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1. INTRODUCTION 

The South African product codes for the specification of wood preserving 
creosotes are lacking and inhibitive. They are producer source-specific, not 
universal and prevent the use of more effective formulations.  This paper will 
highlight the current code problems, present the available research, discuss the 
objectives and propose a new standard for adoption that will meet the 
requirements of the most suitable coal tar-based wood treatment preservative. 

2. CURRENT CODES 

The current South African creosote product codes are as follows: 

2.1. SABS 538:1997 
This specification covers creosote that is derived entirely from coal tar 
produced by the high-temperature carbonization of bituminous coal.  
The definition of “high-temperature”  is not provided but it is generally 
accepted that this applies to Mittal Steel’s (formally ISCOR’s) English 
Coke Oven-produced coal tar.  Although the code does not define 
creosote, the Oxford English Dictionary defines creosote as “a distillate 
of coal tar” .  This code originally had a distillation range considered 
acceptable by the authors, but a 1997 modification was published 
which significantly reduced the residue content allowable and provided 
the possibility to remove a middle distillate cut, as evidenced by the 
removal of the 270oC distillation limit.  It should be noted that Mittal 
Steel are the only operators of English Coke Ovens in South Africa and 
market their own creosote through their subsidiary Coke and Chemical 
Division. 

2.2. SABS 539:2001 
This specification covers creosote that is derived entirely from coal tar 
produced by the Lurgi-gasification process of bituminous coal.  Only 
Sasol produce coal tar from a Lurgi-gasification process, which they 
market through their subsidiary company Carbo Tar. 

2.3. SABS 592:1957 
This specification covers the solution of high-temperature creosote and 
coal tar, up to 40%.  It however specifies that the creosote used in the 
solution shall comply with SABS 538. 

2.4. SABS 1290:2000 
This specification covers two types of wood-preserving mixtures of 
creosote and waxy oil for use in the preservation of timber. It also 
stipulates that the creosote shall comply with the requirements of 
SABS 538 or 539.  It should be noted that the Type 1 mixture is for 
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waxy oil, a Sasol product out of their Secunda plant, with a content of 
20% - 30% by volume.  This to reach the required minimum wax 
content of 1% in the final product, means that this is a creosote and 
paraffinic petroleum oil blend with some wax. 

There is a considerable quantity of coal tar produced in English Vertical 
Retorts in South Africa.  This material, which is considered low-temperature 
coal tar, is eminently suitable for use in the wood preservation market as the 
research shown below demonstrates.  One of the features of the so called low-
temperature coal tar is that it has a lower pitch (residue) content than medium 
or high temperature coal tar.  The need to distil the material to reduce the 
residue content is thus greatly reduced and in fact the required distillation 
range, maximum residue content and particulate content required by most 
international specifications can be achieved by centrifuge separation and if 
necessary blending of some light creosote.    

However the above codes restrict the manufacture of highly effective wood 
preservative products produced from low-temperature coal tar and from using 
alternative technology to achieve the specified distillation range and solids 
content. 

3. COMPARISON OF WOOD PRESERVATIVES IN 
FIELD TRIALS 

Wood for outdoor use such as telephone and transmission line poles, fences, 
structures, agricultural buildings, wharves, groynes and piling is one of the most 
common and easiest materials to use.  The alternatives of steel or concrete are 
more costly and have a far higher environmental impact.  Wood, although a 
renewable resource, does however consume water to grow and in the South 
African context thus needs to be utilised to its best advantage to minimise this 
impact. Government is also in the process of reducing the land available for 
forestation, which will make wood more valuable.  This, with the prohibitive 
replacement in service cost, makes treatment for a long service life mandatory. 
Wood can be made to provide a significant service life if treated correctly and 
adequately with a suitable preservative, such as coal tar creosote.  Where an 
untreated pole may only provide a service life of 1-3 years, a properly treated 
timber should give a service life in excess of 25 years and with maximum 
retention in excess of 50 years (1). 

It is also interesting to note that the environmental considerations in the 
production of the various construction materials are as follows (2): 

MATERIAL CARBON 
RELEASED  

(kg/m3) 

FOSSIL FUEL 
ENERGY USED 

(MJ/m3) 
Rough sawn timber 15 750 

Concrete 120 4 800 

Steel 5 320 266 000 
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Aluminium 22 000 1 100 000 

 

Wood is a biological material and as such is subject to decay and insect attack.  
The preservative must therefore provide protection against fungus, bacteria, 
termite, woodborer etc. It should also provide protection against weather attack, 
such as dry rot and checking. 

Whilst it is acknowledged that the condition of the timber being treated, 
especially the moisture content and the treatment method in respect of 
penetration and retention are extremely important, this paper focuses only on the 
creosote preservative formulation. 

The data presented here was sourced from the United States of America, 
Department of Agriculture, Forestry Services, Comparison of Wood 
Preservatives in Stake Tests(1) document.  This research program is the ongoing 
work of over 80 years of independent evaluation of the durability of 
preservatives in field plot trials.  Results of an international exposure test in 
1930 (Hunt and Snyder) indicated that exposing 50mm by 100mm by 450mm 
long pine sapwood stakes treated with various wood preservatives is an 
effective method of testing the protection provided against decay and termite 
attack.  These tests were carried out in Saucier (Mississippi), Madison 
(Wisconsin), Bogalusa (Louisiana) and the Canal Zone in Panama to provide as 
wide a climate and insect habitat as possible.  Stake tests are useful in screening 
out ineffective preservation material.  However it should be noted that it is the 
comparisons that are relevant and not the actual life achieved, as this relates 
only to the pine stakes and the conditions that they experienced in that particular 
situation. 

Currently creosote-treated gum poles in South Africa are failing in service in as 
little as 7-8 years (3), where the expected life is at least 25 years.  It is postulated 
that this may be as a result of excessive removal of residue, reducing the 
efficacy, and insufficient viscosity for long-term retention. 

4. SELECTION AND TREATMENT OF STAKES 
The stakes were selected from Southern Pine sapwood generally measuring 
50mm by 100mm and 450mm long. The stakes are uniformly seasoned, 
surfaced on four sides and selected free of heartwood, wane, objectionable knots 
and other visible defects.  The treatment was by pressure impregnation by the 
empty or full cell method depending on the retention level required.  Complete 
penetration is desirable.  Twenty stakes were treated for each test and the ten 
most acceptable stakes chosen for the test.  In this way the variance in retention 
to the specified quantity was limited to the desired 10% range. 

5. INSTALLATION AND INSPECTION OF STAKES 
The stakes were set in the ground in an upright position to 50% of their length 
(225mm) in a randomise-block method (Fisher and Yates 1938).  The 
conditions of the various test sites are: 
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5.1. Saucier -M ississippi 
Fine sandy loam, with 5%-12% slope, a pH of 4,85 and an average 
annual rainfall of 1574mm.  The area was partially cleared of trees and 
is now mostly wiregrass. 

5.2. Madison-Wisconsin 
Until late 1956 the plot was located in an area of clay loam soil with a 
pH of 6.5 that was partially shaded by hardwood trees and shrubs.  The 
average annual rainfall was 790mm. 

The new site has a similar soil but without the overstory of trees and 
shrubs. 

5.3. Bogalusa-Louisiana 
Sandy loam soil and is partially shaded. 

5.4. Jacksonville-Flor ida 
Sandy loam soil and is partially shaded. 

Inspections were carried out by removing each individual stake, scraping to 
facilitate inspection, examining and returning to their original place unless 
conditions indicate that they have failed.  

The stakes condition is determined by a system of numeric assessment 
according to the amount of decay and or termite attack. 

DESCRIPTION OF CONDITION 

GRADE No. DECAY GRADES TERMITE GRADES 

10 Sound, suspicion of decay permitted Sound, 1 to 2 small nibbles 

9 Trace decay to 3% of cross section Slight evidence of feeding to 3% of cross 
section 

8 Decay from 3% to 10% of cross 
section 

Attack from 3% to 10% of cross section 

7 Decay from 10% to 30% of cross 
section 

Attack from 10% to 30% of cross section 

6 Decay from 30% to 50% of cross 
section 

Attack from 30% to 50% of cross section 

4 Decay from 50% to 75% of cross 
section 

Attack from 50% to 75% of cross section 

0 Failure Failure 

  

Thus a 10-10 rating refers to sound on both decay and termite attack, while 0-7 
would refer to a failure due to decay only, and 7-0 to a failure by termite attack 
only.   

In tests that have not yet reached 100% failure of all ten stakes, the average life 
can be approximated at the time that 60% of the stakes have failed. 
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6. UNTREATED STAKES 
The untreated pine sapwood (control stakes) showed the following average life: 

a) Canal Zone, Panama  1,2 years 

b) Madison, Wisconsin  4 – 6 years 

c) Lake Charles, Louisiana 2,3 years 

d) Bogalusa & Jacksonville 1,8 – 2,4 years 

 

7. COAL TAR CREOSOTE COMPARISONS 

7.1. Residue Content 
From a test at the Madison Wisconsin sites(4), and after 44 years, the 
following results were obtained using different residue content 
creosotes.  The average product retention was ~130kg/m3  

 

From the same experiment but at the Saucier Mississippi site, the test 
was not completed when the experiment was terminated in 1992 after 
44 years.  However the Low Residue stakes showed a 60% failure, the 
Medium Residue stakes a 30% failure and the High Residue no 
failures. 
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7.2. Tar  Acids and Naphthalene 

The following results(4) were measured from treatment with a Medium 

Residue creosote with low tar acids, low naphthalene and low in both 
tar acids and naphthalene, residue, tar acids and naphthalene. 

7.3. Residue, Tar  Acids and Naphthalene 
This test(4) measured the low residue and high residue creosote treated 
stakes with low tar acids and low naphthalene in both cases. 

It would thus appear that low residue creosote can be improved by 
reducing the tar acids and naphthalene but this appears slightly counter-
productive in high residue creosote. 

 

A further test(6) shows that, after 48 years, stakes treated with low-
temperature coal tar creosote with tar acids present had an 88% failure 
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at 80 kg/m3 retention, 67% failure at 160 kg/m3 retention and no 
failures at 240 kg/m3 retention.  The low temperature coal tar creosote 
with a high percentage of tar acids removed had an average life of 27,2 
years at an 80 kg/m3 retention, and after 48 years a 60% failure at 160 
kg/m3 retention and 10% failure at 240 kg/m3 retention 

7.4. High and Low Temperature Coal Tar  

The coal tar produced from English Coke Ovens, so called “high-
temperature”  coal tar is compared to that from English Vertical Retorts 
which produces “ low-temperature”  coal tar(4). It shows a significant 
improvement (39%) in average life. 

A further test showed that, after 50 years(5), the stakes treated with the 
English Vertical Retort (low temperature) coal tar creosote had only 
reached 90% failure at 85 kg/m3 retention, 80% failure at 160 kg/m3 
retention and no failures at 240 kg/m3 retention.  On the other hand the 
English Coke Oven coal tar creosote had all failed giving an average 
life of 16,3 years at a 75 kg/m3 retention, 70% failure at 160 kg/m3 
retention and 80% failure at 240 kg/m3 retention. The variance on the 
low retention rates makes the comparison difficult. 

These tests show that low temperature coal tar provides a significantly 
superior average life to that of high temperature tar. 
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7.5. Creosote, Solutions and Petroleum Oil Blends 

The following results(4) were from a medium residue creosote solution 
with coal tar, a medium residue creosote solution with residual 
petroleum oil and residual petroleum oil. 

The addition of coal tar and residual petroleum oil to the medium 
residue creosote slightly increased its efficacy, although this variance is 
likely to be within the expected test repeatability deviation.  However 
the residual petroleum oil on its own had a very poor life. 

In a further test(7) a comparison was carried out between a coal tar 
creosote and a 70% creosote 30% coal tar solution.  The tests were 
conducted in Louisiana and Mississippi.  After 35 years the 80 kg/m3 
retention stakes showed 40% failure for both creosote and solution in 
Louisiana.  Unfortunately the Mississippi results are incomparable as 
the retention rates varied from 82 kg/m3 on the creosote stakes and only 
62 kg/m3 on the solution stakes. 

7.6. Other  Field Tests on Poles(9) 
A 43-year test was conducted at Charleston, South Carolina, which is 
classified as a severe deterioration zone according to AWPA Standards 
C4.  The tests were carried out on 6,4m poles and stakes with 
retentions of 64, 96 and 128 kg/m3.  The authors draw the following 
conclusion : the service life of creosote treated wood is increased with 
the use of higher residue and less volatile creosotes.    

D.P. Agrawal et al(12) says the ‘ two most important properties of a wood 
preservative i.e. toxicity and permanence are inherent in low-temperature 
creosote.  The Indian Standards Specification was modified to accommodate 
low-temperature tar. The United Kingdom and New Zealand have also 
recognised the acceptability of low-temperature creosote. Baechlor(13) proved 
that the residue of low-temperature creosote was more toxic than that of high-
temperature creosote and the loss in toxicity of various fractions of low-
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temperature creosote was much less pronounced than from high-temperature 
creosote. 

8. VISCOSITY 
The part that viscosity plays in long-term retention of the creosote in the treated 
pole does not appear to have been adequately explored.  However it is 
postulated that a low viscosity will be more prone to evaporation and may more 
easily allow capillary migration of the product out of the treated pole.  Thus 
product with a viscosity of less than say 5 centiStoke at 40oC will have a greater 
potential to migrate than one with a viscosity in excess of say 20 centiStokes at 
40oC.  It would appear that the ideal viscosity properties of the product would 
be a viscosity just sufficiently low for effective treatment at 80oC – 90oC but 
which increases rapidly at temperatures below 40oC.  From trials conducted it 
was shown that effective treatment can be carried out with material having a 
viscosity of 10 centiStokes at 70oC(10). 
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Pictures 1 and 2 show timber treated with a high residue low-temperature 
creosote solution, with no visible migration after 5 months.  Picture 3 shows a 
pole treated to specification and after a few weeks shows severe migration and 
/or evaporation. 

Gum poles should not be treated at temperatures much above 95oC as the wood 
chemistry is changed, which results in pathway blockages. This provides an 
upper limit on useful viscosity reduction by means of increased product 
temperature during treatment. 

9. DISTILLATION RANGE 
The importance of a distillation range specification is to ensure a material that 
contains the full range of naturally occurring chemical compounds from the 
large molecular, highly viscous, residue to the small molecule volatile 
compounds in a smooth and continuous range. That is to say, there should be no 
missing cuts or excessive amounts of any particular cut in the product.  There 
are several reasons for this.   

Firstly the lighter volatile compounds are the pesticides and low viscosity 
components that allow easy penetration.  The heavier compounds are the more 
viscous and reduce the likelihood of product migration out of the pole. They 
also provide weatherproofing by reducing water penetration, which will reduce 
the rate of decay.   

Secondly liquids of this nature tend to separate in storage tanks unless there is a 
full range of distillation products present. Thus a blend of highly viscous residue 
and light creosote will quickly separate, leading to practical problems at the 
treater.  This test should be capable of ensuring that there is a balance in the 
distillation range.  
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The distillation range chart above shows the SABS 538 code of 1980 and the 
1997 amendment, as well as the AWPA P2 specification.  The 1997 amendment 
to SABS 538 appears to allow for the removal or loading of the mid boiling 
point material.  The AWPA P2 specification allows for a more controlled 
distribution of low and mid boiling point material while still allowing for a wide 
range of residue quantity, which has been shown to not be deleterious to the 
efficacy of the product.  

It should be noted that previously the AWPA standard for P2 contained four 
different types, but in 1989 this was consolidated into one type only.  This code 
was reaffirmed in 2001. 

The British Standard BS 144 contains a very wide range of distillation curves on 
their 4 product types.   

Type-1 is intended for treatment of timber by pressure impregnation. This is a 
wide distillation range that makes generous allowance for residue and mid 
boiling range material. 

Type-2 is also intended for pressure impregnation, but has a more closely 
defined distillation range and a more restricted residue content than type-1. This 
was intended to be especially suitable for the treatment of poles where bleeding 
in service could present a problem.  It is questionable whether this is in fact true, 
as it is believed that the reduced residue content is counter productive to the 
prevention of post treatment bleeding. The treatment temperature for this type is 
65oC to 100oC.  Heavier and thus thicker product could be specified by 
increasing the treatment temperature to greater than 80oC, which would appear 
to be easily achievable by South African treaters. 

Type-3 is intended for treatment by immersion and brushing.  This thinner 
product is eminently suitable for the intended application. 
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Type-4 is also intended for treatment by pressure impregnation at temperatures 
greater than 100oC. This high distillation range and relatively high residue 
material would have a relatively high viscosity, requiring a high treatment 
temperature.  It is considered especially suitable where volatility leading to 
odour is a problem.  This product type has very little low to middle boiling 
range creosote (<18%) which, although acceptable in the United Kingdom, may 
not prove as effective in a tropical or sub-tropical environment. 

According to the West European Institute for Wood Impregnation (WEI), Coal 
Tar Oils(8) or creosotes are unmatched against wood destroying organisms such 
as basidiomycetes, soft rot and insects, especially when in permanent contact 
with soil and water. The WEI Type A product used exclusively for pylons and 
sleepers has a distillation range of maximum 10% up to 235oC, 20%-40% at 
300oC and 55% - 75% at 355oC, is a reduced light and middle boiling range 
product with high residue allowance. The WEI also specifies a Type C product 
that is comparable to the BS 144 Type-4 high residue specification with a 
maximum of 10% material boiling under 300oC and 65% - 95%. Their stated 
objective was to reduce the fraction of light creosote that would evaporate. The 
added benefits of this are reduced smell from treated wood and a reduced 
tendency to sweat.  This is in direct conflict with the similar claim by BS144 
Type-2 on the lighter, less viscous low residue product. 

The American Standards Test method (ASTM) D391-94 is a standard 
specification for creosote-coal tar solution.  This product specification is for a 
pure coal tar product derived entirely from tar produced by the carbonisation of 
bituminous coal and has 4 grades.  The distillation ranges provide a very wide 
spectrum from very light, low viscosity low residue material to very heavy 
highly viscous and high residue marine grade product. It should be noted 
however that the ranges all allow a much higher residue content than the BS 144 
and SABS 538 specifications. 
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10. SOLID MATTER AND RESIDUE MEASUREMENT 
The inclusion of particulate matter, whether it be foreign material such as sand 
or coal from the coking process, is undesirable in quantity as it adds no value to 
the process and may accumulate at the treater, becoming a nuisance value by 
sludging up tanks, blocking pumps and may provide a disposal problem.  It is 
thus necessary to limit this in some way. 

In addition to foreign material coal tar also contains resins, which are polymers 
forming particles of considerable size.  The resins that do not melt at below the 
treatment temperature also add no value to the process as they may not penetrate 
the wood and may also cause blockages preventing product from penetrating the 
wood. 

The Matter Insoluble in Toluene (MIT) according to the ASTM D367 test is a 
method of determining the particulate content in the product.  Toluene does not 
dissolve the resins and is thus a measure of the foreign material solids and resin 
particulate.  This is the reason that Toluene, or alternatively Xylene, is used 
instead of Quinoline or Pyridine, which dissolves the resins.  The test is carried 
out at a temperature of 50oC to 60oC, which in practical treatment would then 
exclude the resin that will melt and thus become useful in the preservative 
process. 

11. PRESERVATIVE RETENTION 
The data from the tests show that product retention plays a pivotal role in the 
service life of the treated timber. The summary(11) of the various tests is 
represented in graphical form below. 
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It can be clearly seen from the graph above that the stakes treated at below 130 
kg/m3 have a significantly reduced service life.  It should be noted that product 
retention is not just a function of initial treatment but also of the long-term 
retention.  Long-term retention is a function of products volatility, viscosity and 
residue content.  The average life can be estimated at the time of a 60% failure. 

South African research(13) shown in the graph below, recorded the loss of 
creosote fractions over time.  The lighter, more beneficially toxic, fractions 
evaporate relatively quickly, whilst the high boiling point residue does not.  The 
tests showed that the presence of a substantial residue fraction had a retarding 
influence on the evaporation of all the boiling point fractions of the solution. 
This research confirmed work done in America. The conclusion was that the 
creosote most suitable to South African conditions to minimise the loss of the 
lighter toxic fractions is one containing a high residue content.  They 
recommended a minimum of 25% residue content. It was also noted that their 
test specimens with the high residue content showed no signs of checking, while 
the others did. 

 

12. CONCLUSION 
Rebecca E Ibach, author of chapter 14 of the book “Wood Preservation”  states 
“Even though petroleum oil and coal tar are less toxic to wood-destroying 
organisms than straight creosote, a reduction in toxicity does not necessarily 
imply less preservative action.”  and further  “ Compared with straight creosote, 
creosote solutions tend to reduce weathering and checking of treated timber” . 
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One of the reasons for the lack of use of coal tar as a component in the creosote 
has been technology limitations in removing the MIT and water in processes 
other than distillation.  The lower residue content of low-temperature tar makes 
this coal tar source that much more suitable to MIT removal by centrifuging 
than that from medium and high-temperature sources. Water is easily removed 
by thermal evaporation, the MIT and resin content can be greatly reduced by 
centrifuging.  This then allows the coal tar to be blended into specification with 
the addition of a small creosote fraction if necessary. 

The most important aspect of product life is clearly the retention quantity of 
wood preserving product retained in the treated timber.  However the quantity 
of preservative retained in the timber after treatment must remain in the wood 
and not be lost to evaporation or migration.  This requires a less volatile 
material that will not evaporate, which means higher boiling point product.  It 
also requires a more viscous material with a considerable residue content. 

The data presented above provides unequivocal evidence that higher residue 
content material provides longer service life in field tests, and that low-
temperature coal tar creosote provides a better service life than high-temperature 
coal tar creosote. 

It also shows that low-temperature coal tar does not need to have its tar acids or 
naphthalene removed to improve its efficacy, as does high-temperature tar. 

The single narrow distillation range required by the SABS 538 amendment of 
1997 is at odds with other international standards and seriously limits the 
product improving residue content. 

The research clearly shows that high residue creosote is the more appropriate 
product for persistent retention especially in South African conditions. 

There is thus clearly a need for a new standard to deal with all these issues. 

13. PROPOSED NEW CODE 
The code that is proposed is the American Wood Preservers Association 
(AWPA) standard P2. 

This is a coal tar and creosote blend specification.  Thus the “creosote”  product 
does not have to be a distillate but can be pure coal tar or pure creosote or any 
blend in between.  The specified distillation range is a reasonably defined 
progression from low boiling point material to a reasonably high residue 
content.  It makes no reference to the source of the coal tar and thus low, 
medium and high-temperature coal tar can be used. 

The adoption of this code would remove all restraints, biases and limitations 
currently present in the existing South African codes and would allow for the 
formulation of products that will provide a better service life. 
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