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The Swelling of Wood in Amines and the Rigidity of Wood

Swollen with the Amines
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Table 1 Swelling of wood in amines

Hinoki Makanba
Swelling agents Rad. Tang. Vol. Rad. Tang. Vol.
swelling swelling swelling* swelling swelling swelling*
(%) (%8) (%6) ‘ (25) (%) (26)
Water 3.0 7.8 108 | 67 9.1 15.8
n-Butylamine 3.2 12.5 15.8 \ 7.5 15.3 22.8
Ethylenediamine , 2.8 12.3 15.1 \ 7.8 15.7 23.6
Formamide | 3.0 9.4 12.5 ( 6.8 11.8 18.5

* Presented as the sum of rad. and tang. swelling
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Fig. 2. Shearing stress-strain curves for Hino- Fig. 3. Shearing stress-strain curves for Ma-
ki wood swollen with various swelling agents kanba wood swollen with various swelling
in RL-direction at 30°C. agents in RL-direction at 30°C.
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Table 2 Maximum stress and strain, and average rigidity of wood swollen with amines at 30°C.

) RT-direction RL-direction
Swelling agents Tmax Tmsx Tmax/Tmax Tmax Fmax Tmax/7max
(10%dyn/em?) (%)  (10°dyn/cm?)|(10°dyn/cm? (%) (10%dyn/cm?)

Water 15.8 10.6 1.49 58.9 10.8 5. 46
g n-Butylamine 5.25 11.0 0.48 25.1 12.1 2.07
£ Ethylenediamine 2.64 9.5 0.28 15.1 9.1 1.69
T Formamide 7.83 12.8 0.61 36.1 13.4 2.68

Non-swollen 29.3 4.9 " 6.02 174 3.9 44.8

Water 40.7 13.3 3.06 81.9 12.6 6.52
j;‘ n-Butylamine 14.4 12.5 1.15 27.9 14.7 1.90
g Ethylenediamine 5.24 6.0 0.88 12.0 6.6 1.82
S | Formamide 2.2 14.7 1.78 50.2 13.7 3.67

Non-swollen 136 5.8 23.5 242 3.6 67.5
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Table 3 Maximum stress and strain, and average rigidity of wood swollen with amine-water

mixtures at 30°C. (Hinoki)

. RT-direction l RL-direction
Swelling agents p—— Fanx tmnx/Tmex | Tmax Tmax Tmax/Tmax
(10%dyn/cm?2) (%) (10tdyn/cm?) (108dyn/cm?) (%) (108dyn/cm?)
n-Butylamine + water ‘
0 : 4 15.8 10.6 1.49 58.9 10.8 5. 46
1:3 3.93 12.2 0.36 21.1 13.8 1.53
2.2 4.11 12.2 0.34 22.2 13.6 1.64
3:1 ! 4.45 12.4 0.32 21.3 12.4 1.53
“4:0 5.25 11.0 0. 48 25.1 12.1 20.7
Ethylenediamine + water ‘
©: 4 15.8 10.6 1.49 58.9 10.8 5. 46
1:3 5. 88 13.2 0.44 26.2 14.7 1.79
2:2 | 4.83 13.9 0.34 19.9 15.9 1.27
@3: D 1 3.83 11.4 0.34 16.6 10.6 1.57
4 :0) ; 2.64 9.5 0.28 15.4 9.1 1.€9
‘ 174 3.9 44.8

Non-swollen ‘ 29.3 4.9 6.02
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Fig. 7. X-ray diffractgrams of Hi-
noki wood swollen with : A, water ;
B, water + ethylenediamine (2:2) ;
C, water + ethylenediamine (1:3),
D, ethylenediamine and E, form-
amide.
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Résumé

The swelling of wood in n-butylamine, ethylenediamine, formamide and some amine-water mixtures, and
the torsional properties of the swollen wood have been determined for Hinoki (Chamaecyparis obtusa ENDL.)
and Makanba (Betula mazximowiczii REGEL) to obtain the fundamental knowledges about the plasticization of
wood with swelling agents.

Wood swells in z-butylamine, ethylenediamine and formamide 1.2 to 1.5 times the swollen volume in
water (Table 1). The shearing stress-strain curves of the swollen wood show that these swelling agents
diminish the elastic region and lower the average rigidity (Fig. 1 and 2, Table 2). A particular increase in
the deformation has been observed for wood swollen in formamide. In both z-buthylamine- and ethylenedi-
amine-water mixtures, the swelling of wood increases with increasing amine fraction in the mixtures (Fig. 4).
Average rigidity of wood swollen with the 1:3 or amine-richer mixtures falls to one third of that of water
swollen wood (Table 3). From X-ray studies of wood swollen with water, ethylenediamine, formamide and
ethylenediamine-water mixture, it has been found that the intramicellar swelling of wood occurs as wood is
treated with ethylenediamine and ethylenediamine-water mixture containing 65% or more amine (Fig. 7 and
9). These experimental facts suggest that the fall in average rigidity is not essentially due to the intrami-
cellar swelling of cellulose. The maximum deformation of the swollen wood increases three to four times

that of the non-swollen wood with increasing swelling within a limit of intermicellar swelling (Fig. 8).



