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Fungal and Termite Resistance and Dimensional Stability of
Etherified Woods

Akio ExNoki*, Hiromi TANAKA*, Sachiko YOSHIOKA*
and Goro Fusg*

Synopsis

To improve the antifungal and antitermitic properties and the dimensional stability of wood,
blocks of buna (Fugus crenata Blume), sugi (Ciyvptomeria japonica D.Don), and matsu (Pinus
densiflora Sieb. et Zucc.) were treated with a 95:5 (vol/vol) mixture of buthylene oxide and
triethylamine at 140°C and eight atm for 4, 5 or 8 hr. The treatment caused the wood of three
species to turn light yellow. The color was similar to that of hinoki (Chamaccyparis obtusa Endl.).
Chemical analysis of untreated and etherified wood samples showed that buthylene oxide com-
bined with hydroxy! groups of the polysaccharides and with phenolic hydroxyl groups of the
lignin in the woods, forming ether bonds. The moisture gain and swelling of etherified woods
measured at 23°C and 75% RH decreased in proportion to the amount of buthylene oxide absorbed
by the wood. Antiswelling and antishrink properties improved in proportion to the amount of
buthylene oxide absorbed. Etherified buna with weight increases of 109, etherified sugi with
increases of 17%, and etherified matsu with increases of 15% were resistant to the wood-
destroying fungi, Coriolus versicolor, Tyromyces palusiris, and Chaetomium globosum, and Serpuia
lacrymans. These woods had proservative efficiency of al least 80%. The etherified woods also
had high presevation properties against termites in JWPA No. 11 tests, and at least 80% antiter-
mitic efficiency. Wood samples were not damaged at all when buried in soil in a termite-breeding
chamber in our laboratory
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Table 1. Effects of reaction time on the weight increase, hygroscopicity, and degree of swelling of woods and
filter paper treated with buthylene oxide-triethylamine (95:5, vol/vol) at 140°C and 8 atm.

Degree of swelling (%)™

Weight Reaction ~ Moisture

increase’ time gain® T tial Radial
BT ) T Redw g
“Etherified Buna (1) 10.3 4 5.8 1.25 0.82 Buna (W1 10.3)
Untreated Buna (1) / / 9.1 1.85 1.34 /
Etherified Buna (2) 13.9 8 4.1 1.00 0.67 Buna (WI 13.9)
Untreated Buna (2) / / 9.2 1.75 1.33 /
Etherified Sugi (1) 14.9 4 5.0 1.30 0.68 Sugi (W1 14.9)
Untreated Sugi (1) / / 6.1 1.61 0.88 /
Etherified Sugi (2) 21.9 8 4.4 1.05 0.27 Sugi (WI 21.9)
Untreated Sugi (2) / 6.0 1.50 0.84 /
Etherified Matsu (1) 17.9 4 4.1 1.30 0.72 Matsu (WI17.9)
Untreated Matsu (1) / / 6.5 2.31 1.63 /
Etherified Matsu (2) 20.0 8 3.8 1.23 0.54 Matsu (W] 20.0)
Untreated Matsu (2) / / 5.9 2.13 1.52 /
[ET]t;]erified filter paper 71 5 / / EP. (WI7.1)
lzl)l?erlﬁed filter paper 9.5 8 / / / EP. (W1 9.5)
a. b: Hygroscopicity and swelling at 23°C and 75% RII.
c Weight after treatment— Weight before 100
: Weight before treatment )
100 | Sugi (WI 21.9) 100 — ——— Matsu (WI 20.0) 100 F —— Buna (WI 13.9)
— — Sugi (WI 14.9) — — Matsu (WL 17.9) — —Buna (WI 10.3)
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Fig. 1. Effects of number of wet-dry cycles on antiswelling and antishrink efficiencies (ASE)
in radial. tangential, and longitudinal directions for etherified woods.
@—ASE in tangential direction, A—ASE in radial direction, —ASE in longitudinal
direction
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Fig. 2. Infrared spectra of etherified woods and untreated woods.
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Table 2. Concentration of acid-insoluble fraction and sugars in etherified and woods untreated woods

Sugar concentrations (%)

% of wood insoluble

in 72% H.50, Glucose Galactose  Mannose Xylose Arabinose
Buna (WI 14.6) 252 36.2 0.6 1.4 7.8 0.8
Untreated Buna 24.0 4.4 0.6 1.4 23.0 0.0
Sugi (WI 17.6) 334 34.6 0.2 5.6 3.0 0.2
Untreated Sugi 32.2 514 0.8 8.4 6.2 1.6
Matsu (W1 15.0) 30.8 35.6 0.2 7.4 3.0 0.2
Untreated Natsu 30.2 16.8 2.8 124 44 s

Table 3. "T'heoretical and experimental values of acid-insoluble fraction and sugar concentration in etherified

woods.
. Addition 9% of wood Sugar concentration (%)

Specimen amount insoluble — — — —
of BO.{%)° in 72% H.S0, Glucose  Galactose  Mannose Xylose \rdhlllll'-t
Theoretical value 12.7(120)¢ 20.9(200)%  38.8(388)" 0.6 ui) l 2 (12) 20. awm\) 0.6 (6)
Buna (W1 14.6)  Experimental value 1270120 25.2(252)  36.2(362) 0.6 (6) 14 (14 7.8 (78 0.0 (0)
FERCE 2.6 (26) 0.0 (n) —0.2( 2‘. I:i.u(l.’in) 0.6 (6)
Theoretical value 15.0(150) 27.4(279) 1.4(414) 0.6 (6) 7.1 (71) 5.3 (53) 1.4(14)
Sugi (WLI7.6)  Experimental value 15001500 33.4(334)  34.6(36) 0.2 (2) 5.6 (56) 3.0 (B0) 0.2 (2)
6.0 (60) 6.8 (6R) 0.4 (4) l 3 (] ») 2.3 (23) 1.2(12)
Theoretical value 13.0(130) 26.3(263) 10.8(408) 10.8(108) 3.8 (38) 1.0010)
Matsu (WL I5.00  Experimental value 13.00130)  30.8(308)  35.6(356) TA ) 3.0 G0 0.2 (2

15 (45) 5.2 (52)

3.4 () n i (m 0.8 (8)

a)  Theoretical values of acid-insoluble fraction were calculated with the basis of the assumption that klason
lignin in etherified woods does not combine with buthylene oxide.

h)  Theoretical values for the sugar concentration were calculated with the assumption that buthylene oxide is
not linked with polysaccharides in the wood and that the polysaccharides do not change in their chemical
structure when treated at 140°C and 8 atm.

o) Weight after treatment — Weight before.

Weight after treatment

<100

d) Values in parenthesis are mg value contained in 100 mg of the wood sample.



Wi -

Ht fiifii © = — 7 MALARP DRI -

= i -

Table 4. Weight loss and preservative efficiency of etherified woods in JIS A 9302 test.
e ) . — Weight Preservative o
Specimen Weathering loss (%) efficiency (%) Fungus
Buna (WI 11.4) ves 6.1(175)¢ 83.1 Cortolus versicolor
Buna (WI 11.3) no 6.0(172) 83.3 n
Untreated Buna no 36.0(940) 7
Buna (WI 11.2) ves 1.1(4) 90.8 Chactomium globosum
Buna (WI 11.4) no 1.4(5) 88.3 o
Untreated Buna no 12.0(309) £ N
Buna (WI 12.0) ves 8.9(258) 84.1 Tyramyces palustris
Buna (WI 11.8) no 9.0(262) 83.9 ”
Untreated Buna no 55.9(1437) / 4
Sugi (W1 20.5) ves 3.8(59) 91.5 n
Sugi (W[ 17.8) no 1. ﬂ(lJ ) 91.0 }
Untreated Sugi no 44.5(590) / i
Buna (W1 12.1) ves 2.9(83) 91.0 Serpula lacrvimans
Buna (WI 12.1) no 2.3(66) 92.9 ]
Untreated Buna no 32.3(823) / "
Matsu (W] 15.8) yes 3.8(83) 83.6 ”
Matsu (W1 15.4) no 3.6077) 34.5 "
Untreated Matsu no 23.2(442) / "

a) (1-hr leaching and 23-hr heating at 60 C) =
three untreated wood blocks, W, :
are mean weight losses in milligrams per wood.
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Table 5. Weight loss of etherified wood caused by
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mosanns and antitermitic activity of the wood.

Specimen Weathering®' I\(‘)::f,l;l:) b
Buna (Wl 12.3) ves 1.8 (54)
Buna (W[ 11.8) no 1.6 (47)
Untreated Buna no 12.3(308)
Sugi (W1 20.9) ves 3.9 (63)
Sugi (W1 21.1) no 3.6 (58)
Untreated Sugi no 33.1(428)

Matsu (W1 15.4) ves
Matsu (W] 15.3) no
Untreated )]:}lstg no

a ¢ See footnote of Table 1

20 times, b) [(W,—W,} /W, | =100, W,
Mean 9, weight loss of three etherified wood blocks. ¢) Values in parentheses

: Mean 9, weight loss of

IR )1 i3 keh T <10, AL

WA 07 )Lk
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Photo. 1. Wood blocks after 30-day exposure to
termites in JTCAS No. | test.
Upper : Untreated blocks of matsu
l.ower : Left, etherified matsu (W1 15.4)
Right, etherified matsu (W1 15.
3)
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Photo. 2. Wood blocks after exposure to termites

ey
Ty

in a termite-breeding chamber. Speci-
mens from left to right are:

Untreated matsu after six-month expo-
sure.

Untreated matsu after one-month expo-
sure.

Itherified matsu (WI18.0) after six-
month exposure.
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