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Basic Treating Processes

H. Michael Barnes 

T
he efficacy of a preservative treatment is highly de-
pendent on the penetration of preservative into the 
wood. As wood swells and shrinks with moisture 

changes, cracks form and extend deep into the wood. If 
a preservative is only applied to the wood’s surface, these 
cracks will expose untreated wood to deterioration by 
fungi and insects (Figure 2.1). To obtain deep penetration, 
most wood preservatives are applied by using pressure 
processes. 

A look at current trends and technology in the wood-
treating industry requires a historical perspective. A num-
ber of historical accounts and reviews are available in the 
literature (Hunt and Garratt 1953, Troxell 1961, Graham 
1973, Richardson 1978, Thompson and Barnes 1978, 
Nicholas and Cockcroft 1982, Barnes 1985a, Barnes and 

Murphy 1995, Evans 2003, Freeman et al. 2003). The im-
petus for the modern timber preservation industry origi-
nated in Britain with concerns over the longevity of ships 
of the Royal Navy and with the patenting of the Bethell 
(1838) process for treating wood with creosote.

Although a small Bethell plant was built in Somerset, 
MA in 1865, the modern wood preservation era in the 
United States began in 1875 with the construction of a 
plant in West Pascagoula (now Gautier), Mississippi by the 
Louisville and Nashville (L&N) Railroad. This plant used the 
Bethell process to treat ties and other stock with creosote. 
Most of the early growth in the industry in the U.S. was in 
response to the growth of utilities and the railroads. Until 
recently, commercial treatment technology had remained 
unchanged since the development of the Rueping (1902) 
and Lowry (1906) empty-cell processes. These processes 
were modifications of the full-cell processes patented by 
Bethell (1838) and Burnett (1838). The changes in preser-
vative usage and treatment technology now underway 
worldwide have arisen primarily from two factors: (1) the 
energy crisis, especially with regard to oil and oil-based 
products; and (2) the environmental dilemma, including 
promulgated air and water effluent quality standards and 
the potential effects of treated wood on humans and other 
non-target organisms.

2.1 Pre-Conditioning of StoCk for 
treatment

2.1.1 Debarking

In order to properly treat wood, it must be debarked. Bark 
retards seasoning of wood, is impermeable, and harbors 
insects and decay. Any of several methods (Figure 2.2) can 
be used to debark logs prior to treatment, including hand 
peeling, ring debarkers, machine shavers, high pressure 
water jets, and drum debarkers. For rectangular timbers, 
bark is usually removed in the sawing operation.

The author is Warren S. Thompson Professor of Wood Science and 
Technology, Department of Forest Products, Mississippi State University, 
Mississippi State, MS 39762-9820. This paper was accepted as Journal 
Article FP-514, Forest & Wildlife Research Center, Mississippi State 
University, Mississippi State, MS.

Figure 2.1 Typical core rot caused by fungi entering through a check 
across the well-treated shell into untreated wood.
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Figure 2.2 Typical pole peeler (a, b, c) and Cambio ring debarker (d) used in debarking operations.

a b

c d

Figure 2.3 Pre-boring (a) and dapping (b) poles prior to treatment reduces the chance for exposing untreated wood.

a b

Figure 2.4 Typical oyster-tooth incising head (a) and tie incisor (b).

a b
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Figure 2.5 Typical conventional (left) and double density (right) 
incising patterns for dimension lumber

b
Figure 2.6 Adzed and bored tie plate area (a) and machined stock (b) 
will increase service life of crossties (a) and crossing plank (b). 

a

2.1.2 Mechanical preparation

Mechanical preparation may be used with refractory 
species to improve seasoning and treatability. In general, 
it is good practice to do all fabrication, cutting, drilling, 
or boring on stock prior to treatment. This greatly reduces 
the chance for exposing untreated wood (Figure 2.3).

Incising is a typical commercial practice with hard-
wood ties (Figure 2.4) and thin sapwood and refractory 
softwood species. Incising produces shallow, slit-like 
holes, which yield deeper, more uniform preservative 
penetration and reduce deep checking. An oyster-tooth 
incisor, 19–25-mm long and 19-mm deep and yielding 
600 incisions/m2, is common for timbers and other large 
members. Some strength reductions have been found. 
Deep incising, boring, and kerfing techniques are also 
used to improve treatment of round members (Morrell 
1996). Related reviews can be found in the literature 
(Perrin 1978, Morrell and Winandy 1987). Most of this 
work has centered in Canada for the treatment of spruce 
(Picea spp.). Ruddick (1985, 1986) demonstrated improved 
penetration in spruce and lodgepole pine (Pinus contorta) 
by using a needle incisor developed in Germany. 
Subsequently, a thin-toothed, self-cleaning system was 
developed to provide incised lumber with twice the inci-
sion density of conventional incisors (Morris 1991a, Morris 
et al. 1991). Excellent treatment for refractory white spruce 
(Picea glauca), lodgepole pine, and alpine fir (Abies lasio-
carpa) was obtained, and strength losses were not con-
sidered an impediment to commercial use. Incising green 
material prior to drying and treatment led to better treat-
ment (Morris 1991b, c). High density incising of green 
refractory material has become common for dimension 
lumber (Figure 2.5). The use of lasers for machining wood 
has been studied for several years. The feasibility of using 
laser-incising to improve the treatability of refractory 
species has been demonstrated (Goodell et al. 1991, 
Ruddick 1991).

In crosstie production, adzing and boring prior to 
treatment yields smooth, even bearing surfaces, which 
reduces mechanical wear (Figure 2.6). Pre-boring results 
in a decrease in crushing and tearing, an increase in 
spike-withdrawal resistance, and less spike kill in the 
resultant tie. Machining of profiles, such as for crossing 
plank (Figure 2.6), reduces the exposure of untreated 
wood. Pre-framing (boring, cutting, dapping, planning, 
roofing) of pole stock will increase the service life of the 
treated pole stock.

Transverse compression has been used experimentally 
to improve the treatability of refractory wood and heart-
wood (Cech and Huffman 1970, 1972), but has not been 
used commercially. More recently, a process combining 
vibration and compression has been used to improve 
treatability of wood (Amburgey et al. 2007). A modified 
compression technique utilizing roll pressing while the 
wood is immersed in treating solution yielded large in-
creases in uptake in Japanese cedar (Cryptomeria japonica) 
(Inoue et al. 2001, Inoue and Adachi 2003). Earlier work 
by Fry (1976) showed that compression roll technology 
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Figure 2.8 Stacked poles (a) and lumber (b) being prepared for a batch kiln.

a b

could assist both drying and treating of southern pine 
and other species.

2.1.3 Seasoning

Green wood must be seasoned prior to treatment in order 
to get adequate penetration and retention of preserva-
tive. Various seasoning techniques are used prior to pre-
servative treatment (Henry 1973). Of these, air seasoning, 
kiln-drying, Boultonizing, and steam conditioning are 
used in commercial operations. Air seasoning is the sim-
plest method and has the lowest energy costs. The drying 
rate is climate dependent; the method requires a large 
inventory and land area and is subject to deterioration 
from decay and insects. Fire can also be a problem. Good 
seasoning practices should be used and spacing should 
be appropriate for the climate. Stacks should be properly 
stickered, free of weeds and debris, and off of the ground 
on treated piles (Figure 2.7).

Kiln-drying (Figure 2.8) is currently the fastest growing 
method of conditioning, primarily because of the in-
creased use of waterborne preservatives, the reduction 
of wastewater volumes generated, and the rapid turnover 
of inventory. Kiln drying is used for drying commodities 

Figure 2.7 Air seasoning of ties showing good stacking and yard procedures.

such as lumber, poles, and piles. Generally batch kilns 
operating in the 60°–110°C range are used, depending 
upon the species being dried. Time varies according to 
species and commodity. Kiln drying has the advantage 
of speed, allows for process control, yields a reduced 
weight with fewer storage problems, and gives an increase 
in permeability with more uniform treatment.

In the Boulton process (Boulton 1884), the wood is 
literally boiled in oil under vacuum (Figure 2.9). Green or 
partially seasoned stock is covered with a hot oil or oil-
borne treating solution, a vacuum is applied, and the 
water is removed. Boulton-drying of green ties began in 
1978 and has grown rapidly. Many plants are Boultonizing 
partially seasoned ties, and Boulton-drying is used ex-
tensively for Douglas-fir (Pseudotsuga menziesii) poles/
piles treated with oilborne preservatives. Typically, 32–192 
kg/m3 of water are removed in this process. Temperatures 
ranging from 82°–99°C for 10–50 h are used. The process 
minimizes checking and improves treatability, but is not 
good for thick sapwood species.

The major advance in steam conditioning has been 
a move toward closed steaming (Thompson and Barnes 
1978) in order to reduce process wastewater. In this pro-
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Figure 2.9 Schematic showing the Boulton drying process (adapted from Koppers, Inc.).

cess, green stock [typically southern pine (Pinus spp.)] is 
heated with steam, and water is removed by the applica-
tion of a vacuum (Figure 2.10). Steaming temperatures 
range from 104°–118°C for 1–16 h. AWPA limits the length 
of the steaming periods to prevent damage to the wood 
(AWPA 2008). 

Typically, 64-80 kg/m3 of water are removed and the 
process is used with oilborne preservative systems. 
Southern pine is the major species conditioned in this 
manner. The process yields lighter stock and leads to less 
bleeding and vapor loss. 

Vapor drying of green stock, developed by Hudson in 
1942, has been discontinued. In this process, the wood/
water matrix was heated using the latent heat of organic 
solvents. As the solvent condensed on the wood, its heat 
was given up to the wood, and the water and solvent were 
removed by vacuum and separated.

Pressure steam drying (PSD) has the potential for rapid 
seasoning of stock with minimal degrade, and it seems 
readily adaptable to existing treating facilities (Rosen 1980, 
1981). Other techniques, discussed later, allow for the 
treatment of green wood with preservative systems that 
fix in wood.

2.2 PreSSure ProCeSSeS

Most wood is treated by using pressure processes. The 
wood is placed onto trams that are rolled into large steel 
cylinders (Figure 2.11). Combinations of pressure and/or 
vacuum are used to force preservative into the wood and 
remove excess preservative at the end of the treatment.

2.2.1 Conventional cycles

This section discusses the major pressure/vacuum cycles 
used in commercial production today. Times and magni-
tude are given for reference only as both can vary greatly 
from treating plant to plant.

2.2.1.1 Waterborne preservatives

The Bethell (full-cell) process was the first pressure process 
used to treat wood. In the classic Bethell process (Figure 
2.12), wood is introduced into a treating cylinder and 
evacuated under a vacuum of 71 kPa or higher. Preservative 
is introduced under vacuum, the cylinder is filled, and the 
pressure increased up to a maximum of 1380 kPa. After a 
specified time or uptake, the pressure is reduced to atmo-
spheric and the solution withdrawn. The process provides 
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Figure 2.10 Schematic showing closed steaming (top) and water removal by vacuum (bottom) in the steam 
conditioning process (adapted from Koppers, Inc.).
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for the maximum solution uptake of 400 kg/m3 or greater 
and is used primarily with waterborne systems.

A modern enhancement is the use of a lower initial 
vacuum of shorter duration (for instance 50 kPa for 8–15 
min) and the addition of a final vacuum to reduce weight 
and drippage. This process is known as the modified full-
cell (MFC) process (Figure 2.12), and is used to treat the 
vast majority of dimension lumber treated with water-
based preservatives. Wood exits the treating cylinder at a 
significantly lower moisture content, and post-treatment 
dripping of preservative, a major environmental concern, 
is minimized. Problems with sludging are mitigated by 
rapid turnover of working solutions and the cooling of 
working solutions using refrigeration (Mclntyre and Eakin 
1984) or deep well water. A similar process in Germany is 
known as a modified Lowry process (modifizierten Lowry-
Verfahrens) (Anonymous 1991).

2.2.1.2 Oil-type preservatives

Empty cell treatments are commonly used when wood is 
treated with oil-type preservatives such as pentachloro-

Figure 2.11 Typical single (a) and double (b) opening treating cylinders for the pressure treatment of wood and trams (c, d) for raw material 
in-feed and out-feed. Photo (a) courtesy of Thunderbolt Wood Treating.

a b

c d

phenol, creosote, or copper naphthenate. Conventional 
empty-cell treatments include Rueping (1902) and Lowry 
(1906) processes (Figure 2.12). In the former, an initial air 
pressure (e.g., 138–276 kPa) is applied to the charge before 
introduction of the preservative. Pressure is then increased 
to a maximum and held until the desired gross retention 
is achieved. The cylinder is then vented to atmospheric 
pressure and the solution removed. When the pressure 
drops below the initial air pressure, the pressure inside 
the wood, being higher than the applied pressure, forces 
the excess preservative from the wood. This excess pre-
servative is known as “kickback.” A final vacuum completes 
the process. In Germany, a double Rueping process 
(Doppelrüping-Verfahren) is used (Anonymous 1991).

The Lowry process starts at atmospheric pressure, 
rather than at an increased initial pressure. The remaining 
steps are the same as with the Rueping process. Net nomi-
nal solution uptakes of the order of 140 kg/m3 for the 
Rueping process and 200 kg/m3 for the Lowry process are 
produced. The advantage of the initial air pressure is that 
the net solution injection can be controlled.
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Figure 2.12 Commercial treating cycles (times and magnitude are for 
illustration only).

2.2.2 Processes attempted for difficult-
to-treat wood species

Some wood species, such as Douglas-fir, are difficult to 
penetrate with liquid preservatives; various processes have 
been proposed or used to assist in treatment of wood 
species that resist preservative penetration. At this time 
the processes discussed in this section are not widely used. 

2.2.2.1 Oil-type preservatives sonic wave 
treatments

The application of a saw-toothed sonic wave during the 
pressure period has reduced treatment time for pine poles 
by over 80% (Page and Reed 1969). Researchers at Oregon 
State University have investigated sonic wave pressure. 
Nair and Simonsen (1994, 1995) were able to increase the 
absorption of water in Douglas-fir by using sonic wave 
pressure. The authors consistently obtained injection rates 
1.5 times that obtained when conventional hydraulic 
pressure was employed.

2.2.2.2 High energy jet treatment

Using Bryan’s work on machining with high-energy water 
jets (Bryan 1963) as a basis, Nearn and Megraw (1972) used 
high-pressure jets to treat composite products with fire 
retardants. Nozzle pressures as high as 413 MPa have been 
used to treat refractory softwoods such as western hemlock 
(Tsuga heterophylla) and ponderosa pine (Pinus  ponderosa) 
with ammoniacal copper arsenate (ACA). Douglas-fir was 
less well treated, but field trial samples performed ade-
quately after 13 y of ground contact exposure (Jewell et 
al. 1985). Lower pressure jets have been used successfully 
in Japan (Saburo 2001), and Misawa Home Co. Ltd. is using 
the technique to produce sill plates (dodai).

2.2.2.3 Vapor phase treatment

There has been considerable interest in recent years in the 
development of vapor phase treatments for wood and 
wood composites, a concept put forward by Scheurch 
(1968). Treatment with gas-phase components would 
eliminate the problems that exist with the liquid tension 
interface in current treatment practices. All treatments in 
the liquid phase depend upon the movement of liquid 
preservative into the wood. Two problems must be over-
come in order to get deep, uniform treatment. First, tension 
forces at the liquid-air and liquid-wood interfaces must 
be overcome (Skaar 1972). Second, transverse movement 
is dictated by the permeability of pit membranes (Hunt 

and Garratt 1953). The pits may be aspirated, encrusted 
with extractives, or blocked by air embolisms that make 
them impervious to liquid flow (Kelso 1962, MacLean 1952, 
Miller and Graham 1963, Thompson and Koch 1981). Gas-
phase treatments have been used extensively for remedial 
treatment of wood in service (Morrell and Corden 1986, 
Morrell 1989). Efforts to modify wood using gaseous re-
agents have met with only moderate success (McMillin 
1963, Barnes et al. 1969). Reaction with alkylene oxides 
has yielded some decay and termite resistance (Rowell 
and Gutzmer 1975, Rowell et al. 1979, Rowell 1991).

Cooperative research between Imperial College, 
London, and the Forest Research Institute, New Zealand 
has led to vapor-phase boron treatments applied as pri-
mary treatments for wood and wood-based materials 
(Turner and Murphy 1987, Burton et al. 1990, FRI 1990, 
Turner et al. 1990, Bergervoet et al. 1992, Hashim et al. 
1992, Hashim et al. 1994, Turner and Murphy 1995, Turner 
and Murphy 1998). In this treatment, trimethyl borate 
(TMB) is heated and introduced into an evacuated cylinder 
containing dried wood or composite panels. Diffusion is 
rapid and penetration is complete. The main advantages 
of the process are the speed and cleanliness of treatment 
and the potential for drying, treating, and conditioning in 
a single vessel. TMB has been successfully used to treat a 
wide range of wood composites (Hashim et al. 1992, 
Hashim et al. 1994, Murphy et al. 2002, Barnes and Murphy 
2005, Barnes and Murphy 2006) including OSB, LVL, ply-
wood, and MDF. No commercial use of the process is in 
place at this time.
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2.2.2.4 Supercritical fluid treatment

The potential for treating wood using supercritical carbon 
dioxide (SCCO2) as a carrier is promising (Morrell et al. 1993, 
Junsophonsri 1994, Morrell et al. 1994). In this case, there 
are no problems with the high surface tension associated 
with liquid treatment because treatments are done above 
the critical point so that there is no distinction among 
phases. Evans (2003) reported that a plant for SCCO2 treat-
ment is operational in Denmark. The use of SCCO2 in com-
posites is particularly appealing (Oberdorfer et al. 2000). 
Based on the pioneering treatment of composites with 
SCCO2 tebuconazole by Acda et al. (1997a,b), Tsunoda and 
Muin (2003) successfully treated composites with a IPBC 
+ silafluofen mixture.  Of a wide range of composites 
treated with SCCO2, most showed minimal loss in mechani-
cal properties (Muin et al. 2001). The notable exception 
was a large loss of bending strength in OSB. Previously, 
Kim et al. (1997) had shown some loss in bending strength 
when using SCCO2 to treat southern pine with TCMTB. For 
above-ground exposure in Hilo, Hawaii, Morrell et al. (2005) 
showed excellent performance of plywood, MDF, particle-
board, and OSB treated with tebuconazole by using SCCO2 
as long as retention was high enough. Kang et al. (2006) 
noted that the movement of cyproconazole in the SCCO2 
treatment of ponderosa pine was influenced more by 
diffusion than by bulk flow. The use of SCCO2 was originally 
developed to extract flavors or decaffeinate coffee. Its use 
to improve treatability of Douglas-fir by extracting fatty 
acids has been investigated (Kumar and Morrell 1993). 
SCCO2 extraction has been used to extract PAHs and or-
gano-chlorine compounds from wood, demonstrating its 
potential in waste recycling (Legay et al. 1998, Schrive et 
al. 1998).

2.2.2.5 High pressure process

Refractory species such as spruce pose a challenge to the 
treater. One approach has been to use pressures of 4-7 
MPa, a level up to five times that of conventional processes. 
The early work in this area was conducted at CSIRO Australia 
with oilborne systems (Dale 1960, Keating 1961). According 
to Wilkinson (1979), one plant in Tasmania used high pres-
sures to treat pipe staves with CCA. More recently, Hösli 
and Ruddick (1988) modified the OPM process to treat 
spruce with CCA using a pulsation technique. Drawing 
from their experience with oilborne systems (Hösli 1980, 
Hösli and Filion 1983, Hösli and Osusky 1982), the authors 
rapidly pulsed pressure between initial air and pressures 

as high as 2.1 MPa to greatly improve preservative uptake 
and penetration in spruce. Mechanical damage to the 
wood was considerable, however.

2.2.3 In-situ processes to minimize 
environmental release

This section discusses new processes developed in part 
to minimize the impact of preservatives and preservative 
migration on the environment. Modifications to existing 
processes to achieve this goal are discussed under post-
treatment practices.

2.2.3.1 MSU process

W.C. Kelso, Jr. (1981) developed the “MSU Process” for the 
empty-cell treatment of wood with CCA. This process 
makes it possible to obtain full-cell CCA gradients using 
an empty-cell process. Empty-cell treatment yields cost 
savings due to weight reductions especially with treated 
timbers and roundstock. No problems with strength re-
duction, disproportionation, gradients, leaching, or ef-
fluents have been noted (Anonymous 1977, Weaver 1981, 
Wood 1980, Wood and Kelso 1977, Wood et al. 1980). The 
process has also been used to successfully treat lodgepole 
pine (Barnes 1988).

The key feature of the process is the removal of 
preservative while maintaining pressure high enough to 
prevent kickback of the preservative solution and the 
introduction of a heating medium. The preservative 
components are then fixed in the wood by heating, usually 
by steam or hot water, prior to releasing pressure and 
allowing “kickout” to occur.1 The kickout can then be 
segregated, treated, and returned to the working tank, 
thus achieving the zero discharge requirements of the 
EPA. Extension of the basic process to other preservatives 
and preservative systems seems to offer the potential for 
further savings for the wood preserving industry 
(Anonymous 1977).

2.2.3.2 Multiphase pressure (MPP) process

The MPP process developed in New Zealand is a similar 
process in that the excess solution is removed while main-
taining pressure above that of initial air (Hedley et al. 1999, 
Nasheri et al. 1997, 1998; Pearson et al. 1998, 2001; 

1. The term “kickout” is used to differentiate it from the normal kickback 
occurring in the conventional empty-cell treatment of wood with the 
Lowry or Rueping processes.
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Pendlebury et al. 1997). However, in this process, hot CCA 
treating solution is used and provides the heat for fixation. 
The kickout and vacuum drip are segregated from the 
working solution.

2.2.3.3 MCI process

Another in-situ fixation process for use with copper naph-
thenate is the MCI (Mooney Chemical Inc.) process (Hein 
and Kelso 1987). In this process, wood is treated empty-cell 
with a conventional Rueping process. At the end of the 
cycle, the temperature is raised and a heating bath cycle 
is applied before removing the preservative and venting 
to atmospheric pressure. 

Moldrup (1983) described a technique developed in 
Europe for treating wood with CCA followed by seasoning 
and staining of the wood in one cycle. The process is basi-
cally a modification of the Royal process whereby wood 
is impregnated with CCA, followed by heating in pig-
mented linseed oil under vacuum after removal of the 
CCA treating solution. The Royal process was developed 
in Sweden. It is a process in which a Boulton cycle is per-
formed using pigmented oil to impart a natural finish to 
the wood after a full-cell treatment (Wilkinson 1979).

2.2.4 Other minor processes

This section discusses other treatment processes that were 
important historically or are used currently to produce 
small volumes of treated wood.

2.2.4.1 Solvent recovery systems

In the 1960s, two solvent recovery systems were developed. 
Bescher (1965) developed the Cellon® process for treating 
wood with pentachlorophenol (penta) in liquefied petro-
leum gas. The actual treating process was either a full- or 
empty-cell process, but the change of solvent systems 
from hydrocarbon oil to LPG left a clean, paintable, and 
gluable surface (Goodwin and Hug 1961, Henry 1963). 
Methylene chloride was another recoverable solvent used 
with penta and patented as the Dow process (Marouchoc 
1972, Winn 1973). In the UK, Stalker (1974) patented the 
use of TBTO (Rentokil process) with the same solvent. These 
solvent recovery processes have been completely aban-
doned in the United States. 

A solvent recovery process patented by the Kanematsu-
NNK Corp. in 1990 is currently being used by 22 companies 
in Japan, the Philippines, and New Zealand (Kanematsu-
NKK Corporation n.d.; personal communication, Koichi 
Yamamoto, 2006). Known as the Dry process-KNN Nissan 

Clean Treatment, the process uses a non-combustible 
organic solvent to carry copper naphthenate, zinc naph-
thenate, or cyproconazole + imidacloprid. The wood is 
treated full-cell and then undergoes a solvent recovery 
phase that uses high frequency heating while the wood 
is still in the treating cylinder.

2.2.4.2 Sap displacement systems

Hudson developed two sap displacement pressure pro-
cesses in the late 1960s: the Slurry-Seal process (Hudson 
1968, 1969a) and the Prescap process (Hudson 1969b, 
Hudson and Shelton 1969). These processes are modifica-
tions of the old Boucherie process. Neither process is being 
used commercially. Treatment of green wood has been 
accomplished by sap displacement using modifications 
of the Boucherie process. In the Gewecke modification 
(Wilkinson 1979), poles are fitted with suction caps driven 
into the end of each pole in a treating charge. The caps 
are attached via flexible tubes to a vacuum manifold inside 
the pressure cylinder. The manifold is piped through the 
vessel wall to the vacuum system and the wood is treated 
by filling the cylinder with preservative under pressure 
while simultaneously applying a vacuum to the manifold. 
This process is used extensively in Denmark to treat refrac-
tory spruce (Picea spp.) and was used in the UK without 
vacuum to treat green spruce and Scots pine (Pinus syl-
vestris) poles. In the UK operation, the pressure differential 
between the applied and atmospheric pressures was suf-
ficient to drive the preservative into the sapwood while 
pushing the sap out of the poles. The poles were called 
“green giants” by the utilities and disliked because of their 
high weight even though excellent treatment was achieved. 
Methods for suction cap displacement have been reviewed 
by Stalker and McClymont (1976a). Another modification 
is the pressure band method suitable for treatment of 
green poles in developing countries (Stalker and 
McClymont 1976b).

2.2.4.3 Specialized vacuum/pressure processes

The oscillating pressure method (OPM), developed in 
Sweden in 1946 (Hudson and Henriksson 1956, Walchii 
1970, Wilkinson 1979), alternates cycles of vacuum and 
pressure after an initial pressure period. The alternating 
periods of pressure gradually increase in length throughout 
the cycle while the periods of vacuum decrease. A final 
vacuum similar to the full-cell cycle completes the method. 
This method has been used commercially in Germany and 
Switzerland to treat spruce and fir (Peek 1987). 
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Improvements to the OPM cycle have been suggested 
(Goetsch and Peek 1991). Initial work in New Zealand with 
steam-conditioned radiata pine (P. radiata) using the OPM 
cycle (McQuire 1962, Rudman et al. 1963) led to the com-
mercial use of the alternating pressure method [APM]. This 
modified Lowry process has been used to treat partially 
seasoned pine with CCA preservatives. Typically, the wood 
is steamed and allowed to cool before treatment. After 
introduction of the preservative, pressure is cycled quickly 
between maximum pressure and atmospheric pressure 
with the hold period at atmospheric pressure increasing 
at each cycle. On the last cycle, maximum pressure is 
maintained until refusal is reached. This process has the 
advantage of being less energy intensive because the 
need for initial kiln-drying is eliminated. Fifteen cycles are 
adequate for treating steam-conditioned radiata pine 
(Bergervoet 1981, 1982, 1984, Vinden and McQuire 1978). 
Steam-conditioned southern pine at moisture contents 
as high as 60% has been successfully treated using this 
cycle (Barnes 1987). The most serious drawback to the 
APM process is possible sludge formation from working 
solutions contaminated with wood acids and sugars. 
Sludge formation is not normally a major problem because 
of rapid solution turnover and can be further minimized 
if a full-cell charge is treated at the end of a production 
shift.

The double vacuum process is used almost exclusively 
for millwork/joinery. It consists of two vacuum periods in 
which the treating fluid, usually AWPA P9 Type C or LOSP 
(light organic solvent preservative), can penetrate the 
small dimension pieces, like window stock or joinery, usu-
ally used in the process. After the application of an initial 
vacuum, the treating vessel is vented, solution drained, 
and a second vacuum applied to remove excess fluid and 
clean the surface.

2.3 non-PreSSure ProCeSSeS2

2.3.1 Cold soak method

This method is sometimes used for treatment of fence 
posts with oil-type preservatives such as copper naphthe-
nate. It is also being used commercially for millwork/joinery 
treatment and for sapstain/mold control treatments. In 
this process, the joinery is submerged in a wood preserva-

tive fluid and treatment of the end grain is achieved with 
minimal penetration of the other surfaces. The method is 
widely used for sapstain and mold control applications in 
hardwood and softwood sawmills and re-manufacturing 
plants. Depending on solution active ingredient content, 
active ingredient surface levels surface retention rates of 
> 1.5 x 10-3 kg/m2 are commonly achieved.

The use of anti-sapstain dip tanks is probably the oldest 
method for the application of chemicals in a water-based 
bath to retard the growth of sapstain organisms and molds 
on fresh cut wooden items (lumber, flitches, planks, etc.). 
The process is very simple. The anti-sapstain chemicals, 
mostly water-soluble or water-dispersible, are mixed with 
large volumes of water and placed into a large tank. Freshly 
cut unseasoned wood is placed into the bulk dip tank with 
the use of cranes, forklifts, or hoists. The wood is usually 
submerged for 1-3 min, depending on if it is dead-stacked 
or stickered, then the wood bundle is raised above the 
tank and allowed to drain (or alternately, placed on a drip 
pad, which will collect the drainage from the bundle, and 
then pump the liquid back into the tank). Once the wood 
has been treated with an effective “prophylactic” surface 
treatment, the wood is allowed to air-dry, temporarily 
stored before it goes into the pre-dryer or dry kiln, or 
shipped from the sawmill location. The chemicals currently 
used make  this operation a sound investment as wood 
can be degraded by hundreds of dollars per MBF if it is 
stained or moldy. Good preventative maintenance on 
these systems includes overflow protection and a con-
tained self-enclosed foundation to control drippage and 
chemical spills.

Other delivery systems are being or have been used 
for delivering sapstain chemicals to wood. Flood coaters, 
foaming coaters, lateral spray boxes, and in-line spray 
boxes are also used in the application of anti-sapstain 
chemicals. These devices basically flood an aqueous solu-
tion or dispersion of mixtures of anti-sapstain chemicals 
over the individual boards in a manufacturing line, either 
linearly or horizontally. Electrostatic spray systems allow 
users to uniformly coat all the surfaces of a board with the 
same amount of an anti-stain system and also allow the 
use of non-aqueous systems. Widely used in the furniture 
finishing industry, this technology has only been successful 
in small-scale sawmill trials.

2.3.2 Diffusion treatments

Diffusion systems have been widely investigated over the 
last 200 years. Today, only a few small treaters use diffus-

2. The author is indebted to M. H. Freeman, Independent Wood Scientist, 
Memphis, TN, for most of the information and discussion in this section. 
Much of the information can be found in Baileys and Freeman (2002).
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Figure 2.14 Pole stock subjected to a final steam/vacuum cycle.

ible borate systems without subsequent employment of 
a pressure/vacuum system (Figures 2.13 and 2.14). Recent 
studies (Amburgey and Sanders 2007, Amburgey et al. 
2003) have proven that pre-treatment of hardwood cross-
ties with borates can successfully extend the service life 
of the tie when followed by a second, water resistant 
system. It is estimated that 150,000 tonnes of diffusible 
borates are used in wood preservation annually. This does 
not include the amount being used by the pest control 
industry for home spraying and termite abatement. In 
most diffusible treatments, wood is pressure treated to 
deliver a high concentration of borates in the shell, and 
then allowed to diffuse under cover/tarps before sampling 
and retention/assay takes place. Diffusion rates follow 
Fick’s laws, and are directly proportional to concentration, 
heat, and moisture content.

Double diffusion treatment involves treatment of wood 
with a waterborne system incorporating a diffusion period 
followed by treatment with a second water soluble com-
pound. In theory, the second compound reacts with the 
first with the product being less soluble than either of the 
starting compounds. These treatments are being investi-
gated again in Colorado and Alaska using locally grown 
species to produce fence posts by first treating with cop-
per sulfate followed by sodium fluoride. Neither of these 
two chemicals is currently registered for this use by the 
USEPA, and no work has been done on the toxicity of the 
leachate from these systems. 

2.3.3 Thermal treatment process (TTP)

The TTP was originally patented by C.A. Seely (1867), is 
also known as the open–tank treatment, the boiling–and–
cooling method, and more recently the thermal process. 
It involves immersion of seasoned wood, for many hours, 
in successive baths of hot and relatively cool preservative 
(Hunt and Garratt 1953). The function of the hot bath is 
to expand the surface of the wood; the duration of the 
bath and temperature of the preservative will largely 
determine the extent to which air and water vapor leave 
the wood. The cold bath, in turn, causes the air and vapor 
remaining in the outer shell of the wood to contract, thus 
forming a partial vacuum. To satisfy this vacuum, atmo-
spheric pressure tends to force the surrounding preserva-
tive into the wood. Some penetration takes place during 
the hot bath in unusually absorptive wood, but most of 
the absorption and penetration occurs during the cold 
bath. The change in baths may be accomplished in several 
ways; by transferring the heated wood to a separate tank 

of relatively cool preservative; by withdrawing the hot 
liquid from the tank and replacing it with unwarmed 
preservative, without moving the timber; or by merely 
discontinuing the heating and allowing the wood and 
preservative to cool together. In the first two cases, it is 
imperative that the change be made without delay; oth-
erwise, the benefits of heating for the subsequent cold 
bath will be impaired. The timber to be treated should be 
rather thoroughly air dried, not only to facilitate penetra-
tion but also to eliminate subsequent extension of season-
ing checks through the impregnated shell of wood.

Both preservative oils and water-soluble salts may be 
applied by the hot- and cold-bath process, but the great 
bulk of treatment is done with coal-tar creosote and other 
oils. Preservative oils have a definite advantage in that 
they afford more permanent protection to poles, posts, 
and other forms of timber that are to be exposed to the 
weather and also because they can be heated to the desired 
temperatures in open tanks with less evaporative loss. 

Figure 2.13 Dipping lumber bundles for diffusion treatment.
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When water solutions are employed in the hot bath, tem-
peratures must be kept low enough to maintain proper 
solution strength. Water-borne preservatives that cannot 
be heated to high temperatures without danger of pre-
cipitating part of the salts out of solution are not 
suitable. 

When coal-tar creosote is used, hot-bath temperatures 
of 99° to 104°C are usually adequate for general purposes. 
However, Standard T-1 of the American Wood Protection 
Association (AWPA 2008), covering treatment of cedar 
poles by the thermal process, stipulates a temperature 
range of 88° to 113°C. Higher temperatures tend to improve 
penetration but also cause somewhat greater evaporation 
of oil from the treating tank; this loss may be considerable 
with creosotes of relatively low boiling range. The cold 
bath should be as cool as is consistent with keeping the 
preservative thoroughly liquid; temperatures of around 
38°C are suitable for coal-tar creosote. Standard T-1 requires 
that the cold bath shall be “between 66°C and the tem-
perature at which solids form in preservative.” In practice, 
both maximum and minimum temperatures vary widely, 
sometimes more than the specification limits allow. When 
water solutions are used, the cold bath can be maintained 
at ambient temperatures, as long as they remain above 
freezing. Treating time may vary considerably depending 
upon such factors s the species of wood, type of product, 
extent to which the timber has been seasoned, weather 
conditions, and often the opinion of the person in charge 
of the operation. Baths may last 1 to 12 h or even longer. 
AWPA Standard T-1 provides for a hot bath of not less than 
6 h and cold bath of at least 2 h. 

In another variation (Boardman 1941), the wood is 
placed in an open tank, the tank covered with a tarpaulin 
or other suitable material, and steam at atmospheric or 
slightly higher pressure is admitted for several hours. When 
the wood has been heated sufficiently, steaming is dis-
continued and a cold solution of water-borne preservative 
admitted to the tank. This method has found commercial 
use on a small scale. Heating in steam can also be accom-
plished in a closed cylinder either at or above atmospheric 
pressure; this procedure is also in limited commercial use, 
mainly for treatment of mine timbers with a water-borne 
preservative.

Still another modification of the hot and cold bath 
(Hammond 1945) provides for heating wood in water at 
temperatures of 49°C to 100°C and then replacing the 
water with a waterborne solution of a diffusible wood-
preserving or fire-retarding chemical. The stated purpose 

of the water treatment is to increase the moisture content 
of the wood so that diffusion of the chemical will occur 
more rapidly in the second bath. 

2.4 PoSt-treatment ProCeSSeS

2.4.1 Post-treatment processing

The effect of conditioning on the properties of treated 
wood was studied extensively in the 1980s and 1990s 
(Barnes 1985b, Barnes and Mitchell 1984, Bendtsen et al. 
1983, Winandy et al. 1983, 1992), particularly wood treated 
with waterborne preservatives. Reductions in modulus of 
rupture have been found for full-sized material kiln-dried 
after CCA treatment and have resulted in a redrying tem-
perature limitation of 71°C. Similar results were found for 
ACQ-treated wood (Barnes et al. 1993). Research on post-
treatment accelerated fixation methods and drying effects 
has shown the need to dry the wood slowly in order to 
prevent excessive depletion of preservative in use. The 
use of high humidity during the early drying phase has 
been recommended (Anderson 1990, Avramidis and 
Ruddick 1989). Data for redrying wood treated with new 
generation systems such as waterborne copper naphthe-
nate, copper xyligen, copper azole, and copper betaine 
have yet to be developed.

With oil-type systems, the use of a post-treatment 
steam/vacuum cycle is perhaps the most successful way 
of reducing preservative bleeding and removing excess 
preservative from the wood surface. After removal of the 
preservative to the work tank, the cylinder charge is 
steamed for a period of time followed by a vacuum to 
remove excess preservative and entrapped air. Some plants 
employ two such steam flash/vacuum cycles. As shown 
in Figure 2.14, the resultant stock is dry and free of excess 
oil.

2.4.2 Best Management Practices

Perhaps the most important aspect of post-treatment 
handling is adherence to Best Management Practices 
(BMPs). A consortium of organizations including Wood 
Preservation Canada, the Western Wood Preservers 
Institute, Southern Pressure Treaters’ Association, and the 
Timber Piling Council has promulgated a series of practices 
aimed at minimizing the environmental impact of treated 
wood (WWPI 2006). Included in the BMPs are a guide to 
selection, specification, and quality assurance, BMPs for 
the production of treated wood and for specific preserva-
tives, installation and maintenance guidelines, and quality 
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Figure 2.15 Typical barrier wraps for round and rectangular sections. 
From (a) http:// www.postprotector.com; (b) http://www.pplfieldlin-
ers.com/users.htm; (c) http://www.pplfieldliners.com/users.htm; (d) 
Barnes et al. (2009).

a b

c

d

assurance inspection procedures. The reader is referred 
to Chapter 11 of this volume for a discussion of BMPs by 
Hayward, Lebow, and Brooks.

2.5 the role of BarrierS in 
PerformanCe

Bandage wraps, such as that reported by Amburgey and 
Freeman (1993), have long been used for the remedial 
treatment of poles. Barrier wraps (also known as field lin-
ers) represent a different approach for a similar product 
(Figure 2.15). The history and data for barrier wraps were 
covered in papers given at AWPA in 2005 and 2006 
(Freeman et al. 2005, 2006). Included in these reviews were 
papers and data from the British Research Establishment 
(Carey and Lea 1998, Dearling 2004), Oregon State 
University (Scheffer and Morrell 1997), Mississippi State 
University (Amburgey and Parikh 2000), and research from 
South Africa by Baecker (1993) and his colleagues (Baecker 
and Behr 1995, 1998; Behr and Baecker 1994; Behr et al. 
1996, 1997). 

Morris and Ingram reported on the performance of 
wrapped posts in an accelerated soilbed test (2005a) and 
after 9 y in ground contact (2005b). In the soilbed exposure, 
the authors found post wrapping reduced the decay rate 
in untreated lodgepole pine posts and delayed the onset 
of decay in CCA-treated posts. Time to failure for un-
wrapped, untreated posts was 30 mo compared to 90 mo 
for untreated material wrapped before installation. After 
8 y of the soil bed exposure, posts treated to an aboveg-
round retention of 4 kg/m3 were performing as well as or 
better than unwrapped posts treated to 10 kg/m3 (Morris 
and Ingram 2005a). The matched samples placed in ground 
contact exposure yielded a different result (Morris and 
Ingram 2005b). In this case there was no observable bio-
deterioration in the CCA posts treated to an above ground 
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Table 2.1 Service conditions for use category designations (AWPA 2008).

Use 
category Service conditions Use environment

Common agents of 
deterioration

Typical
applications

UC1 Interior construction
Above ground 
Dry

Continuously protected from 
weather or other sources of 
moisture

Insects only Interior construction & 
furnishings

UC2 Interior construction
Above ground
Damp

Protected from weather, but may 
be subject to sources of moisture

Decay fungi & insects Interior construction

UC3A Exterior construction
Above ground
Coated & rapid water runoff

Exposed to all weather cycles, 
not exposed to prolonged wetting

Decay fungi & insects Coated millwork, siding 
& trim

UC3B Exterior construction
Above ground
Uncoated or poor water 
run-off

Exposed to all weather cycles 
including prolonged wetting

Decay fungi & insects Decking, deck joists, 
railings, fence pickets, 
uncoated millwork

UC4A Ground contact or fresh 
water
Non-critical components

Exposed to all weather cycles, 
normal exposure conditions

Decay fungi & insects Fence, deck, & guardrail 
posts, crossties & utility 
poles (low decay areas)

UC4B Ground contact or fresh 
water
Critical components or
difficult replacement

Exposed to all weather cycles, 
high decay potential 
includes salt water splash

Decay fungi & insects with 
increased potential for 
biodeterioration

Permanent wood 
foundations, building 
poles, horticultural posts, 
crossties & utility poles 
(high decay areas)

UC4C Ground contact or fresh 
water
Critical structural 
components

Exposed to all weather cycles, 
severe environments
extreme decay potential

Decay fungi & insects 
with extreme potential for 
biodeterioration

Land & freshwater 
piling, foundation piling, 
crossties & utility poles 
(severe decay areas)

UC5A Salt or brackish water
& adjacent mud zone
Northern waters

Continuous marine exposure
(salt water)

Salt water organisms Piling, bulkheads, bracing

UC5B Salt or brackish water
& adjacent mud zone
NJ to GA, south of San 
Francisco

Continuous marine exposure
(salt water)

Salt water organisms
Including creosote tolerant
Limnoria tripunctata

Piling, bulkheads, bracing

UC5C Salt or brackish water
& adjacent mud zone
South of GA, Gulf Coast,
Hawaii, & Puerto Rico

Continuous marine exposure
(salt water)

Salt water organisms
Including
Martesia, Sphaeroma

Piling, bulkheads, bracing

UCFA Fire protection as required 
by codes
Above ground
Interior construction

Continuously protected from 
weather or other sources of 
moisture

Fire Roof sheathing, roof 
trusses, studs, joists, 
paneling

UCFB Fire protection as required 
by codes
Above ground
Exterior construction

Subject to wetting Fire Vertical exterior walls, 
inclined roof surfaces or 
other construction which 
allows water to quickly 
drain
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retention after 9 y in service. This compared well to the 
soilbed data, which showed some measurable decay after 
8 y. The major difference was in the comparison between 
wrapped and unwrapped, untreated posts for both stud-
ies. In the ground contact study, no retardation in decay 
rate was noted, but the authors attribute this to deteriora-
tion of the barrier wrap used in this study. Based on their 
excellent results with eucalypts, Australian researchers 
suggested that lower pole retentions could be used when 
barriers were employed (Howgrave-Graham et al. 2008). 
Barnes et al. (2009) describe good performance of barrier 
wrap systems on a variety of species of timbers and round-
stock exposed in AWPA hazard zone 4. After 27 mo of 
exposure in covered and uncovered ground contact ex-
posure, no decay or termite attack was found for any of 
the booted timbers or roundstock.

Since 2006, an AWPA standard for barrier wraps (P20-
08) has been promulgated (AWPA 2008) and one system 
has been listed (BP1). A new commodity specification 
(Commodity Specification K: Barrier Protection Systems) 
is listed in Standard U1-08. An evaluation report has been 
issued by the ICC for the same system (BP1), thus clearing 
the way for its use in the building codes (ICC 2008). Barrier 
wraps allow users to prescribe above-ground retentions 
for ground contact use. They may also help to minimize 
migration of preservative into the environment, although 
this potential benefit needs further evaluation.

Barriers have been applied to marine piling in the Los 
Angeles harbor (Horeczko 1987). Gambetta (1989) reports 
excellent performance for marine piles with plastic wraps 
exposed in Denmark, India, Italy, Tahiti, Syria, Spain, and 
the UK. Several commercial applications of barrier wraps 
can be found. The Protective Packaging Ltd. (2009) website 
lists several companies using a barrier wrap system. 
Included are Eskom, eThekwini Electricity, Buffalo City, 
and Benoni Town Council in South Africa, Kenya Power 
and Lighting Company, and Seattle City Light, Puget Sound 
Energy, and Snohomish PUD in the United States. 

2.6 Wood treatment StandardS

The primary organization setting standards for preserva-
tives and treated wood commodities in the U.S. is the 
American Wood Protection Association (AWPA). Beginning 
as the Wood-Preservers’ Association, the AWPA has been 
setting standards since its inception in 1904. It publishes 
an annual Book of Standards (BOS) which is available at 
http://www.awpa.com/. The major section is the Use 
Category System Standard, composed of two sections: U1 

User Specification for Treated Wood and T1 Processing 
and Treatment Standard. Section U1 places treated wood 
into six use categories as shown in Table 2.1. This system 
was instituted, and the old commodity specification stan-
dards eliminated in order to make specifying treated wood 
easier for the end user.

Section T1 includes items of particular interest to com-
panies producing treated wood. This section includes 
general treatment requirements, treatment, results of 
treatment requirements, retreatment, and processing of 
wood after treatment. Special requirement by commodity 
are given, including penetration and retention requirement 
by species.

Also included in the BOS are standards for non-pressure 
treatment (N standards), standardized preservative systems 
(P standards), standards for analyzing preservatives and 
wood containing preservatives (A standards), evaluation 
(E) standards for evaluating preservative systems under 
various service conditions, and miscellaneous (M) stan-
dards related to the purchase of treated wood, inspection 
and quality control, and care of preservative treated wood 
including mitigation of potential environmental impacts 
of preservative-treated wood. An excellent discussion of 
the new AWPA standards can be found in McCown (2007).

Standards and specifications are requisites for produc-
ing commodities with increased service life while protect-
ing the interest of the consumer. The combination of 
specifications and the use of BMPs allow for the produc-
tion of a quality product that is environmentally sound 
and minimizes the impact of preservatives on the environ-
ment. Good stewardship requires such an approach.

2.7 Summary

This paper reviewed the treatment of wood using pressure 
non-pressure processes, and the preparation of material 
for treatment. Conventional commercial processes were 
covered as were sap-displacement, solvent recovery, and 
in situ fixation cycles along with methods aimed at treat-
ing green or refractory wood. Post-treatment handling of 
treated wood was discussed. In this regard, the most im-
portant operations are related to best management prac-
tices. A section on novel treatments discussed liquid jet 
treatment, sonic wave treatment, vapor phase treatments, 
and supercritical fluid treatments.
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