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ABSTRACT – The sliding wear of black-fiber palm 
wood was first investigated under dry conditions against 
smooth steel. Tests were carried out with a pin on disc 
apparatus. The anti-parallel, in plane fiber orientation 
resulted in the highest values of friction coefficient and 
specific wear rate. The normal and parallel fiber 
orientations showed a better performance. In all cases, 
the coefficient of friction was rather high (average range 
between 0.4 to 0.7) whereas the specific wear rates 
varied between 10-6 to 10-5 mm3/(Nm). A following 
impregnation in various oils reduced the wear rates, and 
the friction coefficients went down to values between 
0.1 and 0.3. The different efficiency of the various oils 
was discussed. 

1. INTRODUCTION
It is known that wood (being a natural composite)

can be an excellent material for applications in which 
friction and wear are critical issues (bearings; brakes). 
The material under consideration here was black-fiber 
palm wood. Its black fibers (which are actually vascular 
bundles (VB)) that give the wood its characteristic look 
and hardness, are embedded in a lighter tan or light 
brown colored body. Fibers are more densely packed 
toward the outside of the tree trunk, becoming more and 
more sparse toward the center of the tree. The VBs 
consist, in turn, of thick-walled, longitudinal cells 
having a multilayered structure. Further details and 
corresponding references are summarized in our 
previous papers [1, 2]. The objective of this study was 
focused on the sliding behavior of black-fiber palm 
wood against smooth metallic counterparts under dry 
and lubricated conditions.  

2. EXPERIMENTAL
The black-fiber palm wood had an age of more

than 15 years after tree cutting. During this time, it was 
exposed to laboratory environment, i.e. a temperature of 
22°C and a relative humidity of about 45%, on the 
average. The density of the wood, according to the use 
of a hydrostatic balance, amounted to 865 kg/m3 (i.e. 
average close to the literature value given in [2]).  

A Computer Micro-Tomography System 3D, Type 
Nanotom (µCT), a High-Resolution Scanning Electron 
Microscope, Brand: Zeiss, Model: Supra 40, and a light 
microscope, type “Leica DM6000 M”, were used for 
studying the microstructure and worn surfaces. 

Sliding wear tests were carried out with a pin-on-
disc device according to ASTM D3702. The square 
cross section of the specimen pin (4 × 4 × 12 mm3) was 
slid against a polished 100 Cr6 steel disc with an initial 
surface roughness of 220 nm, using a contact pressure of 
0.5 MPa and a sliding velocity of 1 m/s. The mass loss 

of the specimen was measured to calculate the specific 
wear rate by the Equation (1): 

wS = Dm/(r FN L)  in [mm3/(N·m)]                (1)     
Where Δm is the mass loss of the specimen, ρ is the 
density of the specimen, FN is the normal load applied 
on the specimen during sliding, and L is the total sliding 

distance. Dm / r is equal to the volume loss DV. 
The following abbreviations N, P, and AP were 

used to identify the orientation of the fibers relative to 
the sliding direction: N-orientation = fiber ends are 
normal to the surface of the steel counterpart; P-
orientation = fibers are in plane and parallel to the 
scratch direction of the counterpart asperities; AP-
orientation = fibers are in plane and anti-parallel 
(transvers) to the scratch direction of the counterpart 
asperities. 

For the tribological tests with oil impregnated 
wood, the following fluids were used: (a) All Climate 
Motor Oil SAE 15W-40 (Liqui Moly), (b) Sunflower Oil 
SB46 (Schäfer-Additivsysteme), and (c) Hexadecan HD 
(Sigma-Aldrich). Impregnation of the wooden 
specimens (pins of the size 4x4x12 mm3) took place by 
exposure of the pin in the liquids over a period of three 
days.  

3. RESULTS AND DISCUSSION
Figure 1 illustrates the internal structure of the

black fiber palm wood in low and high magnification. 
The diameters of the individual black fibers (vascular 
bundles = VB) are different in size (between 1 and 1.6 
mm). Each VB contains a continuous major vessel at the 
edge of each bundle. Within the cells of the VBs 
secondary smaller vessels also exist. The volume 
fraction VF of the black fibers in this particular segment 
amounted to about 59 %. 

Figure 1 Structure of the black-fiber palm wood: Photo 
of the fiber arrangement within the wooden block (left); 

3D μ-CT image of a small section (right).  

From thermogravimetric analyses (TGA), reported 
in [1], it turned out that, during the exposure in 
laboratory environment, the wood had taken up a certain 
amount of moisture, since all samples exhibited an 
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initial weight loss due to water evaporation at around 
100 ºC, associated with a weight loss of 3.4 %. It was 
followed by further thermal degradation of 
hemicellulose, cellulose, and lignin related components 
between 272 and 308 ºC, leading to a weight loss of 
about 17 %. 

Figure 2 illustrates the specific sliding wear rates 
and the corresponding friction coefficients of the black 
fiber palm wood pins. Here, the P-orientation proved to 
be better than the N- orientation, whereas the AP-
orientation gave the worst results. In all the three cases, 
the coefficient of friction was nearly the same, i.e. 0.59 
to 0.66.

 
Figure 2 Relation between specific sliding wear rate, 

friction coefficient, and sliding orientation of black-fiber 
palm wood pins against a steel disc surface. 

A look at the steel discs exhibits a different 
material transfer for the different fiber orientations. 
Compared to the unworn disc, the worn samples showed 
irregular black lines in the sliding direction of the 
wooden pins. The amount of the black patches was 
lowest for the P-orientation, that also possessed the 
lowest wear rate and friction coefficient.  

Many of the woods used for various bearing 
applications possess either a self-lubricating ability or 
are externally lubricated by (a) previous oil 
impregnation or (b) addition of grease or oil into the 
bearing system from time to time. In the present case, 
the wood samples were pre-impregnated with different 
lubricants and then tested over certain periods of time. 
Figure 3 illustrates that the coefficient of friction µ is 
drastically reduced from µ = 0.63 (for dry sliding) down 
to µ = 0.1 – 0.23 for the samples impregnated with three 
different fluidic lubricants. During the first four hours 
the greatest reduction in µ was measured for the low 
viscosity fluid Hexadecan. But this effect deteriorated 
quickly so that after additional five hours the friction 
coefficient increased up to the level of the dry sliding 
condition.  

This was associated with a drastic increase in the 

height loss Dh, i.e. with a drastic increase in the specific 
wear rate. In addition, an increase in temperature by ca. 
10 °C was observed. 

For further comparison, the friction coefficients 
and specific wear rates of the palm wood samples after 
impregnation in sunflower hydraulic oil SB46 are 
summarized against the three different fiber orientations 
in Figure 4. Both, the average wear rates as well as the 
average coefficients of friction are clearly below those 
values measured for this material under dry conditions.  

 
Figure 3 Variation in friction coefficient as a function of 

testing duration for palm wood after impregnation in 
different fluids.  

 

 
Figure 4 Friction coefficient and specific wear rate of 

palm wood after impregnation in hydraulic oil SB46 as a 
function of orientation against smooth steel. 

 
4. CONCLUSION 

The present paper concentrated on the sliding 
friction and wear behavior of black-fiber palm wood. 
Tests were carried out in three major fiber orientations, 
i.e. with fibers either in plane and parallel (P) or anti-
parallel (AP) to the sliding direction of the smooth steel 
counterpart, or with fibers under normal (N) orientation 
to the sliding contact area. It turned out that in most 
cases the P-orientation led to the lowest values in 
specific wear rate (wS) and friction coefficient (µ), 
followed by the N-orientation. The worst conditions 
were found under AP-orientation. Additional studies on 
the effect of internal wood lubrication as a result of 
impregnation with three different fluids showed that the 
viscosity of the fluid (i.e. low for Hexadecan; medium 
for sunflower hydraulic oil; high for 15W-40 motor oil) 
reduced the coefficient of friction more or less 
effectively.  
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