating a certain time period of guaranteed delivery. On the other hand, there are spare part
obligations due to which it is forced to deliver parts of same quality for at least 5 years. At the

current stage, this cannot be ensured with trivalent chromium electroplating.
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Exchanging the Cr(VIl)-based process with Cr(lll) electrolytes comes along with important
process changes that will influence the economic feasibility. Although Cr(lll)-based
electroplating is based on the same technology (i.e. galvanic process), extensive modification
work on the current plating line will be required. Hence, additional plating and rinsing baths,
additional wastewater treatment measures and additional process equipment for the cooling of
Cr(l1l) baths must be acquired. Additionally, technical re-constructions for the automatic

movement of parts along the galvanic baths must be considered (refer to AoA, chapter 6.2.1.3).

Operational costs such as higher chemical costs, lower production outputs, higher scrap rates
and analytical efforts will arise when hexavalent chromium electroplating is replaced by trivalent
chromium electroplating. Considering the whole process, costs per part are estimated to be .
- higher with Cr(l11)-based coatings. Since organic complexing agents are used during
this alternative technology additional wastewater treatment measures might be required
because they are likely to interfere with the current system. It is worth mentioning that there
are also some benefits when transition will be carried out such as less air emissions, less toxic
mists (which is already at the limit of quantification) and reduced costs for disposal due to less
sludge production. However, the significant investments should not be neglected (refer to AoA,

chapter 6.2.1.3).

In conclusion, the applicant continued tests and supporting R&D activities in close collaboration
with the chemical supplier to improve the coating properties of the most promising alternative
Cr(l111) electroplating. Considering the above described newer tests, Cr(lll)-based coatings can
still not be produced in the required quality and reveal limitations related to the process transition
and the surface properties showing insufficient coating properties for applications in the sanitary
sector. Please note that in 2020 the Corona pandemic had a significant impact on the
applicant's activities and investments especially related to the research area and the efforts
on development activities towards suitable alternatives for hexavalent chromium electroplating.
External workers e.g. from the formulator or the plating line supplier were not allowed to enter
the site and travelling to formulators was not allowed. To conclude, all activities and tasks
described in the R&D plan for 2020 had to be shortly postponed and it cannot be predicted when
this pandemic will be overcome. It will certainly throw the applicant’s R&D progress back and
also depends on the circumstances present at the chemical supplier. The current situation
therefore results in a shift of possible investments and hence to a prolongation of the time

needed to fully replace chromium trioxide.

Therefore, more research activities to finally receive an adequate coating alternative to Cr(VI)-
based electroplating are needed in the future. Testings with new developments from chemical

suppliers and process development must continue. Thereby, development and potential
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implementation of the alternative will be supported by the applicant, particularly with respect to

the most promising sulphate-based Cr(l11) electrolytes.
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3. LIST OF ACTIONS AND TIMETABLE WITH MILESTONES

The substitution of hexavalent chromium electroplating is a lengthy process and comprises
several different activities among others the development including several testing series,
technical implementation and market introduction. Based on the current knowledge and its R&D
activities, the applicant elaborated a timeline for the substitution of chromium trioxide in
functional chrome plating with decorative character for sanitary applications (Figure 1). This
timeline comprises six phases which refer to research activities up to the final market
introduction of the currently most promising alternative being trivalent chromium electroplating.
Importantly, as the timeline represents the best-case scenario, there are clear aspects that show
that a review period of at least 12 years is needed until substitution of chromium trioxide in
plating of sanitary goods can be achieved. Additionally, especially the first phase describing R&D
activities does not only depend on the progress related to the plating of metal and plastic
substrates, but also on the progress of R&D activities related to alternatives for the etching pre-
treatment of plastic substrates (these two steps are strongly interconnected and should be

considered together).

Phase 1: Development / Trials / Risk Analysis

(at least 2 years)

Any potential alternative must sufficiently fulfil every key functionality to achieve a high-quality
surface under the conditions of use. Therefore, the potential of the most suitable alternative and
the accompanied risk regarding technical performance, market implementation and regulatory
compliance is being evaluated carefully during this first phase of the timeline (at least 2 years

including shifts and delays due to the Corona pandemic).

As the applicant in general is a downstream user of chromium trioxide and relevant alternatives,
it strongly depends on the formulator and its development activities with respect to alternative
chemicals and therefore being the driving force in this process. Nevertheless, the applicant
strongly cooperates with the formulators and supports their activities where possible, e.g. by

providing feedback on tests conducted with the alternative in-house.

During an extensive alternative assessment which was demonstrated in the AoA submitted in
2018, the applicant elaborated the general feasibility of three potential alternatives. While the
two PVD-based technologies possessed limitations according to the key functionalities, costs and
availability, these might most probably only be applicable for niche products. Therefore, further
research in order to develop and improve the most suitable alternative for hexavalent chromium

electroplating (Phase 1) will mainly focus on trivalent chromium electroplating.
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In order to further improve the most suitable alternative (Cr(ll11)-based electroplating), the most
common method is to vary different parameter (e.g. electrolyte composition, process parameter)
and investigate the influence on the performance of the resulting coating. Variations in the past
and planned for the future include for example the type and composition of the layer system,
the composition of different electrolytes (e.g. chloride- and sulphate-based systems) and the
process parameter. The latter one comprises for example the variation of exposure duration of
parts to be coated in the plating bath, temperature, current density and electrolyte
concentration. Different additives and the insertion of foreign metal ions into the final chromium
layer must be considered as well. It is important to prove every type of variation by performing
comparative tests. For the development of the Cr(lll)-based plating alternative of plastics, which
is one of the substrate types the applicant uses, some of the experiments are carried out in
combination with a Cr(VI)-free pre-treatment alternative. With this, it is more complex to adjust

the surface properties and simultaneously not being impaired by the alternative pre-treatment.

Beside cooperation with its formulators, the applicant further is member of several working
groups like the FuSchiDec (Funktionale Schichten mit dekorativem Charakter) and CTAC
(Chromium Trioxide Authorisation Consortium) groups (both founded in 2012, see AoA chapter
5.1). Within these groups it cooperates with other companies from the sanitary industry.
Furthermore, the applicant is member of the European manufacturer’s association CEIR (The
European Association for the Valve Industry) and works as well as with external and internal
laboratories for analyses of test samples. In addition, the applicant is always interested in new

cooperation in order to push the improvement of promising alternative coatings.

Although, risk analyses according to the transition from hexavalent chromium electroplating to
an alternative technology are mostly finalized, development and optimization of coating

properties needs more time.

It is again worth mentioning, that the Corona pandemic arising in the beginning of 2020 had a
significant impact on the applicant's activities and investments especially related to the research
area and the efforts on development activities towards suitable alternatives for hexavalent

chromium electroplating (see chapter 2).
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Phase 2: Process Development In-house (at least 4 Years)

The process has to be developed in-house in close collaboration with the alternative supplier.
This step includes initial tests and process adjustments depending on results of the sample parts.
Importantly, the applicant is only user of the alternative and strongly relies on input from the

supplier (at least 4 years).

More precisely, the process development includes to produce a coating using the alternative
technology in a pilot plating line or one of the present plating lines, if possible. As the
implementation of a pilot line including rinsing baths, ion exchanger, laboratory analytics etc.
accompanies with the need of free space, this might be a problem. Therefore, in order to avoid
the construction of a cost-intensive new production hall, it might be possible to build up a smaller
version. In general, this is a very time- and cost-consuming phase because on the one hand
capacities such as staff, laboratories and test capacities, certifications and raw material must be
provided and externally requested (which is challenging in times of the Corona pandemic). On
the other hand, the development most likely comprises several rounds in order to finely adjust

the process. The possible workflow might be as follows:

1. Set-up of process parameters Including adjustments on the system and bath

compositions

2. Definition of the current status Including external analyses which entails additional

costs and potentially long duration to receive results

Preparation of parts to be coated Including trackable labelling

Test series of alternative coatings Several tests might be required for simulation of e.g.

production conditions, carryover effects from bath to
bath and different product types

5. Testings of coating properties Internal and external testings of key functionalities

according to the testing strategy of the applicant

(refer to AoA, chapter 3.3) first testing adhesion and

wear / abrasion resistance and corrosion resistance
Evaluation Assessment of results

Repeating of workflow If necessary, parameters must be adjusted and

workflow starts from the beginning

The time-determining step during this workflow and process development comprises external
laboratory analyses and to verify the selection of an adequate formulation most suitable for the
applicant’s requirements identified in phase 1. According to the latter one, the selection of the

right formulation is not a trivial task because their properties differ depending on the respective
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supplier and therefore different efforts for the final switch-over of the plating systems come

along with it.

In case of a transition to a Cr(VI)-free alternative, specialized staff is required. Own staff must
be trained potentially generating staffing shortage at other working places, or specialists that
are only rarely available on the market must be employed leading to additional costs, e.g. for
training purposes. As soon as a pilot line is in place, the current technical staff will be introduced

in the tasks on the alternative technology e.g. including analytics and maintenance work.

Phase 3: Long-term Testing — at Single Customer Level; for
Certification for Conformity with Drinking Water Directive

(2 — 4 Years)

The sanitary sector comprises a very time-consuming development and implementation process
both from a technical and regulatory point of view. Long-term tests have to be developed for all
parts, e.g. with respect to nickel leaching (drinking water directive) or new materials in contact
with drinking water. “Real-life” tests in a small series at single customer level are performed in
order to evaluate the performance of products under typical conditions of use and identify
significant technical limitations. Depending on obtained results, the process is adapted, and re-
testing is performed until sufficient performance to meet the requirements of the sanitary sector

is obtained (2 — 4 years).

In general, long-term testings can be performed in two different ways, laboratory-based testings
and field tests providing results under “real” conditions. Laboratory-based testings can already
be performed during phase 1 when single key functionalities should be analysed over a longer
period of time. Therefore, sample parts are prepared and both, internal and external laboratory
analyses are carried out. In case of transition to trivalent chromium alternative and when several
other competitors also need to switch to this technology, capacities from external laboratories
might become less and time for receiving testing results might increase. Field tests are first
started when laboratory testings provide satisfying results for the requirements of the different
key functionalities. The advantage of this approach is to receive reliable results of the coatings
under “real” conditions at an early stage of development and not when the coating was already
introduced to the market. This would avoid customer complaints and a loss of image due to
deficient parts placed on the market. Additionally, the applicant receives a certainty for decision-

making processes prior to significant investments.

Despite the importance of long-term testings, the duration of these tests must be taken into
account. While laboratory-based long-term testings only take several weeks to months, field

tests generally take several years. Hence, it is of utmost importance that previous R&D
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investigations were performed conscientious and precisely and the alternative process is
operating very stable especially under series production conditions. Otherwise, the risk of time
and economic losses increases significantly. The most critical aspect in this scenario would occur
when requirements of key functionalities are not met under “real” conditions and larger

adjustments in several runs have to be done in order to improve results.

For analyses of single properties, in case they fulfil the requirements sufficiently, it might be
possible to start long-term testings at an earlier stage in order to stay on schedule. This will only
be an option, when the applicant is convinced that one or more of the key functionalities has
reached its maximum performance and possesses reliable and satisfying results during the R&D

phase.

The number of tested products during a field test depends on the extent of the project. The best
case for example is reflected by investigating parts in hotels where the number of tested products
is large enough to receive reliable and comparable results. In general, larger projects also
possess larger risks. This is because the applicant is bound to provide spare parts if required and
their number as well as the probability that this happens increases with a larger number of test

parts. However, only selected (and well pre-tested) products are used within field tests.

Within the long-term testings, either laboratory-based or field testings, compliance and
certification for conformity with drinking water directive is very important. This includes binding
specifications rather to material than to surface coatings, but is indispensable before products
can be introduced to the market (the applicant, as a producer of sanitary products, is responsible
for compliance of produced parts with legal obligations). This can only be verified officially at
one of the responsible admission offices. In this context, it is important to mention that the
drinking water directive is regularly revised implying uncertainties for the applicant with respect

to future requirements.

Phase 4: Technical Modification of Production Site (4 — 6 Years)

Technical modification of the production site can be initiated gradually as soon as the process is
under control and the coatings are accepted by customers. Besides the actual reconstruction
measures of the production site this step may comprise approval procedures (permission) for
the reconstruction of the production building, identification and development of suitable land and

authority permission for the process start (4 — 6 years).

However, before any activities related to technical modifications of the production site can take
place, a final proof of the current conditions and systems in place as well as the needs for a
transition have to be carried out. For this, the applicant receives also information from the

chemical supplier (formulator) and producer of the alternative coating system.
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With respect to trivalent chromium electroplating, the finally chosen formulation requires
different processes and workflows. Therefore, necessary conditions and connection points must
be checked. It is very likely, that the new process cannot be implemented in the present plating
lines without significant modifications and not all equipment can be reused. Additionally, it must
be considered that the alternative Cr(lll)-based coating system will most likely be run in parallel
to the present one for a certain period of time (see phase 5 and 6) ensuring the required
production capacities. Therefore, free space must be generated at the applicant’s site and as a
worst-case scenario, an additional production hall must be built taking up to 2.5 years. Prior to
the construction of a new production hall 6-12 months must be considered for decisions of local

authorities after all documents were submitted by the applicant.

Furthermore, for trivalent chromium electroplating the wastewater treatment might have to be
extended or completely replaced and external disposal might be necessary, e.g. due to
complexing agents used during the process requiring a special treatment. In any case, when
running two different galvanic processes in parallel, wastewater treatment will have to be

extended.

Beside all technical aspects, delivery time of the required electroplating system and equipment
(e.g. steel construction, control unit) is estimated to be at least 2 years which might be increased
depending on the demand of the applicant’s competitors. When delivery times become too long,
this might lead to a delay in this phase and therefore elongate the complete transition process.
After the alternative system is delivered, implementation must be performed taking
approximately 1 year which itself depends on the outcome of the previous phases and implies

again that previous tasks were performed conscientiously and on time.

Phase 5: Market Introduction / Capacity Build-Up (at least 2 Years)

After internal and external quality tests (laboratory and field tests), when key functionalities
were met, customers of the applicant checked and approved the alternative coating and
modification of the production site took place, market introduction of newly developed and
produced parts occurs and the production capacity can be increased. Further upscaling of the

process depending on market needs is possible (at least 2 years).

It is worth mentioning that it won’t be possible to switch the production process to the alternative
technology on an existing product portfolio. As the products’ structure must be considered during
the plating process, it’'s design must be adapted to the new implemented plating system. The
risk that quality characteristics cannot be met anymore is too large and might result in huge
scrap rates and reclamations. Hence, although being time- and cost-consuming, the best

possibility is to run the ‘old’ hexavalent chromium electroplating timewise in parallel with the
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‘new’ alternative technology and make the switch series by series. While increasing the capacity
for parts of new series plated by applying the alternative trivalent chromium electroplating, the

capacity of Cr(VI)-plated parts from old series will be decreased.

The market introduction and build-up of the alternative plating technology will take at least 2
years. It must be considered that a shorter duration for this phase might lead to a premature
switchover and might result in significant deficits including quality and delivery aspects.
Additionally, marketing activities, advertisements and printed catalogues must be carried out at
an early stage (at the best before market introduction started) in order to adequately campaign

for the products plated via the alternative technology.

Phase 6: Phase-Out of Cr(VI1) (at least 2 Years)

Phasing-out of Cr(VI) is expected to take at least 2 years. Aspects, such as sales contracts have
to be considered. While contracts with customers normally take 2 years, the warranty period
Ideal Standard grants normally to its customer during which the products must be free from
defects related to material, production and construction is 5 years. However, customers expect
much longer periods due to high-quality products and surfaces and therefore generally demand

for at least 10 years.

To conclude, the best possibility for phasing-out Cr(VI) is to do this on series by series basis.
While decreasing the capacity for ‘old’ Cr(VI)-based products, the capacity for ‘new’ alternative-
plated products can be increased. In any case, with around _ coated by the
applicant, it is obvious that a phase-out of Cr(VI) is a lengthy process keeping in mind that it

directly depends on the acceptance of clients.

Conclusion

In conclusion, based on a best-case situation for the substitution timeline considering the
durations for the single phases, transition of hexavalent chromium electroplating to the trivalent

chromium-based process is estimated to take at least 12 years (Figure 1). As unexpected

situations and issues can always arise (especially in times of the Corona pandemic), the
applicant’s activities and therefore the transitions toward an alternative may be impeded. Hence,

prolonged timelines for single phases or the whole transition period are likely as well.

The here presented timeline slightly differs from the one, described in the AoA submitted in
2018. In specific, additional time is needed for the first phase (R&D) as there are still technical
limitations with respect to the Cr(lll)-based alternative (e.g. colour consistency) and the fact
that the Corona pandemic forced the applicant to postpone the planned R&D activities for 2020.

This has set back it’'s engagement on the development of the alternative.
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Please note that the described phases are not standalone processes but are interconnected with

each other and also show a high degree of overlap.

Submission Submission
AfA Substitution Plan
2018 2019 2021 2023 2025 2027

2031 2033

REVIEW PERIOD 2 12 YEARS

CoronaPandemic
(> 10 months)

A NS

Development / trials / risk
analysis (> 2 years)

|r S
Process developmentin-house
(4 years)

sasmmnnnn PETTT T LI LI
Long-termtesting (2-4 years)
- Atsingle customer level
- for certification for conformity with
drinking water directive

b————>

Technical modification of
production site (4-6 years)

RS

arket introduction / capacity build-up
(>2 years)
|—>-................>
Phase-out of Cr(VI)
(>2 years)

Figure 1: Substitution timeline for functional chrome plating with decorative

character for sanitary applications.
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4. MONITORING OF THE IMPLEMENTATION OF THE SUBSTITUTION
PLAN

Ideal Standard is generally working under defined structures and has a project monitoring
system in place being certified with the 1SO 9001:2015 quality management system standard,
ISO 14001:2015 environmental management system standard and OHSAS 18001:2007 safety
management system standard. With this standard, the applicant provides an effective
organizational system based on which various types of tasks and projects can be effectively
managed. This is also related to complex change projects such as the development and
implementation of the best-possible alternative to hexavalent chromium electroplating being and
interdisciplinary, extensive and complex project. However, although parts of this such as the
application of authorization are executed in projects, Ideal Standard is not exclusively organized
in form of projects. They have various forms of management and organization in place. Hence,
the preparation of sample parts and their evaluation regarding alternatives correspond to the

scope of single departments and therefore must not necessarily underlay a project.

In each project a dedicated team (6-7 or 10-20 team members depending on the project’s phase)
is working on the achievement of the specific aim, i.e. the substitution of Cr(VI) for electroplating
purposes. Related to the development and implementation of an alternative to hexavalent
chromium electroplating, the project team can vary depending on the specific phase. Each
project team comprises a project leader and team members coming from the specialized
departments. While there are more technical experts from e.g. technology functions, quality
management, research and testing and especially external chemical suppliers required during
the first phase of alternative development and implementation (R&D), phase 5 (market
introduction) will require more experts from the sales and marketing department (Table 2). In
the course of the whole project, internal team members will come among others from the new
production development, product management, marketing and sales department as well as from
external and internal laboratories. External team members will comprise chemical suppliers with
whom a close collaboration already exists, but also with the manufacturer of the alternative
process system as well as the testing authorities (e.g. Federal Institute for Materials Research
and Testing, BAM) being responsible for analyses and investigations. As the work packages are
handled by the team members, it is worth mentioning that in each phase the responsibility is
clearly assigned e.g. team members from the technical functions and production department are
responsible for phase 1 and 2 of the substitution timeline. Additionally, there is the project
leadership (PL) which is divided into strategic, financial and technical lead. Therefore,
representatives from operations, finance and technical functions share this position in the

project. The project leader generally pays attention that the project’'s rules and progress are
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met. The PL is allowed to decide in strategic and technical changes of the project as well as to
release a larger budget for well justified reasons (leadership and budget responsibilities are

related to the scale of strategic influence or budget).

The budget is released from the respective departments involved in the project e.g. for activities
during the R&D phase, costs will be covered by the departments at the affected production sites
(ldeal Standard Produktions-GmbH, Ideal Standard Vidima AD). As the project on finding,
developing and implementing an adequate alternative to hexavalent chromium electroplating is
of high priority for ldeal Standard, resources for other tasks or projects will be reduced or even

cancelled.

In order to stay on track, regular controlling was implemented. This is divided generally into
three types. First, there are weekly team meetings including presentations, conference calls or
correspondence via E-Mail among the team members (working groups). Topics are the current
status of the project and phases including general aspects like safety, technology and economic
aspects as well as recent results and potential issues e.g. regarding the set-up or test-methods.
Here, discussions are more detailed and focused on technical aspects. Depending on the
outcomes and new findings, smaller adaptions on the planned approach might be done during
this type of meeting. Second, there are meeting or conference calls (frequency depending on
ongoing activities and results) with the management. Here, topics are less technical and more
focused on the general progress (activity- and result-oriented) of the project such as the degree
of milestone fulfilment and financial aspects including required approvals. Third, there are
meetings (frequency depending on ongoing activities and results) with external partners such

as the formulators of Cr(VI)-free electrolytes.

Documentation is carried out on a centralized filing where all files such as meeting minutes,

progress reports, testing results including evaluation and outcomes are placed.
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Table 2: Overview on responsible and participating departments for the development

and implementation of the best-possible alternative to CrOs.
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5. CONCLUSIONS

According to the applicant Cr(lll)-based electroplating is the most promising alternative to
replace the use of chromium trioxide for the electroplating of parts for sanitary applications,
although among others considerable challenges e.g. related to colour consistency still exist.
Implementing several alternatives in parallel is not feasible due to economic, availability and
capacity reasons. Importantly, the applicant is only user of the alternative and strongly relies on

input from the supplier (formulator).

In conclusion, based on a best-case situation for the substitution timeline considering the
durations for the single highly interconnected and overlapping phases and uncertainties arising
from the current Corona pandemic, transition of hexavalent chromium electroplating to the

trivalent chromium-based process in the sanitary sector is estimated to take at least 12 years.

Thus, it is applied for a review period of 12 years.
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Certificate of Conformance

Issue Date: 12/01/22

PO Number: 2000R

Part Number and Revision: 420-000162

Part/Process Description: COPPER-NICKEL-CHROME PLATE AMS2460A, TYPE I (BRIGHT FINISH), CLASS 1
(CORROSION PROTECTIVE FINISH).

Quantity Shipped: 60 ea

The undersigned states that “The articles furnished are in conformance with the
purchase order requirements, engineering drawings and specifications and have been
verified to meet RoHS (Directive 2011/65/EU) requirements & the amended
European Delegated Directive (EU) 2015/863. The components have also been
certified to not contain any Substances of Very High Concern (SVHCs) per EU REACH
Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, Authorization

and Restriction of Chemicals (REACH).
Supplier Name: Sherms Plating

Supplier Address: 2140 Acoma Street, Sacramento, CA 95815

Representative Name (Print): ART HOLMAN

Title: GENERAL MANAGER

Signature:

Date:




Certificate of Conformance

Issue Date: 12/21/22

PO Number: 1180R

Part Number and Revision: SD000405

Part/Process Description: COPPER-NICKEL-CHROME PLATE AMS2460A, TYPE I (BRIGHT FINISH), CLASS 1
(CORROSION PROTECTIVE FINISH).

Quantity Shipped: 61 ea

The undersigned states that “The articles furnished are in conformance with the
purchase order requirements, engineering drawings and specifications and have been
verified to meet RoHS (Directive 2011/65/EU) requirements & the amended
European Delegated Directive (EU) 2015/863. The components have also been
certified to not contain any Substances of Very High Concern (SVHCs) per EU REACH
Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, Authorization
and Restriction of Chemicals (REACH).

Supplier Name: Sherms Plating

Supplier Address: 2140 Acoma Street, Sacramento, CA 95815

Representative Name (Print): ART HOLMAN

Title: GENERAL MANAGER

Signature:

Date:




Certificate of Conformance

Issue Date: 10/27/22

PO Number: 21600

Part Number and Revision: 420-00100 Rev E

Part/Process Description: COPPER-NICKEL-CHROME PLATE AMS2460A, TYPE I (BRIGHT FINISH), CLASS 1
(CORROSION PROTECTIVE FINISH).

Quantity Shipped: 70 ea

The undersigned states that “The articles furnished are in conformance with the
purchase order requirements, engineering drawings and specifications and have been
verified to meet RoHS (Directive 2011/65/EU) requirements & the amended
European Delegated Directive (EU) 2015/863. The components have also been
certified to not contain any Substances of Very High Concern (SVHCs) per EU REACH
Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, Authorization
and Restriction of Chemicals (REACH).

Supplier Name: Sherms Plating

Supplier Address: 2140 Acoma Street, Sacramento, CA 95815

Representative Name (Print): ART HOLMAN

Title: GENERAL MANAGER

Signature:

Date:




Certificate of Conformance

Issue Date: 1-24-2023

PO Number: 8262026

Part Number and Revision: 420-00100 Rev E

Part/Process Description: COPPER-NICKEL-CHROME PLATE AMS2460A, TYPE I (BRIGHT FINISH), CLASS 1
(CORROSION PROTECTIVE FINISH).

Quantity Shipped: 100 ea

The undersigned states that “The articles furnished are in conformance with the
purchase order requirements, engineering drawings and specifications and have been
verified to meet RoHS (Directive 2011/65/EU) requirements & the amended
European Delegated Directive (EU) 2015/863. The components have also been
certified to not contain any Substances of Very High Concern (SVHCs) per EU REACH
Regulation (EC) No 1907/2006 concerning the Registration, Evaluation, Authorization
and Restriction of Chemicals (REACH).

Supplier Name: Sherms Plating

Supplier Address: 2140 Acoma Street, Sacramento, CA 95815

Representative Name (Print): ART HOLMAN

Title: GENERAL MANAGER

Signature:

Date:
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