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Location and composition of silicon derivatives in
rice straw pulp obtained by organic acid pulping
HOANG QUOC LAMt, WES LE BlGOTt, GH|SLA|N DENtSt, VO HUU THAOr AND MTCHEL DELMAST+

SUMMARY

Cooking of rice straw in a mixture of formic
acid / acetic acid / water. results in the
retention of sil icon derivatives in the pulp.
Study of  the var ious morphological
fractions of the pulp by Scanning Electron
Microscopy equipped wi th Energy
Dispersive Spectrometry, shows that the
sil icon derivatives are essentially localised
in epidermic cells where they occur as
s i l ica and calc ium s i l icate.
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Numerous studies (1-3) concerning the
chemical structure of the sil icon deriva-
tives present in cereal straw show thilt
thev are in the form of sil ica or dehydrat-
ed s i l ic ic  ac id.

During cooking in alkaline tnedia. an
imporlant part of the sil icon derit,atives of
cereal straw is solubil ised as sil icates.
This causes an increase in black l iquor
viscosity and leads to deposit of these
sil icates in the evaporation units 1J,-5)
durin-e chemical recovery.

We showed previously (6.2) thar. dur-
ing the cookin-c of the rice strall '  in formic
acid/acetic acid / water media. approxi-
rnately 93c/c of the sil icon derivatives
were retained in the crude pulp and con-
stitutecl 95c/c of the ash.

In this study. we clarity. by Scanning
Electron Microscopy equipped rv i th
Energy Dispersive Spectrornetrl,. that the
sil icon derivatives are present in epiderrnic
cells and that they are in the fbrnt of sil ica
and calc ium s i l icate.

MATERIALS AND METHODS
Pulping raw material

The rau' nraterial used was rice straw
fronr Vietnant (On': l  sal i l rr).  This straq,
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conta ined 9% moisture.  I ts  chemical
composi t ion was -17.0% cel lu lose.  18.- l7c
li-enin. 22.0% pentosil lts. lz1.67c ash and
7.0% sil ica based on dry straw.

Cooking

Cooking (f was carried out in a one-litre
glass reactor at atmospheric pressure. The
rice straw (40g o.d.), cut into fragrnents of
an average length of 3.0cm, was first
impregnated with the cooking l iquor at
-50"C tbr' -10 min. The rise to temperature
was set at 30min. After impre-snation.
cooking rvas can'ied out under valious
conditions.

The pulp so obtained was fi l tered.
pressed and washed twice with a formic
acid / acetic acid / water mixture. then
with water. It u'as finally dried and anal-
ysed.

Ash and s i l ica analys is
-The quant i t ies of  ash and s i l ica of  the
crude pulp were determined accordin-g 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

hydrochloric acid: the resultant solution
$,as concentrated. and then heatecl at 900C
fbr one hour. The residue u,as cleterrnined
as s i l ica.

Analys is  of  the chc-mical  e lements
present in the crude pulp. as well as those
present in the various morphological f iac-
tions of the pulp. was made by Scanning
Electron Microscopy equipped with Energl'
Dispersive Spectrometry ( SEM-EDS ).

RESULTS AND DISCUSSION
Figure I shows the irlage of a typical
pulp sample used to stucly the location of
sil icon derivatives in the rice straw pulp.

It is seen from this irnage that the pulp
obtained by rice straw cooking in organic
acid media consists of three main fractions:

- cellulosic fibres
- epiderrnic cells
- parenchl,nta cells

Global  analys is  b1 '  SEM-EDS was
undertaken to deternrine the chemical
composition of these different fractions
and the results are reported in Figure 2.

I t  is  c lear ly  seen that  the s i l icon
derivatives are essentiall l , localised in
epidermic cells attached to the fibres or
released durin_e the cooking. The presence

Fig. 1 SEM photomicrograph of a crude pulp sample obtained by rice straw
cooking in organic acid media.

Vol  58 No 3



Peer Rev ienred Al lt't 't

a- Cellulosic f ibres

of sil icon derivatives in l lbres and in
parenchynra cells u,as not olrserved. It can
also be seen (Fi-c. 2b) that the epiclern.ric
cell surface is irregular with a 'tooth l ike'
appea rance .  These ' t ee th '  wou ld  be
covered with a nrembrane of wiix and
hemicel lu loses.  according to Jul iano (8) .

A more precise analvsis of the chernical
elements present in epidermic cells of
p t r l p  lF ig .  - l  )  q i ves  r  e r v  i n te res t i ng
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b-Epidermic cel ls

Fig.2 Analysis of the chemical composition of the various fractions of pulp.
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infbrrnation: The 'teeth'(Fi-c. 3b) contain
sil icon and calcium rvhile the other parts
of  these cel ls  conta in s i l icon,  but  very
l i t t le  ca lc ium.

These results show that the sil icon
derivatives can. accordirrg to the place
rvhere they are in epiderrnic cells, exist as
vrrrious chernical structures. So. in teeth.
these compounds are very probably in the
form of calcium sil icate: in fact calcium
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sil icate is very weakly soluble in acid
rnedia. except in hydrochloric acicl and
fluorhydric acid. Around the teeth. the
sil icon would be present in the forrn of
s i l ica.

The simultaneous presence in epidennic
cells of sil icon derivatives in two different
st ructures expla ins whv Parry et  a l .  (1)

and Kaufman et al. 12,-?.) thou-uht that
these cornpounds exist essentially in the
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Fig.4 Epidermic cells of rice straw pulp, post-treated with NaOH (30%).
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Fig.2 A wetting force loop of a sized and cured glass cover slip.
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form of sil ica (SiO2), while Seisto et al.
(9) suggested that they exist mainly in the
forrn of sodium and potassium sil icate.

The analysis of epidermic cells of the
same crude pulp treated with a solution of
sodium hydroxide (307o NaOH on o.d.
pulp) (Fig. 4) shorvs thât the sil icate stays
part ia l ly  in  teeth.  whi le  the s i l icon
derivatives. which contain calcium in
their structure. were solubil ised. This
phenontenon is confirmed by:

- The low ash content of this pulp (0.87c)
- The total absence of sil icon in the

part of cells around the teeth.

CONCLUSIONS

Cooking rice straw in organic acid nredia
(formic acid / acetic acid / water) allou's
the retention of silicon derivatives in the
crude pulp. These compounds are pre-
dontinantly found in epidermic cells of
the resultant pulp. Analysis of the chemical
elements present in the various parts of
eoidermic 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 librous plants having a high content of
s i l icon der ivat ives.  sueh as r ice st raw.
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