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Figure 2. Density variations of sulfite and sulfite formaldehyde pulps by freeness.
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Figure 3. Opacity variations in sulfite and sulfite formaldehyde pulps by freeness.
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Abstract

In this study, effect of adding formaldehyde to pulping process, and refining

rounds per minute (rpm) in sulfite cooking on physical, strength, and optical
properties of rice straw pulp was examined.
Background and objective: Pulp obtained by the sulfite chemical cooking process
relative to Kraft pulp has more initial brightness and also higher aptitude for
refining. In some sulfite cooking processes for neutralization of released organic
acids from lignocellulosic matter during cooking, sodium carbonate, sodium
hydroxide, or sodium bicarbonate are used. Replacing sodium carbonate or sodium
hydroxide with formaldehyde accelerates the delignification during cooking
process; since the formaldehyde reacts with sulfite and turns into two units of
Ch,OHSO™ and two units of NaOH finally.

Refining is an important stage in papermaking process. Fibers which lose their
primary wall, creates better statues for flexibility and bonds. Therefore, refining
could change the cross section of fibers in two ways; reducing thickness of wall
which causes increased collapsibility of fibers and, delamination of fibers that
makes then more elastic and flexible.

In a study for producing of pulp from rice straw by using formaldehyde James
et al (2000) stated that high amount of alpha-cellulose achieved in extended
cooking, high temperature and low dosage of formaldehyde. High dose of
formaldehyde in low temperature could be effective in saving energy. Kevin et al
(2003) also found that light scattering coefficient, tear strength, bulk, opacity and
porosity of papers decreased by refining, but deflection, tensile and burst strengths
increased.

Material and Methods: Rice straw (Oryza sativa L) used in this research collected
form salman-shahr rice fields in Mazandaran province of Iran. Rice straw stalks
were split to 2-2.5 cm pieces for cooking. Sodium sulfite (61.5%) and
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formaldehyde (35%) purchased from Merck, Germany. To prepare chemical pulp,
sulfite process was chosen as cooking method and the effect of formaldehyde along
with sodium sulfite also was investigated as sulfite formaldehyde process. Cooking
factors in this study are as follows: weight of straw stalks, 100 grams based on dry
weight; liquor to straw ratio, 10:1; maximum cooking temperature, 160°C; cooking
time in maximum temperature, 90 minutes; chemical consumption for sulfite
formaldehyde: 18% of sodium sulfite and 4% of formaldehyde, and 20% of sodium
sulfite for control process, all based on dry weight were used. All obtained pulps
with initial freeness of 650 mL in Canadian standard freeness (CSF) were refined
by laboratory PFI Mill to reach the desired freeness’s (300, 400, and 500 mL of
CSF). Then, Examination to evaluate the paper properties were carried out
according to TAPPI then.

Results: Adding formaldehyde to sulfite process lead to improve delignification
and increased tensile and burst strengths. These properties also developed in all
pulps by increasing the refining rounds per minute, but the optical properties and
tear strength of hand-sheets reduced partially.

Conclusion: Results revealed that by increasing the refining of pulp, caliper
thickness of paper decreased and strengths increased in same grammage, because
of improved fiber flexibility, devastating capability, and fiber surfaces. Using
formaldehyde also accelerates delignification reactions in cooking process due to
formation of sodium hydroxide which lead to preserving the carbohydrates.
Accordingly, pulp resulted thereby sulfite formaldehyde process have more
refining properties in term of energy consuming and better strength characteristics
such as tensile and burst.
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