EONCOAT

Executive Summary

Since 2009, EonCoat has quietly made a difference in the campaign agaiosioco Led by
the Founder and CEO, Tony Collins, the agile Leadership Team at Eon@oattdaom

domestic to global, interact with customers from a small stgytto large corporations, and
from a trial test in an emerging industry to a triadd-true product with repeat customers.

Headquartered in Fuquayarina, North Carolina, USA, EonCoat manufactures its product at its
secure facility. Inhouse ownership of manufacturaligws for the highest level of quality

control while ensuring close management oversight. The teade focus on quality control

starts with the daily morning team meetings. The day begins with a focus omuoaistoorders,

and process improvementsandwhile the day may progresghat focus stays the same.

Il. Financial Analysis

The current estimated cost of corrosion 8.3 trillion USDthe equivalent of 3.% d the GDP.
NACE estimates that recognized savings of 15% and 35% would be realinepbihies used
the currently available corrosion control practices.

With EonCoat’s single application,-$@ar warranty, and focus on environmental and
applicator safey, we have data that shows savings with EonCoat would be at the highest level
referenced above-if not even higher.

. Product Definitions

EonCoat Corrosion Protection

As the company’s flagship product, EonCoat Corrosion is a perennial faxfaeiged
customers whose application does not require an excessive temperatureg ratine
temperature rating for this product is 110°C (230°F). This coatingd&s used in various
industries, including pharmaceuticals, food manufacturing, and pipelinegrte a few.


http://impact.nace.org/economic-impact.aspx
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EonCoat Corrosion Under Insulation Coating (CUI)

The Research and Development Team at EonCoat created the EonCoat CUlafteating
relentless demand for a coating that can tolerate significant temperaturanees. With a
temperature rating of 450°C (842°F), you can easily see why this coatingefergul
protective coating for any carbon steel asset that you must insulate. Iniaaddihe 3Gyear
warranty means you don’t have to remove costly insulation as frequentheaessitated by
lesser coatings.

EonCoat Weldable Coating

What sets EonCoat Weldable Coating apart from traditional coatings islitg &lbprotect
carbon steel from corrosion before, during, and after weldingn#itdes welding aftecoating
on the backside of coated steel without damaging the EonCoat. Thisfesrkind product is
rated at 600°C (1112°F). No coating in the world has ever held titgpheduced by welds until
EonCoat Weldable Coating. EonCoat Weldable Coating can be applied at ttetifaioshop,
and you can then transport the asset to the tank site. Additionally, because Boh&voa wide
range of weather application standards, you can apply the EonCoat WeldaliegCmzsite as
the tank is field erected.
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IV.  Third-Party Testing

EonCoahasadways had @ommitment to valid and reliable thirdarty testing and that
remains a steadfast practicé/e will outline some of the more pertinent tests for you.

Client or ThireParty Additional
Testing Lab Type of Test Details Applicable Results
Comparison by| First 10 ever awarded
NASA+ Beachside 18 months test | NASA by NASA
Assured Testing ASTM B117 1500 hours NO CORROSION
EDISON WELDING
INSTITUTE ASTM B117 5000 hours NO CORROSION
FIU Houston Pipe Test No corrosion PASSED
EonCoat on
Intertek ASTM E84 UL 723 styrofoam Al fire rating

NSF International

ANSI 632012 / NSF 61

Certified for drinking
water

ASTM D406007

Taber Abrasion

3000 wear cycles per
mil CS17 wheel

Assured Testing

ASTM 4541

PASSED

Columbia Analytical

tested for all

ZERO VOC's, HAP's an

Servicest VOC, HAP, Toxins known Toxins
ETT Environmental Daphnia Magna 48lour Test
Pimephales promelas 98our
ETT Environmental Test
Intertek ASTM D3179 / Gravelomete 9Ato 10
ISO 20340:2009 35 cycles PASSED
Cyclic Salt Fog/UV Exposure
Assured Testing ASTM D5894 PASSED
EWI Edison Welding FRA Rail Base Corrosion an 3.6 MILLION CYCLES
Institute Cracking Prevention W/O FAILURE

LAB AND REAL

Chevron REPORT ON CUI TESTING| WORLD NO CORROSION
COMPLETE
FIU Cyclic Polarization Curve REPASSIVATION

+ indicates the report isyperlirked, not anappendix at the end of this report.


https://eoncoat.com/wp-content/uploads/2016/09/nasa-report.pdf
https://eoncoat.com/wp-content/uploads/2022/05/EonCoat-1500-hours-ASTM-B117-by-Assured-Testing.pdf
https://eoncoat.com/wp-content/uploads/2022/05/EonCoat-5000-hour-ASTM-B117-comparison-w-PPG-by-EWI.pdf
https://eoncoat.com/wp-content/uploads/2022/05/EonCoat-5000-hour-ASTM-B117-comparison-w-PPG-by-EWI.pdf
https://eoncoat.com/wp-content/uploads/2022/01/VOC-HEAPs-Result.pdf
https://eoncoat.com/wp-content/uploads/2022/01/VOC-HEAPs-Result.pdf

EONCOAT

V. Application Options

We engineered EonCoat as a plural component system applied at a 1:1 raticesddtgpart A
(acid) and Part Bbase) mix during the application process as the EonCoat is applied to the
carbon steel substrate.

We recommend a higpressure plural pump with stainless steel lowers for large jobs. If an
applicator has applied any other plural components, they widl fhis application
straightforward. There are no heated lines or hoppers.

For small jobs, the dual component cartridge spray gun holds 600 mL castpdgiled with
EonCoat. This method is excellent for small jobs and toysh Many of our customedart
with this spray gun and a set of cartridges for demonstrations and small &l jo

For EonCoat’s 3@ear warranty to attach to any application, the job must be completed by a
Certified EonCoat Applicator. We offerparson and virtual training based on customer
preferences and needs. Eoncoat maintains the global list of certifielicapps.

VI.  Technical Support

Whether the application job is domestic or global, EonCoat’s team ofsiorr@xperts is
always available to support ydhrough the application process. We can even advise you about
topcoats if one is needed.



FonCoat solves Corrosion under insulation

T Inorganic

+ Non-Toxic

¥ No VOCs (Volatile Organic Content)
¥ No HAPs (Hazardous Air Pollutants)
¥ Non-Flammable

+ Odorless

+ Dry fall xless worry about contamination of nearby surfaces
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EonCoat after Houston Pipe Test
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Sandy Collins

From: Dave Purkiss <watermarketing@nsf.org>

Sent: Monday, September 24, 2012 11:45 AM

To: Sandy Collins

Subject: Implementation Plans for NSF/ANSI Standard 61-2012

NSF International

To: NSF 61, NSF 14, NSF 24 Listed and Applied Companies

From: Dave Purkiss, General Manager, Water Treatment and Distribution Products
Nasrin Kashefi, General Manager, Plumbing Products

Date:  September 7, 2012
Re: Implementation Plans for NSF/ANSI Standard 61-2012
NSF/ANSI Standard 61 — 2012 has been published. PDF copies are available via your NSF Online account

(http://clients.nsf.org) or by contacting your Certification Project Manager. Please contact Dave Purkiss at 734-
827-6855 or email: Purkiss@nsf.org if you have any questions about these changes to NSF 61.

All changes are effective immediately unless otherwise indicated.

This version of NSF/ANSI Standard 61 has the following changes:

Issue 94: Additional materials have been added to Table 3.1 — Material-specific analyses, and the material type
header of “Elastomer materials ” was changed to “Joining and sealing materials™.

Issue 97: This revision reduces the formulation information required for components of mechanical devices and
mechanical plumbing devices that are composed from materials that are less than or equal to 2.0 sq inches per
liter and listed in Table 3.1 Material-specific analyses.

[ssue 99: Evaluation criterion has been specified for fire sprinklers and associated fittings that are used in piping
systems intended to serve both drinking water and fire protection needs under section 4.

Issue 100: Language has been added under section 5 to clarify the coating manufacturer’s instructions for lab
testing, and the relationship to manufacturer’s published use instructions for field and factory use. A tolerance
of +/- 4°C for cure temperature has been added. A requirement for airless plural component systems to be
operated at the midpoint of the coating manufacturer’s recommended pressure and temperature range has been
established.

Issue 102: Table 3.1 has been updated to require nitrosamine analysis. The effective implementation date for
this requirement is January 1, 2015.



NSF International

09/20/2011

Mr. Tom Wall

EonCoat LLC

4000 Airport Drive Northwest
Wilson, NC 27896

Subject: Initial Authorized Registered Formulation for Standard 61

Enclosed is a copy of your initial Authorized Registered Formulation. This complete formulation (original
copy with blue watermark) must be retained and on file at the identified plant location for review by an NSF
Field Representative, conducting the annual/follow-up audits. Please forward the Authorized Registered
Formulation to the appropriate plant. Each product is identified by Document Control Code (DCC number)
located in the upper left hand corner of each page.

The NSF audit of your plant, including materials/process verification and product sampling, will be guided
by this formulation. Failure to maintain this information at the plant may require special follow-up audits or
result in removal of products from Listing.

Only those specific material/ingredients and use levels indicated in the Authorized Registered Formulation
are authorized for use in the Certified Product. To obtain authorization for an alternate supplier (or other
modification) please contact your Certification Project Manager at 1-800-NSF-MARK to request the
appropriate forms. For customers outside the USA, please use 1-734-769-8010 and ask for your
Certification Project Manager. As a reminder, you are not permitted to make any formulation changes to
NSF Certified products without prior written approval from NSF.

If you have any questions about the Authorized Registered Formulation, please contact your Certification
Project Manager indicated below.

Enclosure: Authorized Registered Formulation

Certification Project Manager: Julie Chappen, 734-769-5135, chappen@nsf.org

Plant: C0078024
DCC: PM12354

This is a copy of the Authorized Registered Formulation. If you have received this ARF in hard copy, you may confirm the most
current ARF by contacting your Certification Project Manager or going directly o the secured NSF Online website
{http:\\clients.nsf.org) for the latest, most accurate information.



DCC: PM12354 Date: 09/20/2011

NSF/ANSI Standard 61 - Drinking Water System Components - Health Effects
Authorized Registered Formulation

This product may require additional evaluation or testing prior to authorization for Listing.Only products included in NSF's Official Listing are NSF
Certified and authorized fo bear an NSF Certification Mark.

Customer Name: EonCoat LLC Facility Location: Wilson, NC

Customer Number: C0078023 Facility At: Wilson, NC
Facility Number: C0078024

Trade Name(s) Function(s) Size

EonCoat ’ Coatings - Fittings >=100in
Coatings - Tank >= 1,000,000 gal
Coatings - Valve >=60in
Coating-Pipe-Immediate Return to >=100in
Service
Coatings - Pipe >=100in

Listing Notes
Evaluated for immediate return to service.

Coating Notes

Colors: White

Number of coats: 1

Maximum field use dry film thickness 36 (maximum 6 mils per pass)

(in mils):

Recoat cure time and temperature: Allow 5 second pause between each pass
Final cure time and temperature: 24 hours at 35° - 110°F

Special comments: The mix ratio of Part A:Part B is 1:1 by volume.

Category: PMTL, SECTION 5 - BARRIER MATERIALS

Material Type: Ceramic (CERAM) Temperature: Cold (73 F/23 C)

Auditor Notes
Please complete a sample disclosure form and send to NSF International’s confidential and secure fax at 734-827-7728. Include a photocopy of the
Authorized Registered Formulation designating the components used to make the sample submitted for testing (circle or underline the alternate
used).

Sample Notes
Please collect two of the smallest kits available of EonCoat, totaling one gallon or greater. Kits should include both Part A and Part B. A
representative from EonCoat LLC will perform the coating application at NSF.

This is a copy of the Authorized Registered Formulation. If you have received this ARF in hard copy, you may confirm the most current ARF by contacting your
Certification Project Manager or going directly to the secured NSF Online website (http:\\clients.nsf.org) for the latest, most accurate information.
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NSF International

Contract for Certification by NSF International

A Contract made and entered into this 28th day of March, 2011 between NSF International, a corporation organized and existing under the laws of
the State of Michigan, with its principal office in Ann Arbor, Michigan USA (hereinafter called "NSF") and EonCoat LLC, 4000 Airport Drive
Northwest, Wilson, NC 27896 (hereinatfter called "COMPANY").

1.

10.

NSF is an independent, third party certifying organization. It does not guarantee or warranty any product or service, and does not approve or
verify any product or service. NSF also does not review or evaluate every product or service, but instead follows the protocols set forth in the
materials described in paragraph 2 of this Contract. Certified product(s) are any goods, equipment, component(s), system(s), service(s),
material(s), compound(s), or ingredient(s) that have been specifically authorized by NSF for Certification and use of an NSF Certification Mark
(the Mark). The terms Certification and Certified are synonymous with the terms Listing or Listed.

COMPANY hereby certifies and represents that it has received and read the Certification standards, protocols, or criteria (hereinafter called "the
Standard(s)") and Certification policies and guidelines (hereinafter called "the Policies"). The Standard(s) and Policies shall be that which NSF
may list in any written notice to COMPANY, which list may be amended from time to time. COMPANY represents and warrants that, to the
best of its information and knowledge, the information given to NSF for purposes of Certification is true and accurate. COMPANY assumes
sole responsibility for the truth and accuracy of such information, including, but not limited to, information about the products or product names
for which COMPANY requests Certification. COMPANY expressly acknowledges and agrees that NSF may utilize subcontract laboratory
services when NSF deems suitable.

Upon determination by NSF that the evaluated products comply with the applicable requirements of the materials referenced in paragraph 2 of
this Contract, and upon execution of this Contract and payment of the annual Certification fee and other outstanding fees, NSF agrees to
authorize the COMPANY for Certification and use of the Mark on COMPANY"s Certified products.

COMPANY expressly acknowledges and agrees that execution of this Contract, of and by itself, is not authorization to use the Mark. In
accordance with the materials referenced in paragraph 2 of this Contract, NSF will notify COMPANY in writing of Certification and
authorization to use the Mark.

COMPANY hereby certifies and represents that if authorized to use the Mark, the Mark will be placed only on products fully complying with all
NSF requirements. COMPANY further certifies and represents that it will abide by all NSF requirements, as specified in the materials

referenced in paragraph 2 of this Contract.

It is understood and agreed that the materials referenced in paragraph 2 of this Contract shall be periodically revised in accordance with
procedures that expressly provide for representation and comment by all parties of interest. Any revision shall be announced by NSF by written
notice to COMPANY. Upon receipt of notice of any applicable revision, COMPANY agrees that it will abide by the announced revision; or, at
its option, COMPANY may terminate this Contract in accordance with the provisions of this Contract.

COMPANY agrees that its use of the Mark is its representation that its products are Certified by NSF and comply with all NSF requirements.
COMPANY assumes full and complete responsibility for its use of the Mark or other representation that its products are Certified. COMPANY
agrees that it will make claims regarding Certification only in respect to the scope for which Certification has been granted. COMPANY shall
not: (i) use its Certification in any manner that brings NSF into disrepute; (ii) make any statement concerning its Certification that is misleading
or unauthorized by NSF; or (iii) use in any misleading manner any Certification certificate or report related to Certification. NSF assumes no
liability, and COMPANY shall be solely responsible, for any claims arising from the COMPANY's misuse of the Mark or misrepresentation of
the Certification status of its products, or failure at all times to comply with the materials referenced in paragraph 2 of this Contract.

It is understood and agreed that the Mark on a product and its Certification are invalid if, as determined by NSF, the product has been altered or
has been represented as being Certified for any purpose or end use other than that Certified by NSF.

COMPANY shall be solely responsible for, and assumes all risk of property damage, personal injury (including death), or other damages of any
kind arising out of or relating to: (i) the use, misuse, sale and resale of any of its products or related goods, whether or not such products or
goods are Certified; (ii) the failure to comply with all applicable laws, rules, codes, regulations and industry practices relating to COMPANY's
products; (iii) any of COMPANY"s negligent acts or omissions, or its willful misconduct; and (iv) any matters covered by paragraph 10 of this

Contract.

COMPANY shall indemnify, defend and hold harmless NSF, its affiliates, successors and assigns and its and their respective directors, officers,
employees, representatives and agents (hereinafter referred to collectively as the "NSF Indemnified Persons") from, against and with respect to
any and all demands, claims, complaints, actions or causes of action, suits, proceedings, investigations, arbitrations, assessments, losses,
damages, liabilities, costs and expenses (including, but not limited to, interest, penalties and reasonable attorneys' fees and other costs) asserted
or alleged against, imposed upon or incurred by such NSF Indemnified Persons, directly or indirectly, by reason of or resulting from or in
connection with any use or misuse of COMPANY's products, any negligent acts or omissions of COMPANY (or allegations thereof), or
COMPANY'"s willful misconduct (or allegations thereof), and any material breach by COMPANY of this Contract. This indemnity provision
shall survive all terminations of this Contract.

C0078023
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12

15.

14.

15.

16.

17,

NSF International

NSF makes no other representations or warranties, whether express or implied, with regard to its obligations hereunder, or the merchantability
or fitness of any goods or products for a particular purpose.

COMPANY may terminate this Contract at any time upon thirty (30) days written notice to NSF, but shall be liable for costs for services
provided by NSF through the date of receipt of notice, and for any additional costs necessary to terminate services. Services provided by NSF
may include, but are not limited to audit, laboratory testing, toxicological review, and initial Listing fees. All quotes for services are estimates
and do not include the cost of retesting in the event of a product failure during the initial Certification. Upon acceptance of COMPANY's
application fee or project deposit by NSF, the application fee or deposit is non-refundable. NSF shall repay only pre-paid fees for services that
were not provided. NSF may terminate this Contract at any time upon thirty (30) days written notice to the COMPANY.

Unless terminated by either party, this Contract shall continue in effect from year to year. COMPANY shall notify NSF by December 30 if it
wishes to cancel the Contract for the next year. If NSF has not received such notice in writing by December 30, COMPANY shall make
payment of the required annual fees by January 31. COMPANY agrees that all payments are due 30 days net. A finance charge shall be
imposed on all invoices which are over 30 days past due. The finance charge is computed by application of the periodic rate of 1% per month
(12% per annum) to the previous month's balance after deduction of payments made since the previous statement date. COMPANY is
responsible to pay, without any corresponding withholding from NSF, any and all taxes and fees that may be imposed by any and all
governmental agencies outside of the United States having jurisdiction over COMPANY'S business transactions with NSF. If any annual fee or
any other fee is not paid when due, and such failure shall continue for a period of 60 days after written notice of discontinued Listing services,
then this Contract shall be deemed irrevocably terminated without further notice.

After termination of this Contract for any reason, COMPANY agrees to immediately discontinue all use of the Mark and shall promptly
confirm, in writing, to NSF that COMPANY has discontinued use of the Mark on its products and/or in its product literature and advertising.
COMPANY further agrees that, upon termination of the Contract for any reason, it shall surrender, efface, or otherwise dispose of, in a manner
acceptable to NSF, any unused Marks and data labels, dies, molds, stencils, marking devices, literature, advertisement, or other information
bearing the Mark or referencing NSF Certification. If NSF has reason to question conformance by COMPANY with this provision of the
Contract, COMPANY agrees to allow NSF reasonable access to COMPANY's facilities to conduct inspections to verify conformance.

COMPANY agrees that NSF's remedies at law to enforce the provisions of this paragraph 14 are inadequate and that accordingly NSF shall be
entitled to and COMPANY agrees to the entry of an order in any court of competent jurisdiction specifically enforcing the provisions of this
paragraph 14. In the event COMPANY shall become a debtor in any insolvency or bankruptcy proceeding (whether under the laws of the
United States of America or the laws of any other country, territory or jurisdiction) after termination of this Contract, the COMPANY agrees
and stipulates that NSF shall be entitled to relief from any applicable stay, order or injunction to immediately pursue enforcement of this
paragraph 14 under applicable law.

NSF shall have no liability to COMPANY or to any third party with respect to NSF's obligations under this Contract or otherwise for
consequential, exemplary, special, incidental, or punitive damages even if NSF has been advised of the possibility of such damages. In any
event, NSF's liability shall be limited to twenty percent (20%) of the amount actually paid to NSF during the current year of this Contract. This
limitation applies to all claims in the aggregate, including, without limitation, claims based on breach of Contract, breach of warranty,
professional negligence, strict liability, misrepresentations, and other torts or claims.

In connection with determining whether initial Certification is warranted and/or as to any re-Certification, NSF agrees to provide COMPANY
written notice of noncenformance with any NSF requirement. NSF reserves the right to withdraw authorization for Certification and use of the
Mark for any product, at any time, for COMPANY's failure to correct the nonconformance within a reasonable time.

NSF offers to COMPANIES that are in good standing access to "NSF On-Line", the web address of which is http://clients.nsf.org.

At COMPANY's request, COMPANY's access to NSF On-Line will include access to COMPANY's product formulations. Does COMPANY
request access to COMPANY's product formulations when using NSF On-Line? Please initial one:

YES

Initials Initials

NO

COMPANY's access to and use of NSF On-Line is subject to the NSF On-Line User Access License ("Access License") which is published on
NSE On-Line. Use of the NSF On-Line website by any person accessing NSF On-Line with a user name and password of the COMPANY
constitutes agreement to the Access License by COMPANY, its employees and anyone else accessing NSF On-Line with a user name and
password of COMPANY. NSF may change any of the terms or conditions of the Access License at any time and from time to time by
publishing the amended Access License on the NSF On-Line website. No other notice of changes to the Access License will be given by NSF.
After publication of changes to the Access License on NSF On-Line, use of the NSF On-Line website by any person accessing NSF On-Line
with a user name and password of the COMPANY constitutes agreement to the changed Access License by COMPANY, its employees and
anyone else accessing NSF On-Line with a user name and password of COMPANY.

COMPANY understands that NSF On-Line may contain COMPANY's confidential, proprietary or sensitive information. If COMPANY uses
NSF On-Line, COMPANY is solely responsible for maintaining the confidentiality of COMPANY's user name(s) and password(s) and for
restricting access to COMPANY's computers. COMPANY accepts sole responsibility for all activities that occur under COMPANY's name(s)

C0078023
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and password(s). NSF will not be liable for any loss that COMPANY may incur as a result of someone else using or having access to
COMPANY's name(s) and password(s), either with or without COMPANY's knowledge. In addition, COMPANY is solely responsible for
maintaining the secrecy of COMPANY's name(s) and password(s) and for monitoring the appropriate use of user names and passwords by
COMPANY's employees and anyone else that has access to COMPANY's computer(s) at any time. COMPANY may request a change in a user
name and password at any time. NSF may from time to time notify COMPANY that it is appropriate to change COMPANY's name(s) or
password(s), but NSF disclaims any responsibility for giving any such notice,

- Any legal action by either party or any person or party claiming any right or seeking to avoid any obligation under the Contract, or otherwise

relating in any way to this Contract, shall be brought and maintained exclusively in the United States District Court for the Eastern District of
Michigan if it has subject matter jurisdiction, and otherwise in the appropriate District Court or Circuit Court in the State of Michigan as
provided in the venue statutes of the State of Michigan. The parties consent to personal jurisdiction and venue in such courts, and further agree
not to seek to invoke the jurisdiction of any other court. This Contract shall be governed, interpreted and construed in accordance with
Michigan law, without regard to its conflicts of law provisions.

The invalidity or unenforceability of any particular provision(s) of this Contract and/or the materials referenced in paragraph 2 of this Contract
shall not affect the other provisions.

This Contract, any Addenda, the materials set forth in paragraph 2, and the Access License for NSF Online users, constitute the entire agreement
between the Parties with respect to the subject matter hereof and supersede all previous communications, representations or agreements, whether
oral or written, between the Parties with respect to said subject matter. No modification will be binding upon either Party unless it is made in

writing and is signed by duly authorized representatives of both Parties. Any written modifications on this document are not acceptable and
invalidate this Contract.

[ am authorized to sign this contract on behalf of the above referenced COMPANY.,

For For
NSF International EonCoat LLC
i b -7
Mecbaed [ aty L i
Signature T Signature
Michael P. Walsh, Chief Financial Officer " Touwy bl . WiP B oson 7%},;,153
Typed Name and Title ’ Typed Nante and Title )
March 28, 2011 Mé’f/ / Z ; 20/)
Date Date 7

C0078023

AESOP 2754 ISSUE 15 Page 3 of 3

789 N. Dixboro Road, Ann Arbor, Michigan 48105-9723 USA
1-800-NSE-MARK / 734-769-8010
www.nsf.org



= R OO | .
SIII3eNNN ISO 17025 | NADCAP Accredited
f\f‘f“:& AAMA Component Testing

: CAGE 5HSJ7
www.assuredtestingservices.com S ervices
198 River Road
Ridgway, PA 15853 USA
P: +1814-773-3224 TEST REPORT -19531 A
F: +1 814-773-3225
CLIENT BILL TO CLIENT SENT TO
BILL TO: NCRALEIGH--2300 OurSupplier ID SENT TO: NCRALEIGH--2300 OurSupplier ID
Eoncoat LLC Eoncoat LLC
551 Pylon Drive 551 Pylon Drive
Unit D Unit D
Raleigh NC 27606 Raleigh NC 27606
USA Supplier Code USA Supplier Code
Ph: 919-244-3790 Ph: 919-244-3790
Test Report#: 19531 Entry Date: Contact:
PO#:
Pull-Off Adhesion Testing IAW ASTM D4541 for One (1)  Painted Panel.
See attached photo.
REVISED TEST REPORT TR19531 A: Revised to update r esults.
Part Test Information
PART NUMBER LOT NUMBER ‘S# ‘SAMPLE DESCRIPTION ‘
TEST SPECIFICATION NAME ‘TEST PROCEDURE NAME H HOURS ‘ ‘ CYCLES ‘
TEST RESULTS ‘INDATE ‘ ‘OUTDATE HTESTCNT HRETCNT HREQ ‘COMP ‘ ‘REQ ‘HOURS ‘COMP ‘
032717-3 4" x 4" Panel
Unspecified Adhesion ASTM D4541-09el Method E Pull-off Adhesion Bond Strength
11-Apr-17  12-Apr-17 1 1
Results: 1253 psi maximum pull-off bond strength. ~ 40% intercoat adhesion failure. The rest failure to substrate or glue failure.
Requirements: Report maximum pull-off adhesion strength.

Michele Singer Revision# 1.11 Date 11/18/16

End Of Report

~NYuetube B gn

Assistant Laboratory Manager

The results stated above relate only to the specific items tested. Information and statements in this report are derived from
material, information, and/or specifications furnished by the client and exclude any expressed or implied warranties as to the
fithess of material tested or analyzed for any particular purpose or use. This report is confidential property of our client and may
not be used for advertising purposes. This report shall not be reproduced except in full, without written approval of this laboratory.
This recording of false, fictitious or fraudulent statements or entries on this document may be punished as a felony. Sample
remnants are retained for a minimum of 6 months following issuance of test results, at which point they will be discarded unless

notified in writing by the client. Any client claims or damages arising from the use of information in this report are strictly limited to
the cost of the services provided by Assured Testing Services.

Page 1 of Printed 4/20/2017 9:58:38 Al



Assured Testing Services, Ridgway, PA
TR19531 A Eoncoat LLC

Photo: Testing IAW ASTM D4541 Pull-Off Adhesion Tes ting for

One (1) Painted Panel

4" x 4" Panel Sample after Pull-off Adhesion Bo  nd Strength Testing (see above)

End of photo page
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enulmnmenh‘, Ine. (EEd) B7T-8042  FAN (BB4) BTT-68038

F.O. Box 16414, Greenvile, SC 29606 4 Craftsman Court, Grzer, 3C 29650

&OLHQW (RQ&RDW //&

6DPSOH ,' 3URFHVV :DWHU
NPDES#: 1&

'‘DSKQLD PDJQD +RXU $FXWH "HILQLWLYH
(3% 5 OHWKRG

SLPHSKDOHV SURPHODYV +RXU $FXWH '"HILQL
(3% 5 OHWKRG

Test Date: YHE

Test Reviewed and Approved By:

Bl 1/ 95,
Robert W. Kelley, Ph.D.
QA/QC Officer

— Certification #E87819 SCDHEC certification #23104
Test results presented in this report conform to all requirements of

NELAC, conducted under NELAC Certification Number E87819

Florida Dept. of Health. Included results pertain only to provided samples. NCDENR Certification # 022

Page 1 of 8



anvironmental, Ine, (664 ) B77-0042 . FAX (664) 877-G530

P.Q. Box 16414, Greenville, SC 29606 4 Craftsman Courl, Grzer, SC 29850

BBBBAxD 8 QBB P BR.QBBLNBEF RXHIBSE B X WHBAXIHWQ )

AGBRXINZEXRYRIZXRIAEZRYM YRGBZ== =

Client: EONCOAT
6D P 8WHMBss By @84 66D ETL H
NPDES #: NC

Test Date: 09-Feb-21

Laboratory ID #: ZLEEHILCHE ZRAXBG & & WS

Test Reviewed and Approved By:

ke b Jilh,

Robert W. Kelley, Ph.D.

QA/QC Officer

Py

Certification #E87819 SCDHEC certification #23104

Test results presented in this report conform to all requirements of

NELAC, conducted under NELAC Certification Number E87819
Florida Dept. of Health. Included results pertain only to provided samples. NCDENR certification # 022
Page 2 of 8



Effluent Toxicity Report Form - Chronic Pass/Fail and Acute LC50 Date 04-Mar-21

Facility: EONCOAT PROCESS H20 NPDES# NC Pipe# N/A  County: Wake
Laboratory Performing Test: ETT Environmental, Inc. Comments
X

Signature of Operator in Responsible Charge

P e
(ke 2 2

Signature of Laboratory Supervisor

MA”_ ORlGlNAL TO Environmental Sciences Branch
Div. of Water Quality
N.C. DENR
1621 Mail Service Center
Raleigh, North Carolina 27699-1621

North Carolina Ceriodaphnia Chronic Pass/Fail Reproduction Toxicity Test Chronic Test Results
Calculated t=
Critical Value=
CONTROL ORGANISMS 1 2 3 4 5 6 7 8 9 10 11 12 % Reduction=
# Young Produced % Mortality Avg. Reprod.
Adult (L)ive (D)ead
Control Control
twentos ||
Treatment 2 Treatment 2
Control CV
TREATMENT 2 ORGANISMS 1 2 3 4 5 6 7 8 9 10 11 12
# Young Produced % 3rd Brood | PASS FAIL
Adult (L)ive (D)ead |
Complete This for Either Test Test Start Date
Collection (Start) Date 23-Feb-21
pH 1st sample 1st sample 2nd sample Sample 1 22-Feb-21 Sample 2 NA
Control Sample Type (Duration
Treatment 2 Grab  Jcomp IDuration 1st 2nd
Sample 1 X Tox Tox
Sample 2 Dilution Sample  Sample
start  end start  end start  end
D.O. 1st sample 1st sample 2nd sample Hardness (mg/L) 83.3
Control Spec. Cond. (umhos) 315 N/A
Treatment 2 Chlorine (mg/L) N/A
Sample Temp. at receipt (°C) Jambient
LC50/Acute Toxicity Test
(Mortality expressed as %, combining replicates)
0§6.25112.5 25] 50§ 100 Concentration
0 5 5 50 50] 100 JMortality start/end start/end
LC50 = % Method of Determination 78] 7.8 Control 7.8 7.1
95% Confidence Limits Moving Average IPI’Obit D 10.2] 8.8 High Conc. 8.1 6.8
| % % Spearman Karber , Other pH D.O.
I
Organism Tested Daphnia magna |

DEM Form AT-1
Page 3 of 8



48 Hour Acute Toxicity Test

Test Method: EPA 821 R-02-012 ; Method 2002 Dahnia magna

Client: EONCOAT Sample IEPROCESS H20 Lab ID#. 158592 D MA
Start Date: 02/23/21 Time: 03:45 PM Set By: AM

|End Date:  02/25/21 Time: 03:29 PM Ended By: AM

I Test Vessel Test Solution Volume Incubator Transfer Volume Dilution Water

Daphnids 20 dram glass vial 20 mL #1 0.05 mL MHSF
[randomization pattern per SOP INeonates from common holding vessel Light: 50 -100 ft-c. 16 hr light / 8 hr dark

TEST ORGANISMS

ffor ' aphniamaha Comments:
Date Remowk 2/23/21 Between: and: Young collected from adults that were originally
Soure: ABS Davs old  24hr received as neonates on 2/9/21
IMysidopsis bahia Source: Days old:
1 Test Organisms Pre Fed B Time: 1300 |
MORTALITY DATA
Conc. Initial # | Cumulative Mortality Final Initial Final
Rep. organisms| 24 hr 48 hr 72 hr 96 hr M ortality
A 5 0 0
Control B 5 0 0
C 5 0 0
D 5 0 0 0%l | 252 78 78  [AM | 257 7.1 7.8  [AM |
A 5 0 0
6.3% B 5 0 1
C 5 0 0
D 5 0 0 50 | 252 79 86l [AM | 257] 7.4 7.8 [AM |
A 5 0 0
12.5% B 5 0 0
C 5 0 1
D 5 0 0 5% | 252 80 89 [AM | 267] 6.8/ 7.8  [AM |
A 5 0 2
25.0% B 5 0 3
C 5 0 1
D 5 0 4 s0%f | 252 80 94 [Am | 257 7.1] 80  [AM |
A 5 1 3
50.0% B 5 0 1
C 5 0 5
D 5 0 1 50%f 252 80 98 [Am | 257 7.0 82 AV |
A 5 5 5
100.0% B 5 5 5
C 5 5 5
D 5 5 5 1009 | 252 81] 102 |AM | 257 6.8 88 _ [AM |
A
B
C
D

+RX&

Page 4 of 8



anvironmental, Ine, (664 ) B77-0042 . FAX (664) 877-G530

P.Q. Box 16414, Greenville, SC 29606 4 Craftsman Courl, Grzer, SC 29850

Pimephales promelas 96 Hour Acute Definitive Test

EPA-821-R-02-012 Method 2000

Client: EONCOAT
6B P 8WHbssxunBd dH& L BBBNSRL S
NPDES #: NC

Test Date: TERPHBEBRIE

Laboratory ID #: ZLCETLCHC ZBEBE 2.0 £ W56

Test Reviewed and Approved By:

e b i,

Robert W. Kelley, Ph.D.

QA/QC Officer

P

Certification #E87819 SCDHEC certification #23104

Test results presented in this report conform to all requirements of

NELAC, conducted under NELAC Certification Number E87819
Florida Dept. of Health. Included results pertain only to provided samples. NCDENR certification # 022
Page 5 of 8



Effluent Toxicity Report Form - Chronic Pass/Fail and Acute LC50 Date 04-Mar-21

Facility: EONCOAT PROCESS H20 NPDES# NC Pipe# N/A  County: Wake
Laboratory Performing Test: ETT Environmental, Inc. Comments
X

Signature of Operator in Responsible Charge

P e
(ke 2 2

Signature of Laboratory Supervisor

MA”_ ORlGlNAL TO Environmental Sciences Branch
Div. of Water Quality
N.C. DENR
1621 Mail Service Center
Raleigh, North Carolina 27699-1621

North Carolina Ceriodaphnia Chronic Pass/Fail Reproduction Toxicity Test Chronic Test Results
Calculated t=
Critical Value=
CONTROL ORGANISMS 1 2 3 4 5 6 7 8 9 10 11 12 % Reduction=
# Young Produced % Mortality Avg. Reprod.
Adult (L)ive (D)ead
Control Control
twentos ||
Treatment 2 Treatment 2
Control CV
TREATMENT 2 ORGANISMS 1 2 3 4 5 6 7 8 9 10 11 12
# Young Produced % 3rd Brood | PASS FAIL
Adult (L)ive (D)ead |
Complete This for Either Test Test Start Date
Collection (Start) Date 23-Feb-21
pH 1st sample 1st sample 2nd sample Sample 1 22-Feb-21 Sample 2 NA
Control Sample Type (Duration
Treatment 2 Grab  Jcomp IDuration 1st 2nd
Sample 1 X Tox Tox
Sample 2 Dilution Sample  Sample
start  end start  end start  end
D.O. 1st sample 1st sample 2nd sample Hardness (mg/L) 83.3
Control Spec. Cond. (umhos) 315 N/A
Treatment 2 Chlorine (mg/L) N/A
Sample Temp. at receipt (°C) Jambient
LC50/Acute Toxicity Test
(Mortality expressed as %, combining replicates)
0§6.25112.5 25] 50§ 100 Concentration
0 40§ 100] 100} 100§ 100 JMortality start/end start/end
Lcso=_ 6.34 % Method of Determination 78] 7.7 Control 7.8 8.0
95% Confidence Limits Moving Average IPI’Obit D 10.2] 8.6 High Conc. 8.1 7.8
| 4.6 % 8% Spearman Karber ; Other pH D.O.
I
Organism Tested Pimephales promelas |

DEM Form AT-1
Page 6 of 8



48 Hour Acute Toxicity Test

Test Method: EPA 821 R-02-012 ; Method 2000 Pimephales promelas

Client: EONCOAT Sample IC PROCESS H20 Tab ID#. 158592 P PR]
Start Date: 02/23/21 Time: 03:45 PM Set By: AM
|End Date:  02/27/21 Time: 03:34 PM Ended By: JC
Test Vessel Test Solution Volume Incubator Transfer Volume Dilution Water
IFathead Minnows 500 mL plastic cup 200 mL #1 0.5 mL MHSF
[randomization pattern per SOP INeonates from common holding vessel Light: 50 -100 ft-c. 16 hr light / 8 hr dark

TEST ORGANISMS

For Ceriodaphnia dubi Comments:
Date Removed: Between: and: FISH HATCHED ON 2/16/21 BTW 1130-1300 ET
[Pimephales promelas Source:ABS iays old: 7
IMysidopsis bahia Source: Days old:
1 Test Organisms Pre Fed B Time: 1300 |

MORTALITY DATA

Conc. Initial # | Cumulative Mortality Final Initial Final
Rep. organisms| 24 hr 48 hr 72 hr 96 hr M ortality
A 10 0 0 0 0
Control B 10 0 0 0 0
C
D ol |_252 78 78  |Av | 253 80 77 _ [iIC |
A 10 1 4 4 4
6.25% B 10 1 4 5 5
C
D a5%] | 252 79 86 |Am | 253 79 78 _ [iC |
A 10 1 10 10 10
12.5% B 10 4 10 10 10
C
D 100 | 252 80 89 [AM | 253 7.8 79 _ [iC_|
A 10 10 10 10 10
25.0% B 10 10 10 10 10
C
D 100 | 252 80 94 [Am | 253 79 80 _ [JC |
A 10 10 10 10 10
50.0%) B 10 10 10 10 10
C
D 100 |25 80 98  [Am | 253 76/ 82  [iC_|
A 10 10 10 10 10
100.0% B 10 10 10 10 10
C
D 100 | 252 81 102 [AM | 253] 7.8 86  [iC |
A
B
C
D

96 HourLC50 6.34%

Page 7 of 8
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Intertek USA, Inc. Tel +1 413 499 0983
m tert@ k 50 Pearl Street Fax +1 413 499 2339
Pittsfield, MA 01201 Customer.servio@intertek.com

Total Quality. Assured. USA intertek.com

July 21, 2021

M/M Sameer Patel
EonCoat LLC

4000 Airport Dr. NW
Wilson, NC 27896
USA

Intertek PTL # P20210775

Dear M/M Patel:

Enclosed you will find the results of the testing you requested.

If you have any questions regarding the data, please do notateso contact me.

Yours mcerely

Z B — /
P e /5/ e

Kevin E. Schuman
Quality Manager

KE®&k
Enclosures

Unless inherent in the requested specification or standard, Intertek laboratapply the “Simple Acceptance” rule, alsdles
“Shared Risk approach” of ILA&8:09/2019 guide where the statements of conformity are répdrs either: Passed (or-in
tolerance) when measured values are within the specified limits, or Failed (afdolkerance) if one or more measured values afe
outside the specified limits. If the Client requests a statement of conformitgrahan one inherent in the specificatiom o
standard or the “Simple Acceptance” rule, the decision rule shall be clearly defined by €immunicated to Intertek,ral
agreed by all related parties.

Intertek reports are issued for the exclusive use of the clients to whom they are addressed. Mo quotations from reports or use of the Intertek name is
permitted except as expressly authorized in writing. Letters and reports apply only to the specific materials, products or processes tested, examined or
surveyed and are not necessarily indicative of the gualities of identical or similar materials, products or processes. The liability of Intertek with respect
ta services rendered shall be limited to the amount of consideration paid for such services and not include any consequential damages. m

Intertek, 50 Pearl Street, Pittsfield, MA 01201
Phone: +1 413-499-0083, Fax: +1 413-499-2339
http:iiveww. intertek com


http://www.intertek.com/

INtertek

Total Quality. Assured.

Chip Resistance Report Page 1 of 1

Testing
Test Method
Project Number

Standard Test Method for Chipping Resistance of Coatings
ASTM D3170/D3170M-14
P20210775

Test Temperature
Conditioning

Impact Angle
Comparison Standards
Adhesive Tape Used

Customer EonCoat LLC
Attention Sameer Patel
Analyst D. Loehr
ACCRE! {+]
Date July 19, 2021 Grk M DRASD|
Substrate Steel panel
Coating Gray Coating Material
Panel Dimensions 4" x 6" plaque

Room Temperature

1+ hour at test temperature

90°

SAE J400 chip rating standard transparencies
3M Strapping Tape

Sample #

N

Chipping Rating(s)

9A
8A
9A

Chipping ratings consist of a number which describes the number of chips in a 4" x 4" area, and a letter
which describes the size of the chips area. The numbers range from 10 (no chips) to 0 (>250 chips). The
letters range from A (< 1mm) to D (> 6mm). A tested sample will often exhibit multiple chip sizes, and the
most numerous will be listed first - for example 5B-6A-8C.

Chipping Ratings

10 - no chips A - chips <1mm diameter
9 -1 chip B - chips 1mm to 3mm dia.
8 -2to 4 chips C - chips 3mm to 6mm dia
7 - 5109 chips D - chips >6mm

6 - 10 to 24 chips
5 - 25 to 49 chips
4 - 50 to 74 chips
3-75t0 99 chips
2 -100 to 149 chips
1 - 150 to 250 chips
0 - over 250 chips

Intertek reports are issued for the exclusive use of the clients to whom they are addressed. No quotations from reports or use of the Intertek name is
permitted except as expressly authorized in writing. Letters and reports apply only to the specific materials, products or processes tested, examined or
surveyed and are not necessarily indicative of the qualities of identical or similar materials, products or processes. The liability of Intertek with respect
to services rendered shall be limited to the amount of consideration paid for such services and not include any consequential damages.

Intertek, 50 Pearl Street, Pittsfield, MA 01201
Phone: +1 413-499-0983, Fax: +1 413-499-2339
http://www.intertek.com




Intertek USA, Inc. Tel +1 413 499 0983
m ter te k 50 Pearl Street Fax +1 413 499 2339
Pittsfield, MA 01201 Customer.service@intertek.com

Total Quality. Assured. USA intertek.com

March 16, 2018

Sameer Patel
EonCoat LLC

551 Pylon Drive Unit D
Raleigh, NC 27606
USA

Intertek PTL # P20181093

Dear M/M Patel:

Enclosed you will find the results of the testing you requested.

If you have any questions regarding the data, please do not hesitate to contact me.

Yours sincerely,

Ay
/"‘e/r';'aéf---' /// ,&‘f;,{eﬂ/ﬂ

Kevin E. Schuman
Quiality Manager

KESh

Enclosures

Intertek reports are issued for the exclusive use of the clients to whom they are addressed. No quotations from reports or use of the Intertek name is
permitted except as expressly authorized in writing. Letters and reports apply only to the specific materials, products or processes tested, examined or
surveyed and are not necessarily indicative of the qualities of identical or similar materials, products or processes. The liability of Intertek with respect
to services rendered shall be limited to the amount of consideration paid for such services and not include any consequential damages. m

Intertek, 50 Pearl Street, Pittsfield, MA 01201
Phone: +1 413-499-0983, Fax: +1 413-499-2339
http:/iwanw.intertek.com


http://www.intertek.com/

INtertek

Total Quality. Assured.

Chip Resistance Report Page 1 of 1

Testing : Standard Test Method for Chipping Resistance of Coatings
Test Method : ASTM D3170/D3170M-14
Project Number : P20181093
Customer : EonCoat LLC
Attention . Sameer Patel
Analyst : D. Loehr g
Date : March 15, 2018 AccrEpiTED!
TESTING LABORATORY
Sample ID : EC-PU
Substrate : Unknown
Coating : Unknown
Panel Dimensions 4" x 6" plaque
Test Temperature - Room Temperature
Conditioning : 1+ hour at test temperature
Impact Angle © 90°
Comparison Standards  : SAE J400 chip rating standard transparencies
Adhesive Tape Used . 3M Strapping Tape
Sample # Chipping Rating(s)

1 10

2 10

3 10

Note: Samples tested on the Black side. Samples exhibit surface blemishes but no chips

Chipping ratings consist of a number which describes the number of chips in a 4" x 4" area, and a letter
which describes the size of the chips area. The numbers range from 10 (no chips) to 0 (>250 chips). The
letters range from A (< 1mm) to D (> 6mm). A tested sample will often exhibit multiple chip sizes, and the
most numerous will be listed first - for example 5B-6A-8C.

Chipping Ratings

10 - no chips A - chips <1Imm diameter
9 -1 chip B - chips 1mm to 3mm dia.
8 -2to 4 chips C - chips 3mm to 6mm dia
7 - 510 9 chips D - chips >6mm

6 - 10 to 24 chips
5 - 25 to 49 chips
4 - 50 to 74 chips
3 -75t0 99 chips
2 -100 to 149 chips
1 - 150 to 250 chips
0 - over 250 chips

Intertek reports are issued for the exclusive use of the clients to whom they are addressed. No quotations from reports or use of the Intertek name is
permitted except as expressly authorized in writing. Letters and reports apply only to the specific materials, products or processes tested, examined or
surveyed and are not necessarily indicative of the qualities of identical or similar materials, products or processes. The liability of Intertek with respect
to services rendered shall be limited to the amount of consideration paid for such services and not include any consequential damages.

Intertek, 50 Pearl Street, Pittsfield, MA 01201
Phone: +1 413-499-0983, Fax: +1 413-499-2339
http://www.intertek.com



= R OO | .
SIII3eNNN ISO 17025 | NADCAP Accredited
f\f‘f“:& AAMA Component Testing

g CAGE 5HSJ7
www.assuredtestingservices.com S ervices

198 River Road

Ridgway, PA 15853 USA

P: +1 814-773-3224

bRyt g e TEST REPORT -20446
CLIENT BILL TO CLIENT SENT TO

BILL TO: NCRALEIGH--2300 OurSupplier ID SENT TO: NCRALEIGH--2300 OurSupplier ID
Eoncoat LLC Eoncoat LLC
551 Pylon Drive 551 Pylon Drive
Unit D Unit D
Raleigh NC 27606 Raleigh NC 27606
USA Supplier Code USA Supplier Code
Ph: 919-244-3790 Ph: 919-244-3790
Test Report#: 20446 Entry Date: Contact:

PO#:

Cyclic Salt Fog / UV Testing IAW ASTM D5894 for Pai  nted Panels.
Panels were scribed and masked by Assured Testing S ervices.
See attached photos.

Part Test Information

PART NUMBER LOT NUMBER ‘s# ‘SAMPLE DESCRIPTION ‘
TEST SPECIFICATION NAME ‘TEST PROCEDURE NAME H HOURS ‘ ‘ CYCLES ‘
TEST RESULTS ‘INDATE HOUTDATE HTESTCNT HRETCNT HREQ ‘COMP HREQ ‘HOURS ‘COMP‘

3" x 5" Steel Panels Dark Green - PSX Panel

Unspecified Cyclic Salt Fog / UV Exposure ASTM D5894-16
06-Apr-17  02-Nov-17 1 1 15 15

Results: See attached data table.

Requirements: Evaluate every 3 cycles (1000 hours).

Michele Singer Revision# 1.11 Date 11/18/16

) End Of Report
WI ;g«‘/:\ﬁ/'/‘/

Assistant Laboratory Manager

The results stated above relate only to the specific items tested. Information and statements in this report are derived from
material, information, and/or specifications furnished by the client and exclude any expressed or implied warranties as to the
fithess of material tested or analyzed for any particular purpose or use. This report is confidential property of our client and may
not be used for advertising purposes. This report shall not be reproduced except in full, without written approval of this laboratory.
This recording of false, fictitious or fraudulent statements or entries on this document may be punished as a felony. Sample
remnants are retained for a minimum of 6 months following issuance of test results, at which point they will be discarded unless

notified in writing by the client. Any client claims or damages arising from the use of information in this report are strictly limited to
the cost of the services provided by Assured Testing Services.

Page 1 of Printed 11/8/2017 1:06:08 PI



Assured Testing Services, Ridgway, PA
TR20446 Eoncoat LLC

Photos: Testing IAW ASTM D5894-16 Cyclic Salt Fog/ UV Exposure

Sample Panel #1 - Dark Green at 3 Cycles Exposure IAW ASTM D5894-16 (see above)

Page 1 of 3
03 NOV 2017



Assured Testing Services, Ridgway, PA
TR20446 Eoncoat LLC

Sample Panel #1 - Dark Green at 6 Cycles Exposurel AW ASTM D5894-16 (see above)

Sample Panel #1 - Dark Green at 9 Cycles Exposure | AW ASTM D5894-16 (see above)

Page 2 of 3
03 NOV 2017



Assured Testing Services, Ridgway, PA
Eoncoat LLC

TR20446

By et e

Sample Panel #1 - Dark Greé_rf at 15 CycTes EXosure IAW ASTM D5894-16 (see above)

End of photo pages

Page 3 of 3
03 NOV 2017



EONCOAT

Federal Railroad
Administration (FRA) Rail
Base Corrosion & Cracking

Prevention Study
Testing performed by EWI — Final report July 2014




EONCOAT

Overview:

This is a synopsis of the Federal Railroad Administration (FRA) Rail Base Corrosion
& Cracking Prevention Study. The summary outlines the background reasons for the
study, a brief overview of the testing performed and the results of the tests, along
with references to pages within the study itself (the full study is included behind
this summary).

6 pieces of 20 foot rail were tested, each at a specific load range put through stress
cycles, until the specimen failed. As the report below will explain, of the 3
specimens of rail that were coated, only the rail coated with EonCoat™ lasted so
long (without failure) that the test was eventually stopped, after almost 3.5 million
cycles.

In addition to the stress/fatigue testing, a steel panel coated with EonCoat™ was
tested in an ASTM B117 chamber, against a coating specified by the US Navy for
use inside ballast tanks. At 5,000 hours in the chamber, the test was stopped as
the EonCoated plate had less damage at 5,000 hours than the competition did after
only 500.

Background:

Rail base corrosion combined with fatigue or damage can significantly reduce rail life.
Reducing or mitigating corrosion is directly tied to safety in operations and infrastructure for
the rail industry.

Efforts to control corrosion on track segments are not new. Most of these efforts involve
protecting the rail with a coating or paint-like material. This can provide a barrier to
corrosive elements, but are temporary measures as the barrier will ultimately be breached,
due to wear and/or abrasion.

In this study, EWI tested rail treatments that were created not to act as a barrier between
the elements and rail, but that are designed to alter the surface chemistry of the rail in such
a way that mitigates or rejects corrosion.

This study was funded by the US Department of Transportation Federal
Railroad Administration . The attached report is publicly available through the FRA
website at www.fra.dot.gov or by calling 202-493-1300.

The testing and reporting was performed by EWI (previously known as Edison
Welding Institute) headquartered in Columbus, Ohio. EWI is considered one of the
leading engineering and technology innovators for advanced manufacturing in North
America.

EonCoat, LLC | 1704 Park Central Blvd N. Pompano Beach, FL 33064 | P: 754-222-4919 | www.EonCoat.com

| Pagel |


http://www.fra.dot.gov/

EONCOAT

It is important to note that EonCoat, LLC was contacted by EWI and did not solicit
involvement in this research.

Summary:

(Note: the 2 paragraphs below are taken directly from the executive summary on page 1 of
the report. Italics are ours):

Rail is subjected to fatigue loads in normal service. These loads can lead to small cracks in
the rail. When corrosion forms in these cracks, the rail loses significant strength. For this
program, the combined effects of damage, corrosion, and fatigue were examined under
controlled conditions to ascertain the relative contribution of each to the overall condition of
the rail and to measure the performance of anti-corrosion treatments in limiting corrosion
and extending the rail’s fatigue life.

An organometallic conversion type coating system, investigated at EWI for use in high
pressure liquid water systems, was useful in retarding the effects of corrosion on fatigue rail
life. However, it did not prevent corrosion in the presence of saltwater or condensing
humidity. A commercially available inorganic conversion coating (EonCoat® ) was effective
in preventing corrosion in saltwater environments. It enabled extended fatigue life, even on
damaged rail subjected to aggressive corrosive environments, and gave performance similar
to that for undamaged, uncorroded rail.

Testing:

x To simulate small cracks produced by load fatigue, notches were carved in the rail

x To promote corrosion, pieces of rail were placed in an ASTM B117 salt fog chamber
(the standard industry corrosion test)

x Fatigue was measured by cycles to failure, with a specific load range

Six specimens were tested (see page 7 for more detail on specimens; See page 15 for
results chart):

-
1) Specimen 1 : Negative Control
- Rail Condition : Undamaged rail, no protection, no exposure to corrosion (this
was the control specimen using just a flange base).
- Result: An undamaged, unprotected 20 foot piece of rail will not fail until
5,000,000 cycles.
-
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-
2) Specimen 2 : Positive Control (no corrosion)

- Rail Condition : Untreated rail, damaged (notched), but without corrosion.

- Result: An untreated piece of rail that is damaged, but not subject to corrosion,
will fail much faster at roughly 305,000 cycles.

-
3) Specimen 3 : Positive Control
- Rail Condition : Untreated rail, notched, with corrosion exposure (this
represents the baseline field installation in a corrosive environment such as
a rail tunnel or drip zone).

- Results: An untreated piece of rail that is damaged AND exposed to corrosion
(placed in the salt fog chamber) will fail even faster at 61,000 cycles.

-
4) Specimen 4 : ALL Method

- Rail Condition: A three-step treated rail section, notched, with corrosion
exposure.

- Results: A piece of rail that is damaged AND exposed to corrosion, but coated
with the EWI 3 part coating systems greatly extended the life of the rail to
roughly 218,000 cycles. A vast improvement over the untreated specimen 3.
(See pages 4 & 5 for more information about the EWI coating system).

g

4 5) Specimen 5 : DP Method

- Rail Condition: A two-step treated rail section, notched, with corrosion
exposure.

- Result: A piece of rail that is damaged AND exposed to corrosion, coated with
the EWI 2 part coating system failed at 226,000 cycles. Again, a vast
improvement over specimen 3. (See pages 4 & 5 for more information about the
EWI coating system).
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(6) Specimen 6 : EonCoat™ )
- Rail Condition: An EonCoat™ treated rail section, notched, with corrosion (’0
exposure. 4)
-  Result: A piece of rail that is damaged and exposed to corrosion with only one
coat of EonCoat™ ran for 3,460,278 cycles, at which point the test was stopped
because the rail had not yet failed.
- With EonCoat, damaged rail in a corrosive environment was performing as well
as brand new, undamaged rail that was not subjected to corrosion.
S J

Additional Salt -Fog Testing on Standard Panels:

In addition to the stress corrosion testing, EWI tested EonCoat™ in the ASTM B117 Salt Fog
Chamber, on their standard steel panels. The test was conducted pitting EonCoat against a
high-build anti-corrosion coating that meets the US Navy specification for use inside ballast
tanks (see page 49 for more details about comparison coating and test).

The purpose of this test was to examine the absolute corrosion protection ability of the two
systems, regardless of their application to rail.

Results:

- After 500 hours, the EWI sample showed attack on the scribe line (Figure B-1, page
50), while the EonCoat system showed very little attack.

- After 5,000 hours, the EWI system showed significant damage including undercutting

and blistering (figure B-2, page 50), while the EonCoat system was still offering good
protection.

- Refer to pictures on page 50 for visual comparison.

This additional testing was performed unsolicited by EonCoat, LLC.

ASTM B117 Conclusion:

5,000 hours of ASTM B117 requires roughly 7 months to conclude. This test result,
performed unsolicited by a highly reputable industry leading testing and research facility

proves, indisputably, that EonCoat corrosion resistant coating can easily withstand 5,000
hours in a salt fog.
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For companies needing ASTM B117 testing prior to specifying a coating, these test results
can save the cost and time involved. However, we will be happy to coordinate sending
coated steel plates for any company wishing for validate test results on their own.

Note of clarification about actual EonCoat product used:

At the time this testing was performed from 2013 through 2014, EonCoat had one coating available
for market. For the purposes of this report, where ever the report refers to “EonCoat” as the product,
the actual coating used in the test is now called “EonCoat CR”, the corrosion resistant coating
produced by the manufacturer, EonCoat, LLC.
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Executive Summary

Rail base corrosion can take place when water gets trapped between the flange thesgeand
plate. Corrosion is accelerated by the presence of salt in the aadetectrical current
transmittel throughthe rail base and the tie plate path to egrtund. This corrosion results in
theloss ofrail basematerial and strengthUltimately, it is possible for the rail to faiRail base
corrosion has been suspected as a danskerailments irthe recent pastThis program was
initiated to examine treatment methods to prevent or forestall rail base corroe®program
was funded by the Federal Railroad Administra{leBRA) and executed by Edison Welding
Institute(EWI).

The most obvious watp protect steel against corrosion is to paimtith a barriertype coating
Barriertype coatingslike paint,have a limited life due to loss of adhesion andbrasive wear.
Another approach is to treat the rail surface chemitalhassivatéprotect)the surface against
rusting or slow th@rogressf rustingsubstantially. This was the overall approach used in this
work.

Rail is subjected to fatigue loads in normal servitkese loads can lead to small cracks in the
rail. When corrosiondrms in these cracks, the rail loses significant strenigth.this program,
the combined effects of damage, corrosion, and fatigue were examined underezbotmotlitions
to ascertain the relative contribution of eaglthe overall condition of theifaandto measure the
performance of antorrosiontreatmentsn limiting corrosion and extendirtge rails fatigue life.

An organometallic conversion type coating system, investigated at@Wsé in high pressure
liquid water systems, was usefulrigtarding the effects of corrosion on fatigue rail life. However,
it did not prevent corrosion in the presence of saltwater or condensing hurdidiommercially
available inorganic conversion coating (EonCoat®) was effective in preventigioorin

saltwater environmentdt enabled extended fatigue life, even on damaged rail subjected to
aggressive corrosive environments, and gave performance similar to that forageda
uncorrodedail.

In this work, it was found that the interactions betweeindamage, corrosive attack, and overall
rail fatigue life can be examined by methodical application of traditionaldount fatigue testing
using manageable sample siz&e influences of corrosion and damage in the presence of
fatigue stress are leved to be separable based on this limited tesfirge presence of damage
alone showed reduced rail fatigue life by as much as one order of magraitiéatigue lifeis
reducedoy as much as an additional order of magnitnten these damaged areas corroded.
The combined effects on rail life of damage, corrosion, and fatigue can be ddseret
corrosion protection systems, applied to the base of the rail flange, can extéatdytes life.

A resonant fatigue test method was adapted for use with 20-foot long rail segihargs shown
thatasymmetricabnd heavy cross sections could, in fact, be induced intosalfation,

developing roughly 60—80 ksi peak stress. In this work, the method was not found to be predictive
of fatigue lfe for damaged, corroded rail, with or without corrosion protectidowever, rail was

taken to failure by this method, suggestihgta more advanced test methodology might be useful

for screening rail fatigue phenomena.

Based on the results of this preliminary work, the researchers recomorgimliedanalysisof
these corrosion inhibiting treatmentsield trails of these treatments to support the laboratory
results is a necessary step towardsdrvice deployment.



1. Introduction

Rail base corrosion has been observed by several rail operators in tunnels atheis w
periodically present at the base of the rail. The Transit Cooperative Research
Progran/Transportation Technology Center, INEORP/TTC) review™® of this behavior found
that the most severe corrosion was reported in tunnels in the New York City area. &ooseon
was invasive ah found to advance as much as one-fourth upzfrom the area where the rail
base crosses tie plateReferences contaimy this information also waed of the possibility that
the edge of the corroded area could act as a stress concentrator that wauiatigile crack
growth up the raif*? Further, hhe effects of corrosive antagonists can be amplified by mechanical
abuse and fatigue, exposuioeroad deicing materials, and leakage currents for electrified rail.
This program was initiated to investigate rail treatments that can mitigaggfects of humidity,
saline exposure, and fatigue on crack growth in rail steels.

A recent failure ira tunnel in the New York City area was found to be a fatigpe-failure
initiating from the rail base at the edge of the corroded d&&as are underway for ralil
replacement in and beyond the area of the derailment. However, there isaigmnifieest from
operators such as Amtrak, Long Island Rail Road (LIRR), and Port Authoats-Hudson
(PATH) in extending the life of rails in tunnels by minimizing or eliminating the is$uail
corrosion and associated fatigue crackifgrther, there are many areas throughout the country
where similarcorrosion, or corrosion caused by condensing or dripping water, odo@atment

of the rail bottom surface to limit the effect of corrosion mechanismshalayincrease ralil life,
reliability, and overaltail safety®®

Reducing or mitigating rail corrosion speaks directly to safety in operaimhgeliability of
infrastructure. The technology under study is expected to be applicable to Ireavd aossibly to
installed rail as a remedial measuttis believed that the treated rail can be installed following
established proceduret. may also be beneficial to use treated rail and tie plates in combination
on electrified rail lines.Potential users with tunnels in the New York City area (AmtPakTH,
LIRR, etc.) have been made aware of this technology development by representativibe f
Volpe National Transportation Systems Center (Volpe).

1.1 Background

Efforts to control corrosion on track segments are not new. Most approaches jpraifcting
the rail with pairdike materials or coatingsThesematerialsprovide a barrier to corrosive
elementsbut they do not prevent their ultimate intrusidNear resistance is also an important
factor in the lifetime of protectionln thisresearclprogram EWI testedrail treatments thadre
designed to alter the surface chemistry of the rail such that it impedgsobs morrosion.Two of
the treatments were based on work previously done at EWI for corrosion protectiofear nuc
piping® The third treatment is commercially available

When iron rusts, it oxidizes first to ferrous idfe{?). This process can hiaitiatedby the

influence of chloride salts found in road deicing mixturiesrther reactiombetweenron,

oxygen and water result in the formation of ferric ions {Be All these species exist as oxides on
the metal surface.



Interestingly, ferrous oxide (FeO — black rust) is rather stable in watétha mixed oxide,
Fe;04, a mixture of FeO and K@s, is also &irly stable. It is the red rust fornFeOs, that is
commonly referred to as “rust” or “bleeding rustthat is invasive and destructive of the iron
underneath. If the surface oxides can be driven back to the more stable forms, s@lmas Fe
Fe;04 mixed oxide, “rusting” can be abated and controlled.

Corrosion prevention methodwlude creatiga barrier(i.e. paint) to preventorrosive elements
from reaching the base metatldinga sacrificialmaterial to the steéi.e., galvanizing)using
eledrical charge to reverse oxidation (cathodic protection), or wsigemicatonversion to
discourage the formation of ferric oxide ru3tisresearch proje@xamined surface conversion
methods for rusiitigation orprevention.

1.2 Objectives
Theprimary objectives of this project were to:

1) Examine selectednticorrosion treatmenthatrender the rail surface immune to
corrosion omitigateits spread should initial corrosion occur.

2) Introduce elements of flexural fatigteethe rail to examine theombined effects of
corrosion and fatigue in crack propagation.

3) Delineate, if possible, the relative contributions of damage, corrosion, and fatiglie
the reduction ofail fatigue life.

4) Examine the use ofr@sonant fatigue methodology for its applicability to, raild
specifically as a predictive tool for this investigatioBomparehis method with four-
point load fatigue methods.

1.3 Technical Approach
A summarized Work Breakdown Structure is shown below.

Rail Base Corrosion and Cracking Prevention

Task 1 Task 2 Task 3 Task 4

Analyze Surface Crack Fatigue
. Treatments on .
Chemistry on . Propagation and
. Rail Stock e
Rail (Medium Scale) Mitigation
(Small Scale) (Medium Scale)

Resonant
Fatigue Testing
(Rail Sections)

Figure 1. High-Level Work Breakdown Structure



2. Experimental Activities

2.1 Task 1 -Analyze Surface Chemistry on Rail mall Scale)

Task 1 of this program exanad protective treatments on small samples of rail steel and the
effects of corrosig attack on surface chemistries. eTdbjectivewasto document the effect of
these treatments on rail steel and to determihéhere was aneed to heattreat the ceramic
precursor coating.

Oneinch widetestspecimens were cut from the webstdndard 136-pounail (common ralil

steel) degreased in an aqueous cleaner and wiped with isopropyl alcohol, and subsegatadly tre
with EWI-developedcombinations of phosphoric acid etch, an iron conversion coating, and
zirconium oxide sobel®) Following these varied treatments, some samples were subje@ed to
weeks of cyclic corrosion, while other similarly treated counterparts kegt asidas controls.
Those exposed to corrosion were then examined visually forgearal performancand also
analyzed using scanning electron microscopy (SEM) and elemeraaldispersive analysis

(EDS) to examine surface condition and chemistry.

They were then treated according to the outline presenieabie 1.

2.1.1 SampleCorrosion Exposures

Table 1. Sample Disposition for Treatments

Sample Preparation
No Induced Induced
Corrosion Corrosion P D Z | Bake | Total
2-step PD1 PD2 X X
PD3 PD4 X X 6
PD5 PD6 X X
Pz1 Pz2 X X X 2
PDz1 PDZz2 X X X
3-step PDZ3 PDz4 X X X 6
PDZ5 PDZ6 X X X
ALL1 ALL2 X X X X 2

P = phosphoric acjd = di=phenolic converting agert = zirconium-oxide sotel sealer

The EWI systentan be applied usingvo or three treatn steps, as described beloWwheir
designations are:

1. PD (twostep)— Consists of a treatment with phosphoric acid (P), followettldayment
with a diphenolic converting agent (D).



2. PZ (twostep)— Consists of a treatment with phosphoric acid, followed by application of a
zirconium-oxide producing salel sealer (Z), followed by a post bake at ®5With a
3-hou hold at temperature.

3. PDZ (threestep, no podbake)— The PD process is followed by application of a
zirconium-oxide producing sael sealer.There is no post bake.

4. ALL (three-step with postbake)— The PDZ process, followed by a post bake afG50
with a 3hour hold at temperature.

P, D, and Z may be applied sequentially by spray or brush.

All rail specimenswvere treatedvith a 10percentphosphoric acid solutiofi) (by weight in
water). Grit-blastingwasused to removsurfacerust to get down to base metal.

Air drying following the phosphoric acid application produced a white, powdery material on the
surface. The surfacavas then viped with water to remove the excess crystal formation.

For theD treatment,lie phosphated raivas treated with the ¢phenolic reducing agent, also
brush applied. A deep blu#ack coloremergedindicating the formation of the mixed metal
oxideof FeO-Fg0Os. After drying for 4-6 hoursthe samplavas washed with water to remove
excesgeducing agent.

After the P and any applied D treatment, Zngtep consisted of applying a zirconia gel- A sol

gel is a ceramic precursor solution deriveahriran organometallic precursor in alcohol solvent.
The precursor hydrolyzes to form an oxy-hydroxide zirconate that can be heated to form
zirconium oxide ceramicThe preparation of this material was taken from the literdture

Heating the coated raib a temperaturef 550°C for 3 hours convegdthe solgel to a form of
zirconium oxide. This temperature is well below the transition temperature between ferrite and
austenite for common rail steels7@€°C), thus avoiding marteite formationupon coting. The
hardness of these treated steels never dropped below 325 Brinell.

The threestep procesfALL) used a muffle furnacéor the bakestep There were twdwo-step
variants. One involved using only the phosphate and the di-phenol, with noiaziseal or bake
(PD). The other used the phosphate treat and zirconia seal with a bake (PZ).

The bake for PZ1, PZ2, ALL1, and ALlspecimes consisted of heatirthemin air at 550°C for

3 hours tcset the zirconia ceramic seal coat. (Testing showed that this heat soak cyclsteérail
in air gave a Brinell hardness of 329.) PZ1 and PZ2 were not treated with the ironioonvers
coating but were baked to produce possible iron-zirconium phosphate complexes. ALL1 and
ALL2 were also baked.

The “even numbered$pecimens were subjected to-w&ek cycle of corrosigrwhile the “odd
numbered’specimens were set aside as controls. The corrosion cycle is givaol@2. The
saline solution was made up of @é&rcentby weight additiorof road deicing salt in tap water.
Roal deicing salt also contains calcium chloride and magnesium salts in addition to the
predominant sodium chloride (rock salt). The hot and wet conditions wWiCenith 98—100
percentrelaive humidity in a closedemperaturdaumidity chamber.This type of corrosion cycle
wasdesigned to be exceptionally severe compaiiéid normal operating conditions for rail, so
that differences in corrosigerotection or attack could be shown rapidly.



Table 2. Corrosion Cycles for EverNumbered Specimers

Corrosion Cycles

Week 1| Tues Weds | Thurs* Fri Sat Sun Mon*

Day 1 2 3 4 5 6 7
Exposure| Salt water Salt waterDry (out) | Humidity | Humidity | Humidity | Dry (out)
Week 2| Tues Weds | Thurs* Fri Sat Sun Mon*

Day 8 9 10 11 12 13 14
Exposure| Salt water Salt waterDry (out) | Humidity | Humidity | Humidity | Dry (out)
Week 3| Tues Weds | Thurs* Fri Sat Sun Mon*

Day 15 16 17 18 19 20 21
Exposure| Salt water Salt waterDry (out) | Humidity | Humidity | Humidity | Dry (out)

* Samples removed and pictures taken

2.1.2 SEM and EDS Analyses

Sample bars representing ttiéferent treatmentand corrosion exposure historigsre taken
from the serieand examined with a Zeiss EM@odel 60scanning electron microscopgquipped
with an Oxford Instruments X4ax Energy Dispersive Spectroscopy (EDS) for elemental
analysis. The sampleselection was based on visual appearamceapparent resistance to
corrosion attack.

2.2 Task 2 -Treatments on Rail Stock (MediumScalg and Tie Plates

Treatments that showed the best corrosion resistance in Tasle Belected for further study in
Task2 andTask3 of the program. In Task 2, larger rail segments @#8-in. segments of
flange bases) wemotched Figure2), treated andexposedor a period of 3 weeks t&n
aggressive corrosivenvironment consisting of a saltwater soak and condensing humidity.

Based on the results from Task le BD two-step variantand the ALL system thregtep variant
were selected to beeated in Task 2 an@stedn Task 3. EonCoat®& commerciallyavailable
materia) was also tested.

EonCoat® is a commercially sprapplied ceramic coatiny The overall formulation is
proprietary. It is applied using standard two-component spray equipment with a haadr-
nozzle. It dries within minutes of application. A second coat can be apphggroximatelyl0—
15 minutes, which was the practice used here. EonCoat® was applied by the aetidioe, plate
sets were returned to EWI.



Figure 2. Flange Detail Showing Bottom Cut Notcl{Right)

Six specimens were tested:

1.
2.

Undamagedail, no protection, no corrosion (control using just a flange base);

Untreated rail, damaggdotched), but with no corrosion. This represents a baseline field
installation that has been in use but is not in a corrosive environment ordinarily;

Untreated railnotched, with corrosion exposure. This was resting on &eaiad tie plate
throughout the corrosion cyclind-his represents the baseline field installation in a
corrosive environment, such as a rail tunnel or drip zone;

The threestep treated rail sectiqALL), notched, with corrosion exposur&hiswas

resting on @& ALL-treated tie plate throughout the corrosion cycling. This shows the effect
of trapped corrosive elements between the bottom of the rail and the tie plaig havi
protection by the ALL method;

The twostep treated rail section (DP), notched, with corrosion expo3ilme.was resting
on a DP-treated tie plate throughout the corrosion exposure. This shows the effect of
trapped corrosive elements between the bottom of the rail and the tibalatg

protection by the DP methodnd

An EonCoat® treated rail section, notched, with corrosion exposure. This was resting on
an EonCoat® treated tie plate throughout the corrosion exposhigshows the effect of
trapped corrosive elements between the bottom of the rail and the tibalatg

protection by the EonCoat® material.

Notching, if used, was doreeforeany treatments were applied and/or befameosion exposure.



2.2.1 Preparation and Treatmentof Medium-ScaleSpecimens

All the flange pieces and tie plates were-gléstedo remove excess scale and rushe
appropriate treatments were then applied using the same approaches as thokelforAi@a#\LL
threestepsample were baked at 580 for 3 hours to set the zirconium oxide gl sealer.The
samplesas placed ito the bake furnace, are showrFigure3, and the thermocouple trace for the
bake is shown ifrigure4.

Figure 3. (ALL ) Specimensn Bake Furnace



Figure 4. Bake Schedule foALL ) Specimens

Figure5 throughFigure8 show the specimens just prior to corrosion exposure.

Figure 5. PD Two-Step Treated Sample Set



Figure 6. ALL Three -Step Treated Sample Set

Figure 7. EonCoat® Treated Sample Set
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Figure 8. No Treatment Flange Base

2.2.2 Corrosive Environment Exposures

The schedule for exposure is giveriiable 3.

Table 3. Corrosion Exposure Schedule

Corrosion Cycles

Week 1 Tues Weds Thurs* Fri Sat Sun Mon*

Day 8-Jan 9-Jan 10-Jan | 11-Jan 12-Jan 13-Jan 14-Jan

Exposure | Salt water| Salt water| Dry (out) | Humidity | Humidity | Humidity | Dry (out)

Week 2 Tues Weds Thurs* Fri Sat Sun Mon*

Day 15-Jan 16-Jan | 17-Jan | 18-Jan 19-Jan 20-Jan | 21-Jan

Exposure | Salt water| Salt water| Dry (out) | Humidity | Humidity | Humidity [ Dry (out)

Week 3 Tues Weds Thurs* Fri Sat Sun Mon*

Day 22-Jan 23-Jan 24-Jan | 25-Jan 26-Jan 27-Jan 28-Jan

Exposure | Salt water| Salt water| Dry (out) | Humidity | Humidity | Humidity [ Dry (out)

Bold days-samples get moved
*Thursdays and Mondays, take pictures of interfacial regions

11



The saltwater solution was fixed ap&rcentoy weight inawater solution of road deicing salt in
tap water. Deicing salt contains magnesium chloride and calcium chloride in addition to the
predominant sodium chloridé/hen the samples were first placed in saltwater, the PD system
began to bleed blue-black color. (This also happened with the sca#ltest bars in Tadk) It
was found later that this only happened when first immersed. In subsequent weglasofex
there was no additional bleedimpeFigure9).

Figure 9. PD Samples on Frst Exposure to Saltwater

The hotwet exposure took place in a large temperaamdhumidity controlled cabinet set at
50°C with saturated humidity. For the humidity exposures, the staglaminsensvere placed
into the controlled temperature-humiddgbinet as shown ifrigure10. Notice it is possible for
condensate from the upper samples to drip down onto the lower samples.

Figure 10. Placement of Samples in Humidity Cabinet
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2.2.3 Sampe for Drip Zone Protection

An additional test was added during Task 2 to examine the ability of the treatmiahidito
corrosion due to drip condensation. EWI prepared an additional specimen wiltL the
treatment. For the humidity exposure, a “diipnt” was fashioned inside the chamber to collect
and direct condensate onto the top surface. The saltwater soak was replaced hioaaldtidi
days of humidity exposure. The ALL treatment was applied to one half of the top and bottom
surfaces for thiexposure. The exposure schedule for the drip zone test is giVablev.

Table 4. Drip Zone Corrosion Cycles

Corrosion Cycles - Drip
Week 1 Tues Weds Thurs* Fri Sat Sun Mon*
Day 4-Feb 5-Feb 6-Feb 7-Feb 8-Feb 9-Feb 10-Feb
Exposure | Humidity | Humidity Out Humidity | Humidity | Humidity | Dry (out)
Week 2 Tues Weds Thurs* Fri Sat Sun Mon*
Day 11-Feb | 12-Feb | 13-Feb | 14-Feb | 15-Feb | 16-Feb | 17-Feb
Exposure | Humidity | Humidity Out Humidity | Humidity | Humidity | Dry (out)
Week 3 Tues Weds Thurs* Fri Sat Sun Mon*
Day 18-Feb | 19-Feb | 20-Feb | 21-Feb | 22-Feb | 23-Feb | 24-Feb
Exposure | Humidity | Humidity Out Humidity | Humidity | Humidity | Dry (out)

Bold days-samples get moved

Only one sample. Place flange down on bottom shelf.

Make inverted-Vee foil tent to drip condensate onto the top.
*Thursdays and Mondays, take pictures of interfacial regions

2.2.4 Salt Fog Testing

EWI performed salt fog testing (ASTM B117) on a sepasatef treated specimenSpecimens

were produced from dL.2-inch platesof 1018 steel, approximatetite-inch thick to accommodate

the ASTM B117test chamberThese specimens were treated using the EWI ALL processing as a
primer and a subsequent oveating of PPG® PS> 00 epoxysilicate paint. PSX-700is

approved by the U.®Navy for use irballast tank lining for ships and may stay in service for

years. Salt fog testing was included to benchmark the EWI ALL system as a primer vigth-a h
performancecorrosion protection barrier coating, such as the PSX-700. The EonCoat® was
included to rank its performance against the laffére samples were sent to an outside vendor for
exposure to 5,000 hours of salt fog exposure following ASTM B117.
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2.3 Task 3 — Crack Fatigue Propagation and MitigationNledium-Scale)

The purpose of this task was to test the combined effects of damage (notch),motiaten,
and corrosion on the fatigue performance of lower flange sections oF&atiue loading was
applied with rollers in a foupoint bending arrangement. The center rollers were spaced at 8
inchesand contacted the top surface adjacent to the radius of the rail. The outside roller
contacted the lower surface of the flange ainbh spacing (se€igurell). Testing was
performed at about 7 Hz.

Load Points

8"
16"

A

A

Figure 11. Four-Point Load Fatigue Test Setup

Table5 lists the sampléescriptios, applicable load ranges, and cycles to faildree differing
load ranges were required because of slight differencesmiplegeometries.When the heads and
webs were removeflom the rail stockthe position of the cut surface relative to the uptigrn
radius of the flangés-web junction differed fronsampleto sample Some had cut faces leaving
more residual web riser and others had been cut more deeply into the flange top Jarface
provide the same nominal stress onltveer baseflange surfae during fatigue testing, different
load levels were chosen for the top side loading to account for the differenpesimessize.

Corroded specimensere tested in the presence of topical, trapped saltwgdenls #26). A

saltwater “diaper” wagmplaced to surround the notch region and was held in place with shrink
wrap.
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Table 5. Four-Point Load Fatigue Testing

Samole Descrintion Corrosion | Load Range for Cycles to Comments
b P Cycles R=0.1 (Ibf) Failure
Un-notched,
1 unprotected N 15,755 - 1576 5,000,000/  Run-out
Notched, .
2 unprotected N 11,467 - 1147 305, 198 | Failed at notch
Notched,
3 unprotected, Y 13,789 - 1379 61, 839 Failed at notch
corrosion
Notched, 3-step, i .
4 corrosion Y 12,422 - 1242 218,514 | Failed at notb
Notched, 2-step, .
5 corrosion Y 12,422 - 1242 226,479 | Failed at notch
Notched, EonCoat,
6 corrosion Y 13,322 - 1332 3,460,278 Stopped test (run-out)

2.4 Task 4 — Resonant Fatigue Testing (Rail Sections)

The purpose of this task was to look at the combined effects cscal#-rail segments and to
determine if there was correlation between the medicate fatigue results and the fatigue results
for longer rail sectionsTwenty-foot rail section®f 136-poundail were used for testingith a
fatigue method calledesonant fatigue

2.4.1 Resonant Fatigue Methodology

Resonant fatigue methodology has been most commonly applied to testing weldsamdogoe
pipe used in oil exploration. It has been used on symmetrical, round cross section&£Wh the
adaptation, itvas used on thasymmetricatross section of a rail segment.

As applied here, 20-foat section of railwas suspended betwegand strapped to, two support

points Figure12). Counterweights of callated sizevere then attached to the endBhe cyclic
excitation at close to the resonant frequency, provided by an eccentric driveaagread, forces

the rail into selresonance around the center line, creating what amounts to a standing wave on th
rail with maximum stress in bending at the center of the lerjtle. rail becomes an oscillator
element.

Strain gauges monitor the cyclic strains at several locations on the paspleatally near the
center. At some point, a crack will grow taifficient size by fatigue to cause the rail to fracture.
This is the failure point at which the machine stops and the cycles to failure edle hothis

case, the raivent intoself-resonance approximately21 Hz. The applied stress level was
detemined by the difference between the resonant and excitation frequehhegxcitation and
selfresonance induced a stress on the rail head-ef®Bsi and a stress on the rail base of 25-26
ksi, for notched rail, not accounting for the additional stress concentration at the notc
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Figure 12. Rail Suspended in Resonant Fatigue Apparatus

Resonant fatigue of the rail provides reversed loading,septed as R%, where R is the ratio of
minimum stress to maximum stress. Tlthe applied stress range is double the maximum stress
of the cycle. The maximum stress is listed in tables and descriptions of thiJ tesk. were five
testspecimengor the resonant fatigutest

1) RS1 i Plain railsegment, no notch or corrosion

2) RS2 i Notched, untreated, no corrosion

3) RS3 i Notched, untreated, corrosion

4) RS4 i Notched, treated with EWI three-step system, corrosion exposure
5) RS5 i Notched, treated with EonCoat®, corrosion exposure

2.4.2 Preparation of Rail Sections

Surface preparation methods and corrosion cycling for the 20dibsections were modified
from those usetbr partial rail segment® account for size. Surface rust was ground off to a
distance of about 2 feet to either side of the center line on the bottom of the flangé only.
notched, the notch was cut across the flange at the 10-foot point using a ceramic saw.
(Unfortunately, this method does not allow for consistent notch dimensioning, which weay ha
become a factor in skewing the results expected from the tgsting

Figure13shows a rail segment that has been treated with the EWI ALL-$kepeprocess and is
wrapped with heater blankets prior to the bef&e. An insulating layer of ceramic fiber blanket
was then placed over the heating ar€he railsection outside the insulated heating zone stayed
quite cool.
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Figure 13. Resistance Heating Blankets used to Heat Cure iZonia Sol-Gel Sealer

The vendor applieBonCoat® to the rail segment at EWBtandard two-component spray
equipmenivas used with a mixelnead nozzleRigure14). It dried within minutes of application.
A second coat was thexppliedafterapproximately 1815 minutes.That rail segment is shown in
Figurel5. Therewas evidence of some debonding of the spray at the edges (cir¢chediigure).
Theseocationswere outside the prepared regions.

Figure 14. Technician Readies EonCoat® Applicator System
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Figure 15. EonCoat® Sprayed Rail Segment

2.4.3 CorrosionExposureCycling for Large Rail Segments

Thecorrosioncyclefollowed that shown inTable3 above.It was necessary to modify the
corrosion cycling to adajit to the largesamplesize. Soaking in a tank was impossible, for
example, and thieumidity exposurenethod required a change.

For the salvater exposure, the rails were brushed with saltwater soluti@per Powels soaked in
saltwater werg¢hen placed ovehe surface. A lofted fabricmat, also soaked in saltwater, was
then overwrapped. That whole assembly was wrapped in place with shaipko retain the
solutions in contact with the rail and the notch regidhis became the “diaper” to keep the
saltwater solution in contact with the ralor air drying, the diaper was cut off and discardgal.
mimic thehumidity chamber, the same basic diapering procedure was used, substituginipmvat
saltwater, to emulate the requir8eday humidity exposureThe cycle time lengths were the
same as before anolverall the exposure laste&®lweeks.

No tie plates were used to trap liquid in the flabgplate gap during ik corrosioncycle
exposure.
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3. Results and Discussion

3.1 Task 1 -Small-Scale Corrosion Exposure- Results and Discussion

3.1.1 Surface Studies

The purpose of Task 1 was to make a preliminary determination oh&liVI two-step or three
steptreatment systems might be effectivgpmeventing or retarding surface corrosion on rail steel.
The corrosive environment used in this program was highly aggressive and might resreihre
effects of slower corrosion attk, as might be found in servic€herefore, the fact that aggressive
corrosion exposure resulted in attack was not taken as an indication that the teeatenemf no
value.

At the end of each exposure week, photograpdre taken of the bar samphkesrecord their
performance. All the samplegposed to corrosion showed rusting. Ma#s not surprising given
the severity of the exposure, especially the hot-wet portion, which is very aggmehen
combined witha saline soak and interim drying.

Particular attention was paid to the condition of the bottorfaseof the samples. This would be
the area of most concern in a rail tunnel sibhe@gould not easily dryFigure16 andrigurel7
showthe views of the bottoms of the samples aftare2k and 3wveek exposure, respectively.
Figure18 andFigure19show the same samp]dsit for the top wrfaces

The samples were rated visually basadwerall rust amount and severity, including blistering or
flaking. The “PD” series and the “PDZ” series had replicae®nly one rating is given for each
of those. The rating is from bastworst(1 to 4), as shown iTable6.

One of the more striking observations was the degree of overall corrosion &ga8unaeeks
compared with 2veeks. Theorrosion became quite aggressive during the third wébk.
results show that the ALL variant, which hihe threestep appcation system with final bake
performed best in protecting the bottoms. However, the best performance fotipgdtestops
was the PD variant, which ista&o-step process with no bake.
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Figure 16. Bottoms of Samples &fr 2-Week Corrosion Cycle

Figure 17. Bottoms of Samplesfeer 3-Week Corrosion Cycle
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Figure 18. Tops of Samplesfter 2-Week Corrosion Cycles

Figure 19. Topsof Samplesafter 3-Week Corrosion Cycle
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Table 6. Visual Interpretation of Corrosion Results

Sample Preparation - Tops - BO“OT“S
Ranking - after Salt Water Ranking - after Hot/Wet Ranking
Corrosion | Phos | Dopa| Zirc | Bake | Total Week 1| Week 2 | Week 3| | Week 1 | Week 2 | Week 3 || Week 1 [ Week 2 | Week 3
PD2 X X
PD4 X X 6 1 1 1 1 2 1 NR 3 2
PD6 X X
Pz2 X X X 2 3 3 2 3 3 2 NR 2 3
Corrosion
PDZ2 X X X
PDZ4 X X X 6 2 2 3 2 1 3 NR 4 4
PDZ6 X X X
ALL2 X X X X 2 4 4 4 4 4 4 NR 1 1

Overall, thediphenol treatment (Dlas more effectivehan diphenol (D) and zirconia (2)
combinedPD wersusALL2). The Ztreatment in the absence of D was not as good when baked
(PZ) compared with ALL. Thereforepmeinitial conversion treatmentsingD is important.

The specimengxposed to corrosion cyclésven numberedyere compared with their
unexposegtreatedcounteparts(odd numberediyom the same sets. Three treated sets were
chosen for the SEM/EDS analyses on unexposed and exposed samples.

1) PD series, which gave the best results on top surface corrosion resistance
2) ALL series, which gave the best results on bottom surface corrosion
3) PDZ series, which had thveorstperformane of all the combinations tried

3.1.2 Results from SEM/EDS Analyses

Samples were cut to provide test articles for scanning electron microscdgy 48& elemental
x-ray dispersive (EDS)malyses. These were pieces taken from the center por®siown
below Figure20 throughFigure23). The top sides were marked for orientation in the SEM
instrument The samplesvereanalyzed using SEM to examine morpholodgytegrated EDS
capability was used to examine the coatings for chemical composition. Thiesarape
examined both as cross cuts through the coafisgieways’) and also on the tops themselves.
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Figure 20. Photograph Summary of Samples for SEM/EDS Examination

Figure 21. CloseUp of PD3/4 Series
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Figure 22. CloseUp of PDZ3/4 Series

Figure 23. CloseUp of ALL1/ALL2 Series
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3.1.3 Crosscut Samples

For the following discussion, recall that odd-numbered sample types weesl titaat not exposed

to corrosion.Evennumbered sample types were treated and exposed to coriRsesentative
SEM photographs are shown for PR3 d PD4 (Figure24), PDZ3andPDZ4 (Figure25), and

ALL1 andALL2 (Figure26). These were taken at 1000% to accentuate the interfacial zones and
the coatings themselves. The areas marked “Spectrum” show the scan loocatioeEDS

analysis.

Figure 24. SEM Photographs of Cross Cuts for PD@ eft) and PD4(Right)

Figure 25. SEM Photographs of Cross Cuts for PDZ3Left) and PDZ4 (Right)
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Figure 26. SEM Photographs of Cross Cuts for ALLXLeft) and ALL2 (Right)

All samples showed some porosity in the coatings. The &&8ental analyses taken framoss
cuts of thesample areprovided inTable7. There is significant iron content indicative of the
ferrous/ferric material in the coatingad surface oxides. The predominance of iron (and also
aluminum and silicon from th&teel) is reflected in the low weigpercentof the other elements.
The iron in these samples was 90v@5ghtpercentof the total, meaning the other peaks were
dwarfed.

The main interest was in finding evidence that the treatments used had clmengi@dace
chemistry predictall since the presence pfiosphorousndzirconiumwould be expected
Other elements of potential interest were found in some ,casdésey are reported below.

Table 7. Summary of EDS Analyses for Cross Cut Sample Coatings

Sample Preparation EDS Analysis - Cross Section (Wt-%)
. Sample Corrosion | Phos | Dopa | Zrc | Bake P Zr Ca Mn
2-step [Thickness ( B]
PD3 (44) N X X 0.88
PD4 (45) Y X X 0.91
PDZ3 (41) N X X X 5.34 0.94
3-step PDZ4 (62) Y X X X 0.1 0.58 1.13 0.87
ALL1 (48) N X X X X 0.1 0.84
ALL2 (82) Y X X X X 0.1 0.39 0.78

(P =PhosphorousZr = Zirconium; Ca =Calcium Mn = Manganese)

The source omanganesés perplexing. It may have come from the bulk of the steel and been
lifted into the coating during the phosphoric acid etch. Phosphorouwraodiumcame from the
treatments andiere expected. The high level ofconiumin PDZ3 seerad anomalous given the
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levels found elsewheréelhe calciumwas likely from theroad deicing salt used in tisaltwater
exposure.

It is possible thealcium thatappearedn PDZ4was replacing theirconium in the coating

through ion exchange, resulting in depletion of the zirconium. caleumwas found mostly in

nodules that appeared near and on the coating surface. Since PDZ3 and PDZ4 were nbebaked, t
coatings ould change in composition if chemical substitutions of otherwanse possible. The

ALL1 andALL2 series weréaked at 55, and tte findingsof P and Zwere not out of keeping

with each other. Noalciumappearedn the interior éthat coating suggesting possibbpation
exchange was discouraged by a more dengirednium oxide coating formation.

Analyses of the cross cut samples indicate the treatments were effectingentiog the surfaces,
as hoped. However, ion exchargjealcium for zirconium appears to have taken plemegering
the protection of the zirconia seal coat ineffecti@alcium oxides are not particularly resistant to
water attack or preventing chloride from reaching the iron surface.

3.1.4 Top Sirface Analyses— Topology

The top surfaces were alsgamined using SEM. Representative SEM photographs of those
samples are shown for PRAdJPD4 (Figure27), PDZ3andPDZ4 (Figure28), and ALL1 and
ALL2 (Figure29). These were taken at@®to give a larger view of the surfaces.

In general, th@hysicaltopologieswere unremarkable. Cracking found in PDZ3 might doenf

the zirconia sol-gel. Sajelsare susceptible to mecracking if dried or condensed too rapidly.
Localized thicknessariations leading to drying stresan also cause sgkls to muecrack as they
dry and react.One might expect the same topology for P@&4or PDZ3since it was not baked,
but that was not evident in the sample examined. As shoWabie 8§ the amount of surface
zirconium dropped in PDZ4 after the corrosive exposure. The mud-cracked zones could be
expected to be more sensitive to “etching” so they may have been attacked padifedeming
corrosion.

Figure 27. SEM Photographs of Top Surfaces for PD@.eft) and PD4(Right)
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Figure 28. SEM Photographs of Top Surfaces for PDZ@ eft) and PDZ4 (Right)

Figure 29. SEM Photographs of Top Surfaces for ALLILeft) and ALL2 (Right)

3.1.5 Top Surface Analyses Elemental Content

The surface chemistry of the coatings is important because that is the ecezddffy corrosive
attack. TheEDS elemental analyses for the top surfaces are summariZebia8.
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Table 8. Summary of EDS Analyses for Sample Coating Surfaces

Sample Preparation EDS Analysis - Top (Wt-%)
Sample Corrosion | Phos | Dopa | Zirc Bake P Zr Ca Mn
2-step PD3 N X X 1.13 [0.55]
PD4 Y X X 1.52 [3.89]
PDZ3 N X X X 1.58 1.37
3-step PDZ4 Y X X X 0.42 0.42
ALL1 N X X X X 0.44 1.05
ALL2 Y X X X X 1.28 1.41

(P =PhosphorousZr = Zirconium; Ca =Calcium, Mn = Manganese)

Therewas a seemingly large peak forconium in PD4 which wasnexpected since the Pieries
wasnot treated wittzirconiasol-gel. It is possible the zirconiuteached fronthe PDZ3 and

PDZ4 sample bars, which were unbaked. The unbakeged@euldhave allowed leaching of Zr
into the soak baths during the early soaking phases, possibly the first cyallevates soak. The
presence of calciunm PD3was also unexpected since it was not exposed to deicing salt. The
presence of calciufound inthe top surface oALL2 does not correlate with the analysis of
ALLZ2 in the cross sections where none was fouln#ely, it is topical from exposure to the
saltwater and found only on the surface, again possibly due to ion exchange with ziyeamichm
wasnot found on the surface, but was found internally.

3.1.6 Implications for Protecting Rail Steel

In the previous EWI worf®) the ALL system was usedt was very robust in iofree water and
survived 308C water in an autoclayexposed to appraxiately1250 psi internal pressurélo

rust formed.In this work, the availability of ionic species from the saltwater clearly had a
different effect on the corrosion protection of the systeime dignificam finding of these analyses
is thatthe topicaltreatments for the steel were effective in changing the surface chemwisitciz
was the desired intent. However, the combined protection of the ALL system and yaiiiliets
a partial hindrance to corrosion, did not protect againsthe dverall eféctiveness in protecting
against corrosion varied, depending on the treatment.

Based on these findings, it was decided to proceedthgtiesting ofsome of the varianter
coatinglargersampls. These were the PD twatep process and the ALL thregep processThe
PD system was chosen because of its simplicity, requiring only two treiatmagerials and not
requiring a bakeThe ALL system was chosen because it represented the best EWI approach,
which had borne out well in the previous studies involving water only.

3.2 Task 2 Treatments on Rail Stock (MediumScale)

The sequential progress of corrosion is shpwiorially in Appendix A. A synopsis followsAt
the end of the 3veekcorrosion exposure, the PD, ALL, and untreagachples wee corroded in
varying degrees while the EonCoat® system showed virtually no corrésguré 30 through
Figure33). The bottoms of the flanges and the tops of the tie plates are shown.
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Figure 30. PD Treated Samplesafter 3-Week Exposure(Tie Plate and Flange Bottom)

Figure 31. ALL Samples after 3-Week Exposure
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Figure 32. Untreated Samplesafter 3-Week Exposure

Figure 33. EonCoat® Samplesafter 3-Week Exposure
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Based on visual examination, the EonCo#t&ted samplshowed considerable resistance to the
combined corrosion cycles. The rust spots on the EonCoat® surfaceausesl by condensate
from thespecimeron the shelf abovié in the humidity cabinetA beneficial observation wabat
areas of the EonCoat® that had been chipped or physically damaged in handiitgrsbill
succumb to corrosion attack.

In geneal, the time spent in humidity vgavery aggressive and most likely to produce the most
sequential damageOf interestconcerninglte samples treated with the_L conversion system
was theconsiderable protection between the flange bottom and the tie plted segface even in
the presence of aggressive corrosion attkakufe31). The outer exposed portions of the
samples were severely corroded.

Thenotches cut into flange bases before treatment and corrosion exposure shgwmgd va
degrees of rusting within the defedthe untreated samples were thest attackd being almost
rusted shut, while theample withEonCoat® system was unaffectethe samples treated with
thePD system and ALL system showed about the same level of corrosion withingbheziefes,
based on visual examination a1 4There was little bridging rust in the latter samples where the
rusting had progressed to where it was closing the gap for the untitaatgs

3.2.1 Drip Zone Samples

The resul after3 weeks for the top and bottom of the dripesample are shown kigure34
andFigure35, respectively.In both cases, the protected portioree on the bottom half of the
photographs.The potection on the bottom half of the teprfacewas fairly good. The protection
for the trapped portion ate flange bottomvas fair, but mticeable. There was possibly some
benefit from the ALL treatment, and it might prolong rail life in actual sepnbat the protection
was not dramatic.

Figure 34. Drip Zone Top Surfaceafter 3 Weeks
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Figure 35. Drip Zone Bottom Surfaceafter 3 Weeks

3.2.2 Salt Fog Testing

Additional platespecimenfiadbeen prepared prior to this work using the EWI ALL processing as
a primeron 1018 steel and a subsequent overcoating of PPG® PSX-700%lxate- paint.

Samples coated witGonCoat® vere alsancluded to rank its performance against the latéer.

total of six sample plates were exposed to ASTM B117 salt fog testing. Tfegdasting and
specimen photographs are detailed in Appendix B.

The results indicatthatthe EWIthreestep (ALL) process may be useful as a primer underneath a
barriertype coating but, the EonCoat® system itself provided better overall corrosion protection.

3.3 Task 3 — Crack Fatigue Propagation and MitigationNMledium-Scale)

The samples prepared and exposed in Task 2 were subjected to four-point load &tigye te
The results for the four-point load fatigue testing are givéralrie9.

With the first three sampdea flange segment having no damage or corrosion (#1) did not fall
after5,000,000 cyclesTesting was stopped and this was considered runSample#2 was

notched on the base (damaged), but had no corrosion cycles and failed at ~300,000 cycles. Thus,
the damage itself reduced fatigue lifedpproximatelyone order of magnitudel'he added effect

of corroson (#3) dropped the result almost another order of magnitude to ~60,000 dyukes.
suggests the combined effedf damage, corrosion, and fatigueéa severe impact on rail

fatigue life.
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Table 9. Fatigue on MediumScaleSamples

Samole Descrintion Corrosion | Load Range for Cycles to Comments
b P Cycles R=0.1 (Ibf) Failure
1 Un-notched, N 15,755 - 1576 5,000,000  Run-out
unprotected
2 Notched, N 11,467 - 1147 305, 198 | Failed at notch
unprotected
Notched,
3 unprotected, Y 13,789 - 1379 61, 839 Failed at notch
corrosion
4 Notched, 3-step, Y 12,422 - 1242 218,514 | Failed at notch
corrosion
5 Notched, 2-step, Y 12,422 - 1242 226,479 | Failed at notch
corrosion
6 Notched, EonCoat, 13,322-1332 | 3,460,278|  Stopped testiout)
corrosion

For the corrosiomprotectedsample, the ALL (threestep) and DP (twestep) treatment processes
both showed the ability to offsomebenefit in fatigue life from protectioin sevee corrosive
environments.Samples #4 and #5 shosda reductio in fatigue life ofapproximagly 30 percent
compared wittfSample#2, but a significant improvement in fatigue life over Sar#3€no
protection). Of the three protecteshmples, the EonCoat® system (#6), effectively gaveoun
under fatigue, meaning it showed very good ability to prevent corrosive damagéana al
longer fatigue life

In comparingSample#6 with Sample#2, the question may arise as to v8ample#6 lasted so
much longer thasample#2, which had no corrosion protectioAs mentoned, he tessamplas
were fatigued in the presence of saltwatéisual examination showed the presence of rust
formation in the crack zone 8ample#2. It is postulated that the unprotecBaimple#2 actually
experience@n unintendedorrosive attak during the test, resulting in reduced fatigue life.

All the corrosion protection methods showaane benefiin extending fatigue performance on
notchedsample exposed to corrosion. The largest improvement came from the EonCoat®, while
the other twdreatment methods improved fatigue life, but not as dramaticBlyh those

treatments showed similar performaraeel life extension

The fracture surfaces f@ample#2 (NONE) andSample#4 (ALL) are shown ifrigure36 and

Figure37, respectively.Notice the advance of corrosion in the damage zone is greater for the
samplewith no protection than for threamplewith corrosion protection.
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Figure 36. Fracture Surface of Corroded Samplewith No Protection

Figure 37. Fracture Surface of Corroded Samplewith ALL Treatment
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The resultof the fourpoint load fatigue tests were in keeping with expectatiéios.this work,
only one samg@ of each type was tested.traditional S/N curve was not developethe goal
was to look for trends. Future work with more focus on sample size and statisticahpece
could be appropriate for a subsequent ph&sem this work, it appears theflmence of damage
on fatigue life is to reduce it about one order of magnituktided corrosion can reduce fatigue
life by roughly an additional order of magnitude. In other words, pernicious corrasiarired
with damage and fatigue caignificanty reducerail life.

3.4 Task 4i Resonant Fatigue Testing (Rail Sections)

The resonant fatigue test candmmpared with three-point bend and four-point biatigue test,
as well aswith rolling load tests, since alhese testsan be performed cscdes similar to those
used in this work Fatigue tests can be performedsamples ranging frommall coupons ta test
of rail in place, as at the Facility for Accelerated Service Testing (FAST) loop. &eodiis high
cycle rate, resonant fatigue fegthas the potential to perfortine testing more quickly than
similar scale tests and places peak bending stresses at both the top andurtaitas af the rail
instea of only at one or the other. Resonant fatigue uses a longer sample of rail itearssate
tests, but also stresses a longer area with ayngaifbrm stress distributionLike three and four-
point bend tests, resonant fatigue doesafiotv for the contact of the rail wheel with the rail head
It is potentially usefufor checking behavior where contact forces are not an issue. If contact
forces are missue, then a rolling load test is more appropriate.

The results of the resonant fatigue testing are summarizZieabie 10 andFigure 38.

Table 10. Summary of Resonant Fatigue Testing

. Rail Head | Rail Base
Sample Description C%rrglsegn Stress Stress ngillﬁfeto Comments
y (ksi) (ksi)
RS1 Un-notched, N 39.6 32.9 840,613 No failure
unprotected
Notched Fracture from
RS2 ' N 28.6 25 109,888 | fatigue crack af
unprotected
notch
Notched, Fracture from
RS3 unprotected, Y 30 26.4 133,291 | fatigue crack af
corrosion notch
Notched, .
RS4 3-step, Y 20.3 26.3 967,068 | 'O failure, but
) rusted
corrosion
Notched, Fracture from
RS5 EonCoat, Y 29.8 25.7 94,745 fatigue crack af
corrosion notch
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Resonant Fatigue Testing of Full Rail
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Figure 38. Resonant Fatigue Test Lifetime Results

One of the more sigficant findings of this test was that asymmetricalss sections, such as rail,
could be induced to setesonatdy this method Previously, only circular cross sections (i.e.,
pipe and girth welds) had been testeth resonant fatigueand the abilityto put rail segments
into oscillation was noteworthy.

Fatigue results are judged partly based on the range of lsiaelgsg. Since the cycles provide
reversed loading, the stress ranges will be twice the values given inlDabteroughly 60-80

ksi. SampleRS1 was tested withoatnotch ancat a higher stress range than the notched rails.
Failureof that samplevas not induceth the testing.Samples RS2RS5 were pranotched before
treatments, corrosion cycles, or tegtirRS2 was not protected from corrosion, but it also did not
see purposeful corrosion cycles. Sample RS3 was unprotectelif] bntergo corrosion cycling
and had a saltwater solution “diaper” applied during resonant fatigaeuld represent oldeait

in service that had somehow been damaged and suffered corrosion kttaibgd in the crack
zone, but showed slightly higher fatigue life despite the corrosion and lack oftjomteRust
formation is clearly evident in the failure zooieRS3(Figure 39).
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Figure 39. Resonant Fatigue Fracture Surface of Unprotected, Corroded Rail (SampRS3)
Arrow Shows Crack Zone

The EonCoat®reated sampléRS5) showed approximately the same nunobbeycles to failure
as the notchedntreatecsamplethat had not been corroded (RS2) and the notchedated
sample that had been corroded (RS3). This comparison suggests corrosioeffex on rail
fatigue life, which is in conflict with the foywoint load results found in Task 3hé& difference

in fatigue lifefound for the notchedasnplesRS2, RS3, and RS5 are not statistically significant.
This suggests that damage, corrosion, and corrosion protectinatargerconnected in fatigue
relaked phenomena, a conclusion which sharply contrasts with the fatigue results fotned for t
four-point load testing used on the medisoale samplesThese samples also do not correlate
intuitively with anticipated fatigue life behavior.

38



Becausesampe RS4 did not fail within expected test duration, that test run was suspeértusd.
was also surprising and unexpect&mpleRS4 was notched and had the BWkestep
corrosion protection applied prior to being subjected to corrosion cyitlalsohad the

saltwater diaper applied during resonant fatigiielid not fail curing testing, reaching nearly
onemillion cycles without failurewhich conflictedwith expectatios and @l not mirror the
results found with the four-point load testinghe rotch in RS4 showed minimal corrosion, with
the least amount of corrosion in the center of the flange width and more at the tipaofgbe

In comparing the character of the fracture surfaces with those for the mecilesample, the
resonant faguesamples showed muckmallerregions of fatigue cracking than those visible on
the mediumscale amples(Figure40andFigure4l, tested in Task 3)This difference is

attributed to the larger crosection of the full rail inducing a higher stress intensity factor in the
rail at the fatigue crack tip, allowing brittle fracture to take over from fatiguesmaller crack
size.

Figure 40. Fracture Surface of Corroded Sanple with No Protection (Crack — corrosion
area is circled)
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Figure 41. Fracture Surface of Corroded Samplewith ALL Treatment

It is disappointing that resonant fatigue testing did not provide predictabléatiorrelt was
hoped this technique might be useful as a general, and fairly inexpensive, screerforg tool
examining rail fatigue behavior prior to submitting to more tooasuming field trials. It was
not meant to replace those trials, but to enable reducing the number of samples nerdiég in t
first culling those destined to give poor results. This was not thetbasefore the testing was

of no predictive value.

If the reliability of the technique is governed by notch dimension and quality, a masadhor

study would be needed to determine the notch dimensions and even where it should be placed.
The technique may ultimately be of valueurther testing using statistically significant numbers

of samples would be useful in making a final determination about the potential fockmngjtee.
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4. Conclusions and Recommendations

4.1 Conclusions

An organometallic conversion type coating systewgstigatecat EWIfor use in high pressure
liquid water systemsvas useful in retarding the effedkcorrosion on fatigue rail life. However,
it did not prevent corrosion in the presence of saltwater or condensing hurdidiommercially
available inorganic conversion coating (EonCoat®) was effective in preventigioor in
saltwater environmest It enabledextended fatigue life, even on damagedsabjected to
aggressive corrosive environmeraad gave performana@milar to that for undamaged,
uncorrodedail.

In this work, it was found that the interactions between rail damage, ivereitack, and overall

rail fatigue life can be examined by methodical application of traditionaldount fatigue testing
using manageable sample sizd$e influences of corrosion and damage in the presence of
fatigue stress are believed to be selplarbased othis limited testing.The presence of damage
alone reducerail fatigue life by as much as one order of magnitude. Added corrosion attack
reduced fatigue life by as much as an additional order of magnitude. The combacésiaaffrail

life of damage, corrosion, and fatigue can be severe. Use of corrosion protection systesas, appli
to the base of the rail flange, can extend rail fatigue life.

A resonant fatigue test method was adapted for use with 20-foot long rail segihests shavn
thatasymmetricabnd heavy cross sections could, in fact, be induced intosalfation,
developingapproximately60—80 ksi peak stress. In this work, the method was not found to be
predictive regarding fatigue life for damaged, corroded rail, with or withoubgion protection.
However, railwastaken to failure by this method, suggesting a more advanced test methodology
might be useful for screening rail fatigue phenomena.

4.2 Recommendations for Future Work

This program was initiated irrsponse to the specific issue of track damage and derailment
resulting from corrosive underside attdokhe rail The intent of the program has always been to
proceed to on-track evaluation of the potential anti-corrosion systaerefore, anonitoredfield

trial of the EonCoat® system is highly recommended. A substantive test should invelice f
seven select trial installations representing different levels of potentiabmrrattackbased on
track location and traffic load

Further, théour-point fatigue data gathered, while indicative of the potential for success, is
minimal. Now that a preliminary recommendation has been achieved, continued four-point load
fatigue testing involving a more statistically significant sample populationdbewndertaken,
focusing on the EonCoat® system as the protective matditéd. testing would include

continued use of corrosion exposure. Further attention must be paid to the dimensions and
machining accuracy of the notchdsssentidly, this wouldreplicate Task andTask3 with a

larger population of samples, arriving at an attiress range v&us number of cycle$S(N) plot

for each condition.

Finally, it is still believed that the resonant fatigue testing method has the potengal todt
effective test tool.First, the methodology should be improved to be consistently predictive of
fatigue behavior within a givesampleset featuring different kinds of abudg@articularattention
should be paid to notch dimensions and placem@nte the methodology is internally self
consistent, a method should be found to correlate those results with those found in;tfoe field
example placing rail havingsimilar abusive history on fastick whichwould enable the resonant
fatigue method tbecome truly predictive.
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Appendix A.  Pictures of Corrosion Samples from Task 2

Fig. A-1. Week 1 PD after Salt Water Fig. A-2. Week 1 PD after Humidity
Fig. A-3. Week 2 — B after Salt Water Fig. A-4. Week 2 PD after Humidity
Fig. A-5. Week 3 —PD after Salt Water Fig. A-6. Week 3 PD after Humidity
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Fig. A-7. Week 1 — ALL after Salt Water Fig. A-8. Week 1 -ALL after Humidity

Fig. A-9. Week 2 -ALL afte r Salt Water Fig. A-10. Week 2 -ALL after Humidity

Fig. A-11.Week 3 — ALL after Salt Water Fig. A-12.Week 3 -ALL after Humidity
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Fig. A-13. Week 1 — EC after Salt Water Fig. A-14. Week 1 -EC after Humidity

Fig. A-15. Week 2 -EC after Salt Water Fig.A-16. Week 2 -EC after Humidity

Fig. A-17. Week 3 — EC after Salt Water Fig. A-18. Week 3 -EC after Humidity
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Fig. A-19 Week 1 — No Treat, Salt Water Fig. A-20. Week 1 — No Treat, Humidity

Fig. A-21 Week 2 -No Treat, Salt Water Fig. A-22. Week 2 — No Treat, Humidity

Fig. A-23. Week 3 — No Treat, Salt Water Fig. A-24. Week 3 — No Treat, Humidity
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Figure A-25. ALL after Cleaning

Figure A-26. PD after Cleaning
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Figure A-27. EonCoat® after Cleaning

Figure A-28. No Treatment, after Cleaning
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Appendix B.  Salt Fog Testing

Salt fog testindASTM B117) is a highly aggressive procedure for examining the relative
corrosion resistance of treatments on nset@teviously, EWI had prepared four 4x12-inch
sample plates of 1018 steel, treated with the BW threestep process and coated with PPG®
PSX-700 epoxysilicate paint. This is a highuild material which meets.8. Navy specification
for use inside ballast tanks. Two additiopkdtes were treated with EonCoat®ly by the

vendor.

This testing can performed in two waydl the plates are first completely coated, including the
edgesThe firsttest consists simply gfladng them in the test chamber fthre requested number

of exposure hours. The second method is to purposely scribe through the coating to get to bare
metal. In the first case, the absolute barrier protection of the coating cesuakyvexamined. In

the second case, the amount of developed rust and its undercutting of the metal underneath the
coating are examine@he second method enables a ranking based on how well the coating
protects the surrounding area from creeping damage once initial damédgkdmaglacef-or this
testing, both methods were us@me face was left coated and the other was scribed. The same
plates therefore allowed for a total of twelve exposure types: eight foMttheystem and four

for the EonCoat®.

Thepurposeor including this testing was to examine thaealhte corrosion protection ability of

the two systems, regardless of whether or not they were applied to raipéldikesl time

increments were 500 hours, 1,500 hours, 3,000 hours, and 5,000 hours for the EWI system with
PPG® PSX700. The EonCoat® samples were exposed for 500 and 5,000 hours. A pictorial
summary follows.

After 500 hours, the EWI sample showed attack on the scribed side (FigurevBitd)he
EonCoat® system shaavery little attack After 5,000-hour exposure (FigureBthe EWI
systen sustained significant damage with undercutting and blistesingreagshe EonCoat®
systemwas still holding up very well and offering good protection.
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Figure B-1. EWI (left) and EonCoat® (right) after 500 Hours, Scribed to Metal.

Figure B-2. EWI (left) and EonCoat® (right) after 5000 Hours, Scribed to Metal

After 5,000 hours, the back sides (Figure8)Bvereshowing delamination for the EWI system,
but therewasstill residual protection on the exposed metal. This suggests the EWI system as a
primer can continue to provide protection even if the top coat is dislodged, as long aséne pri
is intact (not scribed or damaged).
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The progression of front, scribed side attack on the EWI system is shown in Bigu@nce
the primer is destroyed, it does not function effectively. The back side for E@6loaivn at
500 hours and 5,000 hours in Figure B-5 shows the possible onset of progressive loss in
effectiveness. However, the overall protectappears to bguite good.

Figure B-3. EWI (left) and EonCoat® (right) after 5,000 Hours, Back Side
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Figure B-4. EWI, Scribed to Metal. L AR: 500, 1500, 3000, 5000 Hours

Figure B-5. EonCoat®, Back Side. LAR: 500, 1500 Hours
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Abbreviations and Acronyms

ALL
ASTM
EC
EDS
FAST
FRA
LIRR
PATH
PD
PDZ
PZ

SEM
TCRP/TTCI

EWI 3-step coating process, with post bake
American Society for Testing and Materials
EonCoat® ceramic coating

Elemental Xray Dispersive Analysis

Facility for Accelerated Service Testing
Federal Railroad Admistration

Long Island Rail Road

Port Authority Trans-Hudson

EWI 2-step coating process

EWI 3-step coating process, without post bake

EWI 2-step process, not having the di-phenolic conversion,
with post bake

Scanning Electron Microscopy

Transit Cooperative Research Pragfdransportation
Technology Center, Inc.
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Abstract The papemwill discusshow ChevrorlJ.S.A. hasbeensuccessfuln using EonCo&tto prevent
atmospheric corrosion and usinghigh temperatureversionof the coatingto prevent corrosion under
insulation (CUI). Chevron’sBenjamin ChalonerGill, Ph.D., SenioAdvisor, Materials and Corrosion,
R&D, is the senior author of thgaperandwill deliver the lectureat EUROCORR2018. The resulting
alloy forms a magnesiumiron phosphatealloy layer to preventatmospheric oxygen arndoisturefrom
reachinghe substrate.

Third partylaboratorytesting(carriedoutat CharterCoatingService(2000) Ltd.) andield-testresultswill
be presentedo the audience Commercialusecasehistorywill be sharedwith the presentatiorof a case
study involving Chevron’s usaf the technologyat their refineryin Pascagoulaylississippi,USA.

Usage detail will be revealed,including surface preparation(ISO Sa 2), and the coating’s unique
characteristi¢hatallow for the coatingo be appliedoveraflashrustedsurface

Keywords:Chevron;corrosionprotection;refinerybestpractice;CUI; corrosion undeinsulation



Introduction

In arecentpaperdeliveredto the Societyof PetroleumEngineersn AberdeenScotlandon 18
June 201§SPE- 190893 -MS), thechemistryof EonCoatwasfully explained. In short,when
EonCoatchemically reactswith carbon steel, a protectivepassivatedayer over theiron is
produced. This protectivelayer hastwo importantattributesthat are very attractive— (1) it is
insolubleand (2) it is chemically bondedto the substrate By understanding thehemistry of
EonCoatandthesefeaturesthis nontraditional(i.e., inorganic)coatingsystemcanbeutilized in
the protectivecoatingrealm.

Chemistry of EonCoat

EonCoatis a two-component waterbornspray system.Part A is basedon potassium
monophosphat&KH-PQs, andPartB containamagnesiunhydroxide,Mg(OH).. Minor amounts
of proprietary componentgeaddedo theformulationto control therateof thereactionrheology
of the system stability (shelflife) of the produceand some other propertieéfter spraying,the
coatingsetsin minutesby acid-basereaction:

KH2PQ; + Mg(OH)2 +4 H.O : MgKPOs-6 H20O Q)

The productthat forms in reaction(1) is a solid materialwith appearanceand mechanical
propertieshatresemblehose oftraditionalceramics.

As EonCoatis sprayappliedonto carbonsteel,theacidin EonCoat converts the tdayer of
steelinto iron phosphate and/@on magnesiunphosphatsothatthesteelcanno longercorrode.
Passivatiodayerformationreactiontentativelycanberepresentedly the following equations:

Fe+2 HPQy : Fe(HPQu)2 + Hz (2)
Fe+ 2KH2PQy + 2 HO : Fe(HPQy)2 +2 KOH + H; (3)
Fe+Fe(HtPQy)2 : 2FeHPQ + H; 4)
Fe+2FeHPQ : FePQy): + Hz ()

Sincethe aboveeactionsoccurin the presenceof a metal oxide/hydroxidethat is a major
component oPartB, the following reactionscanoccurat thesametime:

2 Fe(HbPQy)2 +Mg(OH)2 : 2FeMg s(PQy) + 2 HBPOy +2 H0 (6)

Thesecondmechanisnfor corrosion protectiors thecementitioudayer. Thisresultsfrom the
reaction(1) betweenthe acid/acidicsalt and the metal oxide. This cementitioudayer which is
basedon a binderMgKPO4 8 H,O which is a spatially solublemetal phosphatavith solubility
product constarKSP= A2 Thecementitiousayerworksasa phosphateeservoirproviding
phosphate iont thesteelsurfacefor the wholelifetime of thecoating.



In essencelzonCoat work$y passivatinghe surfaceof the substrateoit cannolongerreact
with corrosive substecessuchasoxygenandmoisture.Unlike paint, EonCoatchemicallybonds
to thesurfaceof thesteel. And unlike paintjt is not abarriercoating.

Testing of The Technology

To fully understandhis coatingsystem,a thoroughinvestigationhasbeenundetaken. Testing
hasbeenconductedboth in the field and at a third-party laboratoryover a threeyear period.
Throughthis testing,we havelearnedhow to use EonCoaas a coatingsystemin two different
regimes. The two regimesthat havebeen testedare atmospheric corrosion below 106G and
corrosion undeilinsulation (CUI) both at low temperature(less than 100 °C) and at higher
temperature@upto 350°C). Givenour understanding of how EonCaeabrks,this coatingsystem
hasbeenutilized asa protectivecoatingat our facilities, in bothapplications.

To gainafull understanding of EonCoas a protectivecoatingsystem,atmosphericorrosion
testirg hasbeenconductedn the following environmentssaltfog testing(ASTM B117),cyclic
corrosiontesting(ASTM 5894),andCUI testing(NACE 2014,Paper4193. Furthermoretesting
alsoincluded variousurfacepreparation$a2 %2 |[SSPCSP10,Sa2 |[SSPCSP6,SSPCSP7 and
SSPCSP5. A third variablewasalsoincludedin the surfacepreparatiorexperimentaimatrix,
solublesalts. While this testmatrix could be gpaperin itself, the resultsof thetestingwill be
simplified for brevity.

Thelongterm laboratorytestresultsrevealedhatthepreferredsurfacepreparations Sa2 |SSPC
SP 6. The laboratorytestresultswere consistentwith field-testing. Field testingconsistedof
coatingvery large panels(5 feet x 7 feet) with EonCoatwith the \arioussurfacepreparations.
Panelswere placedat two different geographic locations the United States— Pascagoula,
Mississippi and Richmond, California. While these two locations differ greatly in both
temperatur@andhumidity, the performanceeallts werethesame. Saltlevelsmadeno difference
in performance. Whether the steel was contaminatedwith salt or the steel was clean, no
performancaifferencewasobserved.

Both of these conclusions havemajor implications in understanding theost of EonCoat
application. Additionally, as was detailed at the SPE conference,Florida International
University’s Departmentof Mechanicaland Materials Engineeringconductedextensivecyclic
polarizationstudies(Refeence — Unpubliseddata?)that reachedhe sameconclusion. Internal
EonCoattest data, reviewedby Chevron,also resultedin the samefindings. EonCoatcan be
appliedon aflashrustedor rustedsurface. Theseresults,a simplified surfacepreparatiorand
beingableto coatover arustedsurfacewill lower theoverallcostof applicationwhencompared
with a standardthreecoatsystem. EonCoatprojecs this coatingsystemto last 30+ yearsin
atmospheriservice.With alowertotal costof applicationandasimplersurfacepreparatiorprior
to coating,EonCoat provides aaitractivesolutionthatfacility operatorsareseeking.



Currentcoatingproductdn themarketplacefor CUI provide a veryvide temperatureange. CUI
occursdueto damageo the coatingsystem. If the coatingis damagedandinsulated then CUI
becomes verycostlyinspectiorandmaintenanceroblem. Whendamagéo thecoatingsystem
occurs,the damagés notintentional. But it leavesbehindan asseintegrity problem. What if
the tableswereturned? Whatif mechanicalntegrity is built into the protectionlayer? What if
this layer is not susceptibléo mechanicaldamage? If so, the solution would provide large
number ofbenefits. Firstandforemost,thefailure modehaschanged.It would no longer be the
coatingfailure leadingto a corrosionand inspection problem.This is the secondattribute of
EonQoat,themechanicaintegrity of theprotectivelayer,which changeshe gamefor CUI.

To testthe mechanicaintegrity of EonCoatpanelswere intentionally damaged. Damagewas
inflicted in a number oflifferentways— (i) Impactdamagewith aball being dropped on thganel,
(i) Thepanelwasdroppedrom a height of 3-4netersonto thecement(iii) A sawbladewasused
to makea cut like markin the protectivdayer (but not cut through thesteelitself), (iv) Various
hardnesstests (designedto inflict mechanicaldamage)were done on thepanel,and (v) A
mechanicapolisherwasusedin someareas.In the mostextremecase one of thegpanelsvasbent
at a 90 angle. This bend did bringnew steelto the surface. Figure 1 shows theanelsafter
damageandbeforeB117 exposure.

Figure 1 — EonCoat paneisith intentional mechanical damage.



Thenthepanelsveresubjectedo ASTM B117 conditions; théguresshow the duratiotime for

thepanels.In the pictures belowye show thganelseforeB117 testingandthenafter335 hours
(Figure2) andafter 1,870 hourgFigure3). In all casesthereis notrustin theareaswvherethe

panelswereintentionallydamagedasidefrom the 90 bendin the panel. Again, thepanelsshow
nosignof rust. Organiccoatingwould havedailedto control the corrosiom theseconditions.

Figure 2 — EonCoat paneisith intentional damagafter 335 hours of B11éxposure.

Figure 3 — EonCoat paneisith intentional damagatfter 1,870 hours of B11&xposure.



Wherenewsteelis exposedthatsectionof thepanelrusted asexpectedBut notice on the portion
of the panelthat was bent —at the edgeof the EonCoatthereis no rust along theentireline.
Meaning,whenthe EonCoaforms a chemicalbondwith the surfaceof the steel,the protective
layeris formed. Whenthis occurs themechanicalntegrity is maintained(It should be notethat
in thefield, if asectionof tank or pipeincurredmechanicalamageassevereasa 90 bend,that
steelwould betakenout ofserviceasit would bepermanentlydeformed.)

Field-testingof EonCoain CUI conditions continueskigure4 (below)showscrosscutadhesion
into thecoating. The crosseut adhesiorwasperformedin February2018andthenre-examined
in June 2018, 4 monthater. The picturein Figure4 shows therosscutandsubsequenemoval
of adjacenphosphateeramic This picturewastakenin June 201&fterthe pipehadbeenplaced
backin service. Thepipeservicejnsulatedwith blanketsjs runningattemperaturesangingfrom
120to 138°C.

Figure 4 —Crosscut adhesion of EonCoat — June 204f8r 4 months of being insulated aimd
service.

Like theintentionallydamageganelsabove,again, the EonCoat shows nst. Organic
coating would have begut® show corrosion.



Conclusion

Throughyearsof extensivelab andfield tests,EonCoatis proving to be an effective anti
corrosioncoatingtechnology. In 2018, EonCoatvasincorporatednto the ChevronEngineering
Standards.
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In general, the larger
the area of the
hysteresis loop, the

reater the
susceptibility to pitting
corrosion.
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