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ABSTRACT

The possibility of applying birchwood xylan in papermaking process to improve dry strength of paper
was investigated. Unmodified xylan barely adsorbed onto pulp fibers while cationically modified xylan
adsorbed substantially. Adsorption of cationically modified xylan by quaternarization with
3-chloro-2-hydroxypropy trimethylammonium chloride improved dry strength of paper. Chemical
structure and degree of substitution of the cationically modified xylan was determined by 400 MHz 13C
NMR spectroscopy and elemental analyzer. The amount of adsorbed xylan on cellulose fibers was great-
er when the cationicity was moderate, and it was interpreted that the conformation of this cationic xylan
adsorbed on fiber surface was more favorable for greater adsorption due to its greater loop formation ten-
dency while highly cationic xylan tends to adsorbed in stretched conformation. The physical properties
of handsheets increased as the amount of adsorbed cationic xylan increased. On the other hands, the opti-
cal properties decreased with xylan adsorption.
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Fig. 1. The cationization of xylan with 3-chloro-2-hydroxypropyl trimethylammonium chloride (CHMAC).

Table 1. Detected chemical composition of xylan extracted from birchwood

Detected sugar components

Sugar composition (%) Chemical composition (%)

Xylose
. Arabinose
Hemicellulose
Glucose
Galactose
Klason lignin
Acid soluble lignin

Ash ash

97.0
0.6
93.9
1.6
0.8
- 2.7
- 3.1
- 0.3
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242 AAFI (Fig. 3).
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Table 2. Charge density and nitrogen substitution of cationic xylan

Xylan Reaction temperature ('C) Reaction time (h) Charge density (meq/g) DSN (%)
XB - - -0.609 0.006
CX-1 60 1.0 +0.113 0.150
CX-2 60 1.5 +0.349 0.191
CX-3 60 2.0 +0.528 0.259

* XB : Birchwood Xylan
* CX : Cationic Xylan
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Fig. 4. C NMR spectra of birchwood xylan (XB).
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Fig. 5. ®C NMR spectra of cationic xylan (CX).
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oF .90 mV ¢ A1k, oFo] @A) zpgto] =] %]z} A|E}
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pulp fiber.
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Table 3. Charge density of cationic birchwood xylan used for making handsheet
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Xylan Reaction temperature (C) Reaction time (h) Charge density (meq/g)
XB - - -0.609
CX-1 60 1.0 +0.207
CX-2 60 1.5 +0.341
CX-3 60 2.0 +0.428
* XB : Xylan
* CX : Cationic Xylan
100 100
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50 | & CX 2-B
6o | —+-CX 3-B
~ 40 =
z— 20 g 60 |
E o 5
€ 20 - g 40 -
N e —_-CX1 =
-60 —h—CX2 20
-80 —+—-CX3
-100 - T o T
o o 12 o 10 12

2 4 6 8 1
Xylan added to the pulp, %

Fig. 10. Effect of cationic xylans on zeta potential
of pulp fiber.
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Fig. 13. The conformation of the cationic xylans adsorbed on the cellulose surface.
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Fig. 18. Brightness as a function of cationic xylans
to the pulp.
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Fig. 17. Tensile index as a function of the amount
of adsorbed cationic xylans.
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Fig. 19. Whiteness as a function of cationic xylans
to the pulp.
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