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This work describes the requirements for the interaction between wood and linseed oil paint 
with regard to "modem adhesion theory", i.e. known as Lewis acid-base theory. After a short 
introduction about linseed oil as binder in paint, results from an investigation of the surface 
tension properties for linseed oil will be presented. Finally, the total interaction between linseed 
oil paint and wood will be discussed. 

Linseed oil as binder in paint 

Linseed oil has been used as binder in paint, long time ago. It is known that in the Roman 
Impire, nut oil and linseed oil were used as binders in paints and different kinds of varnish. 
Linseed oil is a vegetable driable oil, produced from linseed by pressing or extraction. The lin
seed contains about 40 % linseed oil. The flax is cultivated in several countries, mainly in 
Argentina, India, Russia and USA. 

Linseed oil is used in three different types: raw or boild linseed oil and as the so called standoil. 
The raw linseed oil is produced as described earlier and consist of both saturated and unsatur
ated fatty acids esterified with glycerol (table 1). 

The linolenic acid is the most unsaturated of the acids in table 1 and gives the linseed oil its 
comparative good drying properties. The raw linseed oil contains small amounts of phosphides 
and vita mines, wich counteract the drying process, but these substances can be removed by 
heating. When raw linseed oil is heated to about 150"C, boiled linseed oil is obtained. 

Standoil is the term used for oil that polymerize during heatin~ that is a reaction which gives 
bigger molecules and higher viscosity. When producing "linseed standoil" raw linseed oil is 
heated to 270-300°C in oxygen free atmosphere as long as needed to get a specific viscocity. 

The constituents in linseed-oil paint are a binder (linseed oil), pigment a solvent (turpentine or 
petroleum spirit) and drying agents (zinc oxide, Co- or Mn-naphtenate). Depending on the type 
of linseed oil used as binder, the paint get different properties. When raw linseed oil is used the 
paint has a long drying time (4-5 days), compared to boiled oil which is 1 day. Standoil is 
normally used in outdoor paints and gives the paint better durability against water, smaller 
tendency to yellowing, better lustre, compared to boiled linseed oil. 

The solvents disolves the binder and gives the paint appropriate consistency. When the paint 
dries the solvent evaporate. Paint with no or very little solvent is usually namned as "high 
solid". It is not possible to produce linseed-oil paint without any solvent and therefore paint 
with less than 5% solvent is called high solid linseed oil paint. The drying process of linseed oil 
paint imply oxidation of the binder, that is cross linking of the linseed oil molecules by oxygen, 
figure 1. The describtion above of linseed oil is taken from references 1-5. 

Table1 Constituents in linseed oil, approximately composition and chemical formula 

Constituent Chemical formula 
Saturated fatty acids 10 
Oleic acid 20 C17H 33COOH 
Linoleic acid 20 C17H 31 COOH 
Linolenic acid 50 C17H 29COOH 
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Figure 1 Drying or oxidation oflinseed oil. In linseed oil one can find the structure (a) where CH2 -group is 

activated. This group can be oxidated by 02 and cross link to a CH2-group in a adjacent molecule 
(b). 

Determination of surface tension properties of linseed oil 

Limitations of the investigation 
In this investigation, the influence of solvents, pigments and the drying agents on the interact
ion between linseed-oil paint and wood is neglected. That may be a reasonable approximation 
when high-solid linseed-oil paint is investigated. 

Material and methods 
The surface tension properties for linseed oil were evaluated wet and dry on wood and glass, 
respectivly. A thin layer of oil was applied on the glass and was dried for two weeks at room 
temperature, until a hard surface was achieved. Linseed oil is sorbed into wood, therefore a 
considerable amount was applied on the tangential surface of Scots pine (Pinus silvestris L) 
until a contious layer of oil was established. These wood samples were dried in room tempera
ture for one week before testing. Linseed oil on glass dried at 105 °C and on wood dried one 
hour at room temperature was also tested. The surface tension for linseed oil on wood and on 
glass was determined by contact angle measurements in a OAT 1100 Fibro System equipment. 
In this test, water, formamide and diiodmethane were used as reference liquids, table 2 (10). 

A determination of the surface tension of a liquid can be done by studying the form of a drop of 
the Jiquid. The drop size is a reflection of the tension between the drop and the medium around 
it. The easiest way to study this is to determine the size of a falling drop in air or in another 
known liquid. The interfacial tension of the two media can be determined by equation 1. 

(1) 

v =the volume of one drop 
2 

g = 9,81m/s 

Ap = difference of media density 

f = correction factor 

r = rad! us of the drop 

1t ~ 3.14 
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Drops of the reference liquids in linseed oil were studied. The weight of drops of water, form
amide, ethyleneglycol and the radius of diiodmethane drops were used to calculate the drop 
volume. The work of adhesion was calculated from these measurements using equation 2 and 
the value was used in the Young-Dupre equation. 

(2) 

The Young-Dupre equation can be transformed to an equation system (appendix 1) out of 
which the Lewis acid-base and Lifshitz van der Waal components for linseed oil can be solved. 
Then. the total acid-base contribution to the surface tension and the total surface tension can be 
calculated. 

Table 2 Acid-base parameters for the reference liquids used in the investigation. 

Liquid r rW r+ r-

Diiodmethane 
Glycerol 
Formamide 
Waier 

(mJIm2) 

50,80 
64,00 
58,00 

(mJIm2) 

50,80 
34,00 
39,00 
21 

(mJ~) 
0 
3,92 
2,28 

(mJlm4 

0 
57,40 
39,60 

Results 
In appendix 2, the mean values of the contact angles are presented as a function of time, for un
dried linseed oil on wood and glass, respectivly. Appendix 3 show the corresponding contact 
angles for dried linseed oil. When measureing on the undried oil, the drop with reference liquid 
was very unstable, specially whith diiodmethane on wood, resulting in doubtful values of the 
contact angle. The contact angle was more stable when undried oil was applied on glass and 
during the measurements on dried oil. The contact angle determined from figures in appendix 2 
and 3, the corresponding standard deviation and the time interval where the mean value is cal
culated as shown in appendix 4. 

The interfacial surface tension of wet linseed oil and the probe liquids were determined by 
equation (1). The values are shown in table 3. The surface tension of linseed oil was determined 
as drop volume 

After the contact angles measurement of the different liquids, the acid-base parameters for lin
seed oil on the different surfaces were calculated according to Young-Dupre (appendix 1). The 
results of the calculation are listed in table 4. Table 4 also shows the values for water, wood and 
for linseed oil according to values in table 3. 

Table 3 The interfacial surface tension of wet linseed oil and the probe liquids. 

Liquid 1 

Linseed oil 
Linseed oil 
Linseed oil 
Linseed oil 

Liquid 2 

Water 
Ethylenglycol 
Formamide 
Diiodmethane 

rl 
(mJfm2) 

14,1 
14,1 
14,1 

r2 
(mJIm~ 
72,8 
48,0 
58,0 

r12 

(mJ~) 
2,24 
2,24 
1,76 
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Table 4 The interfacial surface tension of wet and dry linseed oil. 

Specimen - Wa1 :2r rW yAB r+ y 

(m...Vm2) (mJ/m2) (m...Vm2) (mJ/m2) (m...Vm2) (m...Vm 2) 
Linseed oil as a liquide 23,2 21,2 2,1 0,1 16,8 74,5 
Linseed oil I on wood 56,1 43,0 13,1 1,8 23,2 112,8 
Linseed oil I on glass 16,5 7,3 9,3 8,7 2,5 68,5 
Linseed oil II on wood 39,0 39,0 a 0 3,4 89,5 
Linseed oil II on glass 30,9 30,3 0,6 0 13,6 83,8 
Wm.er 72,8 21,8 51,0 25,5 25,5 122,5 
Wood 1} 56,8 

r  total surface tension, rW 
47,2 

- Lifshitz van 

9,6 1,0 

der Waal component, yAB 
22,8 

- polar component 

r+, r- -acid and basic parameters of the polar component, Wa1 :2 - work of adhesion between linseed oil 
and wood. 1} According to measurements by Wang et al 

Discussion about the suiface tension measurements 
The variation of the contact angle with time is for undried linseed oil (I) is very different 
depending on if the oil is applied on glass or wood. On wood, the contact angle rappidly 
decrease in time, on glass the contact angle is more or less constant in time. One explanation to 
the decreasing contact angle on wood can be that the oil has penetrate into the wood the true 
contact angle is for wood or more likely for a combination of linseed oil and wood. When 
linseed oil is applied on glass, it has no possibillity to penetrate into the glass and the 
measuring is just for linseed oil, as requsted. 

When measuring on dried linseed oil, the differences between oil on glass and wood are not as 
distinct as for the undried oil. Futhermore, the contact angle measured on wood is in same level 
as on glass, which not is the case with undried oil. 

The sample dried for one hour showed very strange contact angles, especially measured with 
diiodmethane wich is partly soluble in linseed oil in wet state. Therefore these values are not 
used in the further evalutation. 

In order to evaluate the ability for linseed oil to adhere and resist water, the adhesion compo
nents should be compared. Table 4 shows the adhesion components for linseed oil, wood and 
water. Wood and linseed oil have similar relations between the four components, while water 

has a different nature with fairly low rLW and a strong r+ (figure 2 and 3). 

The adhesion of wood and linseed oil has both an apolar component from the rLW as well as a 

small polar component from the r+of the oil to the r- of the wood. Water with its low rLW 
and high r+ and r- will be able to break the polar component of wood to linseed oil adhesion, 
but not its apolar adhesion. This means that linseed oil on wood may resist water without loos
ing its adhesion. 
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Figure 2 The polar yAB and apolar rLW componentsfor linseed oil and wood.' 
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Figure 3 The acid r+and base r- components for wood and linseed oil. 

Figure 4 shows work of adhesion for the interaction between linseed oil and wood, and water 
and wood. As shown, the wet linseed oil has the lowest work of adhesion value. Work of adhe
sion between wood and linseed oil is about 80 mJ/m2, compared with about 120 mJ/m2, be
tween wood and water. 
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Figure 4 Work ofadhesion for the wood-linseed oil and wood-water system, respectivly. 
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Dicussion about the interaction wood -linseed-oil paint 

If the manufacturer will produce a paint system with specific properties, well optimized for 
wood, he has to characterize the wood material, the paint system and the wood-paint system. 
That is, the manufacturer has to have good understanding and knowledge about the wood
paint system and, from this knowledge, optimize the system in order to give as good properties 
as possible for application. 

Wood 

To understand the interaction between wood and paint, it is necessary to understand the 
structure and chemical composition of wood. Wood is a natural, cellular, organic composite for 
which the chemical components can be divided into three parts: cellulose, the frame of wood, 
lignin as matrix and hemicellulose as binder between these two components. Futhermore, there 
are extractives as defence and depot for nutrients. 

The porosity and chemical reactivity of wood are very important elements for the interaction 
between wood and paint (6). In wood, porosity consist of first order cavities, that is lumen, po
res and cavities between cens, as well as second order cavities, that is cavities between fibrins or 
micro fibrills (7). Table 5 shows a compillation of the dimensions for different cavities in wood. 

It is very difficult to estimate number and sizes of cavities in the cell wall. One of the estima
tions, generally considered as reliable, show that the diameter of cavities in complet1y swelled 
cell walls is about 1000 Aand all the cavities are conected with each other (8). Number and size 
of cavities are strongly dependent on the degree of swelling of the cell wall, which had to be 
considered when estimating the cavities (12). 

The overall diameter of the pit chambers of conferous bordered pits has an approximate range 
between 6 and 30 Jlm, earlywood pits being larger than latewood pits. The diameter of the to
rus, when present, is one-third to one-half the overall diameter of the chamber. Torus is imper
meable for most liquids (13). In non aspirated pits the openings between microfibrils in margo 
are approximatly 0,02 - 4 Jlm. During drying wood most of the pits will aspirate. 

Generally, the resin canals are poor transport ways for liquids and gases as a consequence of 
that these canals are filled with resin (12). Thus, it is not likely that linseed oil can be tran
sported in these canals. This have been observed during impregnation with polyethylenglycol 
with the molecule weight of 1500 gram/mol (17). 

The rays consist of parenchyma and traceid cells. In pine the rays are multilayered with a hight 
of approximatly 0,5 millimeters and the width 0,02 millimeters (14). 

According to Noren, the meanvalues of the lumen diameter in springwood is 14 Jlm and in 
latewood 26 Jlm (15). 

T abell 5 Approximate sizes of cavities in conferous. 

Type of cavities ReferencesDimension 

Interval value1 

Cavities in the cell wall 0,005" 0,1 0,01 8 
Pits 6 -30 25 13 
Cavities in margo 0,02" 4 2,5 13 
Rays 20 - 50 20 14 
Lumen in latewood 14 15 
Lumen in earlywood 26 15 

1 Comparative va/ue • dimension used when comparing with the dimension of the linseed oil molecule 
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Interaction between linseed oil and wood 
The size of the linseed oil molecule is of a major interest with regard to penetration into the cell 
wall. The size of the linseed oil molecule can be estimated as a cube with the side 5, equation 3 
with values from table 6. The molecule weight of linseed oil is calculated as the three glycide of 
linoleic acid and density for linoleic acid has been used for the calculation. Table 6 shows the 
sizes of the molecules of linseed oil and water. 

(3) 

M =Molecule weight of linoeic acid 

NO = Avogardros number 

p DeDllity of the linoeic acid 

Tabell 6 Sizes of the water and linoleic acid molecules. 

Value Unit 

Density of the linoleic acid 960 Kglm3 

Molecule weight of the linoleic acid 280 glmol 
Size of the linoleic molecule (equation 3) 0,0012 Ilm 
Size of the water molecule (equation 3) 0,0003 J.I1Tl 
Bonding distance in the cellulose molecule 0,0003 J.I1Tl 

In table 6 it can be seen that the linseed oil molecule is too big to penetrate between the cellulose 
molecules. Water, as we know swells the cell wall, have smaller molecules than linseed oil and 
the water molecule is of the same size as the bonding distance of the cellulose molecule. It has 
been shown during conventionally impregnation, molecules bigger than OrS nm are not able to 
penetrate and swell the cell wall (16). This indicate that the linseed oil molecule also is too big to 
penetrate the cell wall, and occupy the sites were water molecules normally are sited. It has to 
be mentioned, that an important weekness in a way of looking at the molecule sizes is that no 
considerations are taken to the structure and mobility of the molecules. 

The size of the linseed oil molecule compared to the cavities listed in table 5 shows that it is no 
problems for the molecule to penetrate this cavities. 

The penetration of linseed oil in the fibre direction can according to Schneider be divided into 
four mechanisms (9). Further, the penetration was characterized by three time levels: hours, 
days and tenth of days. Each of these time levels had an equilibrium uptake of oit conected 
with the mechanisms mentioned above. 

The four penetration mechanisms are: 

Hydrostatic effects: Cavities in wood are filled as a result of the pressure from the 
oil. 

Capillarity in lumen: The oil penetrate lumen as a result of capillary forces. 

Capillarity of the cell wall: Same mechanism as for lumen. 

Filmforming on the cell wall: A film of linseed oil appear on the cell wall in lumen as a result 
of moleculary forces, when no free oil exist in the lumen. 

Schneider found that the lumen capillarity was the dominating penetration mechanism for lin
seed oil in the fibre direction. Table 7 shows the maximum uptake of linseed oil as a result of 
the different penetration mechanisms. 

7 




Ekstedt and others have showed that a higher concentration of linseed oil decreases the uptake 
of water in the end grain of wood, but the eifct decreases when the wood is exposed to several 
cycles of wetting and drying (11). 

Tabell 7 Maximum uptake of linseed oil according to different penetration mechanisms. 

Penetration mechanism Maximum uptake of linseed oil 

(glcm2 area exposed of linseed oil) 

Capillarity in lumen: 4,80 
Capillarity of the cell wall 0,60 
Hydrostatic effects 0,34 
Filmforming on the cell wall 0,003 

Solubillity parameters 
The solubillity parameters can be used to identify organic polymers which eventually can inter
act with wood and give the wood-polymer system the lowest pOSSible energy. When a system 
has low energy, phase separation is not probable. Calculations of a systems energy do not say 
anything about how the system react when it is exposed to radiation, UV light for example. On 
the other hand a system with low energy is protected from moisture and other chemicals as 
long as the system does not gain energy, when molecules change their positions. 

To simplify the solubillity parameters for wood and linseed oil, the calculation had been done 
for cellulose and linoleic acid. Good solubillity is obtained when the parameters are of the same 
order. The calculations have here been omitted. 

Cellulose PHB = 32,02 .JMPa 


Linoleic add PHB = 22,33 ../MPa 


The result shows that the solubillity between cellulose and linoleic acid is poor, which means 
the driving force for diffusion of linoleic acid into cellulose is small. This makes it truly, the 
same is valid for linseed oil and wood. 

Conclusion 

Determination of surface tension properties of linseed oil shows that linseed oil has fairly 
strong Lewis base properties and that the Lifshitz Van der Waal component is dominating. 
Work of adhesion between linseed oil and wood is about 6S % of the value for water and wood. 
The strong apolar adhesion between wood and linseed oil have the consequence that the adhe
sion is fairly good. 

The conditions for mechanical bonding between wood and high solid linseed oil paint are very 
good. The linseed oil molecule is small and can penetrate into cavities in the cell wall. The 
molecule is as small, that it may be adequate to speak about diffusion adhesion. Comparsion 
between solubillity parameters for cellulose and linoleic acid shows that solubillity between 
wood and linseed oil paint is poor. 

Experience since many years ago, shows that the interaction between wood and linseed oil 
paints very good. The resullts in this investigation, do not unequivocally show that this is the 
case. The most likely is that the interaction between wood linseed oil paint is a result of several 
co-operating adhesion mechanisms. 
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Appendix 1 

(a) 

Where 

RH 0 rH20 5H20 ~r~20 TH20 =~r;Z0 XLW = ~rt:.ciI2 ~ 
.g::R G1y = rparm 5Fmm =~r;orm TFarm =~r~ X_ = 

ROIM rVIM 50IM .. ~r~IM TOIM .. ~r;IM X+ =rr:: 

(b) 

(c) 
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Appendix 2 

Diiodomathane - linseed oil I on wood Diiodomethane - linseed oil I on glass 
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The contact angle variation (mean values) in time for undried linseed oil (linseed oil I) on wood 
and on glass. 
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Appendix 3 

Diiodomethane - linseed oil II on wood Diiodomethane - linseed oil II on glass 
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The contact angle variation (mean values) in time for dried linseed oil (linseed oil ll) on wood 
and on glass. 

12 


5 

5 



Appendix 4 

Tabell 

Liquid - specimen Contact Standard Time 
angle deviation intervall 

(degrees) (degrees) (seconds) 

Diiodomethane - linseed oil I on wood 32,8 10,2 0,4 - 0,7 
Water - linseed oil I on wood 45,7 5,9 0,4 -1,0 
Formamide - linseed oil I on wood 16,6 2,7 1,5 - 3,5 
Diiodomethane - linseed oil I on glass 104,1 15,0 0,2 - 1,0 
Water - linseed oil I on glass 91,5 2,2 0,5 - 4,0 
Formamide - linseed oil I on glass 72,3 0,7 0,5 - 4,0 
Diiodomethane - linseed oil II on wood 41,2 2,5 0,1 - 0,5 
Water - linseed oil II on wood 86,8 5,6 0,1 - 4,0 
Formamide - linseed oil II on wood 63,9 3,0 2,0 - 5,0 
Diiodomethane - linseed oil II on glass 57,0 4,0 0,1 - 0,3 
Water - linseed oil I! on glass 76,8 1,3 0,5 - 4,0 
Formamide - linseed oil II on glass 66,8 2,8 0,2 -1,0 
Diiodomethane on wood 1 21,9 
Water on wood 1 46,9 
Formamide on wood 1 

1) According to measurements by Wang at al 
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