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Summary

Thin sections of teak heartwood were extracted with acetone or acetone and chloroform successively
and analyzed by X-ray photoelectron spectroscopy(XPS). The latter extraction decreased the content
of C1 (carbon bonded to carbon and/or hydrogen) and increased that of C2 (carbon bonded to one
oxygen) in XP5 Cls spectra, although the former extraction did not change the XPS spectra clearly,
compared with unextracted sections. The water repellency of the wood surface significantly reduced
during successive extraction with acetonz and chloroform, Caoutchouc extracted with chloroform is
responsible for the water repellency of teak wood. Localization of cacutchouc in the cells of teak was
investigated using scanning electron microscopy. Caoutchouc seemed to exist not only in parenchyma
cells but alse in fibers and vessels.
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Tatroduction

cak is one of the most valuable wood species in the world, and is currently cultivated in many
parts of the world (Premrasmi and Dietrichs 1967, Dahms 1989). The wood has outstanding
properties in durability (Da Costa ef a/. 1938, Sandermann and Simatupang 1966, Findlay 1985), iron
stains (Ser and Neo 1982),; and dimensional stability (Choong and Achmadi 1991). The good
dimensional stabiiity as well as the good abrasion resistance are ascribed to the caoutchouc which is
reported occurring in parenchyma of heartwood (Sandermann and Simatupng 1966). The
Liydrophobic properties and the good abrasion resistance, however, can not be wholly explained by the
sceurrence in parenchyma cells.

The focus of this paper is to clucidate not only the effect of caoutchouc on the surface
characteristics of teak wood using X-ray photoelectron spectroscopy (XPS), but also the localization of
caoutchouc in cells using scanning electron microscopy. XPS is one of the most effective and
sensitive tools for the surface analysis of solid wea 1.

Materials and Methods

Teak (Tectona grandis L. £) wood sample used in this experiment was obtained from Cepu,
Central Java, Indonesia. The heartwood of the sample was air-dried to about 10-11 % moisture
content. Radial sections of 60 um in thickness and 10x10 mm in area were serially microtomed using
a new disposable microtome blade, cleaned with acetone to remove oil (Ruddick et al. 1993). Two
third of the sections were soaked with acetone and allowed to stand for 4 days changing the solvent
once a day, The half of the acetone extracted sections were then soaked with chloroform and allowed
to stand for 4 days changing the solvent once a day. Unextracted, acetone-extracted, and acetone and
chloroform-extracted sections were subjected to the examination by x-ray photoelectron spectroscopy,
scanning electron microscopy, and determination of contact angle.

XPS analysis were perfermed within several days after the extraction of the sections. Until the XPS
analysis, all the scctions were stored in dark clean glassware at room temperature to minimize surface
contamination. The svpcclm were- measured in a Shimadzu ESCA 850 electron spectrometer. The
spactrophiotometer operaling pressure was 0.5 - 1.0 x 10° Pa. The unmonochromatized MgKa
excitation source was operated at § KV and 30 mA. The emitted photoelectrons were collected from a
circular arca, 3 mum in dizmeter. High-resolution narrow-scan spectra for quantitative analysis were
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measured for the Cls and Ols core levels at a 75 ¢V pass cnergy. Peak areas, determined after
background subtraction, were used to measure relative element concentrations.
Location of caoutchouc was examined with a JEOL JSM-840A scanning electron microscope.

Microtomed section surfaces were coated with gold, Observation was done at 5 kV and 3 x 10" A,

To evaluate the water repellency, the contact angle was measured. Droplets of 10 ul distilled water
at 25 C were placed on the center of each section. The contact angle was measured 3,.20, 40, and 600
second after application on macrophotographs taken with a camera. Three sections were used in each
test and mean value was calculated.

Results and Discussions

X-ray photoelectron spectroscopy

The surface of unextracted heartwood section showed the XPS Cls spectrum which is rich in C1
companent (Fig. 1a). Carbon atoms in woody materials have been classified into four categories which
correspond to Cl: -CHx, C2: hydroxyl or ether, C3: carbonyl or acetal, and C4: carboxyl or ester
(Dorris and Gray 1978). The spectrum is similar to those of untreated surfaces of Liriodendron
tulipifera sapwood (Hon 1984), Cryptomeria japonica sapwood (Kiguchi 1990), Pinus sylvesiris
sapwood (Nussbaum 1993). Extractives possibly migrated onto the surface of sections during sample
preparation such as microtoming, are exhibiting a strong C1 peak of the XPS Cls spectra (Hon 1984,
Yamamoto and Ruddick 1993).

Extraction with acetone did not change its shape of the Cls spectra clearly, although a slight
decrease of C2 component was recognized (Fig. 1b). The O/C ratio of the surface of the section
determined by XPS decreased with acetone extraction (Table 1), The decrease of the O/C ratio
suggested that caoutchouc with hydrophobic nature appeared on the surface of the section during the
acetone extraction. Caoutchouc is a main hydrocarbon in Teak wood (Sandermann et al. 1963) .

XPS Cls spectrin of chloroform extracted section pre-extracted with acetone showed a decrease of
the C1 component and an increase of the C2 component (Fig. 1¢). This would be explained by the
decrease of caoutchouc from the surface of the section with the chloroform extraction. The increase of
O/C ratio also supported the decrease of caoutchouc. Probably, the caoutchouc was not removed
completely, because the O/C ratio is 0.40 which is still low value. The O/C ratio of a solid residue of
supercritical extraction of Populus tremuioides is 0.63 (Ahmed ef al. 1988), that of extracted chips of
Pinus silvestris is 0.42 (Mjoberg 1981), and that of extractive-free sections of Ponderosa pine and
Douglas-fir is 0.585 and 0.661 respectively (Ruddick ef &/, 1993). The low O/C ratio of the surface of
teak cell walls suggests the occurrence of compounds poor in oxygen. It was postulated that some
tropical wood with high Klason lignir: content contain condensed phenolics, which apparently canbe
extracted with sodium hydroxide solution. According to Reyes (1938) and Timell (1958), Teak has a
Klason lignin content of 33 % and 31 % respectively (cited according to Rowell 1984),

Table 1. O/C ratio of unextracted section, extracted section with acetone, and extracted section with
acetone and chloroform successively

Specimen Q/C
Unextracted section 0.24
Extracted section with acetone 0.16
Succesive extracted section with acetone and chloroform 0.40

Scanning electron microscopy

The scanning electron microscopic observations of the unextracted sections reveal that lumens of
all cell types are more or less covered with extraneous materials. However, the amounts of such
materials are much abundant in parenchyma cells than in fibers and vessel elements (Fig. 2a and 2b).
Not only the lumens but also the cut surface of parenchyma cell walls are usually covered with thick

extrancous materials (Fig, 2a). On the contrary, the cut surface of fibers are relatively clear and free of
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Fig. 1. XPS Cls spectra of teak heartwood; a unextracted section, b extracted section with acetone,
¢ extracted section with acctonce and chloroform successively.



uidaces o1 teak heartwood; a, b, ¢; unextracied, d, ¢; extracted with acetone,

1 g h; c\lractcd with acetone and chloroform successively. a) ray parenchyma cells, b) fibers,
¢) lumen of fiber, d) ray parenchyma cells, e) fibers, f) ray parenchyma cells, g) lumen of ray
parenchyma cell, h) lumen of fiber.




such extranious compounds (Fig. 2b). This phenomenon suggests that parenchyma cell walls contain
cxtractives which are absent in fibers and vesell elements, These compounds may diffuse to the
surface of the cuttings and form a laycer. The fiber cell lumens are sometimes covered with extraneous
materials covering the microfibril (Fig. 2¢).

Extraction with acclone does not change the feature of surface morphology clearly (Fig. 2d and
2¢), Most of the extrancous malerials seems (o remain on the surface of the specimens, even after
acetone u'“'“ uent. This observation was correspond with the results of XPS.

Successive extraciion wiih acstone and chlorolorm removes most of extrancous materials (Fig, 2f
and 2"\ 1h I unen surfaces of parenchyma cells become smooth.and clear, remaining deposils may
be originated from the residuc of cvtoplasmic organelles (Fig. 2g). The lumen of fiber cells is
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The result of contact angic measurcments 1s shown in Table 2. Water repeliency of uncxtracled
section was relatively higher than that of the other wood specics described in literature (Yamamoto

and Inone 1920, Nussvauwin 1993) .

Contact angle of1 NN wcted section, extracted section with acetone,
“and oxtracted section with acctone and chloroform successively

Speeimen Time Contact angle
Unextracted scetion 5 93
20 89

H) S

660 79
Exiracied scction svith accione 3 97
20 96
40 23
GO0 83
ugcessive extacted seclion 5 83
virh acetone aud chioroform 81
72
GO0 60

icir contact angle siighily (Table 2). This would suggest

oz ether than polvisoprenoid such as caoutchouc, and the

; ¢ surface of the section. Caoutchouc is not soluble in acetone. The

caontc‘nnuo couid increase water repellency slightly.

ou.cur extraction afler acclone extraction resulted in a considerable decrease of contact

§ i the surface of section could be removed mostly with the

} sotuble in chioroferm (Sandermann and Dictrichs 1939). The

caosichouc | sidered (o be lnpmslbh for the resistance of cak Lo chemical attacks and perhaps
for the low rote of sh‘:'mk'!”x: too (Maravanamurtt and Singh 1960).

The conlribaiion of caonichous to the netura! durability of the heartvood is not yet clarified. The
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Rosamah 1994). It is postulated that durable wood specics contain active as well as inactive
compounds with hydrophobic properties together with antioxydants to protect the latter.

Conclusions

Caoutchouc has an important role on the water repellency of teak, Chloroform extraction
decreased the amount of Cl components and increased those of C2 components of the surface of
teakivood, as shown by XPS Cls spectra. It seems that the used successive extraction with acetone
aund chioroform do net remove ail extractives, because the O/C ratio of the treated specimens is still
relatively fow, SEM obszrvations suggest that caoutchouc is not only found in parenchyma cells but
also in fibers and vessels. The occurrence  of cacuichouc in cell walls of parenchyma is also
suggested. Future work on the study of brominated wood using x-ray microprabe analyzer should give
more defails of the locthization of caoutchouc,
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