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Presenter
Presentation Notes
Thank you for the opportunity to present the challenges associated with testing of wood coatings. This presentation was prepared by a group of ASTM members:
Marek Gnatowski and Karen Murphy were introduced earlier.
Doug Creelman is the Managing Director of Cape Cod Siding, an established company specializing in manufacturing of finished wood siding on the east coast of Canada for North American and European markets. Doug is also a member of the ASTM D01 committee on Paint and Related Coatings, Materials and Applications.
Dr Chui is a wood expert and professor at the University of Alberta. Dr. Chui is also the chairman of the ASTM D07 Committee on Wood.
Judy LaZonby is a microbiologist and founder, as well as laboratory director, of the Microstar Lab Ltd. in the Chicago area. Judy is also the chairperson of the ASTM committees: D01.28 – Biodeterioration and G03.04 Biological Deterioration.
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Presenter
Presentation Notes
Wood is a very popular material that is frequently finished with pigmented, opaque, semi-opaque or clear coatings to improve durability or appearance. Statistics have shown that in many countries as much as about 30 - 50% of the retail coatings market is dedicated to wood substrates, and wood coatings require particular attention.



TESTING OF WOOD COATINGS

Testing accompanies

* Academic research and R&D of new products

* Evaluation of coating, wood and coated wood properties

* Assessment of long and short term durability

* Selection of a coating for specific wood species and service conditions

* Quality Control in manufacturing (raw materials and finished products)

* Failure Analysis



Presenter
Presentation Notes
Today each material used by humans requires testing. Testing accompanies: (see slide)



TESTING OF WOOD COATINGS

Testing Requirements

* Well reflects tested properties
* Good reproducibility

* Good repeatability

* Inexpensive

* Simplicity

* Wide acceptance



Presenter
Presentation Notes
Appropriate materials testing must meet the following requirements (see slide), otherwise the effort spent on this testing becomes worthless. 



CHALLENGES INWOOD COATINGS

Wood creates specific challenges for coating finishes due to its:

* Anistropic shrinkage/swelling * Specific features

* Porosity * Presence of extractives

* Water absorption * High variability of properties

* Variable surface structure and * Sensitivity to weather elements
texture

* Support of biological activity

These challenges are reflected in specific testing requirements



Presenter
Presentation Notes
Wood, due its specific properties and structure (see slide), creates particular challenges for finishes. These challenges include testing


ASTM STANDARDS USEFUL
INTESTINGWOOD COATINGS

Coating film thickness D5235 (6132)
Extractives staining NA NA D6686
Water permeability NA D1653 D5795

. . D1037; D7433; D4585; D870; D2247
Woater absorption/resistance D444 2nd others D540
Woater repellency D4446; D2921 D6763; D4446

Tensile of film D2370



Presenter
Presentation Notes
Listed in the presented tables are some selected ASTM standards designed for the evaluation of wood substrates, coatings and coated wood. There are much more general standards associated with testing of wood, paints and painted materials that are frequently used and may be helpful in the evaluation of wood substrates paints or painted products


ASTM STANDARDS USEFUL
INTESTINGWOOD COATINGS

Accelerated biological activity:

. . D1413 D5590 D3273; D3274; D3456
Interior/exterior
Variability of properties and surface features D7787
Accelerated thering exterior D4587; D6695;
ceelerated weathering exterio STPI615S; D1014
Finished flooring D239%4
Furniture coating D333 D25712

Resistance to stains and reagents D3023
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CHALLENGES INTESTING WOOD COATINGS - D5235

Figure 2
Coat 1 (Top coat) _ Coat 2 Coat 3 (Base coat)
Avg = 25.9um (1.02mil) Avg = 35.7um (1.40mil) Avg = 29.7um (1.17mil)

Challenges in Dry Film Thickness (DFT) Measurement

* Variable DFT due to wood surface e oia
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* Lumens _
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Responding to Challenges
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Presenter
Presentation Notes
At this point, I would like to focus on challenges associated with testing wood coatings using a few examples. The first example is a measurement of dry coating film thickness. Film thickness is very important and influences coating durability and appearance. It is also frequently part of the warranty requirements.
For direct measurement of coating dry film thickness on a wood substrate, the preferred method follows coating and substrate cross-sectioning, cross-section imaging under a microscope and computer image analysis using a program that allows the measurement of the field between the coating-substrate interface and the coating substrate. The computer program can calculate the average distance between these two lines, as well as the minimum and maximum distance if required. This method is described in detail in ASTM standard D5235. Many of you may have experienced that the establishment of the interface between the wood and coating is difficult, as can be seen in this slide. There are some rules about selection of this interface, for example, the partially filled wood vessels are excluded from the coating body. 
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CHALLENGES IN
TESTING WOOD
COATINGS - D5235

ASTMILS 1184
(interlaboratory study)

|. Engineered
wood flooring
with clear coat

2. MDF moulding with white primer 3. Spruce siding board with two coat exterior finish


Presenter
Presentation Notes
About four years ago ASTM conducted an Inter-laboratory study. Six laboratories participated in this study, including two the largest paint manufacturers in North America. Three laboratories were in the USA, two laboratories in Canada and one laboratory in Europe (the Netherlands). Commercial samples of coated wood and wood-based products were evaluated: MDF moulding primed with white paint, an engineered flooring panel finished with clear lacquer and a rough sawn spruce siding board finished with acrylic paint


CHALLENGES INTESTING WOOD COATINGS - D5235

ASTM ILS 1184 (interlaboratory study)

Hardwood Flooring, Sample 150505-2 DFT area 2
Avg DFT = 53.7um (2.11 mil)

Coated Wood Siding,
Top Coat Avg DFT
Base Coat Avg D

Molding, Sample 150505-1 DFT area 2
Avg DFT = 94.5um (3.72 mil)

3. Spruce siding board two coat
exterior finish cross-section

|. Engineered wood flooring
coating cross-section

2. MDF moulding primer
cross-section



Presenter
Presentation Notes
Examples of microscopic images of coatings cross-sections from this ILS study are shown here (see slide).



CHALLENGES INTESTINGWOOD COATINGS - D5235
ASTM ILS | 184 (interlaboratory study)

Repeatability Reproducibility “ e
R l R l
Average Standard Standard epe.at?b| ity eP"O.dU.CIbI 13%
Limit* Limit

Deviation Deviation

S, S r R
Engineered Flooring 0.58 9.29 .62 26.01
MDF Molding 0.25 3.50 0.71 9.80
Siding board 15 coat
(base coat) 0.66 20.95 |.83 58.66
fj:’a‘;g board 2™ coat (top 0.22 2.50 0.6 7.0
Siding Board, | * coat and 0.53 23.04 .48 64.52

2"d coat (combined)

Six laboratories participated in this study



Presenter
Presentation Notes
The results of this study were interesting as shown in this table (see slide). There is relatively narrow repeatability of the testing, but a large distribution in reproducibility limits can be seen. This particularly applies to the painted siding board with a rough sawn surface. The human factor in this testing is probably problematic and major errors occur that are associated with the manual selection of the wood-coating interface


CHALLENGES INTESTING WOOD COATINGS

Report Holzforschung: “Measurement of Dry Film Thickness of Coating on Wood”’

|. Three species of wood: spruce, beech, meranti.
2. Three white pigmented coatings with different thicknesses.
3. Three different DFT measurement methods:
a) microscopic measurement (EN ISO 2808-07) - 10 laboratories
b) microscopic area method (similar to ASTM D5235) - 4 laboratories

c) ultrasonic measurement (similar to ASTM D6132) - 3 laboratories



Presenter
Presentation Notes
A similar study was carried out a few years earlier in the European Union and the results were reported by the Holzforschung, the well-established wood laboratory in Vienna, Austria. Samples tested, types of coatings and methods used are shown in this slide


CHALLENGES INTESTING WOOD COATINGS

Report Holzforschung: “Measurement of Dry Film Thickness of Coating on Wood”’

Conclusions:

* Large reproducibility limit between laboratories mainly due to different

identification of wood/coating interface

* Microscopic area method delivered mean values slightly higher than ISO 2808

* Ultrasonic method resulted in mean values higher with no reduction in

variability.



Presenter
Presentation Notes
The conclusion was similar to that of the ASTM study. There was low reproducibility of the testing. Additionally, it was found that “area testing” similar to that used in ASTM D5235 provided a slightly larger thickness than a simple microscopic measurement. Also, Ultrasonic testing provided higher results than direct microscopic measurements. 



CHALLENGES INTESTING WOOD COATINGS - D5590

Fungal defacement challenges
|. Microbiological test variability
2. Simulation of environmental impact.
3. Correlation between laboratory
and field performance

4. Impact of migration wood extractives

Aureobasidium pullulans growing on wood coating



Presenter
Presentation Notes
Another example of challenges is testing of coating film for resistance to fungal defacement. A wall covered by black spots from mildew attack can appear very unattractive. Some challenges of this test are listed on this slide. 



CHALLENGES INTESTINGWOOD COATINGS

D5590 - STANDARD TEST METHOD FOR DETERMINING THE RESISTANCE OF
PAINT FILMS AND RELATED COATINGSTO FUNGAL DEFACEMENT BY
ACCELERATED FOUR-WEEK AGAR PLATE ASSAY

* Method is intended for the comparison of paint films, not
painted wood

* Accelerated weathering included in a note in D5590-00 version

* Accelerated weathering added as an option in D5590-17
version

* Question: Is this the correct method for testing wood

coatings!



Presenter
Presentation Notes
Here are few comments about these challenges (see slide). Please note the progress that has been achieved in addressing weathering impact on fungi growth in the revisions of the standard since 2000.



CHALLENGES INTESTING WOOD COATINGS

D5590 - STANDARD TEST METHOD FOR DETERMINING THE RESISTANCE OF
PAINT FILMS AND RELATED COATINGSTO FUNGAL DEFACEMENT BY
ACCELERATED FOUR-WEEK AGAR PLATE ASSAY

* ILS 1441 from 2017 — accelerated weathering of samples

Control — not weathered
RT dry — 7 days @50% RH



Presenter
Presentation Notes
The results of the recently completed inter-laboratory study which was conducted by 6 North American laboratories. There is a visible effect of weathering of the paint film on fungi growth around the samples and elimination of the inhibition zone.



CHALLENGES INTESTING WOOD COATINGS -ADHESION

D3359 testing challenges D5179 testing challenges

Grains and features of wood

* Roughness of surface

* Variability of moisture content
¢ Complex specimens preparation

* Expensive equipment

* Lack of important test details . . B Y -
¢ Test not suitable for field inspection — L U NN
* Grains and features of wood . Destructive
* Roughness of surface o |
M;z,;};r?'z'z- '
) ,

Variability in moisture content



Presenter
Presentation Notes
Examples of two coating adhesion tests which may be applied to wood coatings are shown in this slide. The first so called “tape adhesion” test is widely used during field inspections and in laboratories. The second, known as the “pull test”, is used mainly in the lab in the presented form. In this test, a “dolly” glued to the coating surface is pulled at controlled conditions by a tensile tester. Both tests still have challenges when used for wood coatings. It may be surprising that this popular “tape adhesion” test is not fully accepted today by the ASTM committee to be used with wood substrates.



CHALLENGES INTESTINGWOOD COATINGS

Liquid and Water Vapour Permeability
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Presenter
Presentation Notes
Many challenges are also related to standards for testing permeability of liquid water and water vapor through paint film which we cannot discuss now due to the lack of time. Lets back to this issue during the discussion period.



CHALLENGES INTESTING WOOD COATINGS

Standards revisions

ASTM requires periodic revision of each standard
v" Respond to challenges

v" Update procedure

v" Address technological advances

Existing standard revisions and preparation of new standards require

qualified technical personnel with a wide range of expertise.



Presenter
Presentation Notes
All ASTM standards are not written in stone but are living documents which require revision (see slide) Lazonby (At this point presentation will be passed to Karen.)



ASTM Standards Development Activity Stats: &ﬂﬁﬂ"?

D01 Committee on Paint and Related Coatings
Materials and Applications:
— 641 Standards

— 35 Technical Subcommittees
— 620 Members
— Established in 1902
— Meets twice a year in January and June:
— Jan 2019: Houston, TX; June 2019: Denver, CO

D07 Committee on Wood:
— 91 Standards

— 10 Technical Subcommittees
— 270 Members
— Established in 1904
— Meets twice a year in April and October:
— Oct 2018: Wash., D.C.; April 2019: Denver, CO

© ASTM International 20



Some Standard Fundamentals...

A8
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What is a Standard?

— Types of Standards:
— Specification / Test Method / Practice / Guide / Terminology
— Company Std / Consortium Std / Industry Std / Government Std

How are Standards Made?

— Written by a group of experts, who are committee members, who volunteer
their time in draft-development sessions

— A standard is published after it has been approved by the committee via a
consensus process

— The consensus will consist of ALL stakeholders with an interest in its use,
it will include trade associations / government agencies / professional
societies / manufacturers / users / consumer groups

© ASTM International

“Developing standards at
ASTM means...

...working alongside
competitors, customers,
regulatory bodies, and
other stakeholders around
the world...

...where you will be
debating technical issues,
sharing research data, and
exchanging knowledge.”

22 October 2018 21



What is ASTM International? AEDW

© ASTM International

— More than 30,000 people from 150

countries create and update standards
through ASTM International, one of the
world’s most respected standards
development organizations.

We are a not-for-profit organization that
provides a forum for the development and
publication of international voluntary
consensus standards for materials,
products, systems and services.

Established in 1898, we are still using the
same proven and practical system:

— The high quality of ASTM International standards
is driven by the expertise and judgment of
members who represent industry, governments,
academia, trade groups, consumers, and others.

— Neutral forum using Consensus-based
procedures

— About 150 committees (with over 2,000

subcommittees) meet face-to-face and
virtually, using tools like electronic balloting
and online collaboration areas, to develop
standards.

| global ASTM members
in over 150 countries
participating in ASTM

Anyone interested in the field covered by a committee’s
scope is eligible to become a committee member

22



Your Personal ASTM Membership Benefits: AEDW

ui’/

Access to Standards, Technical
Documents and Information

— Select one FREE Book of Standards Volume in your
preferred format - online or print (Value of >$500)

— 10% discount off ASTM publications

— Free Subscription to Standardization News — ASTM’s
bi-monthly magazine and monthly eNews

— The ability to vote on new standards and revisions to
existing standards

— Receive current information on revisions to standards
and new standards that can impact your business on
a daily basis

— Attend symposia and workshops, often at a reduced
rate

— MyASTM personalized committee pages
includes FREE access to ASTM’s Online Terminology
Dictionary (76,000 terms)

© ASTM International

Networking Opportunities, Leadership
Growth and Recognition

— Make contact with professionals from around the
world

— Interact with business competitors and customers on
a cooperative technical basis

— ASTM Awards program recognizing leadership and
contribution

— Demonstrate your leadership qualities and technical
expertise by contributing to the development of high
quality, market relevant standards

— Access to contact information of other participants on
your technical committee

Join ASTM:
www.astm.org/join

23
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ASTM INTERNATIONAL

Helping our world work better

Karen Murphy
ASTM International

100 Barr Harbor Drive West Join ASTM: L
Conshohocken, PA 19428 USA www.astm.org/join
tel +1 610.832.9525

kmurphy@astm.org

www.astm.org




NOTICE

This presentation contains the personal opinion of the authors which does not

necessarily reflect the opinion of the employing companies; Polymer Engineering Co. Ltd.,
ASTM, Cape Cod Sidings, University of Alberta and The MicroStar Lab, LTD.

All the described tests and technological applications were described in accordance with
our best knowledge and represent our independent judgment. Furthermore, the authors

hereby disclaim any and all warranties, expressed or implied, including the warranties of
merchantability and fitness for a particular purpose, whether arising by law, custom, or
conduct with respect to any of the information contained in this presentation. In no event
shall the authors be liable for incidental or consequential damages because of any of the
information presented.
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