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Fig. 1 Schematic arrangement of the apparatus
for the carbonization of Rice Husk
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Table. 1 Ultimate analysis values of RH and RHC

Elements (%)

Sample Elements{Dry Ashi TOTAL

C H 0 N total [(Si0z) '

A.Rice Husk 40,57} 4.97{ 33.03| 6.08] 84.65 { 14.30 | 98.95
B.Fluidized Carbide(400°C) 52.70| 2.54| 8.47| 0.60| 64.66 | 32.88 | 97.34
C.Commercial RHC(350~400°C)| 56.83] 1.82] 7.47 0.45| 66.37 | 32.81 | 98.98
D .Nz Process(400°C) b1.43] 2.78| 9.49f 0.69| 64.33 | 34.69 | 99.08
E .N2 Process(900°C) 52.57| 0.37| 1.19f 0.86| 54.79 | 44.31 | 99.10

Dry Ash : Its silicon dioxide content was determined by the proximate analysis
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Table. 2 Effects of particle diameter for balk
density and ash contents of RH and

RHC
Balk density (g/cc)
me s h(um) |RH{dry) [RHC(dry) |Ash contents(wt%)
(350~400°C) | (airB50°C-2hrs)
1| Original form 0.1 0.115 40,13
2| 18~85 0.248 45,82
(880~231)
3] 65~100 0.390 45.98
(231~150)
41 100~200 0. 459 46,90
(150~T5)
51 200 under 0.25 0.535 50,90
(-75 um)
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Table. 3 Analytic values of the trace
elements in RHC by ICP analysis |

Si(oxide %) 92.51 | Mn(ug/g) 1840.0
ALC” ) 035 | Ccu( » ) 6286
Fe( » ) 0.20 | ZnC » ) 153.4
Mg( v ) 0481 V(»w» ) 36.3
Ca( » > 0.58|CdC » ) 66.2
K(C» ) 2.36 | Be( » ) 2.4
Na( » ) 0.89|Cr( » ) 157.4
Ti( » ) 0.02|NiC» ) 0.0
ig.loss (%) 2.60

Total(%)  99.99

x : Calcination at 650°C-3h
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Fig. 2 Macroscopic of RHA
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Fig. 3 X-Ray diffraction patterns of the RH and
its calcinated sample
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Fig. 4 X-Ray diffraction patterns of the Rice
Husk affer the treatment of the low
Temperature burning
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Fig. 5 SEM images of the Rice Husk after the
treatment of the low temperature
burning
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Table. 4 Analytical results of the Trace elements of RH, RHC and the
its sample after the treatment of the low temperature burning

Content elements

Sampl Main elements

Trace elements

Rice Husk % |Si(0.C.N)

Ca-Ti- FeinMn Mg Ni - SClPRbGe

RHC * |Si(.C.N)
(Nz 900°C-1hr)

Ca K Ti CuFe Zn Mn Mg Ni Al S Cl P Rb Ge

low Temperature burning|Si. O.C
(200°C-24hrs) sksk

CaKTiCuFeZnMn Mg - - SCIP- -

*.X-ray Fluorescence spectroscopy.
*xx:EPMA analysis.
():Chenmical analysis.
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Fig. 6 Analitical results of the elements
by EPMA analysis
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Table. 1 Analyses of Rice Husks.

Sample A* B* c* p¥*
Proximate analyses
Moisture [wtX] 6.0 7.4 10.9
Volatile matter[wt¥] | 67.4 64.2 62.1
Fixed carbon [wt¥}| 5.5 15.3 14.7
Ash fwizl| 11.1 13.1 12.3
Theoretical quantiiy
of oxygen [Nm3/kg) | 0.889 0.901 0.878
High heating value

[MI/kg) ¢ 17.07 15.99 14.78

Particle size {mm]|-1.68 }-1.68 |-1.00 -
Bulk density [g/cm®]} 0.34 0.27 0.30 0.10

Minimum fluidization

velocity [a/s]] 0.33 0.30 0.22 -
Chemical composition
8i0» fwtf} [ 87.44 89.18 88.30
Al203 [wtX] | 0.42 0.55 0.69
Fe,0s [wtx] | 0.61 0.16 0.80
Ca0 [wtg] 0.82 0.50 0.66
Mg0 fwtd}| 0.79 0.48 0.71
Na»0 fwtZ} ] 0.80 8.71 0.50
K20 [wi%]}| 0.62 2.93 0.59
Mn0, [wt¥} | 0.37 0.25 0.14
# Crushed rice husks.
*x Uncrushed rice husks.
Table. 2 Experimental conditions.

Rice husks 4,8 [ D
Reaction temperature [*C} 400~500  400~750  650~700
Fluidizing gas velocity [m/s] 0.36~0.42 0.2~0.41 0.30~0.32
Oxygen concentration [Xi T~14 10~21 21
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Table. 3 ICP Analyses of impurities in synthesized silicon carbide.

Sample No. 1 2 3 4 3 B 7
F.C/Si0, | 1.85 | 1.97 | 3.17 | 4.33 | 5.27 | 6.44 | 6.92
Al0; [%1| 1.78 | 1.13 | 1.17 | 1.29 | 1.39 | 1.23 | 1.37
Fes0, (%)) 0.14 | 0.28 | 0.14 | 0.08 | 0.12 | 0.13 | ©.07
Mg0 [X]| 0.15 | 0.14 0.1 | 0.15 0.4 | 0.13 0.13
Ca0 {%¥]{ 0.13 | 0.17 | 0.1t | 0.26 [-0.37 | 0.50 | 0.42
K20 [%]]| o.02 - 0.11 | 0.02 | 0.06 | 0.10 -
Na,0 [%]| 0.16 | 0.01 ] 0.02 | 0.0f | 0.02 | 0.06 -
Ti0, (%] | 0.03 { ©0.03 | 0.04 | 0.02 | 0.03 [ 0.03 | 0.03
P.0s [X]| 0.02 - 0.08 | 0.02 | 0.06 | 0.06 | 0.08
Nn0, [X]] 0.02 | 0.01 { 0.02 | 0.02 | 0.02 | 0.02 | 0.02
S [x]{ o0.01 - 0.04 | 0.01 | 0.03 | 0.02 | 6.0l

|
T
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Fig. 12 X-ray diffraction patterns of synthesized
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Fig. 1 Vibro - Fluidized Bed Reactor (No.3)

Table. 1 The Inprovement of Reactor

Apparatus! Reactor Vessel Furnace
Material Material Heater
No. | Size Size

(10X 0Dmn @ ) | (1D X0Due ) | (MAX. Temp.C)

Shamot Carbon Siliconit
1
210X180 150100 1600
Mullite Carbon Siliconit
2
200X 186 150X 100 1800
Mullite Carbon Kanthal Super
3 (Alumina)
160X 148 130X 100 1800
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Fig. 17 SEM images of products
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Table. 1 Metal content in products by ICP
(unit : ppm)
Sample A B C D E F
No.
SicC SicC Si3N4 | Si3N4 S i3N4 Si3N4
Separation Deposit

Element Commercial (w) {w) |Commercial
S _ - - - - -
Zn 210 100 0 - - 100
Sb 700 400 500 - - 500
Pb { 4.900 2.200 2.600 - - 2.400
Bi | 2.300 870 960 - - 1.000
Cd 950 440 540 - - 480
N i 900 350 400 - 200 500
Co 890 410 500 - 70 450
B 770 240 420 140 280 250
Mn 580 140 260 - 300 240
Fe [12.000 1.600 7.300 1.200 5.100 1.300
Mg 300 130 140 60 470 620
Vv 600 140 1200 - 400 300
Al | 3.400 940 14000 660 6.200 290
Cu - - - - - -
Ca | 6.500 1.200 1300 460 330 1.000
Na 40 40 - - 40 20
K 870 - - - - -
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Fig. 20 X - Ray diffraction patterns of products
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Fig. 1 SEM image of raw materials
for sinter
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Fig. 2 X -ray diffraction pattern of SisN4 raw
powder and sintered material
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Fig. 3 X-ray diffraction pattern of SiC raw
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Tabel. 1 Apparent density and relative
density of sintered SisN4 and SiC

Run | Powder Temp. | Apparent | Relative
Density | Density
('C) | (g/cw®) *)
11 | SiaNe™? | 1750 3.20 100.3
10 | SizNa>!' | 1800 3.21 100.6
13 | SiaNsg™2' | 1750 3.19 100.0
15 | SizNa™2' | 1800 3.18 99.7
19 | SisNs™3' | 1800 3.08 95.9
14 | SisNs™2' | 1850 3.21 100.6
18 | sict#? 1900 3.17 98.4
17 | sic¥? 2000 3.15 97.8
20 | 8ic*® 1900 3.19 99.1
18. | Sic*®? 2000 3.21 99.7

x1) : Commercial *2) : Moving bed
x3) : Fluidized bed’
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Fig. 4 Bending strength of sintered SizNa
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Fig. 5 Bending sterngth of sintered SiC
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Fig. 7 Vickers hardness of sintered SiaN4
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Fig. 9 Coefficient of linear expansion

of sintered SiaN4
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Fig. 1T Fracture toughness of sintered SisN4

SiC 2w ik, WHHROHEOBEREH .84~
4.95Mpa-m?D{ETH V), SisNe DA & FEED
%R L 7o

TS ORERENS, MERAt EEEIC L
5 3y 7 ABEEIROEMMMEE L, TROb DI
H~TEAERE O LR Ol S A3 % 255 1A%
B, SiCoBGEHFmsbEiNLTwiew
SEBE AR LA, SHIFHBRICE TN T WA

RS, BERERENE L 25 SEBELE S
nh, BEEEHOUECESELTCWERLDEELL
N5,

6.0
— A : Commercial
:‘_" B : Moving bed
E
& 55|
£
;3
/]
[+
| =
K -
S 5.0
2 A
o
=
Q
&
L a5}
B
] L
4.0 —900 2000

Sintering Temp. (°C)
Fig. 12 Fracture toughness of sintered SiC
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Research on Energy Saving Manufacture of Fine Ceramics
- Production of Fine Geramics Powder from Rice Husk Char -

Junichi KAWABATA, Yoshinobu UEDA, Katsuyoshi SHIMOKAWA,
Senji HONMA, Yoshikazu SUZUKI, Shohei TAKEDA, Shogo SAYAMA

Introduction

Study about synthesis of fine ceramics from silicon of rice husk was started by Culter et al.in
1975, and after that Shama et al. carried out the research in USA.

Rice husk is so low in density and contains contaminations of about 5wt% that silicon of rice
husk has been hardly utilized commercially until this time.

We have paid attention to a non - established technology about the production process.

This study was carried out about a new production process, by which a great variety of SiC or
SiaN4 with added value and high quality were produced. Moreover, it was investigated how to use
the ceramics synthesized by a low cost technology.

From the results, a vibro - fluidized bed reactor was constructed for the synthesis of SiC or
SiaN4 from rice husk, and it was shown that fine powders of the ceramics behaved effectively for
synthesizing reaction in instrument. Moreover, the mechanical properties and microstructure of
sintered bodies from the fine ceramics powder were tested.

This report shows a guide to practical utilization of rice husk in three chapters and seven sec-

tions as follows.
Chapter 1. Utilization of Rice Husk and Characteristics of the Char

Section 1. Utilization and the Circumstances of Rice Husk
Use of rice husk and research on the utilization at the present time, the existing state and

trends and some themes were shown in this section.

Section 2. Characteristics of Rice Husk and the Char
In order to synthesize SiC or SizN4 from rice husk with good efficiency, information ab-
out rice husk just after threshing, rice husk char by roasting, original shape or its fine
particles by crushing and different properties of each case need to be investigated
extensively.
In this section, crushed properties, mass density, changing fiber structure by combusion,

low temperature ash and minor elements obtained in rice husk were reported.

Section 3. Preparation of Rice Husk Char
For production of rice husk char on an industrial scale, it is necessary that specific rates
of silica and carbon for SiC in the raw material be easily controlied and obtain good repro-
ducibility and efficiency and maintain the quality of rice husk char. Then, utilization of an

agitating - fluidized bed reactor for combustion of rice husk was attempted, and researched




on the properties of the instrument and the relation between producing condition and mole

ratio of C/SiO2 in the reactor were researched. Moreover, the best adequateconditions for

carbonizing rice husk were researched by estimation tests of SiC synthesized from the carbide

preparéd with the agitating ~ fluidized bed reactor. The results obtained are summarized as

follows;

(1) The éarbonizing reactor was operated easily, and maintained an stable operation for
manufacturing carbonates.

For stable operation, the reactor needs to control conditions such as carbonizing
temperature; 650°C , fluidizing air velocity; more than 0.3m/sin order to keep the original
shape of rice husk.

(2) It was recognized that feed velocity of rice husk could be arranged with a definition of
remaining heat and was in proportion to the remaining heat.

(3) Mole ratio of F.C/SiOz for carbides of rice husk could be controlled in the range of 1.9
and 7 by regulating carbonizing temperature and floaiing time of the grain.

(4) SiO2 in carbides produced in the experiment were all non - crystalline materials, never-
theless carbone silicates which were mainly S - SiC were synthesized from the carbides.
(5} Mole ratio of F.C/SiO2 in carbides of rice husk was 3 for the optimum conditions of
freatment upon synthesis as considering the vyield or heat efficiency regarding the produc-

fion of SiC.

Chapter 2. Vibro - fluidized Bed Reactor

Section 4. Cold Model Experiment of Vibro - fluidized Bed Reactor
In order to clarify optimum conditions for production of fine celamics by use of vibro -
fluidized bed reactor, the behavior of particles in the reactor wasinvestigated by means of a
cold model instrument. Then, the speed of beginning the fluidity (Umf) of rice husk char
was measured. From the results, the value of the Umf changed from 6.8cm/sec before start-
ing the vibration to 3.2cm/sec after vibrating the fluidized bed. It was shown that vibro -
fluidized bed prevented the formation of secondary segrigated particles, and decreased the

reaction gas volume by means of accelerating the fluidity in the reactor.

Section 5. Trial Production and Reconstruction of Vibro - fluidized bed Reactor
An experimental vibro - fluidized bed was constructed for producing fineceramics. The
special properties which were able to fluidize fine particles, were hardly in small line speed of
gas, by vibration technology in a fluidized bed, that is from 40 to 60 HZ, based on the fun-
damental information as shown in the previous section.
By means of reconstructing an original instrument, a new device for producing SiC or
SisN4 and keeping the necessary conditions for synthesizing up to 1500C was prepared in

this section.



Chapter 3. Synthesis of Fine Ceramics and the Sintering Tests

Section 6. Synthesis of SiC and SizN4

Efforts were made to synthesize SiC and SizN4 from rice husk char with a vibro - fluidized
bed reactor which was reconstructed in the previous section for reaction at higher
temperatures.

Adequate conditions for the reaction were arranged by cold model experiments. SisN4 was
produced under the reaction at 1480°C for 3 hours in Nz gas, and SiC was produced at
15807C in Ar gas.

From the results, both fine ceramics were synthesized with high purity and high
crystalization, and their yield rate reached 25%; products 100~ 150g in weight from carbo-
nized materials of 400g.

Moreover, it was recognized that diffusing rate of the formed reaction gas increased and
the formation of SiC almost progressed even in N2 gas. These factsled to very favorable con-
clusions for construction of the instrument, because of a low reation temperature in the vicin-
ity of 70C.

Section 7. Sintering Tests and Characteristics of the Sintered Ceramics

Using the powders of SiaN4 and SiC synthesized from rice husk, sintering tests were tried
by the hot pressing method.

Commercial powders were used in the sintering tests comparison with the powders from
rice husk.

From the results, the phase of SisN4 was changed from @ - type to B - type : a high
temperature type under sintering at 1800°C , and the sintering conditions were adequate for
sintering.

On the other hand, when SiC was sintered at 1900°C , the phase was not changed from £
- type to high temperature type, but @ - type appeared only at 2000°C . Then, all the addi-
tive elements for accelerating sintering were solved in the sintered body.

The results of the testing the properties of the sintering body showed that SisN4 and SiC
possessed high densities. The strength of bending was 61.4~68.9kg/mm2 for SisNa and it was
slightly lower than the values for commercial materials, and the corresponding value for SiC

was 53.4~56.7kg/mm? which was the same as the value for commercial materials.
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