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Adsorption Properties and Structural Features
of Alkali Treated Wood *!

Yukiko ISHIKURA *2 and Takato NAKANO*3

In order to investigate the influence of alkali treatment on structural features and on hygroscopic properties,
weight and dimensions were measured after wood samples (Picea jezoensis Carr.) were treated with aqueous
solutions of various NaOH concentrations and conditioned at various relative humidity conditions.

In the oven-dry condition, volume and cross-sectional area of wood samples treated at NaOH concentrations
ranging from 0 to 15% decreased, and at NaOH concentrations ranging from 15 to 20% they remained constant.
Longitudinal contraction occurred in wood samples treated at NaOH concentrations ranging from 12 to 15%. These
observations were due to both dissolution of wood components and wood structure deformation resulting from
transformation of cellulose microfibrils.

The equilibrium moisture content of treated wood samples was larger than untreated wood samples except when
the wood samples were treated with aqueous solutions of 5% NaOH concentration and conditioned below 71% RH.
The water sorption isotherms of untreated and treated wood samples were analyzed by using the Hailwood &
Horrobin equation. The number of sorption sites per 1 g of wood sample decreased in the NaOH concentration
range of 0 to 5% and increased at the NaOH concentration of 20%. The equilibrium constant of formation of
hydrated water increased in the NaOH concentration range ahove 10%. It was speculated that the hygroscopicity at -
low relative humidity was reduced due to dissolution of hemicellulose in the NaOH concentration range of 0to 5%
and increased due to increases in the proportion of amorphous components in the NaOH concentration range above
10%. Cluster size increased in the NaOH concentration ranges of 0-5% and 10-12% at high relative humidity. It is
suggested that the changes in hygroscopicity at high relative humidity were due to increased void spaces as a result
of dissolution of hemicellulose and of intermicellar and intramicellar swelling.

Keywords:  alkali treatment, contraction, structural features, microfibrils, adsorption properties.
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Fig.1. Relationship between changes of volume,
longitudinal length, and cross section area of
treated wood and concentration of NaOH aqueous
solutions.

Note : V4 Volume of treated wood under wet and dry
conditions, Vy, Volume of untreated wood under
dry condition, 4,, Longitudinal length of treated
wood under wet and dry conditions, /gy,
Longitudinal length of untreated wood under dry
condition, C,, Cross section area of treated wood
under wet and dry conditions, Cy, Cross section
area of untreated wood under dry condition.
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Fig. 3.  Contraction forces for treated tracheids (a, b, ¢),
and treated wood (d) with NaOH aqueous solution.

Note:  f, Contraction force within fibrils, L, Longitudinal
component force, T, Tangential component force, 8,
Fibril angle, R, Radial force, F, Contraction force for
treated wood.

L7295 T, Fig. 1 TR L2z 4lE S i ol (0
HISH Fomk) #EETHE, 0@, MR
BEN % LA T T hyfhgy —5E (FA5—E) THEDHL,
RAF—FE &4y MBI 12% LL T hyfhy W (F
MHIK) THH,E, RAWMINT A E2RT,
Fig. 3, d (AR BRI 4 D086 124 s h
iR ARSI Fi~ F 0I5 4 = &A%
bbb, HOAOWRIICOWTHRBEICELLZE
DWEETH L, TOME, I 7074 7) VO
VAR WA LT DU S 50

FitoiEa 6, Fig LIS/R LT VA ) ALz
& B MM & DAL IZBLEE 5 % F TOARM <
MUy 7 AW E o LERIE12% Fo 3 2 a
TATINONHESBWGTEHEEZLND,

3.2 WEREOEL

Fig 4 (27 7 0) MLEIGIRIE 27 & oW 5 S (b
B) &, Bt TOMBEE 0 %O EKEITN
T AHERELEWHREOMR (FTE) 2mL7,
WLERRIE O %013 ARNPEH & L TR L7z, Fig 4 T
V2R & 9 12 NaOH LB EE10% LA B Tld§XT D
AR TR L ) SV EREER LAk,
NaOH HLERGE I 5 % Tld, HIRHEBETI%LL T THRL
BEA & 0 Sk EAMLT L, Fig 4 O RZ 5T 2
T, WO EOEIZOWTEREEZIT ).
3.2.1 KM O#MOEIZ L 2RO
Fig. 4 FINZR LW S o 57— & & flvC,
FNEFEN OB E 2 & 12 Hailwood & Horrobin fi#
#T % 4T = 7= Hailwood & Horrobin ##7 (2 3 T,

40 T
NaOH (%) l—
—~ eX1] e5 A10
®
2 30 A12 015 20
3
c
o
° 20
2
2 /
o
g 0 =
0
0 20 40 60 80 100
RH (%)
1.8 T
RH (%)
FZZ 57 a71 aA88 <97
1.4
<
b3
~
s )\ ) {
) &
1.0
0.8
0 5 10 15 20 25
NaOH (%)

Fig.4.  Water sorption isotherms at 25°C for wood samples
treated with NaOH aqueous solution and
relationship between the ratio of M, to M, and the
concentration of NaOH aqueous solution.

Note:  RH, Relative humidity, M,, Moisture content of
untreated wood samples, M, Moisture content of
wood samples treated with NaOH aqueous solution.
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Fig.5.  Results of the Hailwood & Horrobin analysis.

Note: W, Molecular weight of the unit of the polymer
molecule which is capable of combining with one
molecule of water to form monohydrate.
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Table 1. Results of a Hailwood & Horrobin analysis of data
from a paper by Christensen®.

- Uw K K
Cellulose (NaOH5%)” 00028 9.10 0.84

Cellulose NaOH 10%)” 00033 1038 079
Hemicellulose A° 0.0050 8.40 0.80
Hemicellulose B® ) 0.0056 16.65 0.86
Klason I Lignin® 0.0031 463 0.75
Klason II Lignin” 0.0036 5.32 0.76
Methanol Lignin® 0.0017 294 067

Note: “, Residue of extraction with 5% NaOH aqueous
solution from holocellulose, ”, Residue of extraction
with 10% NaOH aqueous solution from holocellulose,
. Residue of extraction with ethanol from
precipitation with acid of filtrate after prepared NaOH
5% cellulose, ' Precipitated with acid of filtrate after

extraction with ethanol from hemicellulose A, °,

These were prepared by different persons, ¥,

Extracted with methanol from reproducible wood
samples.
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Table 2. Contents of chemical components in Picea jezoensis
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Table 3. Calculated sorption sites of each component in 1 g
of Picea jezoensis Carr.

UWe (1/Win 1g of wood sample)

Carr®,
- - Contents (%)
Cellulose 54.9 _
Hemicellulose ] s
Lignin 278
Water extracted o .37
Alcohol-benzene .2
é§h - ~ ] 09 o
Note : ¥, The middle value of the maximum and the

minimum reported in the paper'.
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Cellulose (NaOH 5% ) 0.0015
Cellulose (NaOH 10%) ~_0p018
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Hemicellulose B 0.0009 o
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Fig.6. Relationship between cluster size and the
concentration of NaOH aqueous solutions.
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