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Abstract

Background and objectives: Nowadays, the importance of treatments such as water washing
and ethanol-acetone washing to improve the acoustic properties of wood has been noticed by the
makers of musical instruments. Wood extractives are in the list of those materials that often do
not have a construction role, and the appropriate extraction of these extractives can lighten the
wood without reducing the stiffness. Carrying out pre-treatments such as fermentation with
baker's yeast (before water washing and ethanol-acetone washing processes) can lead to the
extraction of more extractable substances from wood. In this study, the effect of water washing
and ethanol-acetone washing treatments as well as fermentation pre-treatment on the acoustic
properties of ash wood (Fraxinus excelsior) has been investigated.

Methodology: Ash wood (Fraxinus excelsior) was prepared from the wood of a commercial
timber and 38 small radial beams with nominal dimensions of 150x12x2 mm (longitudinal x
radial x tangential) was selected from the hardwood. After reaching the equilibrium moisture
content of 12% in air-conditioned conditions, the selected samples were subjected to the forced
vibration test in the free-free beam in order to measure the basic physical and acoustic
characteristics. After the initial tests, the specimens were randomly divided into two groups of 19
specimens. The first group without pretreatment and the second group with fermentation
pretreatment were placed in the process of removing the extractives by water and then by ethanol-
acetone mixture. After each step of water washing and removing the extractives soluble in
ethanol-acetone mixture, the forced vibration test in the free-free beam was performed on the
samples and the acoustic properties of the samples were measured.

Results: Water washing without pretreatment with baker's yeast caused a slight decrease and
with pretreatment caused a significant decrease in wood density (respectively: 1.75 and 7.39%).
While the process of removing extractives (with and without pretreatment) by ethanol-acetone
mixture caused a significant decrease in density values (respectively: 2.27 and 8.71%). The
modulus of elasticity values showed a significant decrease due to water washing without
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pretreatment and with pretreatment (respectively: 11.37 and 16.47%). The process of removing
the extractives by ethanol-acetone mixture also resulted in a significant decrease in the modulus
of elasticity values in untreated and pretreated samples (respectively: 13.87 and 20.93%). Water
washing without pre-treatment with baker's yeast and with pre-treatment has caused a significant
decrease in the values of damping factor, among which the pre-treated samples had a greater
percentage of drop in the values of damping factor (respectively: 13/87 and 20.93%). The process
of removing the extractive materials by ethanol-acetone mixture washing has caused a significant
decrease in the damping factor values, which among the pre-treated samples showed a greater
percentage drop in the values resulting from this property (respectively: 3.03 and 18.01%). In this
factor, the process of removing the extractive substances soluble in ethanol-acetone mixture (with
and without pretreatment) has resulted in a greater drop in damping values (respectively: 6.67%
and 20.85%). Acoustic conversion efficiency due to water washing process without pretreatment
with baker's yeast caused a slight increase, while pretreatment caused a significant increase in
acoustic conversion efficiency values (respectively: 0.44 and 25.24%). The process of removing
extractive materials by ethanol-acetone mixture also caused a significant increase in the acoustic
conversion efficiency values, which among the pre-treated samples showed a higher growth
percentage in the values of this characteristic (respectively: 3.41 and 28.90%). Both water
washing methods and ethanol-acetone mixture washing were effective in improving the physical
(density) and acoustic properties (modulus-elasticity, damping and acoustic conversion
efficiency). Meanwhile, the effect of ethanol-acetone mixture washing was more than the effect
of water washing. Fermentation pretreatment with baker's yeast improved the performance of
water washing and ethanol-acetone mixture washing treatments.

Keywords: Acoustics, soaking, music, Ash wood, extractive.
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Figure 1. A schematic view for the contactless forced vibration system
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Table 1. Measured quantitative values of acoustic properties

Y'Y

Values Control samples Soaking process Ethanol-acetone washing
Density(kg/m3
ity(kg/m3) i 503.93 495.13 466.67
2" 497.79 486.49 454.43
Modulus of elasticity (Gpa) 1 11.15 9.91 9.31
2 11.17 9.62 8.83
1 0.008 0.008 0.007
Damping factor
2 0.008 0.008 0.006
ACE (Mdfska) 1 1169.89 1175.02 1465.15
2 1165.06 1204.76 1501.71

1: Without pretreatment
2: With pretreatment

RGO L EPESIPTIC | 1§ PR VRSN AT PR -
Moo 53 51 ) e S B sl USa
ko 53 Jsbon 5 OT L3 doboe 2 et sl G
P P 1 P Vi i W VP RV SR oy N
538 o Al IS ol 534S sboles amo e lis ol
cel olag i b ob ase U sls i o @WT
) 03 oS ess 3l e olie s tme LanlS
polde 5y (g i Sl ao s sas Sl i s se)

Alazaly @l ol e ) ol

s ool 338 e e ¥ S s oS bl

b S cel Glas i b b asae U 5l i
el 00 Wl e lie s LSS ek a0
col gl —dglbl Ly alinad sl Gie syl 3
ol 53 88 0 dpza W\ e ol ls_ine _zalS
olde o (g g il s s was s i s se)
Sal e Lol glas 35 ) AVl 51 ol
baz) ol =d 51 s Jolome (ol 2l ol 5o B il 3

ol gpinl 4 Cuwad Gt osd Ax it



Yo \5)\.&.’2(\”\,\&9¢01j‘&\53u?r#ummw

ool Jooi say 525 =¥ 50
Table 2. Statistical Analysis

Mean Std. Deviation Std. Error Mean t df Stzii?l.e(dz)-

Dw203 - 11.42105 13.19224 3.02651 3.774 18 .001
Dw1*

DwO - Dw2° 43.47368 16.26642 3.73177 11.650 18 .000
Dwl - Dw2 32.05263 13.87033 3.18207 10.073 18 .000
ESwO0 - Ewl 1.54871E9 6.98485E8 1.60243E8 9.665 18 .000
EwO - Ew2 2.33750E9 6.28754E8 1.44246E8 16.205 18 .000
Ewl - Ew2 7.88792E8 4.00496E8 91880068.92951 8.585 18 .000
T'W0 - Twl .00053 .00084 .00019 2.727 18 .014
TwO - Tw2 .00179 .00063 .00014 12.369 18 .000
Twl - Tw2 .00126 .00081 .00018 6.834 18 .000
ABWO0 - Awl -39.78947 101.67354 23.32551 -1.706 18 .105
AWO0 - Aw2 -336.68421 107.92953 24.76073 -13.598 18 .000
Awl - Aw2 -296.89474 99.29076 22.77886 -13.034 18 .000
Dn% - Dn1 8.84211 9.77675 2.24294 3.942 18 .001
DnO - Dn2 37.15789 14.71304 3.37540 11.008 18 .000
Dn1 - Dn2 28.31579 11.54245 2.64802 10.693 18 .000
EnO - Enl 1.24074E9 7.50892E8 1.72266E8 7.202 18 .000
EnO - En2 1.83615E9 7.19977E8 1.65174E8 11.116 18 .000
Enl - En2 5.95405E8 6.10131E8 1.39974E8 4.254 18 .000
TnO-Tnl .00026 .00056 .00013 2.041 18 .056
TnO - Tn2 .00147 .00070 .00016 9.220 18 .000
Tnl-Tn2 .00121 .00063 .00014 8.367 18 .000
A0 - Al -5.21053 88.64572 20.33672 -.256 18 .801
A0 - A2 -295.15789 102.09378 23.42192 -12.602 18 .000
Al - A2 -289.94737 89.75056 20.59019 -14.082 18 .000

1:Density 2:With pretreatment 3:Control samples 4:Soaking process 5:Ethanol-acetone washed6: Modulus of elasticity 7:Damping
factor 8:ACE factor 9: Without pretreatment
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