Raven 405

DESCRIPTION
Raven® 405 is a solvent-free 100% solids, ultra high build
epoxy coating formulated with exceptionally high physical
strengths and broad range chemical resistance. 405 exhibits
superior bond to concrete, steel, masonry, fiberglass and
other surfaces. Designed for operating temperatures up to
200°F, 405’s unique ultra high-build ability allows it to be
spray applied on vertical and overhead surfaces. The surface
tolerance and high physical strengths of 405 allow it to be
designed as a structural lining in manholes, pipelines, tanks
and other deteriorated structures.

TYPICAL USES
Surfaces where rehabilitation of an existing structure requires
enhancement of the structural integrity and where exposure
to concentrated acids and caustics may be expected,

including:

* Tunnels and pipelines * Clarifiers
* Digesters e Tanks

* Secondary containment » Manholes

» Wastewater facilities * Floors and walls
COLOR
The Part A Resin is white; the Part B Curing Agent is blue.
When mixed the product is light blue. Limited special colors
are available on request.

SOLIDS BY VOLUME
100% solids by volume
Volatile Organic Compounds: 0.0 pounds per gallon

FILM THICKNESS
Raven 405 is a 100% solids epoxy with zero shrinkage. Wet
film thickness and dry film thickness are the same (i.e. 5 mils
WFT = 5 mils DFT). Depending on substrate type and
profile, a maximum of 200 mils per coat is recommended to
prevent sagging. Recommended thickness will vary from 40
- 250 mils+ based on service conditions.

COVERAGE
Theoretical coverage is 40 square feet per gallon at 40 mils
wet film thickness. Actual surface coverage will depend on
substrate porosity and roughness. Good painting practices
suggest application of two coats for quality assurance. A wet
film thickness gauge may be used to determine actual coating
coverage.

APPLICATION
Apply with brush, roller, airless or air-assisted spray or other
suitable method. Optimal proportioning and mixing is
achieved with the use of an RLS approved plural component

airless spray system. For best results, apply this product to
concrete when its temperature is stable or falling.

THINNING
Do not thin with solvents. If lower viscosity is needed, heat
unmixed material by placing the containers in hot tap water
until the desired flow properties are obtained. To heat larger
quantities, drum heaters or inline heaters on specialized spray
equipment may be used. Unmixed material should not be
heated above 150°F.

COMPONENTS AND MIX RATIO
Part A Resin:Part B Curing Agent mix ratio is 3:1 by volume.

HAND MIXING
Individually mix both Part A and Part B containers prior to
measuring out 3 parts of Part A to 1 part of Part B by volume
into a clean disposable pail. Completely mix combined A &
B for a minimum of one minute before transferring contents
to a clean pail. Continue mixing at least another minute,
scraping the sides and bottom, to obtain a thorough mix
before application. Properly mixed material will be a uniform
color without light or dark spots.

CLEAN UP
To clean tools, use acetone, MEK or xylene. To clean skin,
wash immediately and thoroughly with soap and water. Refer
to the Material Safety Data Sheet for additional information
on health and safety.

POT LIFE
The pot life is 20 minutes for one gallon at 72°F. The
working life varies depending on the amount and temperature
of epoxy mixed and the ambient temperature.

CURE TIME
Thin film set time varies with substrate temperature and
application thickness. Generally, the coating will be tack-free
in 3 % hours at 72°F and dry-hard in about 5 hours.

RECOAT TIME
This product may be recoated as soon as it becomes tacky
but does not transfer to the finger. When applying multiple
coats, do not allow more than 18 hours at 72°F substrate
temperature to pass between coats, higher temperatures will
shorten this window. Before recoating; inspect, clean and dry
surface thoroughly to remove all contamination, including
amine blush or condensation. If the recoat time is missed,
clean and abrade surfaces prior to recoating.
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SUBSTRATE TEMPERATURE
Minimum recommended substrate temperature: 40°F
Maximum recommended substrate temperature: 120°F

TEMPERATURE RESISTANCE
Maximum recommended dry temperature: 200°F. Wet
temperature resistance depends on chemical concentration
and exposure time.

SURFACE PREPARATION
Prior to coating, the substrate must be prepared in a manner
that provides a uniform, clean, sound, neutralized surface
suitable for the specified coating. The substrate must be free
of all contaminants, such as oil, grease, rust, scale or
deposits. In general, coating performance is proportional to
the degree of surface preparation.

STEEL surfaces may require “Solvent Cleaning” (SSPC-SP
1) to remove oil, grease and other soluble contaminants.
Chemical contaminants may be removed according to SSPC-
SP 12/NACE No. 5. Identification of the contaminants along
with their concentrations may be obtained from laboratory
and field tests as described in SSPC-TU 4 “Field Methods
for Retrieval and Analysis of Soluble Salts on Substrates”.
Surfaces to be coated should then be prepared according to
SSPC-SP 5/NACE No.1 “White Blast Cleaning” for
immersion service or SSPC-SP 10/NACE No. 2 “Near White
Blast Cleaning” for all other service. In certain situations, an
alternate procedure may be to use high (>5,000 psi) or
ultrahigh (>10,000 psi) pressure water cleaning or water
cleaning with sand injection and an approved rust inhibitor.
The resulting anchor profile shall be 2.5-5.0 mils and be
relative to the coating thickness specified.

CONCRETE AND MASONRY surfaces must be sound
and contaminant-free with a surface profile equivalent to a
CSP2 to CSP5 in accordance with ICRI Technical Guideline
No. 03732. This can generally be achieved by abrasive
blasting, shot blasting, high pressure water cleaning, water
jetting, or a combination of methods. Concrete exhibiting a
moisture vapor emission rate greater than 3 Ibs/1,000 ft%/24
hours, when tested according to ASTM F 1869, shall be
primed with Raven 155 as recommended by RLS Solutions.

AVAILABLE PACKAGES
Available in 5 gallon pails (20 gallon kit), 30 gallon drums
(120 gallon kit) and 55 gallon drums (220 gallon kit). Kits
are supplied in the correct proportions of A & B; these two
components must be mixed together before use. Raven 405 is
available through Raven Certified Applicators.

SHELF LIFE AND STORAGE
Product shelf life is 1 year from purchase date in sealed,
unmixed containers, stored in a sheltered area between 60°F
and 80°F (15°C and 27°C).

SAFETY
Consult the Material Safety Data Sheet for this product
concerning health and safety information before using.
Strictly follow all notices on the Material Safety Data Sheet
and container label. If you do not fully understand the notices
and procedures provided on the MSDS or if you cannot
strictly comply with them, do not use this product. Actual
safety measures are dependent on application methods and
work environment. Contact RLS to obtain a copy of the
Material Safety Data Sheet at 800-324-2810.

PERFORMANCE TESTING
DESCRIPTION METHOD RESULT
Tensile Strength ASTM D 638 7,600 psi
Tensile Ultimate Elongation ASTM D 638 1.5%
Compressive Strength ASTM D 695 18,000 psi
Flexural Strength ASTM D 790 13,000 psi
Hardness, Shore D ASTM D 2240 88
Taber Abrasion, CS-17 wheel ASTM D 4060, 1 kg load/1,000 cycles <112 mg loss
Adhesion, Concrete ASTM D 4541 Substrate Failure

Warranty and Disclaimer: RLS Solutions Inc. warrants its products to be free of manufacturing defects and that they will meet RLS Solutions Inc. current
published physical properties when applied in accordance with RLS Solutions Inc. directions and tested in accordance with ASTM and RLS Solutions Inc.
standards. If, within one year from purchase, any product does not meet the physical properties or is defective in manufacture, RLS Solutions Inc., at its sole
option, will either replace the defective product or refund the purchase price. This warranty is void if the product is used contrary to RLS Solutions Inc. written
directions.

THE AFORESAID IS THE EXCLUSIVE WARRANTY AND IS IN LIEU OF ALL OTHER WARRANTIES, EXPRESS OR
IMPLIED. THERE IS NO WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE. UNDER
NO CIRCUMSTANCES SHALL RLS SOLUTIONS INC. BE LIABLE FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES
OR FOR LOST PROFITS. NO ACTION AGAINST RLS SOLUTIONS INC. MAY BE COMMENCED MORE THAN ONE YEAR
AFTER THE CLAIM ARISES.

www.rlssolutions.com
800-324-2810 e Email: contact@rlssolutions.com

March 2009
©2009 RLS Solutions Inc.

a COHESRANT wmpany



MATERIAL SAFETY DATA SHEET

Trade Name: Raven 405 - Part A

SECTION I: COMPANY INFORMATION

Company: RLS Emergency Telephone #:  800-424-9300
13105 East 61°% Street South, Suite A Chemtrec
Broken Arrow, OK 74012

Revision Date: 10/10/07 Information Telephone #: 918-615-0020
800-324-2810

SECTION II: INGREDIENT INFORMATION

INGREDIENT CAS NUMBER PERCENT PEL TLV
Epoxy Resin 25085-99-8 > 70% N/E N/E
Silica, Amorphous, Fumed, Crystalline-free 67762-90-7 0-5% *6 mg/m® *3 mg/m®

N/E indicates “not established”

SARA Title 1, Section 313 ingredients: None All ingredients are TSCA inventory listed.

*Note: The PEL and TLV for this ingredient are the TWA for respirable dust levels only. In this product, it is pre-dispersed
and not available as a dust. Therefore, under normal use conditions it is not considered a hazard.

SECTION lll: PHYSICAL DATA

Boiling Point: > 200 deg F Specific Gravity: 1.4

Vapor Pressure: Not determined Melting Point: Not determined
Vapor Density: Not determined Evaporation Rate: Not determined
Solubility in Water: Negligible % Volatile by Volume: <1%

Appearance and Odor: White liquid with heavy paint consistency - mild epoxy odor

SECTION IV: FIRE & EXPLOSION HAZARD DATA

Flash Point: >200 deg F, PMCC Method OSHA/NFPA Fire Hazard Classification: Class Ill B
Extinguishing Media: Foam, CO,, Dry Chemical, Water Spray LFL: Not determined UFL: Not determined
Special Fire Fighting Procedures: The use of self-contained breathing apparatus is recommended for firefighters. Water
may be helpful in keeping adjacent containers cool. Avoid spreading burning liquids with water used for cooling purposes.
Unusual Fire and Explosion Hazards: Keep work areas free of hot metal surfaces and other source of ignition.

NFPA classification: Health: 2 Flammability: 1 Reactivity: 0

SECTION V: REACTIVITY DATA

Stability: Stable, will react with amines.

Incompatibility: Strong acids and bases, selected amines and oxidizing agents.

Hazardous Decomposition or Byproducts: Thermal decomposition in the presence of air may yield carbon monoxide,
carbon dioxide, phenolics, acids, aldehydes and other unidentified toxic and/or irritating compounds.

Hazardous Polymerization: Will not occur.

Raven 405 — Part A



SECTION VI: HEALTH HAZARD DATA

Primary Routes of Entry:
EYES: May cause moderate eye irritation. Corneal injury is possible.
SKIN: May cause allergic skin reaction in susceptible individuals. Prolonged exposure likely to cause skin irritation.
Repeated exposure may cause skin irritation. A single prolonged exposure is not likely to result in the material being
absorbed through skin in harmful amounts.
INHALATION: Vapors are unlikely due to physical properties.
INGESTION: Moderately toxic, may be harmful if swallowed. No hazards anticipated from ingestion incidental to
industrial exposure.
SYSTEMIC and OTHER EFFECTS: Except for skin sensitization, repeated exposures to low molecular weight epoxy
resins of this type are not anticipated to cause any significant adverse effects.

Carcinogenicity: Contains no ingredient listed as a potential carcinogen or as a carcinogen per OSHA, ACGIH, NTP or
IARC at concentrations equal to or greater than 0.1%.

Emergency and First Aid Procedures:
EYES: Flush with large quantities of water for at least 15 minutes. Consult a physician.
SKIN: Wash thoroughly with soap and flowing water. Remove and wash contaminated clothing before reuse.
INHALATION: Remove to fresh air if effects occur. Consult a physician.
INGESTION: Seek immediate medical attention. Do not induce vomiting unless directed to do so by a physician.

SECTION VII: PRECAUTIONS FOR SAFE HANDLING AND USE

Steps to Be Taken in Case Material is Released or Spilled: Keep sources of ignition and hot metal surfaces isolated
from the spill. Material may flow slowly. Scrape into containers for disposal.

Waste Disposal Methods: Dispose of according to all local, state and federal regulations.

Precautions to Be Taken in Handling and Storing: Keep containers closed when not in use. Avoid prolonged or
repeated contact with skin. Do not handle or store near flame, heat or strong oxidants. Do not store in direct sunlight.
Avoid prolonged storage above 38 deg C (100 deg F).

SECTION VIII: CONTROL MEASURES

RESPIRATORY: Respiratory protection should not be needed. If exposure may or does exceed occupational exposure
limits, respiratory irritation is experienced, or during spray application, use a properly fitted MSHA/NIOSH approved
respirator fitted with organic vapor cartridges. In addition, spray application may require the use of paint pre-filters. If
sanding or grinding on cured material, use above respirator fitted with HEPA filters or a dust mask.

VENTILATION: General mechanical ventilation is sufficient for most conditions. Local exhaust ventilation may be
necessary for some operations.

EYES: Use chemical safety glasses, splash-proof eye goggles or goggles with full faceshield.

CLOTHING/GLOVES: Use nitrile or other impermeable chemical resistant gloves to prevent skin irritation. If potential for
skin contact is present, wear impervious, long-sleeved, body covering clothing and rubber boots.

OTHER PROTECTIVE EQUIPMENT: The availability of eye washes and safety showers in work areas is recommended.

SECTION IX: TRANSPORT DATA

Proper Shipping Name: Not regulated

Hazard Class: Not regulated by D.O.T. regulations
Identification Number: None

Packing Group: None

SECTION X: DISCLAIMER

RLS MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO ANY INFORMATION PRESENTED
HEREIN, ALL OF WHICH IS PROVIDED “AS IS”. TO THE MAXIMUM EXTENT PERMITTED BY LAW, RLS
EXPRESSLY EXCLUDES ALL WARRANTIES, OBLIGATIONS, REPRESENTATIONS, LIABILITIES, TERMS AND
CONDITIONS (WHETHER THEY ARE EXPRESS OR IMPLIED, OR ARISE IN CONTRACT, STATUTE, OR
OTHERWISE, AND IRRESPECTIVE OF THE NEGLIGENCE OF RLS, ITS EMPLOYEES OR AGENTS) IN
CONNECTION WITH THE INFORMATION PRESENTED HEREIN. RLS MAKES NO REPRESENTATIONS OR
WARRANTIES AS TO MERCHANTABILITY, FITNESS FOR PURPOSE, NONINFRINGEMENT OR CONFORMITY
WITH DESCRIPTION OR SAMPLE.

Raven 405 — Part A



MATERIAL SAFETY DATA SHEET

Trade Name: Raven 405 - Part B

SECTION I: COMPANY INFORMATION

Company: RLS Emergency Telephone #:  800-424-9300
13105 East 61°% Street South, Suite A Chemtrec
Broken Arrow, OK 74012

Revision Date: 4/29/08 Information Telephone #: 918-615-0020
800-324-2810

SECTION II: INGREDIENT INFORMATION

INGREDIENT CAS NUMBER PERCENT PEL TLV
Aliphatic Amine 1477-55-0 20 - 30% N/E 0.1 mg/m® skin
Alkylphenol 84852-15-3 15 - 20% N/E N/E
Polyoxypropylene Diamine trade secret 7-12% N/E N/E

Silica, Amorphous, Fumed, Crystalline-free 67762-90-7 7-12% *6 mg/m?® *3 mg/m®
Isophorone Diamine 2855-13-2 5-10% N/E N/E
Diethylenetriamine 111-40-0 5-10% 4 mg/m® 1 ppm TWA
4,4’-Methylenebiscyclohexanamine 1761-71-3 1-5% N/E N/E

Mixed Cycloaliphatic Amines trade secret 1-5% N/E N/E
2,2-bis(4-hydroxyphenyl)propane 80-05-7 0-5% N/E N/E

Phenol 108-95-2 1-3% 5 ppm (skin) 5 ppm (skin)
N/E indicates “not established”

SARA Title 1ll, Section 313 ingredients: 2,2-bis(4-hydroxyphenyl)propane All ingredients are TSCA inventory
listed.

*Note: The PEL and TLV for this ingredient are the TWA for respirable dust levels only. In this product, it is pre-dispersed
and not available as a dust. Therefore, under normal use conditions it is not considered a hazard.

SECTION lll: PHYSICAL DATA

Boiling Point: > 200 deg F Specific Gravity: 1.1

Vapor Pressure: Not determined Melting Point: Not determined
Vapor Density: Not determined Evaporation Rate: Not determined
Solubility in Water: Negligible % Volatile by Volume: <1%

Appearance and Odor: Gel consistency with characteristic ammonia odor

SECTION IV: FIRE & EXPLOSION HAZARD DATA

Flash Point: >200 deg F, Setaflash Method OSHA/NFPA Fire Hazard Classification: Class Ill B
Extinguishing Media: Foam, CO,, Dry Chemical, Water Spray LFL: Not determined UFL: Not determined
Special Fire Fighting Procedures: The use of self-contained breathing apparatus is recommended for firefighters.
Water may be helpful in keeping adjacent containers cool.

Unusual Fire and Explosion Hazards: Keep work areas free of hot metal surfaces and other source of ignition. Sudden
reaction and fire may result if product is mixed with an oxidizing agent.

NFPA classification: Health: 3 Flammability: 1 Reactivity: 0

SECTION V: REACTIVITY DATA

Stability: Stable

Incompatibility: Strong acids and bases, selected epoxy resins and strong oxidizing agents.

Hazardous Decomposition or Byproducts: Thermal decomposition in the presence of air may yield carbon monoxide,
carbon dioxide, ammonia, aldehydes, ketones, nitrogen oxides and other unidentified toxic and/or irritating compounds.
Hazardous Polymerization: Will not occur.
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SECTION VI: HEALTH HAZARD DATA

Primary Routes of Entry:
EYES: Severe eye irritant. May cause burns. Vapors may be irritating.
SKIN: Severe skin irritant. May cause injury to skin following prolonged or repeated contact. Repeated
exposure may cause sensitization of the individual.
INHALATION: Vapors/mists may be corrosive to the upper respiratory tract. Repeated or prolonged exposure
can result in lung damage. May cause respiratory tract sensitization and/or irritation of mucous membranes.
INGESTION: Not expected to be a relevant route of exposure. However, the material is corrosive and may
cause permanent damage to the mouth, throat and stomach.
SYSTEMIC and OTHER EFFECTS: Product can be alkaline, corrosive and irritating to skin, ears, eyes and
mucous membranes. Aliphatic amines can cause changes in the lungs, liver, kidneys and heart. May cause
injury upon prolonged contact and repeated contact.

Carcinogenicity: Contains no ingredient listed as a potential carcinogen or as a carcinogen per OSHA, ACGIH, NTP or
IARC at concentrations equal to or greater than 0.1%.

Emergency and First Aid Procedures:
EYES: Flush with large quantities of water for at least 15 minutes. Seek immediate medical attention.
SKIN: Wash immediately with soap and water. If irritation or sensitization occurs, remove individual from further
contact with material. Remove and wash contaminated clothing before reuse.
INHALATION: Remove to fresh air if effects occur. Consult a physician.
INGESTION: If this product is swallowed, administer one glass of water. Do not induce vomiting. Seek medical
attention immediately.

SECTION VII: PRECAUTIONS FOR SAFE HANDLING AND USE

Steps to Be Taken in Case Material is Released or Spilled: Keep sources of ignition and hot metal surfaces isolated
from the spill. Material may flow slowly. Scrape into containers for disposal.

Waste Disposal Methods: Dispose of according to all local, state and federal regulations.

Precautions to Be Taken in Handling and Storing: Keep containers closed when not in use. Avoid breathing vapors
and prolonged or repeated contact with skin. Do not handle or store near flame, heat or strong oxidants. Do not store in
direct sunlight. Avoid prolonged storage above 38 deg C (100 deg F).

SECTION VIII: CONTROL MEASURES

RESPIRATORY: Respiratory protection should not be needed. If exposure may or does exceed occupational exposure
limits, respiratory irritation is experienced, or during spray application, use a properly fitted MSHA/NIOSH approved
respirator fitted with ammonia & methylamine cartridges. In addition, spray application may require the use of paint pre-
filters. If sanding or grinding on cured material, use above respirator fitted with HEPA filters or a dust mask.
VENTILATION: General mechanical ventilation is sufficient for most conditions. Local exhaust ventilation may be
necessary for some operations.

EYES: Use chemical safety glasses, splash-proof eye goggles or goggles with full faceshield.

CLOTHING/GLOVES: Use nitrile or other chemical resistant gloves. Wear clean, long-sleeved, body covering clothing
and rubber boots.

OTHER PROTECTIVE EQUIPMENT: The availability of eye washes and safety showers in work areas is recommended.

SECTION IX: TRANSPORT DATA

Proper Shipping Name: Amines, liquid, corrosive, N.O.S. (aliphatic amines)
Hazard Class: Corrosive Material - 8

Identification Number: UN 2735

Packing Group: Il

SECTION X: DISCLAIMER

RLS MAKES NO REPRESENTATIONS OR WARRANTIES WITH RESPECT TO ANY INFORMATION PRESENTED
HEREIN, ALL OF WHICH IS PROVIDED “AS IS”. TO THE MAXIMUM EXTENT PERMITTED BY LAW, RLS
EXPRESSLY EXCLUDES ALL WARRANTIES, OBLIGATIONS, REPRESENTATIONS, LIABILITIES, TERMS AND
CONDITIONS (WHETHER THEY ARE EXPRESS OR IMPLIED, OR ARISE IN CONTRACT, STATUTE, OR
OTHERWISE, AND IRRESPECTIVE OF THE NEGLIGENCE OF RLS, ITS EMPLOYEES OR AGENTS) IN
CONNECTION WITH THE INFORMATION PRESENTED HEREIN. RLS MAKES NO REPRESENTATIONS OR
WARRANTIES AS TO MERCHANTABILITY, FITNESS FOR PURPOSE, NONINFRINGEMENT OR CONFORMITY
WITH DESCRIPTION OR SAMPLE.
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Raven 405 Third Party Testing, Evaluations
and Municipal Approvals

Third Party Physical Property and Chemical Resistance Testing

Attached documentation of physical property and coating performance testing from
accredited, independent testing laboratories:

Weldon Laboratories, Imperial, PA, Sherry Laboratories, Tulsa, OK, Charter Coating Service
Ltd., Calgary, Alberta, KTA-Tator, Inc., Pittsburgh, PA

Municipal Product Evaluations

County Sanitation Districts of Los Angeles County; Evaluation of Protective Coatings for
Concrete a.k.a “The Redner Report”, 2004 Final Report (Successful pass as Coating System
C-69 at 60 mils)

CIGMAT/UH 98-3 Greater Houston Wastewater Program, City of Houston; Evaluating
Raven Lining Systems Product for Coating Wastewater Concrete and Clay Brick Facilities in
the City of Houston, May 1993 (Successful pass of application, hydrostatic and chemical
exposure testing)

City of Los Angeles; SSPWC Section 210-2.3.3 Chemical Resistance Test a.k.a. “Pickle Jar
Test”, 2003 (Successful pass of chemical exposure and subsequent physical property testing)

City of Phoenix/Peoria; City of Phoenix/Peoria Supplement to Maricopa Association of
Governments Uniform Standard Specifications (MAG SPEC) Product Approval List, 2008

King County, WA, King County Wastewater Treatment Division Qualification Testing,
2006/2009

Municipal Approvals
City of Austin; City of Austin Water and Wastewater Utility Standards Committee Approval,
1992

Baton Rouge, LA; East Baton Rouge Parish Department of Public Works Approved Materials
List, 2008

County of Berkeley, SC; Berkeley County Water and Sanitation Approved List of Manhole
Liners

City of Dallas; Dallas Water Utilities Standard Technical Specification for Corrosion
Protection Epoxy Liners Approval, 2004

13105 East 61% Street, Suite A e Broken Arrow, OK 74012 e 800-324-2810 e www.ravenlining.com
© Raven Lining Systems 2010
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Raven 405 Municipal Approvals cont’d.
County of Clark, NV; Clark County Water Reclamation Materials Committee - Approved
Materials List, 2009

City of Escondido, CA; Escondido Utilities Approved Materials List — Manhole Lining, 2008

City of Goodyear, AZ; Public Works Department Approved Materials List for Wastewater
Collection, 2009

City of Henderson, NV; Department of Utility Services Approved Materials List — Manhole
Lining Systems, 2006

City of Houston; Product Approval Committee-Wastewater Subcommittee Approval, 2008

City of Loveland, CO; Water and Wastewater Development Standards Approved Materials
List — Manhole Linings, 2007

City of Mesa, AZ; Approved List of Wastewater Manhole Corrosion Protective Coating
Systems, 2009

City of Phoenix/Peoria; City of Phoenix/Peoria Supplement to Maricopa Association of
Governments Uniform Standard Specifications (MAG SPEC) Product Approval List, 2008

City of San Diego, CA; Metropolitan Wastewater Departments Approved Materials List —
Sewer Rehab Products, 2003

City of Virginia Beach; Department of Public Utilities, Engineering Division Product
Selection Committee Approval, 2009

Inclusion in Municipal Standard Specifications

Charleston, SC Laredo, TX Roswell, NM
Charlotte County, FL Marina Coast, CA San Antonio, TX
Chandler, AZ Nashville, TN Savannah, GA
Humble, TX Oklahoma City, OK Scottsdale, AZ
Daphne, AL Pearland, TX Tampa, FL
Fayetteville, AR Peoria, AZ Texas DOT, TX
Gainesville, FL Phoenix, AZ Thorton, CO
Knoxville, TN Pittsboro, NC Tulsa, OK
Lafayette, LA Port Orange, FL Whitehouse, TN
Lake Havasu, CA Queen Creek, AZ Yolo County, CA
Lakehaven, WA Rogers, AR Many others...

13105 East 61% Street, Suite A e Broken Arrow, OK 74012 e 800-324-2810 e www.ravenlining.com
© Raven Lining Systems 2010
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Non-Metallics SHERRY LABORATORIES

MIDSTATES Tel: (918) 664-7768
4825 E. 38th St. INDIANA @m;w@m a LOUISIANA Fax: (918) 664-5680
Tulsa, OK 74145 800-324-8378
LABORATORY REPORT

Attn: David Stanley Report No: 2000070105

Raven Lining Systems Date Received: 07/07/2000

1024 North Lansing Date Reported: 07/11/2000

Tulsa, OK 74106 P.O. No: P 312416

Description: Raven 405,

TABER ABRASION TEST REPORT

Test Method: ASTM D4060-95
Pre-test Conditioning: None
Type of Wheel: CS17
Load/Wheel:  1000g

Speed: 70 rpm

Test Duration: 1000 cycles
Test Results:

Panel No. Weiaht loss after 1.000 cvcles. ma Weight loss, %
1 78.8 016

Approved by
Director

Test results relate only to the items tested. This document shall not be reproduced, except in full, without the written approval of Sherry

Laboratories Midstates. The recording of false, fictitious, or fraudulent statements or entries on this document may be a punishable offense under
federal and state law.
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i Morkman Mill Road, Whittier, CA 20601-.1998
ng Address: P.O. Box 4998, Whiltier, CA 70607-4998 CHARLES W. CARRY
nane: (310) 699-7411, FAX: [310) 495-6413% Chief Enqinner ana Conaral Mancge-

February 22. 1994

Raven Chemicais’ Raven 405 epoxy coating system was evaluated [or its concrete protective
characteristics in the Districts Concrete Coating and Liner Testing facilities in Compton for
approximatcly onc year of acid service. The coating system was well bonded lo the concrete
substrate. No indication of corrosion to the lincr or the undcrlying concrete was observed.

As a result of this cvaluation, Raven Chemicals’ Raven 405 epoxy coating system will be
included as an alternative coating product in specilications that we prepare in the future for concrete
coating systcms. Inlormation contained in this letter is not for publication or advertisement. No
cndorsement is intended for this coating system. Prior written approval of the Sanitation Districts
is required for any advertiscment or promotion that involves this agency.

Thank you for your continued cooperation and interest in the Districts’ cvaluation program
for concrete coatings. If you have any questions or need additional information, please contact
Edward Esfandi at (310) 638-1161 ext. 222.

Very truly yours
Charles W. Carry

/( .32 L—_,/

Edward J. Estandi
Senior Engineer
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City oF Los ANGELES DEPARTHENT OF

BOARD OF PUBLIC WORKS
MEMBERS CALIFORNIA PUBLIC WORKS
— BUREAU OF
VALERIE LYNNE SHAW ENGINEERING
ELLENSTEIN. VITALY B. TROYAN, P.E.
WOOD CITY ENGINEER
PRESIDE,\AT PRO-TEMPORE
650 SOUTH SPRING ST., SUITE 200
AR MR YRAEGAVA LOS ANGELES, CA 90014-1811
RONALD LOW JAMES K. HAHN
MAYOR
IAMER ReTARY April 30, 2003

Joanne Hughes, Vice President
Raven Lining Systems

1024 North Lansing

Tulsa, Oklahoma 74106

Dear Ms. Hughes:
Re: CHEMICAL RESISTANCE TESTING OF RAVEN 405 EPOXY LINING

Attached is Lab No. 2003-514-91, dated April 10, 2003, showing the results of chemical resistance
testing for the above malntenance hole product. The I|n|ng system responded to chemical exposure

as follows:

Weight change: Excellent
Hardness change: Excellent

Tensile strength change: Excellent
Elongation: Satisfactory, with reactions to sulfuric acid, nitric acid, ferric chloride, detergent,

biological and bleach exposures and a notable reaction to sodium hydroxide and ammonium
hydroxide exposures.

The lining system is identified as follows:

Trade Name: Raven 405
Approved Use: Sanitary Sewer Maintenance Rehabilitation
Installation: SSPWC Section 500-2 as modified by City of Los Angeles Brownbook

Resin: Blue-colored solid epoxy

The overall summary is that this material passed SSFWC Section 210-2.3 Chemical Resistance
Test. To complete the evaluation process, a trail demonstration must be arranged where we may
observe and verify an installation of the system. If you have any questions, please call me at

(213)847-8776.

n Standards and Investigations Group
650 S. Spring Street, Suite 400
Los Angeles, California 90014-1913

2003-514-91)

EQUAL EMPLOYMENT OPPORTUNITY - AFFIRMATIVE ACTION EMPLOYER



Lab No: 2003-514-91

Raven Lining Systems

Raven 405 Blue
Project Title: Maintenance Shaft & Sewer Rehabilitation
Project Number: BD001748
Engineer: Hugh Lee
Source: Raven Lining Systems
Date Received: 10/16/2002

Specification:

Sulfuric Acid, 20%

Sodium Hvdroxide, 5%
Ammonium Hydroxide, 5%

Nitric Acid, 1%

Ferric Chloride, 1%

Soap, 0.1%

Deteraent, 0.1%

BOD, > 700ppm

Bleach, 1%

Sodium Hydroxide Buffer to PH 10

SSPWC 210-2.3.3, 1997
Description: Raven 405 Blue Epoxy Resin

0.2239
-0.0435
0.0231
0.0706
0.0382
0.0351
0.0222
0.0230
-0.0580
0.0203

0.3685
0.0532
0.1234
0.1708
0.1305
0.1289
0.1260
0.1314
-0.0988
0.1313

0.6617
0.1263
0.2410
0.3070
0.2120
0.2087
0.2322
0.2179
-0.3358
0.2182

0.6543
0.1700
0.2754
0.3531
0.2824
0.2865
0.2694
0.2889
0.2835
0.2703
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Project Title: Maintenance Shaft & Sewer Rehabilitation
Project Number: BD001748

Engineer: Hugh Lee

Source: Raven Lining Systems

Date Received: 10/16/2002

Specification: SSPWC 210-2.3.3, 1997

Description: Raven 405 Blue Epoxy Resin

Sulfuric Acid, 20%
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Hydroxide Buffer to PH 10

Hardness, Shore "D"



Lab No: 2003-514-91

Raven Lining Systems

Project Title: Maintenance Shaft & Sewer Rehabilitation
Project Number: BD001748

Engineer: Hugh Lee

Source: Raven Lining Systems

Date Received: 10/16/2002

Specification: SSPWC 210-2.3.3, 1997

Description: Raven 405 Blue Epoxy Resin

Sulfuric Acid, 20%, Type |

Sodium Hydroxide, 5%, Tvpe |
Ammonium Hydroxide, 5%, Type |

Nitric Acid, 1%. Tvpe |

Ferric Chloride, 1%, Type |

Soap, 0.1%, Type |

Detergent, 0.1%, Type |

BOD, > 700ppbm. Tvoe |

Bleach, 1%, Type |

Sodium Hydroxide Buffer to PH 10. Tvoe |

Initial Tensile Strencith. psi

Initial Elongation, %

8,974
8,752
8.428
8.698
8,907
8.615
8,568
8.668
8.395
8,540

9.034

16

1.7
2.1
18
17
1.8
1.6
1.7
17
1.7
1.7
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Raven 405 coating has been immersion tested for a minimum of six (6) months
according to ASTM D543 (modified) Standard Practices for Evaluating the Resistance of
Plastics to Chemical Reagents. The results indicate classification of Raven 405 as being
suitable for constant immersion duty in the following reagents:

Water

Nitric Acid, 5%
Phosphoric Acid, 10%
Sulfuric Acid, 20%
Sodium Hydroxide, 10%
Unleaded Gasoline
Vegetable Oil

Detergent Solution, 0.1%
Soap Solution, 0.1%

During the course of testing, none of the specimens exhibited weight loss, spalling,
cracking or blistering. Immersion samples are “free” coatings without concrete or brick
substrates, immersing over twice the area that would normally see service. Color
change was a very slight orange surface coloration for the sample immersed in Nitric
Acid and a slight darkening of the sample immersed in the Sulfuric Acid. No degradation
was experienced.

For additional chemical resistance performance of Raven 405, see the Raven Chemical
Resistance Chart or contact Raven with project details at 800-324-2810.



1
WELDON

LABORATORIES, INC.

Ms. Joanne Hughes ' April 26, 2007
Raven Linings Project J06137
13105 East 61% St., Suite A

Broken Arrow, OK 74012

Fax 918-615-0140
Subject — Immersion Testing of Raven 405
Dear Ms. Hughes,

In accordance with your request, Weldon Laboratories, Inc. has performed immersion
testing of several samples of concrete which were coated with Raven 405. The coated
samples were rectangular and measured approximately 1 34 x 1 %” x 5 %”. They were
received on August 28, 2006.

The testing involved weighing the samples, and subsequently immersing them halfway in
the following reagents:

Deionized water

10% sulfuric acid

30% sulfuric acid

Grease (Crisco shortening)
10% detergent (Tide)
Gasoline

The specimen placed in gasoline was exposed for 7 days, with visual inspections on
weekdays. The other specimens were exposed for 6 months, with visual inspections every
month. At the end of the testing, the samples were weighed again, and also tested for
adhesion (ASTM D 4541) using a Defelsko Positester.

Initially, problems were encountered with glue failures on some samples during the
adhesion testing, and in the course of the testing it was found that glue failures could be
eliminated if scoring was performed around the dollies. Therefore, some of the adhesion
testing was repeated, after first scoring around the dollies. As the data in the following
tables show, in every case the failures occurred in the concrete, but those dollies which
were scored tended to exhibit substantially lower values than those which were not
scored.

The test results are shown in the attached tables.
If you have any questions or comments, please do not hesitate to contact this office.

Sincerely,
Dwi ht G. Weldon President

gtle. S Wil

1188 Rt 30 « P.O. Box 40 » Imperial, PA 15126 » 724-695-2212 » 724-695-2218 FAX



Table #1 — 6 Month Testing of Raven 405

Property | DI 10% H,SO4 | 30% H,;SO4 | Grease 10% Unexposed
Water detergent | control
Initial 627.7g 645.8g 642.5g 627.6g 651.0g n/a
weight
Final (6 627.9¢g 646.2g 642.8 627.5¢g 651.2¢g n/a
month)
weight
1 month No No visual No visual No No visual | n/a
visual effect effect visual effect
effect effect
2 months | No No visual No visual No No visual | n/a
visual effect effect visual effect
effect effect
3 months | No No visual No visual No No visual | n/a
visual effect effect visual effect
effect effect
4 months | No No visual No visual No No visual | n/a
visual effect effect visual effect
effect effect
5 months | No No visual No visual No No visual | n/a
visual effect effect visual effect
effect effect
6 months | No Very faint Very faint No No visual | n/a
visual discoloration | discoloration | visual effect
effect effect
Adhesion, | 1590psi, | 1510psi, 1600psi, 1280psi, | 800psi, 1050psi,
immersion | failure in | failure in failure in failure in | failure in | failure in
concrete | concrete concrete concrete | concrete | concrete
Adhesion, | 1470psi, | 900psi, 1060psi, 1800psi, | 640psi, 1140psi,
vapor failure in | failure in failure in failure in | failure in | failure in
phase concrete | concrete concretfe concrete | concrete | concrete




Table #2 — 1 Week Testing of Raven 405 in Gasoline

Property Result
Initial weight 589.4¢g

1 day No visual effect

2 days No visual effect

3 days No visual effect

5 days No visual effect

6 days No visual effect

One week, plus final weight No visual effect, final wt. = 589.4g
Adhesion, immersion 1260 psi, failure in concrete
Adhesion, vapor phase 900 psi, failure in concrete
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