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Effect of Wetting Agent on Acoustic Emission of Wood™
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1. INTRPOUCTION

Wettability of wood is one of the important
factors influencing the bonding properties of
wood. A good correlation between the gluabili~
ty and the wettability in water of five lauan
species was reported by Bodig(1962). To deter-
mine the wettability of wood the contact angle
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method has generally been used (Hodgsonet al..
1988: Liptakova, 1994). However measuring the
contact angle of a droplet on the wood surface
is very difficult. To overcome this problem
Casilla et al.(1981) have developed a simpler
method by modifying the Wilhelmy slide tech-
nique(Young, 1976) and claimed that their
method doesn’ t measure only the wettability of
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wood surface, but also absorption into wood.

To investigate the wetting process of wood
when immersed in a liquid, its weight or
swelling volume must be continuously measured
with time. which is difficult and subject to
error. Fortunately the acoustic emission{AE}
technique can be usefully adopted to this appli-
cation. When wood absorbs a polar liquid
swelling pressures develop within the cell walls
and between regions with different swelling
coefficients as wood and liquid interact(Rice &
Kabir. 1992). This wood and liquid interaction
might lead to dislocation within the cell walls
and to the generation of acoustic emissions from
the wood during swelling.

Rice and Kabir(1992) reported that acoustic
emissions and wood swelling are highly corre-
lated and that both species and solution effects
evidently exist when acoustic emissions are
measured while wood is being immersed in a
solution. The species effect results from the
density, structure and extractives. The solution
effects result from the polarity and size of the
molecules and from the surface tension of a
solution.

Molinskietal. (1991a) correlated acoustic emis-
sions with the values of swelling pressure and
verified their hypothesis that during the soak-
ing of dry wood in water internal defects can be
activated, most probably microchecks which
show a tendency to increase in size at even low
tensile stresses.

Molinski et al.(1991b) showed a decreasing
trend in AE generation with an increase in the
initial moisture content in the wood. They also
concluded that the tensile stresses accompany-
ing the soaking process produce acoustic phe-
nomena. but that in contrast the compressive
stresses do not produce acoustic emissions. This
was confirmed by the lack of acoustic emissions
during wood swelling under biaxial restraint.

Wetting agents. which can lower the surface
tension of water. have been used to increase the
drying rates of some species(Chen & Simpson.,

1994}, and to improve the preservative treata-
bility of wood (Kumar & Morrell, 1992). A high-
ly significant linear correlation between
wettability and liquid surface tension was
found for species with low and medium wetta-
bility, while that with high wettability showed
no correlation(Casilla et al.. 1984). They also
found that the type of wetting agent affected
wettability, with the cation type yielding the
greatest wettability followed by anionic and
nonionic types.

The major objective of thisstudy wasto inves-
tigate the effect of wetting agent concentration
on the acoustic emission of wood immersed in a
solution and the possibility of the use of acous-
tic emission technelogy for the research on
absorption phenomena of wood by correlating
the number of acoustic emissions and the
weights of absorbed liquid. The effect of boil-
ing wood on acoustic emission was also exam-
ined.

2. MATERIALS & METHODS

Seventy matched samples of 2X2x 2cm cube
were cut from air-dried black locust (Robinia
pseudoacacia 1..) heartwood and radiata pine
(Pinus radiata) sapwood boards. Approximately
two third of the samples of each species were
boiled in water for one hour and the rest
remained as controls. Prior to oven-dryving the
boiled samples were air-dried at room tempera-
ture for 3 days to avoid drying defects. During
oven-drying the oven temperature increased
gradually from room temperature to 103C. The
oven-dried samples were cooled and stored in a
desiccator until the start of testing.

The wetting agent used for this study was
anioic Aerosol E-DO #113. whose main con-
stituent was sodium dialkyl sulfosuccinate,
obtained fromalocal paper mill. According toits
manufacturers its surface tensions at 0.001 and
1.0% concentration are 0.0640 and 0.0269N/m,
respectively.
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Fig. 1. A schematic diagram of the experimen-
tal set-up. A pipette was used to avoid
AE noise during solution pouring.

The AE monitoring apparatus used for this
research consisted of one 150kHz piezoelectric
transducer, a 40/60dB dual preamplifier and a
2-channel analysis system manufactured by the
Physical Acoustics Corp. (LOCAN 320). A high
vacuum grease was used as a coupling agent.
AE signals in wood were pre- and main-ampli-
fied by 40dB and 50dB respectively, and were
filtered to eliminate frequencies above 200kHz.
A threshold of 25dB was applied.

Aschematic diagram of the experimental set-
up is shown in Fig. 1. A transducer was cou-
pled to the cross section of a sample. A long
pipette was used so that pouring solution into
the container would not cause AE noise. Pour-
ing of the solution stopped when half of the
sample thickness was immersed. which took no
longer than a few seconds. Simultaneously AE
signal aquisition started. The samples were
deliberately half immersed to create shrinkage
differentials so that a lot of AEs would be gen-
erated. Each AE measurement lasted for 5 min-
utes. Bach sample was weighed before and after
the experiment to calculate the weight of
absorbed liquid. The experiment was repeated
with seventy samples.

The calculation of weight percentage gain
(WPG) of each sample is :

Wwood_wvud
——} X 100 % (1]
W.

od

WPG(%) = (

where, Wwwd @ the weight of a sample after
immersion(g),
Wa @ the oven-dry weight of a
sample(g).

3. RESULTS & DISCUSSION

3.1 WPGs

In terms of WPG the radiata pine saraples
absorbed 10 times more liquid than the black
locust samples during the first 5 minutes
immersion(Fig. 2). Statistical analyses of the
WPG data, using a factorial design method.,
revealed that significant differences existed
between the two species and between the solu-
tion concentrations(Table 1). But within a
species significant differences didn' t exist
between the boiled and control samples.

Regardless of this statistical result. Fig. 2
shows that for black locust the WPGs of the
boiled samples are always higher than those of
the controls while radiata pine does not follow
the same tendency. This fact implies that the
boiling effect on WPG varies from a species to
another. Since boiling wood removes water sol-
uble extractives from its cell walls and creates
sorption sites. a species of high extractive con-
tent is more influenced by boiling than that of
low extractive content(Chafe, 1993). It is no
doubt that black locust heartwood is a species
of high extractive content and radiata pine sap-
wood is a species of low extractive content.

The WPGs of the radiata pine sapwood
increased with increased wetting agent concen-
trations, but those of the black locust didn't
(Fig. 2). This confirms that species and solution
effects evidently exist for wood being immersed
in a solution(Rice & Kabir, 1992).

However the WPGs of the radiata pine co not
always increase linearly with the increase of
solution concentrations. As shown in Fig. 3.
they increase steeply at low concentrations and
level off at around 0.3%. Thus it can be con-
cluded that the absorption property of wocd can
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Fig. 2. The WPGs of the black locust and radiata pine samples when immersed in wetting agent
solutions of various concentrations. The WPGs of radiata pine increase with the increase of
wetting agent concentrations. while those of black locust don' t.

Table 1. Completely Randomized Factorial ANOVA for three factors of species. pretreatment and
solution concentration. The last two factors are Split Plots on the first.

Degrees of Sum of

Mean

Source Freedom Squares Square F Value Prob
Total 46 7460.6
Species (A) 1 6479.8 6479.8 4712.8 0.0000
Error 6 8.3 1.4
Pretreatment (B) 1 1.4 1.4 0.1
AB 1 3.4 3.4 0.3
Concentration (C) 2 192.2 96.1 9.7 0. 0006
AC 2 241.9 121.0 12.2 0.000%
BC 2 125.6 62.8 6.3 0.0053
ABC 2 119.5 59.8 6.0 0.0066
BError 29 288.6 10.0
be improved to a limited extent by reducing the hereafter.

surface tension of liquid, which decreasesasthe
concentration of wetting agent increases.

3.2 AE signals

AF signals were monitored in terms of hit,
count. amplitude, average frequency and dura-
tion. Curnulative AE hits showed a good linear
relationship with cumulative AE counts for both
species (Fig. 4). so the former were analysed

In general the boiled samples emitted fewer
acoustic emissions than the controls (Fig. 5).
For black locust the boiled samples absorbed
even more liquid than the controls (Fig. 2). but
the former emitted fewer than the latter. This
fact could be explained in a couple of ways. As
described before. boiling wood removes water
soluble extractives from its cell walls and cre-
ates sorption sites. These new sorption sites are
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Fig. 3. Plot of WPGs at various wetting agent
concentrations for radiata pine. They
increase steeply at low concentrations
and level off at around 0.3%.

not so tightly closed that the absorbed water
molecules can freely access to them without
swelling the cell walls of wood. So the boiled
samples absorbed more liquid, but emitted few-
er acoustics.

However since the samples of radiata pine sap-
wood have little extractives and their boiled
samples did not absorb more liquid than the con-
trols(Fig. 2). their result can not be explained
by the same way. [t has been known that the
strength of wood decreases by boiling (Kang.
1995). The swelling stress caused by water
molecules absorbed in boiled wood also decreas-
es, so resulting in fewer acoustic emissions.

The cumulative AE hits of radiata pine
increased with the wetting agent concentrations
(Fig. 5). while those of black locust didn’t. as
did the WPG plots in Fig. 2. It is very inter-
esting to notice that the number of cumulative
AE hits of radiata pine at 0 and 0.01% are as
low as those of black locust, but those at 0.03
and 0.05% increase sharply. Comparing with
the WPG plot in Fig. 2. it could be concluded
that some water molecules absorbed by the radi-
ata pine samples at low concentrations remain
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Fig. 4. Good linear correlations between camu-
lative AE hits and cumulative AE
counts for the black locust(top) and the
radiata pine{(bottom) samples.

in the cell tumens and don’t contribute to emit
acoustics because of their high surface tensions.

The WPGs and cumulative AE hits of the
black locust and radiata pine controls are plot-
ted in Figs. 6 and 7. while those of the boiled
samples are not plotted because of their poor
correlations. It was expected that the curnula-
tive AEhits were positively correlated to WPGs.
But the two species showed different correla-
tions from each other: a negative for black
locust and a positive for radiata pine.

This negative correlation of black locust
implies that the samples absorbing more liquid
emits fewer acoustics, which is very hard to
explain. This may due to the complexity of the
anatomical structures of black locust. For
example. asample with vessels filled with tylos-
es absorbs less liquid. but emits more acoustics
if most liquid penetrates into the cell walls. On
the contrary a sample with vessels free from
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Fig. 5. The cumulative AE hits of the black locust and radiata pine samples when immersed in wet-
ting agent solutions of various concentrations. The samples of radiata pineat 0.03 and 0.05%

generated much more AE hits than others.
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Fig. 7. A positive correlation between the

tyloses absorbed more liquid, but emits fewer . . ,
acoustics if most liquid remains in vessels. cumulative AE hits and WPGs Of, the
. . . . radiata pine samples. Above 25% of

The cumulative AE hits of the radiata pine WPG. the cumulative AE hits increase

increase with WPG (Fig. 7). Especially. above enormously.

25% of WPG, the cumulative AE hits increase
much in water absorption properties as they dif-

enormously.
fer in anatomical structures. Fig. 8 shows how

The two species used in this study differ as
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Fig. 8. Typical cumulative AE hit curves for
the black locust(a) and radiata pine(b;
samples. The two speciesshow quite dif-
ferent patterns from each other.

the cumulative AE hits change with time for the
twospecies. The cumulative AE hits of the radi-
ata pine steadily increase after a delay of about
144 seconds, while those of the black locust
steeply increase soon after immersing and level
off at. 36 seconds. According to Molinski et al.
(1991) this fact implies that microcracks pre-
existed in the black locust samples. They found
that microcracks causes the Al signals toappear
faster, beginning practically at the moment the
soaking starts and that the character of the dis-
tribution of the AE signals can be a quantita-
tive index of the history of wood.

The AE amplitudes and durations of the radi-
ata pine samples were much larger than for the

black locust. The maximum amplitude and
duration of the former were 80dB and 1,000us.
respectively, while those of the latter were 45
dB and 240us. respectively.

As a conclusion, the acoustic emission tech-
nology isa useful tool to monitor the absorption
behaviour of wood when immersed in liquid
regardless that the cumulative AE hits ¢o not
directly correlate with the weight of absorbed
liquid. To develop this technology the effects of
species and solution should be assessed.

4. CONCLUSION

Acoustic emission phenomena of boiled and
control wood samples immersed in wetting
agent solutions of various concentrations were
examined and the following conclusions were
derived:

1. In terms of WPG the radiata pine samples
absorbed solutions 10 times more than the
black locust samples during a 5 minute
immersion.

. In general the boiled samples emitted few-
er acoustics than the controls, even though
the former absorbed more liquid than the

o

latter.

3. Water absorption behaviour of the two
species were quite different from each oth-
er. The WPGs and cumulative AE hits of
radiata pine increased with the wetting
agent concentrations, but those of the
black locust didn’ t.

4. The correlation between the WPGs and
cumulative AE hits were negative for
black locust and positive for radiata pine.

REFERENCES

1. Bodig, J. 1962. Wettability related to glua-
bilities of five Philippine mahoganies. Forest
Prod.J. 12 : 265~275

2. Casilla. R. C.. S. Chow and P. R. Steiner.
1981. Animmersion technique for studying

- 63 —



o

. Chen. P.Y.S.

wood wettability. Wood Sci. & Tech. 15 : 31
~43

. Casilla, R.C.. S. Chow. P.R. Steiner and

S. R. Warren. 1984. Wettability of four
Asian meranti species. Wood Sci. & Tech. 18
S 87~9

. Chafe, S. C. 1993. The effect of boiling on

shrinkage. collapse and other wood-water
propertiesin core segments of Eucalyptus reg-
nans F. Mulell. Wood Sci. & Tech. 27 : 205~
217

and W.T. Simpson. 1994.
Wetting agent and ultrasonic cavitation
effects on drying characteristics of three U.
3. hardwoods. Wood & Fiber Sci. 26(3) : 438
~d444

. Hodgson. K. T. and J. C. Berg. 1988. Dynam-

ic wettability properties of single wood pulp
fibers and their relationship to absorbency.
Wood & Fiber Sci. 20(1) : 3~17

. Kang. H. Y. 1995 Microwavedrying of per-

simmon lumbers for Golf Club Head (D).
Mokchae Konghak. 23(1) : 35~41

10.

11.

12.

13.

— 64 —

. Kumor. Satish and J. Morrell. 1992. Effect

of surfactants on penetration and absorption
of chromated copper arsenate in Douglas-
fir. Fore st Prod.J. 42(5) : 54~56

. Liptakova. E. and J. Kudela. 1994. Analy-

sis of the wood-wetting process. Holz-
forschung 48(2) : 139~144

Molinski. W.. J. Raczkowskiand P. Such-
orski. 1991b. Effect of initial Moisture con-
tent on acoustic emission in wood during its
swelling under mechanical restraint.
Drevarsky Vyskum Zvazok 130 : 1~8
Molinski. W., J. Raczkowski and S. Poli-
szko. 1991a. Mechanism of acoustic emis-
sion in wood soaked in water. Holzforschung
45{1) 1 13~17

Rice. R.W. and F. R. A. Kabir. 1992. The
acoustic response of three species of wood
while immersed in three different liquids.
Wood Sci. & Tech. 26  131~137

Young. R. A. 1976. Wettability of wood pulp
fibers: applicability of methodology. Weod &
Fiber 8(2) 1 120~128



