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Abstract— To examine the increase of paper strength by solvent-bonding using N-methylmorpholine
N-oxide (NMMO), a paper was treated with aqueous solutions of NMMO, concentrated at 90C for selected
periods of time, and pressed for 5 seconds followed by washing and drying. The effect of the increasing
NMMO concentration on bonding state and some important properties of samples were mainly investigated.
With increasing concentration of NMMO, the degree of bonding between fibers was increased, the fiber
cross-sectional shape was changed from ‘thin ribbonlike’ to ‘round rodlike’ by swelling with solvent,
and the longitudinal waves (crimp) were introduced to fibers, hence the shrinkage, weight per unit area,
and thickness of paper were increased. Consequently, the tensile strength and elongation, under standard
and wet conditions, and the stiffness were increased, and the water absorption was decreased generally
with increasing concentration of NMMO. The moisture regain of treated samples was lower than that
of the untreated sample, because of the reduction of space between fibers. But the moisture regain was
increased a little with increasing concentration of NMMO due to the fiber swelling with NMMO followed

by structural relaxation.
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Fig. 2 Effect of NMMO concentration on the
shrinkage of treated samples.
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Table 1. Thickness and weight of samples treated with aqueous solutions of NMMO

Weight (mg/ent)

50 10 20 30 40 50

Item Thickness (X 10 °*mm)
cT

CN™ 10 20 30 40
0 112 112 112 112

10 107 107 110 112

20 108 101 109 103

30 105 112 114 114

40 111 112 115 111

50 - 108 117 112

112 6.4 6.4 6.4 6.4 64
111 6.3 6.5 6.7 6.6 6.3
112 6.3 6.4 6.8 6.6 6.6
115 6.3 6.6 7.0 7.0 7.0
115 6.4 83 7.9 8.0 8.1
115 - 8.4 9.8 8.5 81

*Concentrating Time (min)
**Concentration of NMMO (%)
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Fig. 3 Typical load-elongation curves of sam-
ples treated with aqueous solutions of
NMMO and concentrated for 30 min.
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Fig. 4 Effect of NMMO concentration on the
tensile strength of treated samples.
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Fig. 5 Effect of NMMO concentration on the
elongation of treated samples.
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Fig. 6 Effect of NMMO concentration on the
stiffness of treated samples.
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Fig. 7 Effect of NMMO concentration on the
water absorption of treated samples.
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Fig. 8 Effect of NMMO concentration on the
moisture regain of treated samples.
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