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Abstract: Rice hull is 2 by-product in paddy milling and is largely a waste material. It has
been found that rice hull can be used as a raw material in a number of industries. On
developing the utilizations of rice hull, it is very essential to study physical and chemical
properties of rice hull. In the present study physical properties and chemical properties
of six different varieties of rice hull have been investigated.

External appearance, dimensions and weight per grain are very important to identify
the different varieties of paddy grains. Calorific value of rice hull is 4127 cal/g and hence it can
be used as a fuel. Specific gravity and bulk density of rice hull are 1.32 and 165.3 mg/ml
respectively. Silica is the major inorganic constituent of rice hull and is 9.94% by weight.
Moisture, organic matter, K;O, Na;0, CaO MgO, AL0;, Fes05, MnO, PyOs, S0O,and Cl of the
different varieties of rice hull are 9.49;, 87.8%, 0.69%, 0.027%, 0.081%, 0.09%, 0.183%,
0.014%, 0.034%, 0.24%, 0.082% and 0.007% respectively. A variation of these constituents

. among the different varieties of rice hull was observed, which is attributed to- the factors
such as soil condition, type of fertilizers used and climatic conditions etc. The presence of
amorphous silica in rice hull was detected by scanning electron micrograph and differential
thermal analysis. Therefore rice hull can be nsed for making pozzolanic type of cements. The
amorphous silica in rice hull converts into a crystalline form at higher temperatures. This
indicates that to get active rice hull, rice hull should be burnt under 700°C.

1. Introduction

Rice hull, the outer covering of the rice grain is a by-product in paddy milling and
forms 20 per cent by weight of the paddy milled. It is now largely a waste product. Only
about 20 per cent of the available rice hulls are used as a fuel in some of the larger
paddy mills. '

Rice hulls are composed of 70 per cent organic matter, 20 per cent ash and 10
per cent moisture. At present researchis in progress to make use of the ash obtained by
burning rice hull under controlled conditions as a starting material for making
cementitious binders by mixing with lime or portland cement. Rice hull ash consists
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essentially of silica and this should be in an amorphous form if cementitious properties

are to be developed by the binder. For the development of these products detailsof the

chemical and physical properties of the hull are essential. .

In 1928 Joachim! has analysed some of the varieties of rice hulls available in Sri
Lanka. Subsequent to this no systematic work has been carried out to determine the
physical and chemical properties of different varieties of rice hulls available in Sri
Lanka. The present investigation was undertaken in order to make a systematic study
of the physical and chemical properties of six different varieties of rice hulls available

in Sri Lanka, namely BG 11-11, BG 94-1, BG 34-8, BG 90-2, BG 400-1 and BG 3-5. .

2. Experimental

2.1 The specific gravity of the different varieties of rice hull were determined by .

evacuation method.?

2.2 The calorific values of the different varieties of rice hull were determined usingan
automatic adiabatic bomb calorimeter. Mode] of the instrument is autobomb CB-100.

2.3 The alkali oxides K,O, Na,O contents, Ca0O, MgO contents and AlQ,: Fe 0,3
- MnO* P,0 contents were determined by Flame Photometer, Atomic Absorption
Sp_ectro.photomé_ter and UV - Visible Spectrophotometer techniques respectively.
Models of the instruments are Spectromom 381 L, Spectromom 190 A ‘and
Spectromom 361. ' : ‘

2.4 The SO3 content was determined by a gravimetric methods (SOf—-as BaSO,,).

2.5 The chloride content was determined by a titrimetric methodsé (Cl” as AgCl).

2.6 The Scénning Electron Miérogfaphs of the rice hull samples were studied usinga
JSM 25 S Scanning Electron Microscope.

2.7 - The differential thermal analysis and thermogravimetric curves of two varieties
of rice hull were obtained using a differential thermal analysis equipment. Model of
the instrument is MOM, Q - Derivatograph.

3. Results and Discussion
'3.J. External ‘Appearance, Dime‘nsio'r_ls' and Weight per grain

Six different varieties of paddy were used for this study and the results are given in

- Table I. It was found that the paddy grain of variety BG 11-11s the smallest one and it
can be clearly identified from the others. Grains of BG 94-1. BG 90-2 and BG 400-1 are

‘almost same and difficult to identify from each other. Weight per grain of BG 90-2 18
the highest value.
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3.2 Specific Gravity, Bulk Density and Calorific value of rice hulls

The specific gravity, bulk density and calorific value of six different varieties of rice
hull are tabulated in Table II. Variation of these properties among the different
varieties of rice hull are 1.17 - 1.40, 140.2 - 212.4 mg/ml and 4080.6 - 4199.9 cal/g
respectively. The specific gravity and bulk density of BG 34-8 variety is the lowest with
1.17 and 140.2 mg/ml respectively.

3.3 Chemical Analysis of different varieties of Rice Hulls

The chemical analysis of different' varieties of rice hull indicates that the organic
matter is the major constituent. Out of the varieties analysed the organic matter
content of BG 11-11 was the lowest with 86.2 per cent, whereas BG 90-2 contains the
maximum amount about 91.4 per cent of organic matter. '

The major inorganic component in rice hullis silica. The other constituent which were
‘found in appreciable quantities are K,0, Na,O, CaO, M g0, ALO,, Fe,0,, MnO, P'20_5,
SO, and Cl. BG 11-11, BG 94-1 and BG 34-8 which are mainly grown in the dry zone
where the soil contains high alkali showed a high percentage of K,0 and Na,O.

BG 34-8 which is mainly grown in dry zones like Polonnaruwa, Anuradhapura and
Kurunegala shows a higher percentage of MnO. The variation of chemical
constituents in ‘these varieties of rice hull can be attributed to the soil conditon,
climatic condition and type of fertiliz_ersr used.

Table 1.-External appearance, dimensions and weight per grain of different varieties of paddy grains.

Variety - Colour Shape/Size Length/ Width/ Thick- Weight per
mm mm ness/ grain mg/
mm grain
BG -1l Dark staw  Nearly 5.48 285 2.00 12.71
round,
~small )
BG 94-1 Dark straw  Oval, 9.19 273 2.04 23.30
’ large one
sharp end
BG 34-8 . Dark straw  Oval, S 147 3.05° 2.14 23.13
medinm
BG 90-2 Dark straw  Oval, large 9.47 2.83 2.12 28.64
BG 400-1 Dark straw Oval, large 8.48 3.06 2.13 26.89
BG 3-5 Straw Oval, ) 7.70 2.63 1.88 17.94

. medium
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Table 2.— Specific gravity, bulk density and calorific value of different varieties of rice hulls.

Varniety Specific gravity Bulk density mg/ml  Calorific yalue cal /8
BG [1-11 i 1.33 152.4 4080.6
BG 94-1 1.36 2124 4110.6
BG 34-8 1.17 140.2 4144.6
BG 90-2 1.33 175.7 - 41231
BG 400-1 1.34 164.1 . 41999
BG 3-5 1.40 146.9 4101.1

Table 3.  Chemical composition of different varieties of rice hull.

Variety BG I1-11 BG 941  BG 348 BG 90-2 BG 400-1 BG 3-5
H,0 8.7079 8.8004 9.9438 9.4619 9.0888 10.5338
Organic 86.2287 86.4432 87.1062 91.3466 90.1561 86.7337
SiO, 10.8515 [1.6061 10.3958 6.5866 8.7730 11.4362
K;0 1.0080 0.7586 0.9638 0.5025 0.3023 0.5744
Na,0 0.0347 0.0215 0.0186 0.0210 0.0181 0.0462
Ca0O 0.0850 0.1020 0.0779 0.0653 0.0738 0.0805
MgO 0.1174 0.0707 0.0510 0.1230 0.0652 0.0730
Fe,0, 0.0027 0.0188 0.0084 0.0321 0.0050 0.0177
ALO, 0.2840 0.1502 0.2823 0.0758 0.2775 0.0254
MnO 0.0161 0.0201 0.0729 0.0358 0.0346 0.0265
P,Og 0.2775 0.1917 0.2408 0.3758 0.1082 0.2180
SOz 0.2096 — 0.1363 0.0767 -— 0.0690
Cl 0.0016 0.0207 0.0104 0.0015 - 0.0103
Total 99.1415 99.4036 99.4044 99.2431 99.8118 99.3119

Chemical constituents - per cent by weight moisture free basis.

The chemical analysis of the six different varieties of rice hull studied are given in
Table 3.

3.4 Scanning Electron Microscope Studies

A study of the electron micrographs show the cellular structure of the different
varieties of rice hull and the presence and distribution patterns of amorphous silica in
the cellular structure. The distribution pattern of amorphous silica varies from variety




Studies on the Physical and Chemical Properties of Rice Hulls 91

to variety and this is useful to characterize the different varieties of rice hull. Another
significant feature of each variety of hull is the silica fibres arising from the surface of
the cellular structure in different varieties. White areas of these photographs indicate
the amorphous silica.

The scanning electron microphotographs of the different varieties of rice hull studied
are given in Figure 1. '

3.5 Differential Thermal Analysis (DTA) and Differential Thermogravimetric
(DTG) studies of different varieties of Rice Hull

DTA curve of BG 11-11 shows a broad exothermic phase transformation of
amorphous silica to crystalline silica and completes at 700°C (973 K).

The DTA curve of BG 94-1 is also similar to BG 11-11 but the complete
transformation of amorphous to crystalline-occurs at a higher temperature of 7600C
(1033 K).

These results clearly indicate that the transformation of amorphous silica in rice hull
to a crystalline form occurs with increase of temperature.

DGT curves of BG 11-11 and BG 94-1 show two significant peaks at 100°C (373 K) and
others at 250°C (523 K) and 260°C (533 K) respectively. The peak, at 100°C is due to the
loss. of moisture. The peaks at 250°C and 260°C are broad and indicate the loss of
organic matter during a long range of temperature.

The DTA and DTG curves of the rice hull of the varieties BG 11-11 and BG 94-1 are
given in Figure 2.

4. Conclusion

The present study clearly shows the variation of physical properties and chemical
composition- of the six different varieties of rice hull.
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Figure . DTA and DTG curves of rice hull
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VARIETY BG 11-11

VARIETY BG 94-1

Figure 2. Scanning electron micro photographs of rice hull
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VARIETY BG 400-1

Figure 3. Scanning electron micro photographs of rice hull




Studies on the Physical and Chemical Properties of Rice Hulls 95

F' ‘ \ 100 my;

VARIETY BG 90-2

\1o'o{w’\_;;.3 T,

VARIETY BG 3-5

Figure 4. Scanning electron micro photographs of rice hull
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4.1 External Appearance, Dimensions and Weight per grain

These results are very important to identify the different varieties of paddy grains. The
grains of BG 11-11, BG 34-8 and BG 3-5 can be clearly identified from the others.

Average value of weight per grain is 22.1 mg/grain.

4.2 Specific Gravity, Bulk Density and Calorific Value

The average calorific value of rice hull is 4127 cal/g. The hull with high percentage of
organic matter BG 400-] shows the highest calorific value of 4200 cal/g.

The specific gravity and the bulk density of BG 34-8 variety is the lowest with 1,17 and
140.2 mg/ml respectively.

Average values of specific gravity and bulk density are 1.3211 and 165.3 mg/ml
respectively.

Individual values show a slight variation from the average values.

4.3 Chemical Composition of different varieties of Rice Hull

Moisture content of the different varieties of rice hull varies from 8.7% to 10.5%. The
major constituent of rice hull is the organic matter and that varies from 86.2%to 91.4%
among the varieties and has an average value of 88%. Silica (Si10,) is the major
inorganic constituent of the rice hull and varies from 6.6% to 11.6%. Average value of
silica of the different varieties of rice hull is 9.94%. Other inorganic constituents K,0,
Na,0, CaO, MgO, ALO,, Fe,0,, MnO, P,O;, SO;and Cl are also found in detectable
amounts in the different varieties of rice hull. The variations of these constituents
among the different varieties of rice hull are 0.3% - 1%, 0.2% - 0.05%, 0.07% - 0.1%,
0.07% - 0.12%, 0.03 - 0.28%, 0.003% - 0.03%, 0.02% - 0.07%,0.11%-0.38%,0.07-0.21%
and 0.002% - 0.02% respectively. The average values of each constituent are 0.69%,
0.027%, 0.0819%, 0.09%, 0.183%, 0.0149%, 0.034%, 0.24%, 0.082% and 0.007%
respectively. These average values clearly indicate that there is a significant variation
of the constituents K,O, Na,O, AL,O,, Fe,0,, MnO, P,O;, SO, and Cl of the different
varieties of rice hull. Therefore it is important to know the variation of this kind of
constituents in rice hull before studying the strength of cements obtained from the
different varieties of rice hulls. The constituents SO, and C) are not found in all the
varieties: The variation of these constituents in different varieties of rice hull mainly
depends on factors like soil condition, climatic condition and type of fertilizers used
etc.
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4.4 Scanning Electron Microscope Studies

The Scannmg Electron Microscope studies indicated the presence of amorphous silica -
and that its distribution pattern could be utilised to distinguish the different varieties
of rice hull. The distribution pattern of amorphous silica in each variety of hull is .
characteristic and could _p0551b1y be a genetlcal feature.
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