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TURPENTINE PRODUCTION AND PROCESSING 
 

Turpentine is an oil obtained from pine trees, and is different from the mineral 
turpentine that can be bought in the supermarket.  It is a very important substance with 
many applications as a solvent, in the pharmaceutical industry and in the production of 
oils, resins and varnishes.  It is also used as the starting material to manufacture a 
variety of other products, including pine oil and turpentine. 
 
Turpentine is initially separated from wood chips after they have been "cooked" in the 
kraft paper-making process.  It is separated off as a mixture of water and turpentine 
vapours, which separate out when left to separate in a tank, as turpentine is much 
lighter than water. 
 
This turpentine is then distilled into "heads" (volatile compounds with no commercial 
value), and α - and ß-pinene.  Of these, ß-pinene is sold as is and α-pinene is further 
processed to make pine oil by reacting it with phosphoric acid.  Pine oil is used as a 
solvent, disinfectant and deodorant, and ß-pinene is used to produce camphor and 
insecticides.  A further, less valuable, solvent, dipentene, is produced as a by-product 
of this process. 

 
INTRODUCTION 
 
Turpentine1 is one of the volatile oils that can be extracted from pine wood.  It is initially 
extracted at Kinlieth as crude sulphate turpentine, CST, (with it being in the sulphate form 
due to the kraft processing of the wood), and then refined by fractional distillation.  The 
refining and further processing used to be carried out in Japan and the final products 
reimported, but in 1983 a new company called Pine Chemicals Ltd. started to process CST 
and crude tall oil in New Zealand.  The company is currently owned by the Dutch group 
Akzo Nobel, and operates under the name Eka Chemicals (NZ) Ltd.  The products are sold in 
New Zealand and exported to Australia, Japan, the United Kingdom and South East Asia. 
 
Properties 
CST is a volatile amber liquid, with a density of 0.85g cm-3.  It is a mixture of α- and ß-
pinene (30 and 60% respectively) and other monoterpenes of the general formula C10H16 and 
various impurities such as small quantities of unpleasant-smelling sulphurous compounds 
(e.g. methyl mercaptan and dimethyl sulphide) and inorganics.  There are safety risks 
associated with handling CST and refined turpentine, both because of its volatility and 
because it has a low flash point. 
 
Uses 

                                                           
1Turpentine from the forestry industry is not the same as the mineral turpentine that can be bought at the 

supermarket and is used for cleaning paint brushes etc.  Mineral turpentine is a product of the petroleum industry that 
is more volatile than kerosene, and is composed of C10 - C16 aliphatic and aromatic hydrocarbons. 

Refined turpentine is used as a solvent for resins, varnishes and oil-based paints, and in the 
manufacture of p-cymene, isoprene, terpene polymers and perfumes for soaps and cosmetics. 
 Lubricating oil has even been manufactured by polymerisation from sulphate turpentine.  In 
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addition, turpentine can be separated into its major constituents: α - and ß-pinene.  The 
former is converted into α -terpene and then into pine oil and dipentene.  Pine oil is used in a 
wide variety of applications including use as a flavour and perfume in pharmaceuticals, as a 
solvent, disinfectant and deodorant, for the flotation of lead ores and in textile scouring.  
Dipentene is used as a wetting and dispersing agent, as a solvent for lacquers and inks, as a 
degreasing agent and in the manufacture of air fresheners.  ß-pinene is used for the 
production of camphor and some insecticides. 
 

                         
                                               α-pinene                        ß-pinene 
 
 
EXTRACTION AND PROCESSING OF TURPENTINE 
 
Initially, CST is extracted from wood chips.  This crude product is then sent off for further 
processing, during which time the turpentine is distilled to separate the α- and ß-pinenes.  The 
ß-pinene is sold as is, and the α-pinene converted to pine oil in two further process steps. 
 
Step 1 - Extraction of turpentine from the wood chips 
Wood chips are either 'cooked' in a batch or a continuous process (see article), and the 
method of turpentine extraction differs depending on the method used.  In the batch process 
turpentine is obtained by venting the digester and then separating the fibres and black liquor 
from the water and turpentine in a cyclone separator.  In the continuous process less 
turpentine is obtained, although the process is still economically viable, and this time water 
and turpentine vapour is obtained by flashing the black liquor twice. 
 
The vapour mixture is then piped to a condenser and thence to a separation tank, where the 
aqueous and turpentine phases separate due to their density difference.  The aqueous 
underflow is piped off, and the CST overflow is also piped off to storage tanks.  Because of 
the corrosive effects of CST, piping and storage tanks are made of mild steel, and all other 
components of stainless steel.  The various non-condensibles (i.e. unable to be condensed 
under the operating conditions used) are passed to a scrubbing column where they are 
cleansed of undesirable compounds by caustic solution (to form non-volatile salts). 
 
The yield of CST is approximately 12 L per tonne of air-dried pulp, and about 1500 tonnes of 
crude turpentine are produced annually at Kinleith. 
 
Step 2 - CST distillation 
The CST plant is a batch operation.  A kettle connected to a distillation column is filled with 
crude turpentine and a vacuum drawn whilst the charge is heated up to the point where the 
lightest compounds begin to boil off.  These "heads" are of no use as they contain mostly 
water and light sulphurous compounds, and they are sent to an incinerator.  Once these heads 
have been driven off, temperature can be increased and vacuum intensified.  As the pinenes 
begin to boil off the reflux ratio2 can be increased to improve the degree of separation 
                                                           

2The reflux ratio is a measure of the efficiency of the distillation, and is quoted as proportion of compound 
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achieved in the column.  The difference in volatility between the alpha and beta forms is 
sufficient to permit quite good separation by distillation, but to assure product quality  in 
minimum distillation time a small intermediate cut of mixed alpha and beta pinenes is taken.  
These intermediate cuts are stored until sufficient is held to make up a batch for redistillation. 
 Following the collection of the pinenes, the residues can be removed from the kettle and a 
fresh charge of turpentine admitted.  Overall time for a batch distillation is about 20 to 24 
hours. 
 
A typical charge would be about 15 m3 of turpentine containing 35% alpha pinene and 55% 
beta pinene.  The distillation is effected at a pressure of around 50 Torr and temperatures of 
up to 150oC, and produces four cuts as follows, plus a residue which would be about 10% of 
the charge: 
• Heads cut - the first fraction, consisting largely of water and sulphurated 

hydrocarbons plus some alpha pinene.  This cut is distilled with a reflux ratio of 30:1 
and is about 3% of the charge. 

• Alpha pinene - about 20 - 25% of the charge, recovered at a reflux ratio of 14 to 30:1. 
• Intermediate - alpha and beta pinenes in a ratio of 1:2.  This cut is about 20% of the 

charge and is distilled with a reflux ratio of 30:1. 
• Beta pinene - 40 - 45% of the charge with a reflux ratio of between 5 and 10:1. 
 
The alpha and beta pinenes recovered from the distillation are held in stock tanks.  The beta 
pinene is exported in bulk ship loads whilst the alpha pinene is used in the next stage of the 
process. 
 
Step 3 - Crude pine oil production 
The alpha pinene recovered from the CST distillation is 96% α-pinene, 3% ß-pinene and 1% 
camphene.  To make crude pine oil, the α-pinene is converted to a mixture of alpha terpineol 
(the pine oil ingredient), dipentene (an isomer of pinene), unreacted pinene and some minor 
quantities of other by-product and impurities. 
 
The conversion of α-pinene to pine oil, of which the major component is the tertiary alcohol 
α-terpineol, involves hydration of the carbenium ion.  Further hydration of α-terpineol will 
yield terpin, or alternatively the α-terpineol can be dehydrated to dipentene.  The terpin may 
undergo partial dehydration to an α-terpineol and other terpineols.  Alternatively the α-pinene 
may also undergo isomerisation to camphene or thermal isomerisation to dipentene.  As the 
two pinenes are eaily interconverted using certain acids, bases and hydrogenation catalysts, 
the ß-pinene in the distillation fraction can be converted to the same end products.  The 
reactions concerned are summarised on the next page. 
 
The pinene hydrolysis reaction yield is dependent on both time and temperature.  An increase 
of either will cause a higher conversion of alpha pinene, but would also increase the  

                                                                                                                                                                                     
distilled off:proportion left in the distillation column. 
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proportion of pinene converted to dipentene.  As pine oil is the preferred product, the reaction 
conditions are controlled to minimise loss of pinene to dipentene.  In the PCNZ process the 
pinene is hydrolysed using aqueous phosphoric acid at temperatures of up to 70oC for 3 
hours.  The immiscible fluids are agitated vigorously in a batch reactor and small amounts of 
surfactant can be added to promote good interphase contact.  Under these conditions the 
reaction yield is expected to be: 
• Unreacted pinenes and camphene 55% 
• Dipentene 10% 
• Pine oil 30% 
• Residue (terpin and hydrate) 5% 
 
After reaction the reaction mass is washed free of acid and then washed with caustic to 
neutralise any remaining free acid, prior to distillation. 
 
Step 4 - Crude pine oil distillation 
The distillation of crude pine oil is again a batch process under vacuum and produces three 
cuts and a residue.  The first cut is the unreacted pinene, plus any camphenes and similar 
isomers, which is recycled to the pine oil reaction.  The second cut is dipenetene and a 90% 
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pine oil is the third cut.  Terpin and other hydrates form a residue which is periodically 
discharged from the kettle. 
 
Due to the recycling of α-pinene, over time "impurities" such as camphene and *-3-carene 
build up in the feed stock.  To prevent them from causing problems they are periodically 
destroyed by hydrolysing a batch of feed at higher than normal temperatures and for a longer 
time.  This causes a complete conversion to dipentene which can then be directly drummed 
off for sale as a solvent without the need for further distillation. 
 
Overall, the processing of crude sulphate turpentine at the PCNZ plant results in the 
production of about 550 tonnes of beta pinene product, 160 tonnes of pine oil and 65 tonnes 
of dipentene from each 1000 tonnes fed into the plant. 
 
 
PLANT SAFETY  
 
As previously mentioned, turpentine is volatile, and very flammable (flash point 35.0oC), 
therefore great precautions must be taked against the risk of fire.  As few electric motors as 
possible are used on the line and careful earthing minimises sparking due to static electricity. 
 Valves and seals are carefully maintained. 
 
The turpentine vapours are toxic and heavier than air.  They can, therefore, collect in pockets 
and form a potentially explosive mixture.  However, if the turpentine concentration is less 
than 1% it will not explode, and also if it is very concentrated it will not explode.  There is 
also a risk from H2S gas during the extraction phase, but this is not as bad here as it is near 
the tall oil plant. 
 
With the operation of the distillation columns under high vacuum, there is always the 
possibility of a small leak allowing air to be drawn into the system and thus creating a 
flammable mixture inside the vessels.  To counter the possibility of fire or explosion inside 
the vessels there are elaborate lead detection systems which are coupled to a nitrogen flood 
system.  If the vacuum integrity is broken, then the columns are automatically flooded with 
nitrogen so that ignition is not possible.  There is also a manual emergency shut down and 
nitrogen flood system. 
 
 
 
 
 
 
 
Written by Heather Wansbrough by combining parts of "Turpentine and tall oil production" 
from volume one (written by P.J. Hooker and L.E. Fotherby, 1977 Chemistry 100 students) 
and "Processing of crude tall oil and crude sulphate turpentine" from volume two (written by 
Malcolm Rough, Senior Process Engineer, KRTA Ltd. and John Packer), both of which were 
updated for this edition by Stuart Cooney (Eka Chemicals (N.Z.) Ltd.). 


