
Bleachability of Rice Straw Organosolv Pulps

CEHEP and HEP sequences were used for bleaching of pulps and the effect of
these sequences was investigated on optical  (brightness and opacity) and
mechanical (tear index, burst index and breaking length) properties of produced

paper sheets. Despite of significant reduction in mechanical properties, brightness was
increased so that it was suitable for writing and printing paper. CEHEP sequence had
more increment on brightness and more decrement on mechanical properties than HEP
sequence. The catalytic soda organosolv pulping was used for the pulp production (delig-
nification) from rice straw via batch process at high temperature and high pressures. The
catalytic pulping of rice straw was performed in ethanol-water mixtures (50 and 65% w/w)
at various cooking times (150 and 180 min). The ratio of cooking liquor to dry mass  of
rice straw was 10:1 and the catalyst (soda) was 1% dry mass of rice straw.
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A B S T R A C T

Key Words:

There is a growing interest in using
agricultural residues such as rice
straw for pulping and paper-making.
As future worldwide fibre shortages
are predicted, agricultural fibres are
believed to be a potential substitu-
tion for wood fibres in certain paper

applications. Rice straw as an agri-
cultural residues, has been used in
pulp and paper production for a long
time and remains one of the major
raw materials in many countries.
Several processes have been devel-
oped,  yet all based on chemical
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pulping technology. Soda, kraft and neutral sulphite-
semichemical (NSSC) pulping are suitable for produc-
ing pulps from straw. Lime process is also still utilized
for straw pulping.

Among all pulping methods, soda and modified
soda is superier than others.  However,  one of the most
serious problems associated with straw chemical pulp-
ing is a high silica content of fibres, which makes con-
ventional recovery difficult [1,2]. Organosolv pulping
of straw has been evaluated by a number of investiga-
tors [3,4]. Organosolv (solvent-based or solvolysis)
pulping is a chemical pulping method in which deligni-
fication of the biomass (wood or non-wood) is done in
an organic solvent or solvent plus water system [3].
Most advantages of organosolve pulping  of straw is
low kappa number, low impacts of environmental prob-
lems (as known to be an environmentally friendly pulp-
ing process), and the silica of straw does not accumu-
late in the system and retained in the pulp [5]. In order
to improve optical properties of unbleached pulp or
obtain  bright (white) paper, bleaching  treatment  of
pulp should be done [6]. Bleachability of rice straw
pulps with respect to wood pulps are easy, in addition
to, organosolv pulps are bleached easier than other
chemical pulps [1,5].

Rice (Oryza sativa) is farmed annually in large sur-
face of Iranian  northern lands, and as a consquence a
large amount of straw is obtained. In order to find bet-
ter application and value added of product from rice
straw, present investigation was carried out. In this
study, straw was digested with 50 and 65% alcohol
concentration (as organic solvent) and different cook-
ing time (2.5, 3h). The pulps produced by organosolv
pulping is brownish in colour and requires bleaching to
reach acceptable brightness. Chlorine (C) and sodium
hypochlorite (H) with intermediate caustic extraction
(E) and hydrogen peroxide (P)  with CEHEP and HEP
sequences were used  to evaluate bleaching capability
of rice straw organosolv pulps. After the hand sheet
making from bleached pulps, the optical and mechani-
cal properties were measured. 

EXPERIMENTAL

Analysis of Raw Material
The stems of rice straw (Oryza sativa) from northern

Iran were used for the determination of chemical com-
ponents of rice straw and further processing. The com-
positions of the stems were measured and found to con-
sist, 11.35 % ash, 30 % lignin and 58.65 % holocellu-
lose (cellulose+hemicellulose).(7)

Pulping 

Pulps were made in a 21 L batch cylindrical mini-
digester (stainless steel 321). The mini-digester includes
an electrical heater, a motor actuator and required
instruments for measurement and control of pressure
and temperature. In a typical experiment, 300 g rice
straw (moisture content 86.66%) was weighed and
charged into the mini-digester. The liquor to rice straw
ratio was 10:1 (dry weight basis) and the aqueous
ethanol concentration in the cooking liquor was 65% by
weight. The concentration of NaOH in the liquor was
1% on oven dry basis of rice straw. The mini-digester
was then closed and simultaneously heated and actuat-
ed to assure good mixing and uniform swelling of the
straw. The temperature was set to 100, 140 and 180 C at
30 min intervals for impregnation of liquor into the rice
straw. The final cooking was done at 195 C for 180 min.
Cooking at this temperature plays an important role in
delignification of the rice straw. At the end of the cook-
ing process,  heating  was turned  off and after  the sys-
tem reached to  the ambient temperature, the digester
was discharged. Then the cooked pulp was washed with
warm water for 240 min. A laboratory desintegrator was
used for desintegration of the pulps. Beating of the pro-
duced pulp was done in a PFI mill (9).

Bleaching and Paper Sheet Making 

Three types of rice straw organosolv pulps were
bleached with CEHEP and HEP sequences. In CEHEP
process, dilute pulp (3-4% consistency) was treated
with chlorine gas for 3 min and then it was mixed with
a magnetic mixer for 15 min. After washing with water,
alkaline extraction with 4% NaOH was performed at
70 C  for 15 min. In the next step, sodium hypochlorite
(5%) was reacted with pulp at 80 C for  15 min.

The above-mentioned alkaline extraction was car-
ried out again and final stage bleaching was performed
with hydrogen peroxide (3%) at 30 C for 15 min. 

In HEP process, the first bleaching stage was per-
formed with sodium hypochlorite (5%) at 80 C for
15 min and then was followed by the above-mentioned
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alkaline extraction. As a final stage  bleaching with
hydrogen peroxide (3%) was performed at 30 C for 15
min and the obtained bleached pulps were washed. The
produced  bleached pulps were used for paper sheet
making  based on Tappi (Technical Association of Pulp
and Paper Industry) test methods (TAPPI T 205)[7].

The optical properties such as brightness and opac-
ity and the mechanical properties such as tear, burst
index and breaking length were measured according to
Tappi test methods given in Table 1.

RESULTS AND DISCUSSION

Three types of pulps were produced with organosolv

process (50% alcohol concentration and 2.5 h cooking
time, 65% alcohol concentration and 2.5 h cooking
time, 65% alcohol concentration and 3 h cooking time)
and they were bleached with two different sequences
(CEHEP,HEP). Then, the bleached pulps were used to
manufacture hand-sheet. Optical and mechanical prop-
erties of  sheets were measured. Figures  1 and 2 show
relations between bleaching sequences and optical
properties (brightness, opacity) of paper sheet. Optical
properties were significantly increased with both
bleaching sequences. Brightness of bleached pulp with
CEHEP sequence was higher than HEP sequence as
shown in (Figure 1). Scheme I shows oxidation  and
depolymerization reactions of residual lignin during
bleaching sequence. It can be seen that elemental chlo-
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Table 1. Standards of optical and mechanical characterization of produced paper sheets.

Analysis Unit Method

Pulp

Kappa number 

Optical properties

Opacity (%) 

Brightness (%) 

Mechanical properties

Tear index

Burst index

Breaking length

____

ISO

ISO 

m N.m2/g

kPa.m2/g

m

TAPPI  T 236 cm-85

TAPPI  T425 om-91

TAPPI  T 452 om-92

CPPA Standard D-9

TAPPI  T 403

TAPPI T 204-71

Table 2. Summary of the experimental values of pulps and their corresponding optical and mechanical properties of paper sheets

in two bleaching sequences.

Cooking condition

Properties

50 % Alcohol concentration

and 2.5 h cooking time

65 % Alcohol concentration

and 2.5 h cooking time

65 % Alcohol concentration

and 3 h cooking time

CEHEP HEP CEHEP HEP CEHEP HEP

Tear index

(m N.m2/g)

Burst index

(k Pa.m2/g)

Breaking length

(m)

Brightness (%)

Kappa number

Opacity (%)

Bleached

Unbleached

Bleached

Unbleached

Bleached

Unbleached

Bleached

Unbleached 

Bleached

2.7

66.7

0.2

24

829

4667

82.7

51.6

94.2

5

66.7

0.5

24

1200

4667

79

51.6

92.7

4

66.7

0.2

24.9

877

4611

81.4

64

93.7

4.4

66.7

0.3

24.9

947

4611

73.5

64

93.4

6

60

0.3

22.6

1100

4472

79.8

104

93.5

2

60

0.3

22.6

1200

4472

76.5

104

92.4



rine bleaching causes further removal of chromophoric
groups than chlorine compounds (sodium hypochlorite)
[6,8].

Regardless of bleaching sequences, pulps with low
kappa number had gained high brightness. (Table 2).

Low kappa number represents low lignin content and
easy bleachability of pulps [4]. Table 2 and Figure 2
illustrate that opacity is also increased with both
bleaching sequences, but  there are not significant dif-
ferences between opacity of different pulping methods
and bleaching sequences. This is because of  the pres-
ence of fibre particles (fines)  in pulps or more bonding
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Scheme I. Reactions of chlorine with a fragment of residual lignin during bleaching sequence.

Figure 1. Histogram of brightness vs. alcohol concentration

and cooking time.

Figure 2. Histogarm of opacity vs. alcohol concentration and

cooking time.



between fibres [4]. Figures 3, 4 and 5 show relations
between bleaching sequences and mechanical proper-
ties of paper. Breaking length and tear in all papers
have a similar performance and the length of cellulose
chains is most influential on these properties [3,6,10].
Both these properties  had a reverse correlation with
bleaching sequences. Breaking length and tear  was sig-
nificantly decreased with bleaching sequences and
pulping methods have not any significant effects on this
trend.

Peeling reaction and depolymerization of cellulose
chains lead to cleavage of glucose units. Due to more
cleavage of glucose units in cellulose chains, the
CEHEP sequence causes more loss in breaking length

and tear than HEP sequence [4,6]. 
It can be seen in Figure 5, that the burst index

significantly  was reduced, and pulping methods had
not any significant effects on this trend. Burst
reduction may be due to peeling reactions and
removal of carboxylic and hydroxylic groups of car-
bohydrates [4, 6, 10] in the bleaching sequences
(HEP and CEHEP). This reduction in CEHEP
sequence was several times more than HEP
sequence [4,6].

This effect reduces burst index significantly, but in
HEP sequence these reactions had little effects and the
reduction of burst factor was low [4,6,10].

CONCLUSION

Using different alcohol concentrations (50, 65%
weight) at two cooking periods (2.5,3h) organosolv
pulps of rice straw were obtained. CEHEP and HEP
bleaching sequences were employed  for bleachability
evaluation of pulps. In both sequences, optical proper-
ties (brightness and opacity) were significantly
increased and the mechanical properties (tear index,
burst index, breaking length) were significantly
decreased.

Optical properties with CEHEP sequence was more
than HEP. Mechanical properties with CEHEP
sequence were decreased more than HEP. This is due to
sever reactions of chlorine in comparison to chlorine
compound (hypochlorite).
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Figure 3. Histogram of tear index  vs. alcohol concentration

and cooking time.

Figure 5. Histogram of burst index  vs. alcohol concenration

and cooking time.

Figure 4. Histogarm of breaking length vs. alcohol concen-

tration and cooking time.
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