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Vapor Phase Reaction of Wood with Maleic Anhydride (1)
Effect of the treatment on decay resistance and dimensional stability of sugi wood and MDF
Yoriko lwaMOTO and Takafumi ITOH
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The effects of maleic anhydride (MA) treatment on the decay resistance and dimensional stabil-
ity of sugi (Cryptomeria japonica) wood and medium density fiberboard (MDF) were evaluated by
using a glass-vessel (6.7 1) and the vapor phase reaction system (90 1). The vapor phase reac-
tion system was newly designed for practical use. The small specimens of sugi sapwood and
MDF were treated by the former vessel, and exposed to the laboratory-scale decay test under
the Japanese Industrial Standard (JIS) K 1571: 2004. The large-size specimens of sugi wood and
MDF were treated by the latter reaction system and exposed to the fungus cellar test. MA treat-
ment of the small specimens of sugi wood at 180°C met the criterion of decay suppression desig-
nated in JIS with very small weight percent gain. MA treatment could also enhance the antifun-
gal property of MDF, although MDF specimens showed the relatively high resistance against the
decay fungi without any treatment. Fungus cellar test demonstrated the high durability of sugi
wood and MDF, however, the uneven distribution of the reaction vapor in the specimens was
suggested from the dispersion of the values of weight losses after long-term testing. The dimen-
sional stability was obtained by MA treatment of sugi wood and MDF, however, the weight re-

duction was observed especially for MDF by the treatment.
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Table 1. Treatment condition

AR s G i MAfX A& MA /A MAZ
No.  Specimen Teratment  Raction temp.(C) MA amount(mol)  MA/Specimen® MA conc.” {(mol 1-1)
1 Sugi®’ MAY 150 0.024 157100 3.7X107°
2 4 4 180 0.008 57100 1.2X107°
3 ” s 180 0.016 10/100 2.4%107°
4 7 % % 0.024 15/100 3.7X107°
5 4 uv - - - -
6 MDF MA 180 0.019 7.5/100 2.8%X107°
7 ” HY 180 0 0/100 0
8 4 U - - - -
9 Sugi MA 180 0.28 107100 3.1X107°
10 s H 180 0 0/100 0
11 ” U - - - —
12 MDF MA 180 0.28 7.5/100 3.1X107%
13 # H 180 0 0/100 0
14 “ U - - - -

YRS AXAM 12.7% . MDF 9.1%
SO - 2485/ Reaction time : 24h.
No.1-8 : ERNFFEERERERIZME L /2

dimensional stability test.

Initial moisture content

No.1-8 were subjected to a laboratory-scale fungal decay test.

77 A AT B X OB E Rl L 7

Sugi, 12.7%, MDF, 9.1%.

No.9-14
No.9-14 were subjected to a fungus cellar test and

a) WEOEWRERIIHT S MA OFEEL a) The weight ratio of MA to total oven-dry weight of specimens.
b) MA DPSARMIZBFF ENTICRHEIIHAET L LREL, HEEER LA LA MA EHIEE  b) Concentration
of MA in the vapor phase was estimated under the assumption that MA vaporizes completely and behaves as an

¢) A XD
0 BJLE ) Heat treatment.

ideal gas.
e) Untreated.

¢) Sugi (Cryptomeria Japonica) sapwood.

d) MAZLHE d) MA tereatment. e) MEJLEH
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Fig. 1. Fungus cellar test

B R Upper : Lighting section
TE BB B BT Lower : Setting condition of
specimens.
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Table 2 The grade of deterioration

AT BB R E

Grade Visual observation
0 f&=
Sound

1 RO
Partial slight damage
2 EENCEEOR
Slight damage on all specimen faces
3 20REED ) ZATERATRNICELL VIR
Grade 2 plus additional partial severe damege
4 SEHEBNIHELVIER
Severe damege on all specimen faces
5  BRFICXYENELS
Destroyed
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Table 3 The results of the fungal decay test
based on JIS K 157172

No. FUR-ALHE WL (%)
Specimen- WI:G‘ AT T I TG
treatment %) F.palustris T.versicolor

1 Sugi-MA 8.1  13.5(2.44)  2.3(0.29)
2 -2.0  17.5(3.84)  1.3(0.33)
3 Z 1.6 3.4(1.55)  0.9(0.33)
4 Z 4.6 1.2(0.50)  0.9(0.24)
5  Sugi-U - 52.4(7.05)  34.9(5.45)
6 MDF-MA  -3.2 1.2(0.55) 1.7(0.35)
7  MDF-H -7.1 2.900.18)  3.1(0.33)
8 MDF-U - 3.5(0.22) 3.5(0.41)

Al®" Sugi-H -0.8  55.5(10.1) 36.5(4.2)

A2Y s -2 51.2( 5.1) 29.2(5.5)

( YNOBE B = Values in parentheses are
standard deviations. P L MEORFTIZE 1 OHED
Specimen and treatment symbols are the same as in
table 1.

a) B a) Weight percent gain. b) E&
WA b) Weight loss, WL(%)={(w,~ w:)/w,} X
100, where w, is the oven-dried weight of treated
specimen, after weathering test according to JIS K
1571: 2004, w, is the oven-dried weight after decay
test. o) BEH X W GIH, Al 150THULIE A2, 180T
BALEE o) Cited from a previous report.’ Al, Heat
treatment at 150C; A2, Heat treatment at 180T.
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Fig. 2 Progress of the deterioration on Sugi spe-

cimens in fungus cellar test
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Fig. 3 Progress of the deterioration on MDF spe-
cimens in fungus cellar test
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Table 4. The results of the fungus cellar test

No. FUR-JLHE WAL (%)

Specimen-  WPG(%)  WL" (%) Reduction

treatment ratio” (%)
9  Sugi-MA -0.2 1.1(1.78) 13.7(12.7)
10 Sugi-H -2.7  10.3(8.71) 48.2(30.4)
11 Sugi-U - 27.5(14.7) -
12 MDF-MA -3.5  11.8(6.18) 35.9(18.0)
13 MDF-H -7.0 9.6(5.38) 57.6(24.3)
14 MDF-U - 26.1(5.48) 72.4(32.0)

( YNOBEIXELERZE  Values in parentheses are
standard deviations. RELMHEOFEF IR 1 DED
Specimen and treatment symbols are the same as in
table 1.

a) 274 HEOEEMAE  a) WL after 27 months.
b) #A ke b)Reduction ratio (%)= WL/WL.X 100,
where WL is the weight loss of the subjected speci-
men, WL, is that of each control specimen (untreated
Sugi sapwood)
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4. MARLIE | 7= R F30HA40KD WLD B
Fig. 4 Distribution of WL for 40 MA treated spe-
cimens of sugi sapwood after fungus cel-

lar test
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5. XFIEWBER (X250)

Fig. 5. Optical micrograph (X250)

MERR A F M MAMIE  Specimen ¢ MA treated Sugi
sapwood. JEHEE : 0  The decay grade: 0 WL
19.3%. MM @ BRI EEE) . Observed
area . inner part of specimen (radial section). &[]
DEEEHEIC L 5 9BOREB Arrow  the trace of

the degradation by white-rot fungi.

= ni,

PR IR L 72A5 4 8 AICHER L 72 L BRER BRI 401R D 9 |
EATEE 0 AR37HR, JBHE L TSR TH -2 hb b
T, WLOGAix A5 &, 15~20% D WLER L 78R
2 ke o7 (M4), 2T, #R5%NFHEMEBET
BB LR BB oS TEHBEFHREIC X - THl
TaBE D PRSI 20 & 73 S N 7EBRAEIE 2 7z (15) .
=7, MR oRETIR., HREBZEsZbOD, Ml
TABEDS G310 S N EBRIARD TH R b o 7os JUETHR
BicL b, WBEHE L N TIEIMADREERIAE L
HIEEMHERELTBY GR5ER) . ERBENAELL

—ERDRERT T, MERICIER S L R s D,



FABEREII M35 (2006) 17
5. TAREMRERHEGR
Table 5. The results of the dimensional stability test
No. - WPG (%) B (%) MEE® (%) ASE,"" (%)
Specimen-treatment R T Area®’ Thick-ness

9 Sugi-MA 3.3 0.59 0.46 1.05 - 58.9 62.8

10 Sugi-H -2.7 -0.06 -0.61 -0.67 - 26.3 33.5

12 MDF~-MA -2.5 - — — -2.1 14.7 42.4

13 MDF-H -6.9 - - - -3.5 -4.8 14.9

Wk LM ORFIEE L OED
a) 2NIVF 7 a) Bulking coefficient.
from oven-dried condition to 20C and 92% R.H..
oven-dried condition to 20C and 92% R.H.
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Fig. 6 Changes of S ¥ under repeated wetting
and drying cycles

@:No.9 Sugi-MA O:No.10 Sugi-H @:No.11 Sugi-U
B:No.12 MDF-MA []:No.13 MDF-H B:No.14 MDF-U
a) BB F - ROKER OSETE i L U2
a) Coefficient of swelling, which was calculated on
the basis of the oven-dried state just before con-
ditioned or saturated in water,

Specimen and treatment symbols are the same as in table 1.
b) PR
o) P EGE
d) ROHEEE

b) MEE means reduced moisture-excluding efficiency
¢) ASE, means anti-swelling efficiency from -
d) Cross sectional area.
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