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INTRODUCTION

In 1998 | led a small group of three individuals to take part in an EU
RAPHAEL Project called TRADIMA, studying the manufacture and uses of
traditional materials in the conservation of buildings and structures.

Following a planning meeting in Bornholm in March it became clear that the
first part of the practical hands-on’ experience was going to be very interesting
and unusual. It was the first time | had heard about wood tar and | saw the first
practical application of it in Bornholm on a number of fishing sheds and some
very old cottages close to the sea.

The proposal was that all participants would gain first hand experience of
making wood tar in the very traditional and locally distinctive way on the Island of
Gotland off the South East Coast of Sweden. During our stay, participants would
also gain valuable experience in the production of wood burnt lime and linseed
oil. During the 14-day stay, we also had the opportunity to see these materials in
use.

So it was, that at a small site in the forest, in the parish of Hejnum, we were
introduced to the method of wood tar production as practiced for many centuries
on the Island. The site is managed by Byggnadshyttan, (who are a company
owned by a foundation in Visby) They are closely involved with the conservation
of historic buildings throughout Gotland and operate on a non-profit
making basis. The man who was actually going to supervise the operation
(known as the Sojdegubbe) was one of only a small number of people in
Sweden who have practical experience of the process.

A big advantage of this traditional small scale of production, is that it
is easier to control the process from the start and to rigorously select only
the best raw material and ensure that the roots and stumps of these 15
to 20 year old pine trees (Pinus Silvestris), were cleaned of bark and any
other detritus that was not essential to the production of high quality tar.

The ‘Sojde’ comprised a circular dished area of limestone with a
central hole to allow the tar to flow via a water-trapped pipe into the
collecting vessels. The site was on a slope and the diameter of this
construction was approx. twenty feet. Upon this area, we piled the small
pieces of wood all pointing towards the centre in the shape of a cone. The whole
pile was then covered with a layer of pine branches and finally covered with
sawdust to exclude air from entering the pile. The volume of wood used was
about twenty cubic metres.




This wood bums very easily and once
one or two pieces were alight the
temperature very soon rose to between 700
and 800 degrees centigrade. A large quantity
of moisture is driven off at the beginning and
this causes quite a lot of smoke.

However, after a day or so it becomes
less and less until by the third day it

has virtually disappeared and changed from white to blue. The tar began running
after twenty-four hours, or so and the final quantity was a little short of 1000 litres.

The resultant thick brown liquid contains upto 250 different compounds and
has been used for centuries as a timber preservative. Nearly all the old dwellings are
constructed from softwood and even on stone built churches, there are still large areas
of exposed timber that need protecting. There is evidence on Gotland of 800-year-old
church doors still in use and most of the roofs
are left as bare timber, their only protection
being wood tar.

Having seen the product in action
protecting timber over many centuries, not only
in Gotland, but elsewhere in Scandinavia, the
idea that there might be a market for this Eco-
sensitive product in England, began to
aystallize.The Thetford Forest area in Norfolk possesses many hectares of an identical
spedies of pine to that in Gotland and currently the trees are de-stumped after felling
and the roots are piled up in ‘windrows’ Could they too be tumed into a useful timber
preservative, that was the question?

To discuss this question, a meeting was arranged with Forest Enterprise (who
manage the Thetford Forest area on behalf of the Forestry
Commission). They agreed that here indeed was an idea that had
merit. It was explained that they have to lift all the stump material and
roots out of the ground to prevent the spread of a fungus that will
cause damage to new plantations if allowed to remain in the soil. The
area subsequently taken up by this material takes out of commission
about 15% of the potential growing areas for new trees. Therefore,
any activity that might yield a retum on this ‘waste’ would be a bonus.

Forest Enterprise agreed to support an application for European
funding to enable further research to take place and to contribute five
working man-days towards the partnership funding required. An
application to the LEADER Il programme was then prepared and
submitted in the autumn of 1998. The overall aim being, to establish
whether there might be a commerdially viable method of producing good quality wood
tar from the waste material currently produced as a result of their activities.

In order to achieve this overall aim the following detailed objectives were identified:-
Identify and quantify the availability and quality of mmocho‘n the area.
Carry out detailed chemical analysis on samples of different tors.
Examine the effects of stump maturity on the quality of tar produced.
Investigate the commercial production of wood tar elsewhere.
Investigate the existing market for fimber presen ofives and see if other




Chapter 2

A Short History of Wood Tar

Wood tar has many different uses beneficial to man. Through contact with
Prof. Dr M. Fansa at the Staatliches Museum in Oldenburg, a small working group
of archaeologists at the Musemsdorf Duppel were identified, who have been
recreating and studying early methods of tar production. It has apparently been
manufactured by man since Mesolithic times, initially as an adhesive for gluing
flint to wooden shafts for use as arrows and other tools. It was later used as a
lubricant (for Roman chariots and other horse drawn vehicles); for medicinal and
veterinary use and as a timber preservative (especially of wooden ships and their
rigging). Following further processing, many other useful products can be
extracted that can then be used for example as additives in the manufacture of
rubber tyres/perfumes and many other products.

The main centres of production
=" in recent times have been located
close to where the raw material
grows. As Pinus Silvestris (known in
the UK by its common name the
Scots Pine) is the preferred species and
DECKEL this tree naturally grows in a wide belt
e from Scotland across the North Sea
e sn v through Scandinavia, into North East
Europe and Russia; then it is not
smmaz surprising, that it is within these
Holzarven ) ateasﬁatmosmmdﬁkv
. pmdmedmmudum&
Asvicnrumg ts,

butin the main, R 1S the 6 pee
pine that is most sought after.

England was cut off from its Scandinav:an sup
and Finland. Nevertheless, this was not the ﬂﬁti..
in North America. According to John Ev
recorded, ‘from the American pitch pine, wi
These often blew down and when the grc
the bodies of the trees were ~'




However, later in the century, yet
again England found itself unable to %
import adequate supplies from Europe
due to the naval blockade during the
Napoleanic wars and so worried was the
Admiralty, that it offered a reward to any
manufacturer who could develop and
manufacture sufficient wood tar for their
needs. Unfortunately, the records about
which companies might have been
successful were destroyed by bombing
during the Second World War. However,
one particular company that was founded
at this time and which continued to
produce wood tar until the 1970's was
the Shirley Aldred Company in Worksop,
Nottinghamshire.

Shirley Aldred Factory, Worksop

During the 19th century the construction of wooden ships increased
tremendously as England’s Navy and those of her close neighbours, grew.
The demand for wood tar also increased, reaching its peak in the middle of the
century when it was a major export for Sweden.

However, as sailing ships began to be replaced by steam, the demand for tar
and pitch for protecting their wooden hulls and rigging, dropped quite
significantly. This had quite a damaging effect on many rural areas in Sweden in
particular, where tar making was a useful sideline. This was particularly true in a
country where farming, forestry and fishing were the most important industries
and where the market economy had not yet been introduced. Here people lived
on their own produce or on the exchange of products and tar distilling, was one
of the many sidelines that could bring in extra income,
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Charcoal Burning the ‘traditional’ way

&

Chapter 3 . (4 |

The Current Scene

Many different methods have been used to produce wood tar but they mainly
fall into two categories. The direct burning method, where the wood is set alight
in a pit or chamber and air is excluded by covering the whole pile with earth/turfs
or sand. This is very similar to the traditional way of producing charcoal and is
similar to that method described above by John Evelyn.

The other way is to heat the wood
indirectly in a container or retort.
This method is variously known as
‘destructive distillation” or
‘steam distillation’ (USA) but is more
generally known today as ‘pyrolysis’
(For a full description of ﬁmem
refer to glossary).

There is no Mﬂmﬁle -

A full description of the traditional Swedish metk
the original Swedish text taken from Fredrik W
is attached to this report (Appendix Two).

Portable retorts developed from the
the 19th century. Now timber could be

This method became the most comm
in the UK and elsewhere.




charcoal from South and Central America and South East Asia. In addition, the
development of the petrochemical industry with its many by-products during the
1960°s and "70's also adversely affected the demand for charcoal by-products, as
they were able to produce synthetic versions much cheaper. However, there are
still a few companies trading in Scandinavia and Europe.

Only two main companies have been identified. These are Skogens Kol in
Sweden and Bertrand Navarre in France. Unfortunately, none of the firms
contacted would discuss in any detail their manufacturing processes, products or
by-products, despite requests to visit them. But details of the processes and
equipment used are given in Dumesny and Noyer's book detailed below. They
also list a number of secondary products of wood distillation, namely: Chloroform,
Methyl Nitrate, Ethyl Acetate, Acetone and wood creosote. One Swedish company
that only recently closed (Perstorps in SW Sweden), listed the following different
wood tar products:-

2 dee Beechwood Tar No 1.

Qr proguced gunng cardonizalion, containing aGpprox.

~hane

ised tor phormaceutical purpos

@

B Beechwood Tar No 111. [ tor produced from Tar No 1 and from which the
pyroligneous ocid has been removed by distillation)

'sed lor regenergtion of rubber and for impregnation purposes. Also used for
"‘: - —P:.l"'l

B Beechwood Tar No 112 (o tor product from which the pyroligneous acid has been

removeg Dy aishligho

Used tor impregnation and for coating of trees as a protection against fungus growths.
Also used in the eleciricity indusiry

B Beechwood Tar No 123 ( a block syrupy liquid) Used in the rubber industry.

W Tar Oil No 3 (a clear brown oil which darkens in the presence of iron or upon
exposure o light)

Used in the production of creasole and for Rotation uses

B Tar Oil No 4 (o dark oily liquid) :
Recommended tor extraction and Rotalion purposes.

B Beech Pitch (o blackish-brown, hard brittle pitch, which can be powdered ot normal
temperatures) P '
Used as o row material in the rubber indusiry; as a binding agent in compressed cork,
fibreboards, fire briquettes eic, in the manufacture of elecirodes; as an insulating
material in dry cells; for grinding lenses etc.

B Creosote (o clear almost colourless, or faintly yellow oily liquid with highly refractive
qualifies. It has a penetrating odour of smoke, a bumning taste and is neutral in
reaction.) y
Used for pharmaceutical purposes; the production of creosote carbonate, creosote
lactate, vanillin and other products.

As part of my investigations
in Sweden, | visited Staffen
Claesson in Goteborg who sells
over thirteen different varieties of
wood tar for use as a timber
preservative treatment on
wooden boats and buildings. He
buys his supplies from various
outlets and in his list are
included both commercial and
traditionally produced tars.
Nﬂnughﬂ\ereisnoevidmceofmewpeﬁmqmﬁtyofonemamﬁm;yet,he
was quite emphatic about the merits of the old fashioned traditional tars over
those produced commercially as a by-product from charcoal manufacture. This is
wwwm'mw“aﬁmm&amkdmmm
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gave me several different samples (including a commercially produced ‘Stockholm
Tar’) and | was also able to purchase in Halsingborg some of the tar produced in
large quantities by

Skogens Kol in the northeast of Sweden,

When any timber becomes wet, it is liable to attack by wood destroying fungi
which eventually can cause wood to rot. Wood eating insects are also a problem.
However, different timbers vary in their resistance to attack by wood destroying
fungi according to the species concerned. Although there are some notable
exceptions (English Oak for instance) many European hardwoods and all
softwoods will fail if not treated in some way with a timber preservative.

The Building Research Establishment (known hereafter as the BRE) have been
undertaking research in this field for over 60 years and have published their
findings in three publications listed below. One describes the biological natural
durability of timber (in ground contact). The other two describe the tests and
results, of preserved timber in and out of ground contact,

One of the main sites for these tests is within the Thetford Forest area where
thousands of stakes in ground contact have been monitored since 1929. The trials
tested eight preservatives in pine stakes (as a softwood sample) and in beech
stakes (as a hardwood sample). The specific timbers chosen were Corsican pine
sapwood and European beech, Seven waterborne preservatives and one organic
solvent-borne were selected. Unfortunately, no wood tar derived preservatives
were tested.

The tests on timber out of ground contact have not been going such a long
time (only since 1967) and were set up to provide data on the likely performance
of exterior joinery work in buildings. Again, whilst this time, coal tar creosote was
tested, there was no testing of wood tar.

Peter Koch in his two volumes on the Utilization of Southern Pine (chapter 22
vol 1), also details tests carried out in the USA using both oilborne preservatives
such as the creosote formations / crank case oils and wood-tar creosotes and als
waterborne preservatives such as Boliden Salt/chromated copper arsenate and
chromated zinc chloride. a ~F

Unfortunately, none of the preservation tests undertaken
USA tested the sort of traditional wood tar that this study is con
no reference to any such tests have so far been discovered. N
use of this material over centuries would seem to indicate that it cer
well and maybe as a result of this report one of the
the BRE would be interested in putting wood tar
preservative formulations.
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Production and Collection of Samples

Whilst it was always assumed that wood tar could be produced in this country
from Scots Pine (Pinus Silvestris), it was not known whether Corsican Pine or
indeed other woods would also be a useful source for wood tar. Furthermore,
whilst the accounts of wood tar production in Sweden talk of using at least fifteen

year old stumps (and in some cases much older), it was doubtful if there would
be anything similar in this country.

With the help of Forest Enterprise staff, who produced information on felling
and consequent destumping over a large area of the forest between 1980 and
1990, it was possible to identify particular sites where samples might be obtained.

These stumps are piled in ‘windrows' in such a way as to
encourage their decay, so there was some scepticism as to
whether any of the older material would have survived.

It should be understood that the climate in this part of the UK
is quite different to that in Sweden and it was, therefore, with
some surprise that under the outer layer of very rotten wood,

a hard core of very resinous material remained.

Why and how this happens is still a mystery, but it appears
from observation that as the tree stump decays resin-acids are
concentrated to the stumps. One theory is that it has to do
with the tree's protective mechanism, as the same thing occurs Wdtives S e et
when a pine is damaged by what the Swedes call torskatesvam’ or tar-sting
(see Fredrik Westman's account in Appendix 2) In fact in the Gotland situation
the expert tar producer (the Sojdegubber), made reference to the fact that he
found the stumps from wind damaged trees were more likely to release a high
quantity of wood tar than those that had not.

Once the material had been extracted from the forest, the next task was to
decide the method, which would be used to extract the tar. Some new
‘Webster Retorts’ had recently been installed at North Elmham in
Norfolk and the owner was willing to allow us to load
stump material into the retort chamber. But they
are quite big and would require
approximately a ton and a half of
timber. In addition, this plant is
designed specifically for producing
charcoal using the pyrolysis method
described above, not tar and it was

difficult to see how the tar might be
collected, without some major Bl Of
adaptation. .

Bearing in mind the number of NORE®T ’
samples that were intended to be : DRI k) X
produced, it was decided to abandon (6.6 & 77T

this idea. Fortunately, a new style of
domestic incinerator was discovered
and with a minimum of fuss, it was
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quickly converted to serve a new purpose. It was loaded with
some of the fifteen year old stump material collected from
Thetford and after cleaning to remove lichen and other
fibrous material, small pieces were loaded into the bin.

On April 26 in Norwich, the wood was lit. Once alight, the
lid was replaced, but several times the temperature dropped
and the fire went out. This was the first experiment and many
lessons have subsequently been
learned, including getting the
temperature up to a good level

before beginning to exclude
Webster Retort, North Elmham the air from the bin.

However, following the application of a blow
torch to the wood, it kept going all through

the night and although there had been some
indication of tar dripping from inside the lid in
the early evening, it didn't start to run properly
from the bottom of the vessel, until 10.45pm.
Thereafter, it kept up a steady flow until 8.30am
the next day and produced about a litre of good
quality wood tar. (Full details of this experiment
and other later ones are included in

Appendix Three).

Following the success of the first experiment, more material was gathered
from the Thetford area including some younger stumps of the Scots pine and also
some Corsican pine, five and fifteen years old and some Silver Birch branches.
Over a period of several days during June and July, the experiments continued
and good tar was extracted from older stumps of both the pines, but the younger
timber and the Silver Birch produced very little. What did come through also
appeared black and brittle, i.e. more like pitch.This may have been because the
samples became very hot towards the end of the process and it was very difficult
to control this.

First experimental burn in Norwich In order to meet one of the objectives of
this study, other samples of both wood tar
and other tars were obtained to see how
they compared. Some of the samples were
gathered in Sweden, others were
purchased or obtained in this country from
a variety of sources, although there appear
to be only two main importers in the UK.
These are Battle, Hayward and Bower Ltd
and Teisen Products Ltd. The first company
import what is called ‘Stockholm Tar’ and the
second imports ‘Beech Tar’. Both of these
are sold mainly for use as veterinary
products.




Chapter Five

Discussion of Chemical Analysis of Tar samples

Compared to other groups of naturally occurring chemicals, wood tars have,
to date, received relatively little attention. Such materials have a well-justified
reputation of being extremely difficult to analyse. This is, in part, due to their
physical characteristics which make
them difficult to handle and purify, and
partly because wood tars are chemically

.

very complex and thermally unstable . Sample Code Description
mixtures. The situation is compounded \ L -
Tar
by the large numbers of different types  *%.5 R NG
of tar that exist. Owing to these munanummmduw

analytical difficulties, relatively few data
on the composition of wood tars are

- ( et o),
A =7 a9 )
presently available.

-t

Since the earliest analyses over a
century ago, a number of analytical
methods have been used in attempts to
identify the components of wood tars.
Techniques employed include infra-red
spectroscopy (IR), thin layer
chromatography (TLC) nuclear magnetic
resonance (NMR), and High Pressure
Liquid Chromatography (Heintzel 1880;
Sandermann 1965; Hadzi and Cvek
1976). Such methods are not ideally
suited however, to the unequivocal
identification of the many individual
components in complex mixtures, and
thus have largely been superseded by
combined gas chromatographic-mass
spectrometric (GC-MS) methods.



In drawing overall conclusions from the analytical data presented in
Appendix Four, it is important to bear in mind that the final chemical composition
of a tar sample depends on a number of factors including the nature of the
starting biomass, the duration and severity of the pyrolysis process, the technology
employed, the post-pyrolysis refining processes (if any) and the conditions and
duration of storage of the tar so produced. Even minor variations in the conditions
mdefMﬁd\metarispmducedhavemepotenﬁalmeffectdungsinﬂme
composition of the final product. Considerable caution therefore needs to be
exercised when comparing the chemical composition of one tar with another,
particularly on the basis of relatively few samples.

Notwiﬁ\standingﬁ)eabovecommmesixteenmammdduﬁngme
present project have produced a considerable amount of useful data in tar
composition and how this varies from sample to sample. The principal
conclusions from the analytical data are as follows:-

W The two tars produced from 15 year old Scots Pine (Pinus Silvestris) stumps
from Thetford during this project are very similar to tars traditionally made
in Sweden from the same species e.g. Gotland Tar.

Although the quantities of tar from Syear old Scots Pine stumps (Norfolk)
was less than from the more mature stumps, the compasition of the tar

produced was found to be broadly similar to that from the 15 year old
material.

The samples of tar obtained from the 15 year old Corsican Pine stumps
were similar in composition to that from the Scots Pine. Corsican
commonly planted in Thetford Forest is thus a potential additior

wood far.

The composition of wood tars is species dependent. Thus tars fre
birch and pine analysed during the present project are quite
even H\oughiﬁsquihliltolythdthopnduwrdyﬁt' '

have varied from species to species.

Pine and Massen Pine) produce tars which,
appear to be distinguishable from each other.

analysed and the chemical composition of the pro
tars might also be useful as wood preserv

Tars from different species within the same hl\i,yl '
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Of the above, the volatile aldehydes and ketones are present in very low
concentrations in wood tars used as preservatives and would therefore not be
likely to pose a significant risk to health in well ventilated premises.

The principal threat posed by the phenolic group stems from the relative ease
with which such compounds are absorbed by the skin. These risks can, of course,
be substantially reduced by wearing the appropriate protective clothing and
adopting all necessary precautionary measures.

Wood tars generally contain relatively low levels of potential carcinogens such
as benzo (a) pyrene. This, together with the low volatility of such compounds,
suggest that the inhalation route is likely to pose a very low risk when such
products are used under normal operating conditions. Dermal contact should,
however, be reduced as much as possible.

In concluding this review of the potential health risks associated with the use
of wood and coal tars, mention needs to be made of the role of the Control of
Substances Hazardous to Health Regulations (COSHH 1994) in minimising the
health risks associated with occupational exposure. These Regulations, which
cover England, Scotland and Wales and which came into force in January 1995,
apply to ‘all very toxic, toxic, harmful, corrosive and irritant’ substances and to all
places of work. A useful summary of the Regulations is contained in the
Pollution Handbook published by the National Society for Clean Air (NSCA 1999).
Central to the regulations is the assessment requirement that an employer cannot
carry on any work activity, which exposes employees to any hazardous substance
unless a ‘suitable and sufficient’ assessment has been made. In the case of the
wood tars, which are the subject of this report, this would involve assembling the
sort of data detailed in the previous sections of this chapter and then putting in
place the necessary working procedures to minimise exposure.

On the basis of the chemical compositions of the tar samples analysed during
the present project, it would appear that wood tars used as wood preservatives
are likely to pose substantially lower health risks than those based on coal tar.
Inmewhomverofﬁtemmplexnahreofmedtatsaldﬂ\eswshvﬁyoﬁm*
chemical composition to the precise conditions used during their production, it is
difficult to generalise. Ideally therefore health risk assessments of such mater
need to be dealt with on a case by case basis.
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Legislative Aspects of Wood Preservatives
Control of Pesticides Regulations (COPR)

For the purposes of UK legislation, wood preservatives are classed as
pesticides and therefore come under The Control of Pesticides Regulations
(COPR) 1986 (Sl 1510), as amended in 1997 (S| 188). Before any such chemical
can be sold, supplied, stored, used or advertised it has to be approved under
COPR. Approval is granted by the Ministers of the government department’s
signatory to the regulations. The registration process is carried out by the
Ministry of Agriculture, Fisheries and Food (MAFF) and the Health and Safety
Executive (HSE). MAFF is responsible for agricultural pesticides such as those
used in agriculture, horticulture, forestry, food storage practice, animal husbandry
and vertebrate control. The non-agricultural pesticides, including wood
preservatives, surface biocides, insecticides for use in public hygiene areas,
antifouling products etc,, are the responsibility of HSE.

Under COPR, companies submit data such as environmental or mammalian
toxicity studies, in support of product approval and the information supplied is
used to carry out a scientific evaluation and associated risk assessment on the use
of the product. This evaluation and risk assessment is then referred to the
Interdepartmental Secretariat (IDS) and may then also be consit the
independent Advisory Committee on Pesticides M 'lﬁeseﬁe& _', experts
make recommendations based on the submitted scien
Ministers on the granting of approvals.

Each product approval is granted subject to
which are legal requirements and must be observ

products are subjected to an on- evie
data on which approvals are based meet
running the approval system are
and an annual levy on the Uk
presently stands at 1.2%.




The Marketing and Use Directive (M&U)

The Marketing and Use Directive was introduced in 1976 in order to
harmonise restrictions on the use of certain hazardous substances across the
Member States of the European Union. There have been numerous amendments
to the Directive in order to introduce controls in the single market on groups of
substances considered to present a risk to human health and/or the environment.
Responsibility for the negotiation of these amendments on behalf of the UK rests
jointly with three Government departments, namely: the Department of Trade and
Industry, the Department of the Environment and the Health and Safety Executive.

Some wood preservatives known to contain active ingredients that are
potentially toxic are subject to controls under the M&U Directive additional to
those imposed under the COPR. Thus, for example, concemns regarding the
carcinogenicity of creosote produced from coal tar were raised in 1994, when the
use of the product in Europe were reviewed under Directive 94/60/EEC
(14th amendment to M&U Directive). Although the decision was made to allow
all existing uses of creosote to continue, the levels of the known carcinogen,
benzo (a) pyrene (BaP), were restricted to <0.05% (500ppm) for industrial use
and to <0.005% (50ppm) for professional and amateur use. In both cases, the
water extractable phenols must not exceed 3%. For further details of the
specification for creosote, the reader is referred to the current British Standard for
Coal Tar Creosote for Wood Preservation (BS 144:1997).

Under the Directive, restrictions were also placed on the uses of coal tar B g e
creosote. Thus, wood treated with industrial grade creosote may not be used for ol
children’s playground equipment or food growing boxes. Creosote is not allowed i =S
to be used inside residential properties. To our knowledge, no controls and r .

restrictions similar to those described above presently apply to preservatives or g -
creosote generated from timber. '

The Biocidal Products Directive
The Biocidal Products Directive 1998 (BPD) and associated Regul
to remove barriers to trade in biocides by harmonisi
approval, marketin ganduseofs’udiproducts‘ '



B Disinfectants and General Biocidal Products
B Preservatives

B Pest conirol

W Other biocidol products.

Wood Preservatives are listed as a separate category (Product Type 8) within
main group 2 and are described as those used for wood from and including the
saw-mill stage, and wood products (i ncluding both preventive and curative

products). A full list of the 23 product types covered by the Directive has been
published by the HSE (HSE 1997).

In order for the Directive to work, a list of biocidally active substances
currently in use under existing legislation in the Member States will be required.
The list from the UK, currently standing at 1500 entries, has been submitted to the
European Chemical Bureau (ECB), and is expected to be available on the internet
by the end of November 1999. Active substances on the list and products
containing them will remain subject to the transitional arrangements of the
Directive. This means, that, in the interim, wood preservative products in the UK
will continue to be controlled under the COPR until all the active substances in an
individual product have been considered under the BPD review programme.

Any active substance not included on the above list will be considered as new
and both it, and any product containing it, will have to meet all the appropriate

provisions of the BPD before they can be supplied anywhere within the EU
(HSE1999)

The UK proposes to implement the BPD by new Regulations, to be known as
the Biocidal Products Regulations (BPR). These will be made under the Health
and Safety at Work Act 1974 and the European Communities Act 1972. It is
proposed that the main enforcing authorities for the BPR will be HSE and local
authorities. Penalties for breaches of the BPR will be in line with other UK health
and safety legislation. The BPR is expected to come into effect on 14 May 2000.

The precise impact of the new legislation onﬂ'lemodp!esewahvemm&
difficult to assess at this stage. Those general-purpose products already ¢
under COPR are likely to have been transferred to the provisional list of biocidal
active substances under the new Directive. However, as the Hsslme

This may apply particularly to md'nemarket’pmductswchas'
preservatives that are used in relatively small quantities.



Chapter 8

Market Research

The UK market for brush applied timber preservative is somewhere between
£30 & £35 million pounds per annum.

All the main timber preservative manufacturers in the UK were approached to
ascertain from them their attitude towards a new product and to get from them
an idea as to the size of the UK market. The companies approached were:-

B Dulux ICl Paints

B Protim Solignum Ltd

B Scdolin-Akzo Coatings plc

B Ronseal lid

Bl Cuprinol Ltd

B Hicksons ltd

Cuprinol were particularly helpful and indicated the market for creosote type
products (which might in the future include wood tar), to be in the order of £5m
per annum and for waterborne preservatives, some £20m per annum.

Whilst Hicksons recognise the increased requirements of the Biocidal Products
Directive, they were of the opinion that established manufacturers could easily
provide the additional information required.

The hardware buyer at B&Q was very positive about the possibility of selling
wood tar, especially if the environmentally friendly nature of the product could be
emphasised. As he felt it would be more likely to succeed if it was part of an
already established range, it would be helpful if one of the other ‘players’ in the
field were to co-operate in marketing. B&Q have brokered similar partnerships in
the past.

At a recent Sustainable Building Day at Waxham Bam in Norfolk, an
opportumtyprsented Itselﬂorsomeofﬂ\ewoodtarsamlsmbe J__" |

compamsmgagedinmafketmgandsellhg emnron : lly frier
connected with the building trade.

One such company, Eeo-Merd:ansfromKeruwae,parﬁ arl
have been to Norfolk to discuss the availability )
tar. Their customers are people who tend to have
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-~ Conclusions

The first conclusion to make is that it is now established that within the
Thetford Forest area in Norfolk there are considerable reserves of mature
stump material both of Corsican and of Scots pine.

Wood tar of comparable composition to that traditionally produced in
Sweden and elsewhere can be produced from Scots pine in this country.

Corsican pine stumps (which are now the principal tree planted by the
Forestry Commission) will also yield a wood tar comparable to that
produced from Scots pine. »

Our experiments show that wood tar can also be obtained from less
mature source material.

The tar from dried sewage sludge appears to have similar preservation
properties to those found in creosote. ’ '
£

The project has demonstrated that tars of a comparable nature to those
currently imported into the UK can be produced locally.

There is large market for timber preservatives in the UK and a growing
interest in sustainable products of this kind.




C fiaptcr 10

Proposals

The project to date has clearly demonstrated the viability and desirability of
producing wood tar in this country, particularly where the resource is a waste
material. The proposals listed below will enable further work to take place that
will build upon the achievements of this LEADER II project.

1 «+ That a pilot plant based on traditional designs be set up in conjunction with
EcoTech and Forest Enterprise at the site in Swaffham to enable high quality
wood tars to be made from locally available wood resources.

This proposal will have several immediate benefits:

2 It will highlight the production and uses of materials made from waste products.

Jie] It will enable further work to take place to determine the appropriate pyrolysis
conditions for producing the desired consistent product.

o] It will broaden the base for EcoTech and be a valuable educational resource.
e e T o e b A
2 « The project has shown that there may well be a use and a market for tars
from other sources too, such as the dried sewage sludge tested.
Further work is strongly recommended to demonstrate the valuable
A potential of these tars.

¥ 3. Further links need to be established between those involved withiwood:tar
manufacture in the future and with those others working in the pyrolysis
field today, including in particular those in the PyNE organization (see

"_i - Glossary for further information and contact details), so that information can
be disseminated more easily.
4 4 « Urgent discussions should take place with the Building Research
4 Establishment (or other similar research organisation) to further test the
efficacy of wood tars (and other tars from alternative sources) as timber
. - preservatives.

L NORF QIFK
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West Sweden

TRATJARA

PRODUKTER FOR SKEPPSBYGGARE OCH SKUTAGARE, FOR MARINT BRUK, BYGGNADSVARD
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RENOVERING OCH RESTAURERING — SKYDDAR OCH KONSERVERAR

PRODUKT- & PRISLISTA 1999-1

NYHETER

HORLE BRUKS RODFARG — dntligen har vi hittat en traditionell slamféarg
som uppfyller vara krav. Slamfargen fran Horle Bruk finns i klassiskt ljust rod
samtiett antal traditionella kuldrer — ljus ockra, kromoxidgrén, blatt, gratt
och vitt, Fardig slamfarg i 12-liters plastspann.

LE TONKINOIS — trd och metallskydd pd& ren linolja utan kemiska tillsatser.
Traditionell linoljefernissa av hogvardig linolja som kokats vid 270°C och
med fillsats av Tungolja, fri fréin aromatiska, eteriska, klorerade eller skad-
liga I6sningsmedel. Mycket bra golvfernissal

MARINKITT — armerad, gummiférstérkt né&tmassa, spackelkonsistens har
aterkommit i vért sortiment. Lattarbetad, mjuk och god vidhdaftning.

KALKFARG SPECIAL — gor det enklare att kalkavférga puts — 2 strykningar.

Lite tjarhistorik

Kolning ar kant frdn bérjan av jamdldemn. Aldre “fiorfynd” ar bl.a “Guldhgle Klapstole”, daterad till ca 1400-1200 f.Kr.
Skeppsfynd, som "Nydamskeppet®, visar att man tidigt bérjade behandla med tiara fér att skydda och bevara rdtkansliga
material. Vid tiden for de forsta kyrkobyggena i norden var redan tiGrtekniken hogt utveckiad och man kan juanidag se
resultaten avdenna behandling pd bland annat de norska stavkyrkorna somstatt emot tidens tandisnart 1000 &rmead mycket
glesa underhdilisintervall.

Tratjara har sedan medeltiden under lénga perioder varit Sveriges tredje storsta exportvara och under 1600-talet tidvisden
storsta exportvaran, speciellt dé det stora skeppsbyggeriet i Europa medférde stor efterfrdgan. Forst mot siutet av 1800-talet
minskar fjarans betydelse som exportvara, infe huvudsakligen P& grund av “...mindre omsattning & verldsmarknaden, utan
derpd att 6friga tigrproducerande lander tilegnat sig battre metoder som gifva en utmérkt vara...”. ‘

Kada, hortssyror. ar trads satt att skydda sig och reparera skador. Terpener ar tradets eget Idsningsmedel till kadan, bland
annat for ott underlatta stigningen i tradstammen och aven fér att pdskydda oxidationen, férhartsningen nar k&dan tranger
ur stammen.

Den basta ravaran till tidra ar gamia furustubbar, brutna ur sandig. stenrik mark. | stubbama anrikas kadan efter det ait
fradet fallts och kan efter 10-80 &r, beroende av kiimatzon, uppgd till en mycket stor andel av sfubbens vikt. Dessutomn
formultnar ytveden och enbart en kadrik karma, tére, finns kvar.

Efter det aft torestubbarna ar brutna, veden kapad, kluven och torkad vidtar sjalva branningen. Tiardalen byggs vanligen
upp som en kon av granslanor som tacks med naver och slutligen técks med lerjord for att bil tat. | botten placeras “skon” dar
fiGran samias for aft ndr tidrtappen dras ur rinna i en rénna fill tiértaten, Nasta steg @r att ldgga in veden efter givna monster

idalen och att kiubba veden. Nér veden bildar en kulle av ratt storlek tacks den forst med spinkved som tjanar till Oﬂtéigbng
forbrGnningen. Efter detta tacks dalen med torv, mossa eller jord fér att bli lagom Iufttat, ' iy

Branningen startas med att veden anténds vid kullens bas runt om dalen genom hél | taekningen. Féfblénﬂ‘hgenreglercs
sedan med hjdlp av att dppna och stanga dessa lufthdl samt att man kiubbar dalen under fiden, Eidens!@luémtgpmgg
| det yttre skiktet fill kullens topp fOr att sedan ldngsamt sprida sig nedat indt i dalen. Tiarbrannaren maste 'hé;g_ﬂdm},aglé,a
lufttiliférseln utifrdin de tecken dalen gerifran sigi form avrokens farg. hastigheten och senare fargen Ochvlskwﬂgl’enpatjﬁm
Det ar forst nar forbranningen nditt in i dalen som tiéran visar sig, forst | form av “parman”, tidrvatten, for dﬁmcﬁévergétmden

basta rena ljusa tjaran. Mot slutet mérknar tiéran och biir trégflytonde beckartad. Seasag i
Efterbehandlingen av fiaran bestod i “vrékning” och sortering av tidran vilket utférdes vid “fiarhofen”. En form av kontroll

var att sticka eft blankt jarm i tiartunnan och med ledning av utseendet hos de olika delarna avﬂdmnbesiammqugmén fin

ordindr och grov eller prima. sekunda och fertiar var anvénda kiassifieringar, ' § e
TréfjGra har haft stor medicinsk anvandning, bade fér invartes och utvértes bruk. An idag anvénds tratiéra som aktiv

bestdndsdel | hudsalvor och fill veterinara dndamdl brukas tidran i ren form ﬂllsérbehendungochévenm A Qnd &

“hudsalva*® ; i en som forebyggc
Som slutord vill vi anvanda landets framste “tiarforskare” Hilding Bergstroms ord som efter att dgnat un

&t studier av kolningsprodukter sammanfattar tigrans provning med: P

Forbedomande av kvallteten pd sdval tréticra som Ie!pepﬂhdﬂdﬂnhasfg]hég@,qmﬁnn@’e;-~.,
bedomes tjiaran mest efter yitre egenskaper. Ett av jérbrénnare ofta anvént prov best att tiar s
trayta, dé tidrans farg. konsistens och lorkningsférmago kan lakﬂQQm.yks@m Gven om tidran Gr fr frévr Vaﬁén yviad




Lite tjarhistorik

(A historic look at wood tar production in Sweden)

Charcoal burning is known to have taken place from the start of the Iron Age. Old fat d
_have been made at “Guldheje klapstole” dated to about 1400 — 1200 BC. Ship di
such as “Nydamsskeppet”, show that the practice of using tar as a means of pro

preserving from wood-rot began many years ago. The tar technique was already
developed when the first church bmldlngs in the Nordic countnes were const

against the wear of time over a period of almost 1000 years desplte very-iang'mm
intervals.

Wood tar has been Sweden s thxrd biggest export product during I
the middle ages. Within the 17" century it was at times the bigge:
in hnstory when ship building in Europe placed large demands
18" century that wood tar as an export product lost its significance.
to reduced use on the world market, but due to the fact that of

refined their tar producing methods and produced a h&gher ‘qua

Resin and resin-acids are means for wood to protect and
for the resin that is also naturally present in wood. Am:

rising of sap within the tree stem and a quicker o
substance when the resin seeps out of the tree stem.

The best raw matenals used for the prod
sandy, stone rich ground. The resin becc g

after a period of 10-80 years — dependant on the cl
very high percentage of the total v '
rots and only the resin-rich heart a

After the resinous pine stubs have be _
the burning takes place. The tar pile i
thh birch-bark and then wi clay .
“shoe” is placed to collect the tar be:
into the collection b












Tar burning

By: Fredrik Westman

Preface

This folder presents knowledge about the fine craft of distilling tar. At the same time I will
show how it is possible to produce this natural impregnation medium in a simple way.

A few of the old trade expressions contribute to the atmosphere around the tar production.

However, the right atmosphere can only arise after the pile has been lit and the tar-fragranc
smoke lies heavily over the forest in the cool of the midsummer evening.

Good luck!
Fredrik Westman

About tar production e

Tar is reckoned as one of the Sweden's most important exports during the 17th
centuries. ’

The tar production reached its peak during the middle of the 1850
over the following years. However, it was still an important con

The decline was primarily due to the new materials which were entering

as the sailing ships were replaced by steam. Pit tar of hig]
effective impregnation medium within rope making.

Until the end of the 19th century, farming, forestry and fi
industries in Sweden. Market economy had not yet |
own produce or on the exchange of products. Each
possibility of acquiring cash. Tar distilling was one
extra income. During some years, i.e. when the
importance. It is possible to discern this whe
Swedish harvest years of the late 1830's.
Compared with the production of nitric ac
not so lucrative. It is believed that the

However, even if the profitabil
the handling of the tar we






Mini tar pile

The tar-wood is taken from 15 - 30 year-old pine stumps that are sawn and chopped to a
suitable size. The part containing the most tar is the sturdy root that leads vertically straight
down into the ground. The parts above the ground level, particularly the upper parts, contain

less tar but can nevertheless be used. The small roots - on the other hand - contain very little
tar.

Pine stumps can be found on clearings that are 15 - 30 years old. Enquiry around can give the
age of the clearing but it is also possible to count the number of branch tiers on the new pines.
A new tier of branches is formed each year.

The ground should preferably be hilly and stony. However, reasonably good tar stumps can
even be found in sandy ground. Boggy ground and marshland should be avoided. Stumps
found here mainly produce so called rar-water.

A pointed iron lever, spade, axe and saw are needed to break up the stumps. '
The stumps should then be sawn and chopped into pieces that are 10cm long and 2¢m thick. ;

The rotted outer wood must be removed and can be used to start the firing
tar wood has dried (taking about a week in room temperature) the process
tar pile can be started.

When constructing a full-size tar pit, roofing shingles are used as a base f
When constructing a mini tar pit it is however more suitable to use |
very difficult to achieve a completely airtight pile, which is vital.

Cut the thinnest grade of plate metal to a 1m square. Find the centre ¢
Measure out the largest possible circle on the square.
Cut out the circle with a pair of metal shears.

Now make a funnel. Cut the plate from the periphery (the oute;
the circle.

Let the cut ends overlap until a cone is formed with a

Drill a hole, 6mm in diameter, through the point «

The volume of the cone decides how much wood can t
charcoal and tar can ultimately be extracted. 1 can
possible to get help.

The shoe
Saw off two 30cm long wooden |
Plane off one side ofeaehv lan



Carve the hole out with a knife so that the plate metal cone fits the now conical hole.

In the other plank drill a 10mm hole from the short end to the hollowed out channel as shown
in the illustration.

Cut a notch from this hole to channel the flow/drops of tar.
Nail the two halves together sealing the joints with paste or glue.

The plugs

Make two plugs, approx. 7em long, which are to fit exactly into the hole where the tar leaves
the shoe.

The tightening plug shall block the hole completely. Air must not be allowed to enter the tar
pile by way of the shoe.

In the other plug, the tar plug, a groove must be made on the underside so that, when the tar
runs out, the groove is filled with tar and preventing air from entering the pile.

The tar channel
Saw off a 70cm long plank with a width of 10cm and a thickness of approx. Scm.

Hollow out a 2cm wide and 2¢m deep channel. This channel must not extend to the ends of
the plank. '

Drill a 10mm hole from the underside of the plank down to the channel joini
its end. This channel shall eventually be placed in such a way so that the
groove in the tar plug that is attached to the shoe runs down to this channel.

The other end of this tar channel (the end with the 10cm hole) is placed ove
another vessel in which the tar can be collected, -

The fundament for the mini tar pile
Dig a hollow in a slope that is sheltered from wind. The hollow
metal cone while the other half shall lie free of the slope.

The exposed part of the cone must be supported b,
which lie across ribs fanned out from the point of the
position by supporting poles.

Earth (preferably clay-bound) shall then cover the planks a ‘ 1t

In this way a conical earth funnel has been r
slope and on the other side supported by a

kD



Place the metal cone in the earth funnel so that the open point is pushed through the hole at
the bottom of the funnel.

Fill up with earth so that the metal cone fits tightly in the earth funnel and the cone is well
supported.

A tight insulation material (e.g. rockwool) must be used before aligning the hole at the point
of the metal cone with the hole in the conically carved upper part of the shoe.

Pack earth around the shoe so that it sits steadily. It can be covered almost up to the tapping
hole.

Check that no scrap is blocking the shoe by pouring a small amount of water into the metal
cone.

Put the tightening plug in place.
Mount the tar channel and a vessel for collection of the tar.

The laying of the mini tar pile - (Sw. "Béra ned tjdrdalen”) |
First of all, place a 3dm long wooden pin carefully in the hole at the bottom ofﬂle

Place a layer of relatively straight tar wood in a fan-shape around the pin. . ‘4",_‘.‘-';.5
Stack a 1dm cube, (Sw. féreln), of small tar wood bits around the pin. ,
Carefully pull out the pin.

It is now time to build up the so-called main cushion. Use lower grade tar woc
a great extent be burnt up in the firing process. '

The main cushion is built up by laying the wood just outside the
Each piece of wood shall lie in the same direction of the tan
the metal cone.

Place a new layer across (at nght angles to) the first layer. Ii
been constructed (A) whereby it is possible to set fire to ﬂietam
Continue by placmg the tar wood to cover the who € I
centre of the cone in a fan shape. Remember also to place 1
so that an even, round border is formed around

The wood must be carefully stacked so that th
much tar wood as possible.

When the stacking is completed, the pil
out it must be beaten into place by means of :
At the top of the pile, tar wood splinters and
splitting the wooden stumps).



remember to dig up twice as much peat as is needed for the sealing of the pile, because some
of the peat is destroyed during the burning process and must be changed out.

During the sealing of the pile the peat is packed tightly so that only a little air can penetrate.
The green peat surface should be facing downwards.

A 5cm broad ring must be left free from peat at the outer perimeter of the pile, all around the
tar pile. This ring is called the firing shot (Sw. "eldskottet").

Make sure that you have a supply of earth to shovel onto the pile when necessary. Damp
sawdust can also be used.

The firing of the tar pile

Glowing charcoal is preferable when firing the tar pile, but even glowing or burning wood can
be used. Always have water readily available.

Light a small fire a few metres from the tar pile and let the fire burn fiercely. If charcoal is
available then this should be placed on the fire until it glows.

Lift back the whole of the bottom row of peat blocks with a wooden pin supporting each
block.

Place burning wood or glowing charcoal at the firing place underneath the main cushion
around the whole tar pile. J

When the tar pile's wood has started to burn the peat turf is lowered into place. again an
firing shots are gradually closed as well except at 4 places where 3x3cm openings ar

Peat should be used to close off the firing shots. At a later stage of the firin mm*
i e, e

A

be shovelled into place to tighten the pile.
The distance between the openings should be approximately the same. 5
e |

Remember that, dependent on how the firing has succeeded, the tar

intensively. If this happens, the oxygen supply to the fire must be quickl
too much of the tar wood from burning up. il

.
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The burning of the tar pile Uty
The burning of the tar pile shall proceed in two stages.

During the first stage, a rather careful monitoring must take place u
the top of the pile. L

When the second stage starts - meaning a burning thrc
process can be used; it is now that the tar will start.
tar can start to run even during the first phase.
During the firing, it is important that no i
more intense due to the increased oxygen
burning becomes uneven - it misfires.
windshield of some sort must be erected,

hen the ignition of the pile |
the openings so that the fire spr



A sign that the burning process is too intense is dark smoke, meaning that the tar is bllgnmg'
White smoke means that it contains steam. The smoke should preferably be a blue-white
colour.

To ensure an even burning process within the whole pile, the four first openings can be closed
and four new openings can be made.

The level that the fire has reached can be measured by observing where the smoke leaves the
pile.

One way of ensuring that the fire works its way up the pile is_ to tread. gently or b;at the peat
covering about 25cm below the site where the smoke is leaving the pile. A cm§Mng sound
will indicate that charcoal has been formed and that the fire has passed that point.

When the smoke has reached the top of the pile, the time has come for the burning process tc:
move into another phase as the fire spreads deeper down into the pile. (Sw. "ta om tjdrdalen")

During this phase, the tightening plug should be taken out after about 45 minutes to see lf the
distillation process has started and the tar has started to run. If this is the case then it is time to
change to the tar plug.

The second phase of the burning process

When the smoke has reached the top of the pile the air inlets can be opened somewhat to ‘
allow more air to enter the pile. It is important to move the location of the inlets continuously. ‘
This is the stage where the main distillation of the tar takes place. Continuous monitoring
must ensure that the smoke does not become too dark. '

It is even possible to monitor the burning process by observing the character of the tar. A free
flowing tar means correct temperature. Viscous, pitchy tar tells that the tar pile is too hot.

During this stage of the burning process it is important to keep the pile in good repair using
earth, damp sawdust or peat turf. The fire must not be allowed to break through the peat
covering, only the smoke must do that. R

As the burning process continues, tar is not the only resulting substance p
an equally important product. The size of the pile decreases and an on-going p
treading or beating the peat surface is necessary. The surface will then sink j

downwards while a crushing sound is heard from the charcoal.

The smothering of the tar pile

A few hours after the tar has ceased to run, the tar plug must be remove
carefully by the tightening plug. ©

If the burning has been successful, only a small mound of th

It is now time to set in the charcoal stroke (the shut do:
earth or damp sawdust must be shovelled over the pil
of air is stopped and the burning ceases. =

The tar pile must now be monitored several time
charcoal has finished burning and cool down
Then the earth and the peat can be re; .

cone.







The shoe and the tar channel

The shoe should be positioned at the lower point of the tar pit construction. It shall be
constructed in such a way that it allows the tar to leave the pile while air is locked out. ONE
way is to drill two holes at a 90° angle to one-another through a log, and to place this log at
right angles to the direction of the tar channel.

Two plugs must fit the opening in the shoe, a tightening plug and a tar plug. The tar shall run
from the shoe, into the tar channel and further into a barrel.

The laying of the tar pile - ("Béra ned tjardalen")

Just before the burning is commenced, the bottom part of the tar pile must be covered with
wet roofing shingles. These should be laid like tiles on a roof, working from the bottom and
upwards (one row laid clockwise, the next anticlockwise etc). The overlapping of each shingle
should be approx. 5cm.

The topmost layer should overlap the layer beneath by at least 10cm. Gently bend each

shingle before placing it down to make sure that the fibres are pointing downwards and :
inwards towards the hole leading to the shoe. The completed work should look like a bi&@- ; :
shaped construction with the pointed base of the tar pit as the epicentre. PR R ¥. ¥

As it is today difficult to get hold of roofing shingles, it is possible to try using Ma oniteor
thin plate metal as a base for the tar wood.

When laying the tar wood in place it should be fine weather. To start the 1
long and with a cross-section of 10x10cm, shall be placed Vertwally :

pile starts getting higher.

The work commences by building up a little square pi
around the pole, closest to the shoe, with each side me
wooden pieces should be used for this. A lifting ¢
central pole.

The groundwork can now be continued by lay
described, working from the bottom up until j
called main cushion should be laid.
When this work is finished, it is time to
at the main cushion and workmg ‘

During the stachngofthemrwoed:- 1s importan
. 'Ihepnleshouldnotleanu__ s too



* The pile should never be bigger than a size allowing a 70cm wide path around the whole
of the rim of the tar pile.

Beating
To ensure that the wood mass sits really tight and that the pile is as round as possible, it

should be beaten with a wooden club if necessary. This beating should also be done during the
laying of the wood.

The sealing of the tar pile

The sealing of the pile should be carried out in the same way as described in the instructions
for building up the mini tar pile, wrththedlﬂ‘erencethatﬂxepeattmfcownngwbq made
bigger and thicker. The fire shots should also be larger. A suitable size here is about 15cm.

Firing, burning and smothering of the tar pile e
The firing of the tar pile should preferably take place on a calm evening

The ﬁrmg, bummg and smothermg (the charcoal stroke) or shmdovm is wvemﬂ W >

to ensure even burning, a long stick with a club furthest out
also used to make any extra air holes in the pile.

The length of the burning time is dependent on the si |
burning process. As an example it can be mentioned that :
(Sw. "tunnor") can burn effectively for about 24, hours. 1

A tar pile of the size 60-70 "barrels" ach:
wood used. Atarpileofthatsxzeeanuke etweer

Grading the tar
Following the burning, the tarmustbe






APPENDIX 3

Information and Results of Norfolk Tai
Experiments Wk













WOOD TAR PROJECT

Thetford Forest Test Burns June 1999

Test Burn One - 21st June 1999 - 15 year old Scots Pine |

time top temp btm temp

11:30 211 21

12:00 249 111

12:30 226 333

13:00 303 324 L
13:30 288 281 -
14:00 337 339 g
14:30 386 359

15:00 377 401

15:30 328 411

16:00 380 411

16:30 387 467

Test Burn Two -22nd June 1999 - 15 year old Corsican Pine

time top temp btm temp

10:45 142 13
11:00 180 20
11:15 265 34
11:45 317 63
11:55 304 62
1215 226 84
12:45 258 107
13:15 315 137
13:45 361 | 144
1415 317 141 - 3
14:45 337 149 ;
15:15 319 169
15:45 304 206
16:15 30 308

16:45 273 301
17:15 274 419
bid s 262 o
18:15 250

Test Burn Three - 2¢
























APPENDIX FOUR

Detailed Chemical Analysis of Tar Samples
Introduction

The production of the tar samples has been described in Chapter Four. The
sixteen tar samples analysed are listed below:

Table A: Tar samples analysed by GC-MS

Sample Code Description

TA-1 Gotland Tar

TA-2 Furutjara A (Fir Tar A-stub heartwood tar, Sweden)
TA-3 Dalbrandtjara (dal-burnt fir stubs/pinewood)

TA-4 Tratjara A (Wood tar A, oven burnt pure fir stub)

TA-5 Bjorktjara (Beech tar, oven burnt, veterinary use)
TA-6 Beech Tar (supplied by Teisen’s)

TA-7 Birch Tar (bark)

TA-8 - Commercial tar (supplied by Skogens Kol AB, Sweden)
TA-9 Stockholm Tar (supplied by Battle, Hayward, Bowyer)
TA-10 Dried Sludge Tar (supplied by Waste Gas Technology)
TA-11 Scots Pine Tar (15 yr stumps, Thetford Forest, UK)
TA-12 as above-repeat pyrolysis

TA-13 Scots Pine Tar (5 yr stumps, Thertford Forest, UK)
TA-14 Corsican Pine (15 yr stumps, Thetford Forest, UK)
TA-15 Coal Tar (Fakenham Gas works, Norfolk)

TA-16 Dark creosote (retail sample, Homebase Ltd, UK)

Samples TA-1 to TA-5 were supplied by Claessons’s Tratjara, Gothenburg,
Sweden.

As can be seen from the above Table, of the total, thirteen were wood tars, one
was derived from dried sewage sludge, one was a coal tar and the remaining
sample was a commercially available sample of creosote. A sample
(approximately 20g) of each tar was transferred to a cleaned 100ml-glass bottle
and the samples despatched to a laboratory. The samples were analysed by Hall
Analytical Laboratory Ltd, Manchester, who have considerable experience of
dealing with such complex materials. All samples were coded before despatch,
so the analysts were unaware of their identity.

The samples were all treated in an identical manner for the purposes of the
analysis. A 0.1ul aliquot of each sample was taken up in an SGE lul syringe for
injection into the GC-MS system. A Micromass Instruments 708 Series high
resolution gas chromatograph mass spectrometer system was utilised for the
sample analysis. A fused silica capillary column of 30 metres length and 0.25
mm i.d. coated with DBS5 stationary phase was utilised for the sample speciation.
Helium carrier gas was employed at a head pressure of 10 psi and split injection
with split ratio of 30:1 was used. The injector temperature was held at 280 C and
temperature programming was utilised from 45C to 300C at a programme rate










aromatic hydrocarbons (PAHs), which are mainly produced during the
pyrolysis process itself, have higher retention times and therefore appear
towards the right-hand side of the chromatogram. The more central group gf
peaks is predominantly made up of naphthalenes and similar sized bicyclic
ring compounds.

Wood tars from Scots Pine (Pinus Silvestris), Thetford Forest

Inspection of the GC-MS chromatograms (TA-11 and TA-12) for the two
samples of tar produced from 15 year old stumps of Scots Pine reveals the
following information. Three groups of peaks are evident in TA-11, although
it is clear from the compounds identified that the sample is mainly composed
of sterols and the larger hydrocarbon ring compounds (retention times 30-48
minutes). Concentrations of the more volatile terpenes are low. In sample TA-
12 however, the latter compounds are well represented in the mixture,
suggesting that the pyrolysis process was less severe than that for TA-11.
Apart from the differences in the earlier parts of the two chromatograms, it is

clear that the two samples are, as would be expected, very similar in
composition to each other.

An important aim of the project was to determine whether less mature (five
year old) stumps of Scots Pine could also be used to produce a comparable
wood tar. Analysis of the tar (TA-13) so produced indicates that although
many of the compounds present are also to be found in the tars from the more
mature material, the sample is relatively devoid of the naphthalene ‘type
compounds normally found in the central part of the spectrum. Overall
however, it is clear that less mature stumps do in fact produce tars which

appear broadly similar in composition to that produced from the older source
material. > B

Wood tars from Corsican Pine, Thetford Forest

A tar sample (TA-14) was also produced from 15 year old stumps o
Pine and analysed under identical conditions to the other am
comparison of the resulting chromatogram with the tars fr Scots
TA12 and TA13)shows that many of the peaks are common to
examination of the compounds identified in the respecti:
visual comparisons. Although care is needed when comy
small sample numbers, the similarity in compo i
Pine to that of the 5 year old Pine tar is partic
has clearly demonstrated that wood tars can
Scots Pine and Corsican Pine and that the chemice
broadly similar to that of the Scots Pine, whi




Commercially available traditional wood tars

In addition to the tars produced from Scots Pine and Corsican Pine from
Thetford Forest, a number of other traditionally produced tars were also
obtained (see Table A) and analysed.

Two samples of beech tar were analysed. The first (TA-5) is described by
Claessens, the Swedish supplier, as oven-burnt (Bjorktjara No 6) and the mhet
(TA-6) was supplied by Teisens. It is evident even from a cursory exam e B¢
of the chromatograms for the two tars, that the patterns of peaks, especraﬁy‘at .
the lower end of the mass range, are strikingly similar in both samples. B
samples are dominated by compounds containing oxygen, mainly ph
derivatives and contain very little in the way of volatile terpenes. The
clearly indicate that the chemical composition of beech tars is quite
and significantly different to those from Pine and other wood tar sources.

A sample (TA-4), described by the supplier as an oven: tar
as Tratjara A, was also analysed. The chromatogram for thi
ways strikingly similar to that of the beech tar TA-5 just
A tar is dominated by phenol derivatives as are th
but in contrast to the latter, volatile terpenes an
also much in evidence. The presence of nitrogen
tar is relatively unusual and it is clear that the mats
from other tars so far analysed. The species
known.

 Tars TA-1, TA-2 and TAS =y

produced from the Pinus F :

high concentration of volatile na
hydrocarbons. Tar TA-3 v
composmon and pattem



chemical components identified in the Gotland and Stockholm tars. The latter
contains substantially lower concentrations of the volatile terpenes, and also
contains small amounts of nitrogen and sulphur compounds which are not found
in Gotland tar. Full details of the main chemical constituents of the Gotland and
Stockholm tars can be found in the relevant tables attached.

Although it is conceivable that such differences in composition might arise from
differences in pyrolysis conditions, it is more likely that this sample of
Stockholm tar was produced from another Pine species, and not Scots Pine. In
this connection, it is interesting to note that in a recently published paper on
wood tar analysis (Lazaro et al. 1999), a sample of ‘Stockholm Tar’, also
supplied by Battle, Howard and Bower Ltd, was analysed. The paper indicates
that the crude tar liquor from which the refined tar was made, was imported
from Southern China. The liquor itself was produced from the Massen Pine
(Pinus Massonia). It is therefore quite possible that the tar sample TA-9
analysed in the present project originates from the same species.

Tars from other sources: Dried sewage sludge and coal tar creosote

The tar sample TA-10 from dried sewage sludge (provided by Waste Gas
Technology Ltd, UK) and the creosote sample TA-16 (Homebase Ltd, UK)
were the only two products that were not produced from wood. These were
included in order to provide a comparison with wood tars. In the case of TA-
10, little interest has been shown to date in the potential of tars derived from
wastes such as sewage sludge and consequently few data are presently
available on the chemical composition of such potentially useful materials. It
was therefore decided to include it among the samples investigated.

The chromatograms for the sewage sludge tar TA-10 and for the creosote
sample TA-16, are clearly significantly different to those of the wood tars
discussed in earlier sections of this Appendix. Chemically speaking, the
composition of the sewage sludge tar is unique amongst the samples analysed
for the wide range of nitrogen containing compounds and polycyclic aromatic
hydrocarbons present. Relative to other samples it is depleted in oxygen
containing substances and is virtually devoid of phenolic compounds.
Creosote shows a similar lack of such compounds, but substituted
naphthalenes and polycyclic aromatic hydrocarbons are however present in
relatively high concentrations. The broad similarity in chemical composition
of the tar from dried sewage sludge to that of creosote, suggests that the use of
the former as a wood preservative may have some potential. Further work
would however be required to establish the suitability of the material for this

purpose.

The conclusions resulting from this analysis, together with the references used,
can be found in Chapter Five of the main Report.


















LC 27820 TA-3

n_ M+ Basei ragm neral st re M

92 136 93 77,121 pinene 91

101 136 93 107,121 dimethyl, methylene,bicycloheptane

144 136 93 77,105 carene e 100

157 134 119 68,93 trimethyl,bicycloheptenol ‘

161 136 68 93 limonene 65

209 124 124 109 methoxy,phenol 4

239 7 81 111 trimethyl,bicycloheptenol Lk

262 152 95 81,108 trimethyl,bicycloheptenone ' il
camphor ™ i ot

270 136 71 93,121 methyl,methylethyl,cyclohexanol e =

288 7 95 110 borneol? | ‘

297 154 71 110 methyl, methylethyl,cyclohexenol
menthenol

308 ? 93 59 trimethyl,cyclohexene,methanol
314  136? 59 121 mmethyl,cyclohexene,methanol -
387 152 1317 109 ethyl,methoxy,phenol :
424 7 81 96 hydroxy,propyl,methyl

469 166 137 122 ethyl,methoxy, benzene

502 204 161 94 th:

545 164 164 149

568 204 161 119

590 204 105 161

607 204 161 134

954 256 241 159

979 256 241 159

1098 234 219 102

1184 314 314 239,299

1246 300 239 299

Comments

The sample is similar to LC .
heteroatoms other than oxygen. -






LC 27821 TA-+4

43
144 136 93 77,105 carene 50
158 112 ? hydroxy,methyl,cyclopentenone
corylon
162 136 93 121 methyl,methylethyl,cyclohexadiene
205 108 108 77 methyl,phenol
209 124 109 81 methoxyphenol
306 138 138 123 methoxy,methyl,phenol
312 ? 59 93,121 trimethyl,cyclohexene, methanol N R
menthenol 403 ¢ R 1
316 110 110 64,92 benzenediol ) - E
374 124 124 78 methyl,benzenediol AW
386 152 137 ethyl,methoxy,phenol s Y
405 124 124 78 methyl,benzenediol "
456 154 154 139 dimethoxy,phenol -
460 164 164 103 eugenol T A
469 166 137 122 methoxy,propyl,phenol

489 1387 123 77
497 152 151 81,123
506 164 164 149
543 168 168 153
546 164 164 149
574 166 151 123
589 204 105 161
612 180 137 122
978 256 241 159
1098 234 219 102
1184 314 239 299
1246 300 239 299
Comments =

The sample is unusual






LC 27822

128

N phenol

94 : ‘
160 112 2 83 hydroxy,methyl,cyclopentenone i ‘
corylon g ' 1
187 108 108 methyl,phenol '
208 108 108 77 methyl,phenol
212 124 124 109 methoxy,phenol
273 122 12 107 dimethyl,phenol
276 122 122 107 dimethyl,phenol
296 128 128 naphthalene?
309 138 138 123 methoxy,methyl,phenol
390 152 137 ethyl,methoxy,phenol
; 461 154 154 139 dimethoxy,phenol
| 464 164 164 eugenol
i 473 166 137 122 methoxy,propyl,phenol
i 548 168 153 125 hydroxy,methoxy,phenol
'1 vanillic acid
'[ 615 182 167 107 dimethyl,biphenyl
| 686 196 167 )}
i 761 194 179 91,119
| 941 270 74 87
l 1031 202 202 101
I 1102 234 219
{ 1187 314 239 141,197
l 1245 300 239 141,197
F
|
i Comments
i The sample is dominated by comp
| volatile terpenes are minor. Nitro













LC 27824 TA-7
Secan M+  Baseion Fragments _General structure Height
60 106 91 7] dimethyl,benzene
132 120 105 77,91 trimethyl,benzene
205 108 108 547 methyl,phenol
208 124 109 81 methoxy,phenol
264 134 119 7791 tetramethyl,benzene
292 128 128 102 naphthalene
305 138 138 123 methyl,methoxy,phenol 50
317 110 110 92 benzenediol
pyrocatechol
386 152 137 121 ethyl,methoxy,phenol 51
398 142 142 115 methyl,naphthalene
405 124 124 78 methyl,benzenediol
homocatechol
456 154 154 139 dimethoxy,phenol
490 138? 123 methoxy,methyl,phenol?
514 156 156 141 dimethyl naphthalene
519 204 94 121,161 dimethyl, methylpentenyl, tricycloheptane
544 168 168 125,153 hydroxy,methoxy,benzoic acid
vanillic acid
564 122 122 107,161,189 decahydro,trimethyl, methylene,
methanonaphthalene
Seychellene
574 166 151 123 hydroxy,methoxyphenol,ethanone
602 204 577 161 limonenol butyrate?
682 196 167 97,111 tetraethylcyclohexane
688 226 57 hexadecane
756 220 107 163 longifolenaldehyde
768 184 184 153 ethyl,dimethyl azulene?
989 282 57 eicosane
1052 2 55 83 alkylcyclohexane
1057 296 57 heneicosane 50
1177 296 . 55 111,239 ?
1184 310 239 143,299 octahydro,dimethyl,methylethyl,phenanthrene
carboxylic acid
1276 326 107 tetracyclic?
1280 326 95 189 tetracyclic? 42
1295 338 55 208 tetracyclic?
1338 340 109 189,203 tetracyclic?
1490 408 365 121 pentacyclic triterpane derivative
neooleanadiene?
1538 4067 363 135 pentacyclic triterpane derivative 55
1544 394 163 191 pentacyclic triterpane derivative




K
1554 408 189 297 pentacyclic triterpane derivative 70
1590 424 381 161,245 pentacyclic triterpane derivative 82
1601 406 189 229 pentacyclic triterpane derivative 70 .
1652 424 134 189 pentacyclic triterpane derivative 100
1701 426 95 189 pentacyclic triterpane derivative 75
1783 440 440 369 pentacyclic triterpane derivative
1796 442 189 288 pentacyclic triterpane derivative 5
1842 442 189 411 pentacyclic triterpane derivative 5 o
1845 484 189 135 pentacyclic triterpane derivative 8 et
;- "!v&f‘.{r"‘l o),
. ﬂ[ AU R S
omment e L
C nts b .-"
The sample is unique in the high concentrations of pentacyclic triterpenes, a i .
amounts of normal alkanes. It appears to be relatively poor in O-, N-, and S-groups













LC 27826 TA-9

Scan M+ _ Base ion Fragments  General structure Height

%4 136 93 77,105,121  trimethyl,tricycloheptane

288 1547 95 110,139 borneol

306 138 138 123 methyl,methylthiobenzene?

313 136 93 59,121 trimethyl,cyclohexenemethanol

386 152 137 91,122 ethyl,methoxy,phenol

408 150 135 95,107 butyl,phenol

437 204 81 93,189 ethenyl,methyl,bis(methylethenyl),cyclohexane

452 204 119 105,133,161 longipinene?

462 204 161 119,189 octahydro,tetramethyl, methanoazulene

472 204 94 119,133 decahydro,tetramethyl, methanoazulene 44

439 204 161 148,175 hexahydro, tetramethyl,methanonaphthalene 21

502 204 95 161 hexahydro,tetramethyl,methanonaphthalene 100

505 204 161 94,135,189 decah}’dro,trimethyl,methYIene methanoazulene

520 204 94 133,161 decahydro,tetramethyl, methanoazulene

527 204 81 93,189 octahydro,dimethyl,methylethenyl,azulene

536 204 133 105,161,189  decahydro,trimethyl,methylene,cyclopropazulene

543 204 122 107 octahydro,tetramethyl,cyclopropa X AT
naphthalene 10 = S

548 204 119 93,133 longipinene? L

590 204 105 161 hexahydro,dimethyl,methylethyl,naphthale

607 204 161 134 hexahydro,dimethyl,methylethyl,

658 202? 187 159 cadinatriene?

669 2047 95 119,189 decahydro,trimethyl,methylene,me

730 234 163 57,135 anisole?

905 258? 190 243 Mricyclic derivative

917 2587 190 243 ricyclic derivative

931 2587 243 Mricyclic derivativ

934 258 258 147,215 rene

943 258 243 91

954 256 159 185,241

966 258 258 133,215

979 256 241 159

995 242 227 143 7

1072 286 257 123,271

1075 256 241 157

1099 234 219

1139 284 284 266

1184 314 239 299

1248 300 285 239

1864 1597
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LC 27827 TA-10
Scan M+ Baseion __ Fragments _General structure Height
56 106 91 i) dimethylbenzene
60 106 91 77 dimethylbenzene ,
70 103 103 59,77 benzonitrile? . 100
91 107 107 79 dimethylpyridine
lutidine
125 103 103 76 benzonitrile . ~ |
133 " 118 117 91,103 ethenyl,methylbenzene | 4 )
styrene A -
136 118 117 91,103 ethenyl,methylbenzene g
styrene '
157 118 117 91,103 propenylbenzene?
168 116 115 89 indene
190 117 117 90 methyl,benzonitrile
tolunitrile
206 108 108 77,90 methyl,phenol e .
7. ) Sl § L A 1 90 methyl,benzemtzﬂe '
tolunitrile
222 132008 51,77,103 ‘methyl,benzofuran e
233 130 130 115
242 132 132 117
245 130 130 117
257 7 117 90
260 130 130 115
265 130 130 115
268 128 128 115
274 130 130 92
296 130 130 102
300 134 134 89
342 129 129 10_23:
363 129 129 102
398 142 142 71 115
402 117 117
411 1427 142
464 1317 130
470 204 ‘
479" 152










LC 27828 TA-11

Scan M+ _ Base ion Fragments  General structure Height

92 136 93 77,107,121 trimethyl tricycloheptane 15

144 136 95 71 carene?

160 136 68 93 limonene

208 136 121 93, 105 methyl, methylethylidene, cyclohexene

304 138 138 95,123 methoxy,methyl,phenol

311 136 59 93,121 trimethyl,cyclohexene,methanol

385 132 - 137 91,122 methoxy,ethyl,phenol

470 204 94 119,199 decahydro,tetramethyl,methenoazulene 21

487 204 161 148, 175 hexahydro,tetramethyl, methanonaphthalene

499 204 95 161 decahydro,trimethyl,methylene,
methanoazulene

502 204 161 94,189 decahydro,trimethyl,methylene, 100
methanoazulene

508 204 94 113, 189 decahydro,tetramethyl, methanoazulene

534 204 133 161,189 decahydro,trimethyl,methylene,
cyclopropazulene |

546 204 119 105 hexahydro,tetramethyl, methanoazulene ‘

588 204 105 94,161 hexahydro, dlmethyl,methylethyl,mpmmene
amorphene?

606 204 161 134,189 hexahydro,dimethyl,methylethyl, naphth

668 204? 85 161,189 hexahydro,dimethyl,methylethyl naphth:

941 258 243 227 methoxy,dimethyl,benzo,dipyranor
brayelin? it

952 256 241 159,185 octahydro,dimethyl,methylethyl,
phenanthrenecaboxaldehyde SR

978 256 241 159,185 tetrahydro,hexamethyl,indecenone?

1028 238 223 181 dimethoxyphenanthrene N

1071 286 257 123 ethenyl,dodecahydro,ph nanthrene

1098 234 219 102,190

1158 248 248 233

1183 304 239 197,299

1250 300 285 197,239,

1271 302 = 302 197,239

Comments

The sample is a mixture of hydrocarb







LC 27829 TA-12
muumwmmm

104 104 78,106 styrene
101 136 93 77,107, 121 trimethyl,tricycloheptane
139 94 94 66 phenol
D7 1360 93 77,107,121  carene
171 134 119 91 cymene
183 116 116 89 indene
200 108 108 79, 89 methylphenol
221 108 108 79, 89 methylphenol
225 124 124 81,91,109  methoxyphenol
269 136 121 79, 105 trimethyl, methylenecyclohexene
306 139 95 110 borneol
310 128 128 64,102  naphthalene
316 154 93 71,111 methyl,methylethyl,cyclohexenol
324 138 138 95,123 methyl,methoxyphenol
331 136 59 93,121 trimethyl,cyclohexene,methanol
405152 74137 91, 122 ethyl,methoxyphenol
417 142 142 71,115 methylnaphthalene
430 142 142 71,115 methylnaphthalene :
490 204 94 119, 161 decahydro,tetramethyl,methenoa zulene
497 154 154 76,152

507 204 161 148,175
522 204 161 147,189 decah
552 152 152 76

593 168 153 127

608 204 105 153,161

626 204 161 134,189

667 166 166 83

820 178 178 89,151 snanthre
828 178 178 89,152 anthracene
962 258 243 145,204 i

973 256 241 159, 185,213 ?

979 254 239 ?

998 256 241 159, 185,213 ?

1025 252 237 - 179, 195

1047 202? 202 101

1091 286 257 123,271

1118 234 219
1204 314 239

1268 300

33

57

50
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LC 27830 TA-13

+ Baseion n re m
91 136 93 77,105, 121 carene 100
100 136 93 79,107, 121 camphene o
142 136 93 77,105, 121 carene 22
159 136 93 79, 121 methyl, methylethenyl, cyclohexene o
207 136 121 93, 109 methyl, methylethylidene, cyclohexene |
295 154 71 93,111,121 methyl, methylethyl, cyclohexenol AR
304 150 132 59,117 cymenol » e

311 136 59 59,93,121  methyl, methylethenyl, cyclohexenol
915 272 93 161,229 ? L
996 272 93 161,229 2 =

1069 272 123 257 9 R
1182 314 239 141,197,299 octahydrophenanthrenecarboxylic acid
1226 302 287 pimaric acid .

1250 300 285 239 octahydro, di n]’
1274 302 302 239, 285 | ’

Comments






LC 27831 TA-14
can M+  Baseion Fragme neral st re Hﬁgh!
93 136 93 77,105,119 o-pinene 100
161 136 68 93 limonene | 24
169 135 133 73,116 N-aromatic
2520 136 = 121 79, phellandrene
29 154 71 93,111 methyl, methylethylcyclohexenol _
313 136 59 93, 121 trimethylcyclohexenmethanol 36
916 272 93 161, 189,229 ? b7
927 272 161 229 ? e
978 254 241 159 ? aEh L kg ¢
998 272 161 229 ? 1075 = ke
1071 286 257 123,271 ethenyl, dodecahydro,phenanthrenecarbox-
1098 234 219 190, 204 methyl, methylethyl, phenanthrene :
1183 314 239 141, 197, 299 octahydrophenanthren_' arboxy
1246 302 287 149, 241 pimaric acid
1251 300 285 197, 285 octahydro, dimethyl, methylethyfi
phenanthrenecarboxyls

1274 300 285 239 octahydro, d1methyl o
phenanthrenec
Comments

As with TA-13, a limited range of compounds. The paucil
also suggests that this does not reflect excessive hea
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LC 27832 TA-15

an | Base ion agments eneral structure N—
46 106 91 51,65, 7 dimethyl benzene A, L
49 106 91 51,65,77  dimethyl benzene - L
75 136 93 77,105,119  a-pinene R
257 128 naphthalene e
275 136 93 79, 121 B-phellandrene ]
431 204 94 189 decahydro,tetramethy
462 204 161 189 decahydro, tetr:

1083 240 240 152, 165 tetrahydrodimeth
1420 412 69 177, 191 hopanol
Comments Rl e

Extrememly limited range of compounds. The comp
been aromatised by excessive heating,.







LC 27833 TA-16

Scan M+ Baseion __ Fragments _General structure __Height
50 106 91 51, 65,77 dimethyl benzene

105 94 66 55 phenol

110 120 105 51,68, 77 trimethylbenzene A

115 120 105 51,65,77  trimethylbenzene 70

137% 118 115 63,91 propenyl or ethenylmethyl-benzene

40" 118 115 63,91 propenyl or ethenylmethyl-benzene

157 134 119 91 cymene

2233 1300 417 77,91 methyl, propenylbenzene 3
261 " 1123 128 51,63,102  methyleneindene 00 Stk -
286 136 121 77,91,103  methyl,ethylphenol :

363 142 141 71, 115 ethylideneindene 66 -

375 142 141 71,115 ethylideneindene -2 S 3,
431 178 163 91,117 dimethylethylphenol m=r- '
440 154 154 76, 128 ethenylnaphthalene e

451 156, 141 115 ethylnaphthalene

462 156 156 115, 141 dimethylnaphthalene

473 156 156 115, 141 dimethylnaphthalene - i

477 156 156 115, 141 -dimethylnaphtha}ene -l

490 156 156 115, 141 dimethylnaphthalene g

501 156 156 115, 141 dimethylnaphthalene

525 154 154 76, 127 acenaphthene

535 168 168 141, 152 methylbiphenyl

555 168 168 84, 139 dibenzofuran

611 196 165 139, 181 fluore

629 196 181 153, 165 ethy

695 210 195 165, 178 i

721 210 195 165, 178

763 178 178 152

807 210 57 165, 195

87 222 207 115

877 208 193 102

57 202 202 101

Comments

Although there are some O-gr
concentration of lic aror
is present in unus






