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ABSTRACT 

Borates have been utilized in wood protection systems for many decades but only recently have 

been used in North America to treat crossties. This colorless, ordorless and very effective wood 

protection chemical has the ability to arrest and prevent the colonization of wood by both 

basidiomycete decay fungi and insects such as beetles and termites while ties are air seasoning or 

in service.  Since borates are water-diffusible, they will eventually leach from the wooden 

substrate if exposed to prolonged outdoor exposure conditions without a water-repellent 

encapsulation dual treatment.  The decay and insect damage that occurs in crossties during the 6-

9 month air seasoning process prior to preservative treatment has been determined to be a major 

factor in the premature failure of in-service crossties. In an AAR/RTA/MSU-sponsored study, 

DOT borate in a heated 30% wt/wt solution was applied before air seasoning and then standard 

creosote treatments were applied over the borate treated ties after seasoning.  The actual creosote 

retentions of the original test ties has not been reported in detail and are very important to 

consider as the commercialization of this new wood protection system matures.  It was shown 

that when ties are properly treated with DOT borate, allowed to establish a distributed borate 

reservoir, and air seasoned to industry standard, the creosote retentions can be decreased from 

standard specifications by as much as 50% and tie life can be increased by as much as three 

times over ties treated with creosote alone at current specifications.   
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1. INTRODUCTION 

1.1 Borates as Biocides 

Borates have been recognized as effective broad-spectrum biocides for protecting wood against 

both decay fungi and insects for many years and, in addition, wood treated with them is odorless, 

colorless, and can be painted or stained. Borates also are durable, water-soluble, non- volatile, do 

not break down into ineffective products, do not increase the hygroscopicity of wood, are fire 

retardants, most remain mobile in wood, and can diffuse throughout moist wood. Rather than 

coating cellular surfaces of dry wood, as with conventional treatment processes, borates diffuse 

through the cell walls of wood, including those of refractory species that have not been dried or 

becomes re-wetted in service. Borates also can be used to pressure-treat either non-seasoned or 

seasoned ties, but their penetration in seasoned ties is by mass flow rather than diffusion. Borate 

diffusibility and mobility also can be a detriment unless they are encapsulated by a water-

repelling formulation to prevent/decrease leaching. World-wide literature on the use of borates in 

wood is extensive and has been reviewed by: (Carr 1959, Bunn 1974, Cockroft and Levy 1975, 

Barnes 1989, Drysdale 1994, Lloyd and Manning 1995, and Freeman et al 2009). 
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The first boron compounds used as wood preservatives were combinations of borax and boric 

acid. These were components of Celcure formulations patented in 1933. Other borates used as 

wood preservatives have been formulations prepared from sodium tetraborate, sodium 

pentaborate, and boric acid. Most of the work in North America has been with disodium 

octaborate tetrahydrate (DOT). Reasons for this are that DOT has a higher water solubility and 

greater mobility in wood than other borates, and this permits the use of higher concentrations in 

wood. In addition, DOT is a powder that is stable, odorless, colorless, non-corrosive, non-

flammable or combustible, has low acute oral and dermal toxicity, and solutions act as fire 

retardants in wood. Lloyd indicates that the form and formulation of the applied boron allows for 

the maximum production of free boron ions when in wood (Lloyd et al 1990, Lloyd 1998).  

Nicholas and Preston summarized the toxic thresholds for boron-treated wood against fungi and 

insects (Nicholas and Preston 1988).  

 

1.2 Borate Studies in the USA 

While attending the 1990 meeting of the IRG  and visiting the New Zealand Forest Research 

Institute, Lonnie Williams (USDA Forest Service) and Terry Amburgey (Mississippi State 

University, MSU) discussed various types of borate treatments with members of the FRI staff 

(Interviews with John Butcher and Mick Hedley). They became convinced that borate dip-

diffusion (or pressure) treatments should play a larger role in treating wood products in the 

United States. Williams was particularly interested in preventing beetle damage to tropical 

hardwoods being imported from Central and South America and preventing beetles in log home 

logs, and Amburgey was primarily interested in protecting large-dimension solid wood products 

from decay by initial and remedial treatments (Williams 1990, Williams 1997, Williams et al 

1990). After reviewing literature on the use of borates to treat wood, in the spring of 1985, 

Williams and Amburgey designed a series of tests to determine the utility of borate dip-diffusion 

treatments in protecting a variety of wood products. In 1990, Williams took the lead in 

organizing the First International Conference on Wood Protection with Diffusible Preservative 

and Pesticides. Some of their early field tests in AWPA Hazard Zones 4 and 5 remain in 

progress.  

 

One of these long-term field studies conducted at MSU (AWPA Hazard Zone 4) in the summer 

and fall of 1985 was begun to test the hypothesis that borate dip-diffusion treatments of non-

seasoned crossties would protect them from decay fungi and insects during air seasoning and 

would protect the interiors of “treated” ties as checks and splits develop, provided that the borate 

remains mobile following subsequent encapsulation treatment to AWPA-approved retentions 

with either oil (creosote) or oil-borne (copper naphthenate) preservatives rather than being 

“fixed” in the wood (Amburgey et al 2009.) After 20 years of exposure in the MSU test site near 

Starkville, MS in AWPA Hazard Zone 4, the ties, which had been placed on a washed gravel 

bed, were covered with 15 to 20 cm of pine needles that kept the tie surfaces wet. In spite of this 

severe exposure, the interiors of the borate dual-treated ties were essentially sound (Table 1). 

The ratings of the appearance of the exteriors of the dual-treated ties containing creosote were 

better than those treated with copper naphthenate, but none of the ratings reflected more than 2 to 

3 mm of deterioration caused by soft-rot fungi.  Other studies on copper-borate preservative 

systems have demonstrated their efficacies and synergy (Freeman, et al 2013). 
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Table 1. Performance ratings for ties  pre-treated with DOT borate and subsequently treated with 

either creosote or copper naphthenate after 20 years of exposure in AWPA hazard zone four 

Treatments Species Exterior Ratings  Interior Ratings  Loose Spikes 

Untreated Gum 0 0 All 

 Red Oak 0 0 All 

 White Oak 0 0 All 

Creosote Gum 9.8 9.4 0 

 Red Oak 8.6 8.5 0 

 White Oak 8.5 8.0 0 

CuNap Gum 6.0* 8.0 0 

 Red Oak 6.5* 4.0 1 

 White Oak 7.0* 5.7 0 

TimBor Gum 0 0 5 

 Red Oak 2.0 1.1 2 

 White Oak 3.0 2.3 3 

Timbor-Creosote Gum 9.3 9.4 1 

 Red Oak 8.3 10 0 

 White Oak 8.8 9.6 0 

Timbor-CuNap Gum 8.0* 9.7 0 

 Red Oak 7.7* 10 0 

 White Oak 7.2* 8.8 0 

*Limited surface damage by soft-rot fungi 

 

This hypothesis also was tested a few years later in a long-term, in-track project co-sponsored by 

the Association of American Railroads, Railway Tie Association, and Mississippi State 

University (AAR/RTA/MSU).Since publication of the results of the AAR/RTA/MSU sponsored 

borate/creosote-treated crosstie field test in 2003 (Amburgey et al 2003), primarily designed to 

use a borate dip-treatment to prevent or arrest decay and insect damage during air seasoning of 

ties, borate pretreated/creosote ties have begun to be specified by railroads for use in AWPA 

Hazard Zones 4 & 5 (Amburgey et al 2011,  Gauntt et al 2006).  In all instances, the secondary 

treatment with creosote has been specified at the retentions used in non-borate pretreated ties.  

However, results of the AAR/RTA/MSU field test indicate that borate pretreated ties dipped in 

heated Timbor® prior to seasoning, and subsequently air dried and dipped in creosote, retained 

high levels of borate, and had minimal decay, after 15 years of in-track exposure (Amburgey et 

al 2003).  As documented in the AAR/RTA/MSU test 1989 progress report (Amburgey et al 

1989),  the creosote-dipped ties had average creosote retentions as follows: gum-1.26 pcf (20.18 

kg/m
3
), white oak-0.06 pcf  (.96 kg/m

3
), and red oak-0.23 pcf  (3.68 kg/m

3
) (Table 2).  In spite of 

the low creosote retentions, the borate-pretreated, creosote-dipped ties remained serviceable after 

15 years in track in AWPA Hazard  Zone 4 and had no indication of “spike kill” (deterioration of 

both spikes and the wood adjacent to them due to iron deterioration). In addition, no electrical 

resistance problems occurred in the encapsulated DOT pre-treated ties exposed in signaled track. 

These results attest to the biological efficacy of both borates and creosote. 
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Table 2. Creosote retentions in ties pre-treated in the 1988 AAR/RTA crosstie study (Crossties, 

May/June 2003).
1
 

Designation Species Bulk Stacked Borate Creosote 

Moisture 

Content   Creosote Content  

          %  lbs/ft
3 

kg/m
3 

GCN 

Gum (Mixed 

Hardwood) No None Full Treatment 18.2 14 224.25 

GBN 

Gum (Mixed 

Hardwood) Yes Dipped Full Treatment 26.1 6.7 107.32 

GBN 

Gum (Mixed 

Hardwood) Yes Dipped Dipped 23.3 1.26 20.18 

WBC White Oak Yes Dipped Dipped 35 0.06 .96 

WBB White Oak Yes Dipped Full Treatment 34.8 1.7 27.23 

WBA White Oak No Dipped Full Treatment 32.2 1.4 22.4 

RCA Red Oak No None Full Treatment 40.5 5.2 83.29 

RBA Red Oak No Dipped Full Treatment 74.1 3.9 62.47 

RBC Red Oak Yes Dipped Dipped 47.7 0.23 3.68 

          

  

 

Average 

Full 

Treatment       37.65 5.48 87.78 

Median 

Full 

Treatment       33.50 4.55 72.88 

          

  

 

Average Dipped       35.33 0.52 8.33 

Median  Dipped       35.00 0.23 3.68 

 

 

The broad-spectrum efficacy of creosote and some of  its blends as a treatment for crossties has 

been recognized in North America since the first creosote treating plants in the U. S. were built 

in 1865 in Somerset, Massachusetts and in 1875 in West Pascagoula, Mississippi. Service lives 

of creosote-treated ties have been reported to approach 47 years, depending on the quality of 

ballast, the wood species and the AWPA Hazard Zone, (Anon. 1975).  However, ties of 

refractory species, with relatively narrow bands of treated sapwood and an untreated decay-

susceptible heartwood core (e.g., white oak), are failing in as few as 7 years in AWPA Hazard 

Zones 4 & 5 (Graham 1954, Graham 1956,  Graham et al 1964, Miller 1961). 

 

We have known for several years that creosote at reduced retentions could be used for above-

ground exposures (ties on good ballast are considered to be in above-ground exposure).  For 

instance, in a soil-block test reported in 1947, creosote was tested in blocks treated to retentions 

of 2, 5, and 8 pcf (32, 80, 128 kg/m
3
). Only the blocks treated with 2 pcf (32 kg/m

3
) and exposed 

to Lentinuslepideus, a basidiomycete decay fungus known for its tolerance to creosote, had decay 

present when examined (Richards and Addoms 1947).  The results of soil-block tests are 

considered to approximate retentions required for above-ground exposure. Other studies also 

have proven the effectiveness of varying creosote levels to extend the service life of wooden 

products.  A study entitled “Comparison of Wood Preservatives in Mississippi Post Study” was 

established in 1936 at the USDA Forest Service Harrison Experimental Forest located in Saucier, 

                                                 
1
 The data represented in Table 2 represents data taken after the initial creosote treatment of the test ties in 1988.  Twenty (20) samples were 

taken from each group for analysis.  After the fifteen (15) year inspection, no test ties (including dipped) required replacement. 
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MS (USDA Forest Service 1936).  The data in this report estimated that posts treated with 

average creosote retentions of 6 pcf (96 kg/m
3
) had an average in-ground service life of 41 years 

in AWPA Hazard Zone 5. 

 

2. DISCUSSION AND CONCLUSIONS 

 

2.1 Discussion 
There have been several different approaches to treating crossties with borates in North America 

since the initial commercialization efforts began in the early 2000’s by several Class I railroads 

and treating plants in the United States for crossties being placed in tracks located in AWPA 

Hazard Zones 4 & 5.  Several of these approaches initially followed the path of the original 

Amburgey protocol of applying the heated DOT borate solution to non-seasoned   ties before air 

seasoning and then applying an encapsulation over-treatment (an oil or oil-borne preservative)  

after air seasoning to keep the borate in the centers of the ties.  This initial effort was to establish 

a borate reservoir in the centers of the ties to prevent decay during air seasoning and to protect 

the centers of difficult to treat species by common industry techniques. We have begun 

additional studies since the initial project using non-creosote over-treatments applied to ties that 

have been pretreated with borates.  This expansion is a progressive move toward future and 

alternative wood protection systems for industrial treated wood products such as crossties.  There 

has been work performed on applying the borates to non-seasoned ties by both pressure and dip 

systems and at ambient temperature as opposed to the heated solutions that were utilized in the 

original study (Kitchens et al 2013, Taylor and Lloyd 2009). Current and future work is 

underway to expand this approach to wood protection; the original AAR/RTA/MSU research has 

already proven to triple the life of wooden crossties in AWPA Decay Hazard Zones 4 & 5.   

 

2.2 Conclusions 
Three decades of field evaluations and a decade of commercialization efforts have provided a 

solid foundation for the DOT borate treatment of crossties prior to air seasoning.  This treatment  

has been demonstrated to prevent decay and insect infestation while the stock is drying, has the 

ability to decrease the amount of drying time needed to achieve desired moisture content levels, 

and has demonstrated the ability to minimize checks and splits during the air drying process.  It 

has also been demonstrated that when an oil or oil-borne encapsulation treatment is applied to 

the dried ties, loosening of spikes (spike kill) and in-track decay and insect damage has been 

minimized while service life is significantly increased.  Studies indicate that creosote retentions, 

when used as an encapsulation treatment over DOT-treated ties (treated before air-seasoning), 

can be significantly reduced to levels below those currently specified by railroads (7.5-8.5 pcf , 

120.14 – 136.17 kg/m
3
) when ties are treated with creosote alone.  Based on the data recorded 

and observations by the researchers, it is believed that creosote retention of 3-5 pcf (48 – 80 

kg/m
3
) would provide effective protection, with a significant margin of safety, in ties properly 

pre-treated with borates prior to air-seasoning.  This conclusion is based on both laboratory and 

field data collected over the last 50+ years.   Until additional studies indicate differently, the 

borate treatment would need to follow protocols set forth during the initial treatment by 

Amburgey to obtain these results (Amburgey1989).  This working application protocol was 

created to ensure that proper borate loadings (reservoirs) and penetration  levels are achieved.  If 

this borate working protocol is followed, and a creosote retention of  3 -5 pcf  (48 – 80 kg/m
3
) or 

copper naphthenate at the currently-specified retention is achieved, the service life of crossties 

will be significantly extended when compared to traditional creosote-only treated  ties in both 

treatable and refractory species exposed in all AWPA Hazard Zones.  Current and prior research 

projects are being evaluated to determine if new and improved encapsulation systems for borate 

pre-treated ties can provide the level of protection needed to accomplish the extended tie life that 

was recorded in the original full scale field test of the 1980’s.  The success of the borate crosstie 
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commercialization efforts over the last decade has solidified that borates have a place in the 

future of protecting crossties in the United States for decades to come.   
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