WOOD TECHNOLOGY

Modified Wood
by Richard Jagels

oatbuilder Arch Davis of Belfast,

Maine, wrote to me afew months ago
wondering about the possibility of using
wood that has been either thermally or
chemically modified for boat construc-
tion. In particular, he was intrigued by
two products: PureWood, which is ther-
mally modified; and Kebony, which is
chemically modified.

I wrote about modified wood more
than three decades ago (WB No. 21 in
1978). I did not discuss thermally mod-
ified wood at that time because it was
off the radar screen. Even chemically
modified wood was still in the experi-
mental stages then, with no commer-
cial plants yet in operation. I ended the
column by stating, “One of the major
stumbling blocks to the commercial
use of chemically modified wood has
been its cost. As the availability of qual-
ity woods continues to decline, inferior
species and grades might be chemi-
cally modified to meet the demands
and requirements of boatbuilders. It is
not inconceivable that chemically mod-
ified wood could become the major
boatbuilding material of the future.”

Now that some modified woods are
on the market, is it time for boatbuild-
ers to embrace these new products?
Keep in mind that modified woods
have not been developed specifically
for boatbuilding, so we need to inves-
tigate cautiously. The drivers that have
brought these woods to market (first
in Europe) during the past decade are
threefold:

e Public concern about toxic wood
preservatives,

e High cost and environmental con-
cerns about using tropical woods (see
my column in previous issue); and

® A rapidly expanding market for “out-
door” wood products like decks, docks,
furniture, fencing, and siding.

Thermally modified wood has no
added chemicals. The substances used
to chemically modity wood become
altered and strongly bound to cellulose
molecules, so they leave no toxic resi-
due. Both processes render wood more
hydrophobic and less recognizable to
decay fungi.

If these modified woods could be
effectively used in boatbuilding, we
would be able to abandon pressure-
treated wood, with its toxic chemi-
cal components, and give up borates,
which, although quite safe for mam-
mals, readily leach out of wood with
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time. Perhaps even more important,
boatbuilders would not be tempted,
as some are now, to employ even risk-
ier fixes like dumping ethylene glycol
antifreeze into boat bilges. Just this
past week, I had two more readers tell
me they were considering using glycol
to treat their boats. As I have warned
previously, antifreeze is highly toxic
to mammals including pets and chil-
dren, both of whom are attracted to its
sweet taste. In addition, glycol dumped
in the bilge will slowly leach from the
boat, adding this poison to the aquatic
environment.

Thermal Modification

Heating wood to temperatures above
those normally used for drying (gener-
ally less than 180°F or 82.2°C) produces
modified wood that has reduced capac-
ity to absorb water and hence shrinks
and swells less, Temperatures between
200° and 600°F (93° and 315°C) have
been used. These higher temperatures
darken the wood and lead to loss in
mechanical properties, particularly
toughness and abrasion resistance.
Wood heat-treated to produce a prod-
uct that has a 40 percent improvement
in anti-swelling/shrinking efficiency
(ASE) will have toughness reduced to
less than half that of untreated wood.
The most recent version of the Wood
Handbook (1999) states, “..because of
the reduction in strength properties
from heating at such high temperatures,
wood that is dimensionally stabilized in
this manner is not used commercially.”
Clearly that situation has changed.
Thermally modified wood products
with market brands such as Thermo-
wood, PureWood, Plato, Perdure, and
Menz process are now on the market
and being widely advertised.
Thermowood was developed in Fin-
land for treating local softwoods. It
is produced using temperatures that
range between 300° and 464°F (150°
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and 240°C). Bending strength reduc-
tions of 30 percent can occur at the
higher temperatures, and company
data sheets state that it is not to be used
in load-bearing situations. Reduction in
shrinkage and swelling ranges between
50 and 90 percent. Decay resistance is
increased, but it is not recommended
for ground-contact use. Thermowood
plants are now operating in the United
Kingdom and Canada. I could not
determine for certain, but PureWood,
which is produced in the United States
and is also based on a Finnish process,
may be the same as Thermowood.

Plato, produced at temperatures
between 320° and 374°F (160° and
190°C) has bending-strength reduc-
tions of up to 18 percent, improved ASE,
and similar decay resistance variation as
Thermowood.

Perdure (also known as Retification)
uses temperatures between 410° and
464°F (210° and 240°C) in the presence
of a nitrogen-enriched atmosphere that
reduces oxygen to less than 2 percent.
This produces a somewhat more decay-
resistant wood but with strength losses
of up to 40 percent.

The Menz process uses hot oil as a
way of improving heat transfer to the
wood and excluding oxygen. Spruce
processed at 428°F (220°C) has greatly
improved decay resistance, but with a 30
percent loss of bending strength. Paint-
ability with acrylic waterborne systems
is excellent.

As I have mentioned in previous col-
umns, boats need to be strong not only
in modulus of rupture in bending but
also in impact resistance, or toughness.
Unlike decking or outdoor furniture,
boats are tossed about on the open
sea and banged against dock pilings
in port. Unfortunately, thermal treat-
ments increase the brittleness of wood,
which translates into losses in tough-
ness that exceed the above-cited losses
in bending strength.
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Because of these significant strength
losses, I do not recommend thermally
modified wood for critical structural
portions of boats. It may have some
use in cabin siding and possibly decks
where support framing has been beefed
up considerably. The improved dimen-
sional stability and decay resistance
have value in these areas.

Chemical Modification

Myriad chemical wood meodifications
have been tested over several decades.
Of the ones that have shown promise, a
few are now on the market.

Furfurl Alcohol. This process was
developed several decades ago and uses
a renewable chemical from biomass
waste from such crops as sugarcane.
Heat, up to 284°F (140°C), is required
during curing. So thisis really a thermo-
chemical process. Impact strength or
toughness is reduced by 25 to 65 percent
based on chemical weight percent gain.
But stiffness is actually increased. Decay
resistance is very good at high weight
gains. Because of severe strength losses,
I'would rate this product the same as for
thermally modified wood.

Acetic Anhydride. Acetylization
of wood has been known for more
than seven decades. Recently, Accsys
Technologies has introduced acety-
lated wood to the market under the
trade name Accoya. Decay resistance
is very high, it has increased stabil-
ity under ultraviolet light, high ASE,
little color change from natural
wood, and is about 50 percent harder
than untreated wood. But best of all,
strength properties are not reduced. In
2008 and 2009 this product was used
to construct two load-bearing bridges
in The Netherlands. The company rec-
ommends Accoya for boat decks and
trim and says it is suitable for other
freshwater applications. They do not
recommend it for marine applications
because marine borers may attack it,
but proper bottom coatings may relieve
this hazard. Accoya is sensitive to pH of
9 or above. Stainless or epoxy-coated
fastenings are recommended. Paint-
ability is good. For more information
and sources, see www.accoya.com/
availability.html.

Other processes that have been
patented and seem to be close to com-
mercialization use N-methylol (actually
dimethylol dihydroxyl ethylene urea—
a chemical with wide use in the textile
industry as an anti-wrinkling agent).
A thermochemical process using modi-
fied linseed oil has been patented by
DSM Resins. This process is touted to
produce high durability, high ASE, and

no losses in strength under laboratory
tests. Foreco, a company in The Nether-
lands, is scaling up the process, so we
may see this product soon. (A WB No.
213 review addressed Fluted Beams, a
different process that relies not on heat
or chemicals but on steaming followed
by compression.)

For now, the best thermally or chemi-
cally modified product I could find for
boatbuilding applications was Accoya

(and presumably any other acetylated
wood products). But I suspect more prod-
ucts will be forthcoming—and some may
have boatbuilding applications. A

Dr. Richard Jagels is a professor of forest
biology at the University of Maine, Orono.
Please send corvespondence to Dr. Jagels
by mail io the care of WoodenBoat, or
via e-mail to Editorial Assistant Robin
Jettinghoff, robin@woodenboat.com.
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Aug. 27-29
Bristol, RI

Sept. 3-5

Newport, RI

WWW.MOoY.org

Sept. 11-12
Stonington, CT

Sept. 17-19
Greenwich, CT

Sept. 24-25
Greenport, NY

Oct. 2-3 )
Glen Cove, NY

Oct. 2-3
Manhattan, NY

www.herreshoff.org
Sara Watson; s.watson@herreshoff.org; 401-253-5000, x220

Herreshoff Classic Yacht Regatta

31st Annual Museum of Yachting
ClassicYacht Regatta

Cristine Marfuggi: emarfuggi@iyrs.org: 401-848-577
Race Rock Regatta

www.racerockregatta.blogspot.com:
Lance Senning; 860-388-7942

Indian Harbor Classic Yacht Regatta

www.IndianHarborY C.com

Shelia Plaisance; noreaster1926@yahoo
Greenport Classie Yacht Regatia
www.SailGreenport.org

Jeff Goubeaud; qmii@aol.com; 631-871-2588

Heritage Cup Regatta and Rendezvous

Mike Emmert; goldeni37@aol.com; 516-647-3105
New York Classic Week

www.harborsailing.com; Emily@myc.org
Michael Fortenbaugh; mike@myc.org;
212-945-6363; 212-786-3323

General questions should be addressed to
Bill Doyle at bill@performanceresearch.com; 401-848-0111.
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