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Alkali swelling characteristics of wood elements’
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ABSTRACT

To elucidate the behaviors of alkali swelling of woods, the dimensional change in cross
section of cell elements of four major Korean woods during alkali swelling were examined by
an optical microscopy, an imaging analysis method and an X-ray diffraction. During alkali
swelling, tracheid diameter of Larix keempferi wood showed greater swelling property than
that of Pinus koraiensis wood, and the cell wall swelled highly over 10% sodium hydroxide
solution treatment. The radial diameter of vessel elements in earlywood shrunk, but it
swelled slightly in tangential direction. When treated with 5% NaOH, the wall thickness of
wood fiber increased about three times over the original one. The thickness of cell wall in
all elements and the diameter of wood fiber and tracheid showed almost isotropic shrinkage.
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The diameter of cell elements during the mercerization process decreased, but cell wall

thickness increased. Crystal transformation of cellulose in wood was not occurred by alkali

treatments, but relative crystallinity and crystallite width of the woods increased slightly.

Consequently, it was demonstrated that the swelling properties of woods were dependant

on wood species, cell elements and alkali concentration.

Keywords ; alkali swelling, Larix kaempferi, Pinus koraiensis, cell wall thickness, isotropic shrinkage,
relative crystallinity, crystallite width, mercerization
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Table 1. Sample trees.

Species hei?lﬁ?m) a geT(rveeear)
Larix kaempferi Carr. 199 38
Pinus koraiensis S. et. Z. 207 62
Quercus variabilis B. 6.5 28
Quercus mongolica F. 6 27
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Table 2. Change of cell diameter during alkali swelling. (unit : %}
) NaOH Tracheid Vessel Wood fiber
Species )
concentration R T R T R T
0% 15.24 10.26
5% 26,49 19.70
. 10% 22,58 6.98
L. kaempferi 15% 12.83 15.27
20% 16.14 28.05
25% 45.63 42,78
0% 118 271
5% -6.61 339
P. koraiensi 10% 0.40 367
. koraiensis 15% 045 6.15
20% 014 3.37
25% 0.07 6.32
0% -1.34 523 511 1251
5% -8.82 839 994 10.28
Q. variabili 10% -18.04 436 428 31.06
- vanagts 15% -15.49 -5.79 1591 2240
20% -14.59 3.93 319 5.09
25% -14 47 -2.00 1115 1301
0% -2.51 3.19 8.79 1015
5% -6.76 475 11.09 18.46
lica 10% -14.45 8.07 219 24.48
Q. mongolic 15% -19.23 2.26 28.71 36.11
20% -14.47 571 40.45 34.55
25% -19.48 0.16 251 45.96
+ : swelling - : shrinkage 0% : saturated with water
Table 3. Change of cell wall thickness during alkali swelling. {unit : %)}
Tracheid Wood fiber
Species L. kaempferi P. koraiensis (2. variabilis (). mongolica
Direction R T R T R T R T
0% 27.04 29.20 21.08 22.08 25.03 12.32 25.50 19.98
o 3986 5536 4458 2606 8248 9L77 7359 7186
2 10% 58.20 7893 97.17 11568 17554 16953 107.75 8741
concen-
tration 15% 53.22 6291 12898 13736 13261 14271 8477 8841
20% 10953 8629 12391 12286 11663 19006 16059 11990
25% 8896 12722 12291 13258 7996 8488 11026 B2.82

+

: swelling

0%

: saturated with water
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Fig. 1. Optical micrographs of alkali
swollen woods.
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Table 4. Change of cell diameter from alkali swelling to air dry. {(unit:%)
. NaOH Tracheid Vessel Wood fiber
Species .
conceniration R T R T R T
0% 12.86 1{.44
5% 21.02 16.59
. 10% 23.65 17.45
L. kaempferi 15% 17.24 2213
20% 20.51 2097
25% 27.40 37.26
0% 1.74 1.96
5% -2.10 7.57
P, koraiensis 10% 187 8.67
' 15% 5.08 10.26
20% 9.35 12.18
25% 8.30 17.69
0% -1.76 4.66 749 13.73
5% 0.30 12.82 23.69 22.54
Q. variabilis 10% -7.09 13.26 29.92 30.14
15% 8.77 6.90 31.00 31.35
20% -7.48 14.58 31.69 2653
25% -23.96 12.37 2197 23.76
0% -0.99 517 8.54 9.67
5% -5.77 543 19.11 21.35
Q. mongolica 10% -5.55 747 22.51 21.43
15% -6.05 1.88 21.12 21.91
20% 9.04 16.00 2331 24.96
25% -11.98 14.06 20,22 30.09

+ : shrinkage in dimension

- 1 swelling in dimension

0% : saturated with water

Table 5. Change of cell wall thickness from alkali swelling to air dry. (unit:%)
Tracheid Wood fiber
Species L. kaempferi P. koraiensis 2. variabilis Q. mongolica
Direction R T R T R T R T
0% 20.36 22,67 2121 1246 2195  16.98 25.86 11.95
5% 28.48 41.63 2940 2336 4629 4589 40.59 41.84
NaOH 10% 25.06 46,05 4638 5023 5935  58.78 43.56 33.83
C;:;z: 15% 27.47 2325 5063 5625 5693  61.84 39.76 44.70
20% 3457 3316 5047 5286 4486 5484 51.21 46.57
25% 4276 41.35 4963 5147 3694  41.61 56.98 48.10
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Table 6. Change of cell diameters in air dry before and after alkali swelling(y; ). funit: %)

. NaCH Tracheid Vessel Wood fiber
Species .
concentration R T R T R T
0% 0.42 -1.25
5% -0.09 -0.15
. 10% -6.36 <11.72
L. kaemipfert 15% -6.98 1227
20% -8.19 0.53
25% 5.87 -10.58
0% -0.56 0.73
5% -4.97 413
P. koraiensis 10% 1.3 .35
15% -4.60 -4.80
20% -9.55 -9.20
25% -8.33 -12.80
0% 0.39 0.32 2.77 -2.93
5% -9.22 -5.50 -17.99 -15.17
Q. variabilis 10% -11.95 -6.18 -27.06 957
15% -22.24 0.27 -23.05 -16.13
20% -7.38 -10.77 -12.72 -23.21
25% 6.66 -13.55 -13.48 -13.78
0% -1.53 -1.89 0.23 0.43
5% -1.37 -0.88 972 -7.13
Q. mongolica 10% -957 -0.09 -16.16 221
15% -14.40 0.43 1.04 6.08
20% -6.71 -11.03 -1.85 0.49
25% -9.87 -13.76 -18.09 043

R: radial direction T: tangential direction +: swelling - shrinkage 0%: saturated with water

Table 7. Change of cell wall thickness in air after alkali swelling(7: ). {unit : %)
Tracheid Wood fiber
Species L. kaempferi P. koraiensis Q. variabilis Q. mongolica
Direction R T R T R T R T

5% 0.02 -9.32 222 -337 215 3.50 297 013

NaOH 10% -11.50 -4.48 5.21 7.14 10.15 8.17 1546 22.03
concen- 15% 10.94 22779 13.06 3.46 271 -7.68 1012 1.24
tration 20% 35.96 2311 10.46 5.03 1509 2677 2574 1212
25% 8.21 33.30 1222 12.60 9.56 7.23 -9.83  -5.00

R: radial direction T: tangential direction +: swelling -: shrinkage 0%: saturated with water



70

Z2Ale gzl o3 A4F3] AU
At B A8dn 785 M¥ye 23
B Bed 2Ag o4 5 Ao gay Las
Az 2 $5P4e AEFA i o
g Zo] HEs Wil

3.4 MAFZS W

X484 d94d3 ¢4 BEAYoiq 48
2o A0 TR W= BAA Yhth X
MHAAE=N A AT FRgAEE e v
F3ge] Z2 Table 89 Jebir}.

FHYAY dAAF e $FT G F
o7t AR deLdTFe FJHEAHREA
7 A dEst

A FAHMEe gty AE 54

aZry] AAle 20%Hg7A JdAYss
7b ord woAE A¥o] slHey %Y 1
FRME Y ZAHAYL Tawane) vs
sHA Vebwt

ole{gt Ade HdZAgEr dE2e 2 4
gy HFAIE] e vl ol
Hdggge] e Fr2Eze 7 gz
2] Hzlel o F&EHAY] gEoz 474d
t}. Lonikar et al.’™e oixsle] ol&] =z
9~30%F =] FHo] Tridh=vl old F2
F&2He AL drdEzesda dsg.
B gadely g-celluloses Ay £&5 7
21, 53 F9rolie A svdEZes
o 50%0]4o] MAHRGE Bade HozE

Table 8. Crystallite width and relative crystallinity of sample woods.

NaOH Relative crystallinity(%
Species _ rystallinity (%) Crystaliite width(un)
concentration Segal's method
0% 62 2.62
5% 66 3.69
. 10% 65 361
L. kaemoferi 15% 64 260
20% 63 2.58
25% - -
0% 48 2.66
5% 57 312
P. koraiensis 10% >4 3.58
i 15% 61 3.96
20% 40 217
25% 35 1.93
0% 57 2.58
5% 60 3,53
oy 10% 65 3.78
Q. variabilis 15% 2 369
20% 66 2,80
25% 59 3.45
0% 50 2.54
5% 56 353
Q. mongolica 10% 60 3.53
- mong 15% 54 280
20% 58 250
25% 51 2.54
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