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Location and composition of silicon derivatives in
rice straw pulp obtained by organic acid pulping
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SUMMARY

Cooking of rice straw in a mixture of formic
acid / acetic acid / water, results in the
retention of silicon derivatives in the puip.
Study of the various morphological
fractions of the pulp by Scanning Electron
Microscopy equipped with Energy
Dispersive Spectrometry, shows that the
silicon derivatives are essentially localised
in epidermic cells where they occur as
silica and calcium silicate.

Keywords

Rice straw, crude pulp, silica, silicate,
epidermic cells, scanning electron
microscopy

Numerous studies (/-3) concerning the
chemical structure of the silicon deriva-
tives present in cereal straw show that
they are in the form of silica or dehydrat-
ed silicic acid.

During cooking in alkaline media. an
important part of the silicon derivatives of
cereal straw is solubilised as silicates.
This causes an increase in black liquor
viscosity and leads to deposit of these
silicates in the evaporation units (4.5)
during chemical recovery.

We showed previously (6.7) that. dur-
ing the cooking of the rice straw in formic
acid/acetic acid / water media. approxi-
mately 93% of the silicon derivatives
were retained in the crude pulp and con-
stituted 95% of the ash.

In this study. we clarify. by Scanning
Electron Microscopy equipped with
Energy Dispersive Spectrometry, that the
silicon derivatives are present in epidermic
cells and that they are in the form of silica
and calcium silicate,

MATERIALS AND METHODS

Pulping raw material

The raw material used was rice straw
from Vietnam (Orvza sativa). This straw
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contained 9% moisture. Its chemical
composition was 37.0% cellulose. 18.3%
lignin. 22.0% pentosans, 14.6% ash and
7.0% silica based on dry straw.

Cooking

Cooking (7) was carried out in a one-litre
glass reactor at atmospheric pressure. The
rice straw (40g 0.d.), cut into fragments of
an average length of 3.0cm, was first
impregnated with the cooking liquor at
50°C for 30 min. The rise to temperature
was set at 30min. After impregnation,
cooking was carried out under various
conditions.

The pulp so obtained was filtered.
pressed and washed twice with a formic
acid / acetic acid / water mixture, then
with water. It was finally dried and anal-
ysed.

Ash and silica analysis

-The quantities of ash and silica of the

crude pulp were determined according to
the Chinese standard G.B 2677.3-81. The
sample was heated at 600C for 3 hours in
an oven and the ash amount and ratio
weight of ash/weight of the dried material
were calculated. The ash was treated with
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SEM photomicrograph of
cooking in organic acid media.

Fig. 1

hydrochloric acid: the resultant solution
was concentrated. and then heated at 900C
tor one hour. The residue was determined
as silica.

Analysis of the chemical elements
present in the crude pulp. as well as those
present in the various morphological frac-
tions of the pulp. was made by Scanning
Electron Microscopy equipped with Energy
Dispersive Spectrometry (SEM-EDS).

RESULTS AND DISCUSSION

Figure 1 shows the image of a typical
pulp sample used to study the location of
silicon derivatives in the rice straw pulp.
It is seen from this image that the pulp
obtained by rice straw cooking in organic
acid media consists of three main fractions:
- cellulosic fibres
- epidermic cells
- parenchyma cells

Global analysis by SEM-EDS was

undertaken to determine the chemical
composition of these different fractions
and the results are reported in Figure 2.
It is clearly seen that the silicon
derivatives are essentially localised in
epidermic cells attached to the fibres or
released during the cooking. The presence

a crude pulp sample obtained by rice straw
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Fig. 2 Analysis of the chemical composition of the various fractions of pulp.

of silicon derivatives in fibres and in
parenchyma cells was not observed. It can
also be seen (Fig. 2b) that the epidermic
cell surface is irregular with a “tooth like”
appearance. These ‘“teeth” would be
covered with a membrane of wax and
hemicelluloses. according to Juliano (8).

A more precise analysis of the chemical
elements present in epidermic cells of
pulp (Fig. 3) gives very interesting

May 2005

information: The "teeth” (Fig. 3b) contain
silicon and calcium while the other parts
of these cells contain silicon, but very
little calcium.

These results show that the silicon
derivatives can. according to the place
where they are in epidermic cells, exist as
various chemical structures. So. in teeth.
these compounds are very probably in the
form of calcium silicate: in fact calcium

silicate is very weakly soluble in acid
media. except in hydrochloric acid and
fluorhydric acid. Around the teeth. the
siticon would be present in the form of
silica.

The simultaneous presence in epidermic
cells of silicon derivatives in two different
structures explains why Parry et al. (/)
and Kaufman et al. (2.3) thought that
these compounds exist essentially in the
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a. Epidermic cells

b. Chemical elements in the various parts of epidermic cells
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Fig. 2 A wetting force loop of a sized and cured glass cover slip.
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Fig. 4 Epidermic cells of rice straw pulp, post-treated with NaOH (30%).
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form of silica (Si0;), while Seisto et al.
(9) suggested that they exist mainly in the
form of sodium and potassium silicate.

The analysis of epidermic cells of the
same crude pulp treated with a solution of
sodium hydroxide (30% NaOH on o.d.
pulp) (Fig. 4) shows that the silicate stays
partiallv in teeth, while the silicon
derivatives, which contain calcium in
their structure, were solubilised. This
phenomenon is confirmed by:

- The low ash content of this pulp (0.8%)

- The total absence of silicon in the

part of cells around the teeth.

CONCLUSIONS

Cooking rice straw in organic acid media
(formic acid / acetic acid / water) allows
the retention of silicon derivatives in the
crude pulp. These compounds are pre-
dominantly found in epidermic cells of
the resultant pulp. Analysis of the chemical
elements present in the various parts of
epidermic cells shows that the silicon

derivatives can, according to the place
where they are (teeth or around the teeth),
exist under various chemical structures.
These observations confirm that the
organic acid process is perfectly adapted
to fibrous plants having a high content of
silicon derivatives, such as rice straw.
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