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ABSTRACT
The global market pulp price has soared in recent years, increased from US$ 450/t to 760/t. Even wastepaper price has gone up in
both domestic and international marketplaces. Paper industry in Taiwan uses about 23% of virgin pulps, while old corrugated
container board accounts for 77% of the raw materials. As a consequence of the rising pulp prices, it becomes a urgent issue to
reduce the use of virgin pulp and substitute it with lower priced materials. In this study, the use of carboxymethyl cellulose (CMC) in
refining and wet-end processes were studied in anticipation of bettering paper physical properties and reducing refining energy. The
results shall be useful to the industry. The study was carried out in 5 separate phases. The first phase evaluated efficacy of refining
and observed the influences of adding CMC on pulp freeness of different refining intensities and paper physical properties. In the
2nd phase, paper strength enhancement using CMC was studied at a fixed pulp freeness. In the 3rd phase, addition of cationic
starch together with CMC on the paper physical properties was examined by selecting the top performers of bleached softwood kraft
pulp and bleached hardwood kraft pulp from the previous phases and added with cationic starch, then compared the first pass
retention and paper physical properties when CMC was also present. In the 4th phase, the economic efficiency of using CMC was
evaluated as 10% of bleached softwood kraft pulp was replaced with bleached hardwood kraft pulp the expected reduction in paper
performance was enhanced using the wet-end functional aid. In the 5th phase, the CMC was evaluated on-machine in the actual
preparation of a printing and writing grade to observe its effects on the refining energy requirement and paper physical properties.
The refining experimental results indicated that under an identical refining intensity, the pulp freeness reduced with addition of
CMC, thus leading to the purpose of reducing the refining energy. The amplitude of freeness reduction was the greatest with
bleached softwood kraft pulp (1). The effectiveness of CMC on refining was reduced when the pulp freeness dropped excessively. As
for paper physical properties, the tensile and bursting indices were the highest for unbleached kraft pulp which increased with
increasing CMC dosages. CMC showed no notable effect on tear index of the paper. The paper physical properties enhancement
experiments also showed that under the same freeness, the first pass retention and paper physical properties increased with the
increasing CMC dosages. Both 1st pass retention and paper physical properties enhancement was the greatest for unbleached kraft
pulp, whereas, the bleached chemi-thermomechanical pulp and the local collected old corrugated container board , however,
showed the least enhancements. A CMC dosage of 0.2% or greater lent to a more pronounced efficacy. When cationic starch was
added together with CMC, a 1% cationic dosage caused the first pass retention to go up. The increases for the bleached softwood
kraft pulp (1) and the bleached hardwood kraft pulp (1) were 0.5% and 0.4%, respectively, and the increases were greater than those
without cationic starch. The presence of 1% cationic starch in the pulp also contributed to marked increases in the tensile and
bursting indices of the paper than those without it. The enhancement also increased with the increasing CMC dosages. The
evaluation on the economic efficiency of adding CMC indicated that if 10% bleached softwood kraft pulp was replaced with
bleached hardwood kraft pulp, the regression equation suggested that a CMC dosage of 0.2% was needed to achieve the same
strengths. The differential in pulp prices and CMC cost would suggest an additional NT$ 150.7/t of paper. The on-machine CMC
application study indicated that paper brightness, tensile index and interply bonding strengths of the resulting paper all increased
with the presence of CMC. Although there was a NT$ 42.8/t paper reduction in the refining cost, the overall cost increased NT$
251.2/t paper, however.
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