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Fig. 1 Schematic diagram of the internal

heat type fluidized bed reactor
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Table 1. Chemical Composition of Philippine Dolomitic Limestone and
Rice Husks
Constituents Dolomitic Limestone Rice Husks
%) (%)
Si0, 0.35 24.78
Ca0 34.46 0.08
MgO 20.09 (.07
Al,Os 0.65 —
Fe,0, G.12 0.10
K0 0.02 0.11
Na,0 0.04 ' 0.06
Loss on ignition 44 .26 74.80




Table 2. Chemical

Composition of

Molasses
Constituents (%)
510, 0.16
ALO, 0.01
Fezog 0.01
Ca0 0.48
MgO 0.21
K.O 0.40
Na,O 0.11
Loss on ignition 98.62

Table 3. Chemical Composition of Granuled of the Sample Mixtures

Sample Mole Si0, CaO MgO K,0 Fe,O;
No. Ratio* (%) (%) (%) (%) (%)
1 2 34.3 29.2 17.0 19.5 —
2 2.5 30.8 3.1 18.1 20.0 —

3 2 32.9 26.3 15.3 20.4 5.1

4 2 32.7 24.8 14.5 19.3 9.7

5 2.5 28.2 28.1 16.4 21.9 5.5

6 2.5 27.1 26.5 15.5 20.6 10.3

*: Sample No. 1, 2; (CaQO+MgO-+K,0)/510, mole ratio and
Sample No. 3~6; (Ca0+MgO+K,0+ Fe,0,)/S5i0, mole ratio
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Table 4. Comparative Analysis of the 0.5 M HCl-Soluble SiQ,, 2 9% Citric
Acid-Soluble Si0O; and Water-Soluble Si0Q, Content of the Heat
Treated Products

. 0.5M HCI- 2% Citric Acid- Water-
Sal{ﬁ)ple T(‘?gl)p' aﬁf Soluble Soluble Soluble
: Si0, (wt%) Si0, (Wt%) Si0, (wto)
20 16.70 17.64 2.01
1 900 40 17.33 15.77 1.99
60 18.97 17.84 1.53
20 18.96 16.16 1.05
2 900 40 20.41 20.75 2.29
60 21.64 18.42 2.05
30 20.75 22.82 1.79
3 900 40 2262 20.65 1.60
60 25.19 24.48 2.00
30 24,94 23.67 1.61
4 900 40 25.21 21.45 0.89
60 24.24 24.98 1.39
30 21.17 17.81 1.39
5 900 10 21.65 20.05 1.24
60 21.86 20.62 1.28
30 22.80 20.63 1.29
6 500 40 18.41 18.07 1.92
60 24.40 21.37 1.7




Table 5. Comparative Analysis of the 0.5M HCl-Soluble Ca0, 2% Citric
Acid-Soluble CaQ and Water-Soluble CaO Content of the Heat
Treated Products

0.5M HCl- 2% Citric Acid- Water-

531{1“01’16 T(‘fgl)p' &ﬁ? Soluble Soluble Soluble
: Si0, (Wto%) Si0, (wt%) Si0, (wt%)
20 2%.74 26.23 4.30
1 900 40 26.40 95.15 1.89
60 23.98 27.38 4.43
20 28.51 28.28 4.70
2 900 40 0745 2761 5.19
60 28.06 27.04 4.55
30 95.59 95.43 4.49
3 900 40 25.36 24.10 4.49
60 27.04 27.14 458
30 24.93 24,48 371
4 900 40 24.98 23.66 2.9
60 93.59 23.56 4.06
30 24.12 23.70 5.83
5 900 40 23.96 23.79 3.85
60 24.01 24.15 3.93
30 24.00 92.77 4.9
6 900 40 25.12 2266 5.13

60 24.58 24.26 2.58




Table 6. Comparative Analysis of the 0.5M HCI-Soluble MgQ and 2%
Citric Acid-Soluble MgO Content of the Heat Treated Products

Sample Temp. Time 0.5M HCI- 2% Citric Acid-
No. (%) (min) Soluble Soluble
MgO (wt%) MgO (wt2%)

20 14.23 13.93

1 900 400 14.08 13.36
60 14.92 15.16

20 15.64 15.15

2 900 40 15.04 14.88
60 15.47 14.99

30 12.69 12.14

3 900 40 13.03 12.10
60 14.07 13.95

30 12.18 12.09

4 900 40 12.55 11.51
60 10.97 11.06

30 11.97 11.49

5 900 40 11.61 11.58
60 12.30 12.16

30 12.03 : 11.14

6 900 40 13.06 12.49
60 12.38 12.10




Table 7. Comparative Analysis of the 0.5M HCl-Soluble K,O, 29 Citric
Acid-Soluble K,O and Water-Soluble K,O Content of the Heat
Treated Products

g | T Time 0.5M HCI- 2% Citric Acid- Water-
aﬁpe (‘Egl)p' (min) Soluble Soluble Soluble
: min Si0, (wt%) Si0, (wt%) Si0, (Wt%)
20 15.84 15.60 3.72
1 900 40 15.27 14.77 5.55
60 16.29 16.26 261
20 16.35 16.08 1.67
2 900 40 16.21 16.36 3.65
60 15.82 15.67 4.06
30 16.10 1580 2.51
3 900 40 17.70 16.81 2.43
60 18.35 18.32 3.47
30 15.79 14.53 2.02
4 900 40 16.50 15.40 1.50
60 14.94 14.95 2.13
30 15.60 15.13 2.06
5 900 40 15.46 15.37 1.87
60 15.64 15.68 1.78
30 15.18 14.53 2.08
6 900 40 17.43 16.76 3.34

60 14.42 13.90 3.34
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Diffraction angle (28)

a): Ca0-Mg0O-K,0-Si0,,
using the muffle furnace

b): Ca0-Mg0O-K.0-Si0.,
using the internal heat type fluidized bed
reactor
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wtlq,
using the internal heat type fluidized bed
reactor
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3: K.CaSiO,, 4: K.,MgSiO,, 5: Mg0,
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Fig. 2 X-ray diffraction patterns of the
product at 900 C, 60 min., mole
ratio=2, K.0=20 wt%;
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Table 8. Comparative Analysis of the 0.5M HCl-Soluble Fe,O; and 2%
Citric Acid-Soluble Fe,0, Content of the Heat Treated Products
Containing Fe,0; Sample Mixtures

29 Citric Acid-

Sample Temp. Time Fe,O, 0.5M HCi- Soluble
.No. {®) (min) (wt%)  Soluble Fe,O; (wt%) Fe,0, (Wt%)
30 5.19 5.19
3 900 40 5 5.59 4.34
60 5.08 4.55
30 3.16 6.82
4 900 40 10 7.86 5.79
60 6.78 5.78
30 5.12 3.82
5 900 40 5 5.68 4.49
60 5.22 4.43
30 8.44 6.94
6 900 40 10 5.57 4.32
60 8.08 6.67
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Abstract
Production of siow release type fertilizer from
rice husks and dolomitic limestone using the
internal heat type fluidized bed reactor

In a previous report?, the author stated that it is possible to produce a slow release type
fertilizer from rice husks, an aguricultural waste product, by the addition of dolomitic
limestone and K,CO; to the SiQ, contained in rice husks, followed by baking.

During the present investigation, production testes were conducted with a internal heat
type fluidized bed reactor, by using sawdusts, discharged from sawmills, as a heat source for
baking. The prime objective of these tests were to obtain fundamental data regarding a
possihility of industrialization of this product.

Furthermore, the author examined effects of Fe,Os which was also added to further
promote the formation of 0.5 M HCI soluble-Si0, the primary component fertilizers.

As a result, it was concluded that sawdust can be employed as a heat source for baking in
a fertilizer production procces.

It was also concluded that by the addition of Fe,O; at a rate of 5-10 wt%, prospects for
meeting the 0.0 M HCI soluble-5i0. level of 25 wt9, stipulated by the official specification
for fertilizer, have become encouraging ; thus the potential for the industrialization of this
fertilizer has been greatly improved.
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Table 1. Compeosition of the wood vinegar

Acetic acid 11,100 mg/1
Propionic acid 990 mg/1
iso-Butiric acid 430 mg/1
n-Butiric acid 920 mg/1
iso-Valeric acid 170 mg/1
n-Valeric acid 250 mg/1
iso-Caproic acid 990 mg/1
Methanol 2,670 mg/!1
TOC 11,400 mg/1
pH 2.88

Table 2. Analytical condition of gas

chromatography
Detector FID
Oven temperature 135°C
Injection temperature 190°C
Detector temperature 150°C

Carrier N,, 40ml/min
Column for VFA analysis

Unisole F-200, 3mme X 2m
Column for alcohol analysis

Porapak QS, 3mme < 1.5m
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Table 3. VFA utilizing microbes

Candida kruser IFO 0013
Candida utilis IFO 0626
Candida wtilis IFO 0639
Candida rugosa IFO 0591
Candida parapsilosis IFO 0708
Hansenula anomala IFO 0149
Candida sp. JCM 5944
Lipomyces slarkeyi JCM 5995

IFO: Institute for Fermentation, Osaka
JCM : Japan collection of microorganisms

Table 4. Medium for reviving me-
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Table 5. Modified YM agar medium

Methanol 10.0 ml
(NH.).S0. 30g
KH,PO, l4g
Na;HPO, 30g
MgSO, D2g
Ferric citrate 30.0 mg
CaCl;-2H,0 30.0 mg
MnCl,-4H,0 5.0 mg
ZnS0,-7H,0 5.0 mg
CuSQ,-5H,0 0.5 mg
Yeast extract 0.4 mg
Deionized water 1.0 1
pH 7.1

Peptone 50¢g
Yeast extract 30g
Malt extract 30g
Agar 200¢g
Deionized water 1.0 1

Table 6. Simplified medium

(NH,),S0, 50¢g
KH,PO, 1.0g
MgS0,-7H,0 1.0g
Yeast extract 1.0g
Deionized water 1.01
pH 6.0
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Table 7. Growth test on diluted wood vinegar

strain

20 times
diluted medium

10 times
diluted medium

Candida krusei IFO 0013
Candida utilis IFO 0626
Candida wutilis IFO 0639
Candida vugosa IFO 0591
Candida parapsilosts IFO 0708
Hansenula anomala IFO 0149
Candida sp. JCM 5944
Lipomyces starkeyi JCM 5995

X X X X O COO
X X X x OO 0O0O0

(O : Growth identified

x : No growth identified
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C.utilis IFO_ 0639
|

C.rugosa IFO_0591

Fig. 1 Photos of plate medium after cultivation
10 times(A) and 20 times(B) diluted wood vinegar-+
modified YM medium




Fig. 2 Photos of plate medium after cultivation
10 times(A) and 20 times(B) diluted wood vinegar+agar
medium
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Abstract

A basic examination on reforming and
utilization of wood vinegar

Koji IKEDA, Yuji YOKOTA,
Masakatsu MIURA and Shigenobu TANAKA

Wood vinegar which is the by-product of the larch charcoal process was investigated from
the viewpoint of efficient utilization. Selection of microbial strain which acts on wood
vinegar, microbial growth on wood vinegar and measurement of concentration change of
wood vinegar constituent were conducted.

The results show that some microbial strain can grow by utilizing acetic acid or methanol
in diluted wood vinegar but not in raw wood vinegar. So the raw wood vinegar is preferable
to be utilized as an inhibitor to living things.

On the other hand, recovery of the diluted substance produced from diluted wood vinegar
becomes very inefficient. It is important to study the effect of wood vinegar constituent on
living things for the application of wood vinegar in diluted state to living things.
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Table 1 Conditional rate constants of
ligand substitution reactions

Metal ion  Kens(s™) Metal ion  Kops(s™)
C«H) 9.6 %10 Pb(l) >10°
Mn(II) 2.1X10% Ni(IT) <107°
Zn(II) 8.8x107"  CofllD) <10°°
CulIl) 1.3 Fe(III) <107

Metal ion; 3.0 x107°mol dm™

EDTA ; 1.0x10*mol dm™

5-BrPAPS ; 1.0x10*mof dm™
Temp.; 25°C, pH9.54
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Table 2 Determination of Cd(II) in the
presence of Mn(1l), Pb{Il}, Zn{II),
Cu(Il), Ni(II), Co{II}) and Fe(lIl)

Cd{I) Taken Cd{dI) Found*

(ug/50cm’) (ug/50cm?)
32.8 32.8 £0.3
21.8 22.1 0.5
10.9 10.9 £0.2
4.37 4.33£0.14
2.19 2.18+0.19

1.09 1.1340.08

* 959/ Confidence limits (n=5)
Mn(27.54g), Pb(41.4ug), Zu(13.1ug), Cu(12.7ug),
Ni(29.3xg), Co(29.51g), Fe(59.8u2).
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Abstract

Kinetic Determination of Cadmium (lI)
with the Ligand Substitution Reaction
between 2-(5-Bromo-2-pyridylazo)-5-
(N-propyl-N-sulfopropylamino)
phenol complexes and EDTA

Koicht NAKAGAWA, Toshio OGATA
and Kensaku HARAGUCHI

A simple and rapid determination method of cadmium (II) based on the difference of the
rate of the ligand substitution reaction between 2-(5-bromo-2-pyridylazo)-5-(N-propyl-N-
sulfopropylamino) phenol (5-BrPAPS) chelates and EDTA has been described. Lead {II) and
manganese ([I) interfare the determination because the difference of the reaction rates of
these metal chelates are insufficient compared to that of cadmium (II) chelate. Large
amount of iron (III), copper (II}, zinc (II), nickel (II) and cobalt (II) also interfare the deter-
mination of cadmium {II) because their 5-BrPAPS chelates increase the overall absorbance
of the sample. These interfarences were eliminated by adding tiron and dimethyl-glyoxime
as masking agents. Cadmium (II) up to 1 zg/50 cm® can be determined by the proposed
method even in the presence of around 300 xg/50 cm?® of lead (II), manganese (II), iron (I1D),
copper (II}, zinc (II), nickel (II) and cobalt (II). Anions such as acetate, nitrate, carbonate,

chloride and bromide have no interefarence.




Sintering of SiC and Si;N, Fine Powders Produced
from Rice Husk Char

Y oshinobu Ueda, Katsuyoshi Shimokawa, Itsuma Sekiguchi,
Sogo Sayama, Junichi Kawabata and Sanguan Taungbodhitham'

Synopsis; ,

Fine powders of g-SiC and a-Si;N, were synthesized from rice husk char (RHC). RHC
was prepared by heat treatment of rice husks at 500°C in a N, stream. A-SiC was produced
by the heat treatment of RHC at 1550°C in an Ar stream, and a-SiyN, at 1550°C in a N,
stream. Using these powders sintering tests were conducted by hot pressing method. It was
possible to compact them by sintering these powders at lower temperature by about 200°C

compared with conventional commercial powders.

1. INTRODUCTION ,

Rice husk is a silica rich celluloseous substance. Therefore, rice husk ash (RHA) which is
produced by burning rice husk in an oxygen rich atmosphere contains more than 87 wt% of
silica. Because rice husk is a mixture of organic material and inorganic material, it is
possible to produce rice husk char (RHC) containing a mixture of carbon and amorphous
silica, with a heat treatment of rice husk in an inert gas. Since the raw material rice husk
has a microstructure dispersing silicious substance and celluloseous substance, RHC also is
a mixture of fine particles of carbon and amorphous silica. And since it contains a small
amount of impurities such as AlLOs, it is expected that these impurities will enhance the
sintering process.

As presented in our previous paper, from RHC it was possible to produce SiC and SisN, fine
powder readily by heat treatment in atmospheres Ar and N, respectively”. In this paper
using those powders, sintering tests were made by the hot pressing method, and the mechani-

cal properties of sintered materials were discussed.

2. PROPERTIES OF RHC AND RHA
The general chemical composition of RHA is Si0, : 87~97%, C: O~, P,O;: 02, K,0:
~0.8, Na,0: 0.1, CaO: ~0.5, MnO: ~0.1, MgO: 0.1, Fe,0,: ~0.2, ALLO; : ~0.6.
In this experiment RHC was produced by the following procedure;
(1) Grinding of rice husk with a vibration mill.
(2) Heating of ground rice husk at 500°C in a stream of N, for 1 hr.

(3) Trapping of evolved moisture and tar.

! Department of Industrial Engineering, Faculty of Engineering, Prince of Songkla University,
Hatyai Campus, Songkhla 90112, THAILAND



From 100 g of rice husk the yield of RHC was about 40 g by a one batch process using a
1 liter vessel. Fig. 1 shows X-ray diffraction results of heat treated material of rice husk,
at 250~900°C in air and N, atmosphere for 1 hr. RHC treated in N, was amorphous even
after heated at 900°C. Contrary to this, the crystallization of RHC began at 800°C in air, and
at 900°C peaks of a-cristobalite and a-tridymite were clearly seen.

3. REACTION OF RHC AT HIGH TEMPERATURE
The reaction tube of the horizontal tube furnace was 28 mm inner diameter and 1 m long,
and the maximum temperature of 1800°C could be attained. From around 1500°C, generally,
the simplified RHC {mixture of Si0, and C) reactions were assumed to take place in carrier
gas Ar and in reaction gas N,. The details of the reaction mechanism had been reported in
refrences*® :
(1) in Ar stream:
Si0, + C— Si0 + CO
SiI0O+ C—-Si+ CO
Si 4+ C— SiC
(2) in N, stream
5i0, + C— Si0 + CO
2510 + N, + C— Si,ON; + CO
35i,0N; + N, +3C — 25i,N, + 3CO
After the reaction, the unreacted excess carbon was removed by burning at 650°C in air.

4. PRODUCTION OF SiC

To produce 1 mol SiC from 1 mol Si0O,, 3 mol C is required. Since the mole ratio C/Si0,
of RHC is about 5.8, it seems that C is sufficient to proceed above reactions.

Fig. 2 shows X-ray diffraction results of the reaction product yielded at 1500~1550°C by
changing the gas flow rate from 0 to 50 mi/min. At 1500°C in a static gas state, a larger part

T: a-Tridymite
C: a-Cristobalite

Air, 900°C

\‘_’_,//\“;——;\;Air' 200C
“///-\\\"MNZ, QOOOC

N., 400°c

L L A 1 1 1 d

1 -
10 15 20 25 30 35 40 45 50
Diffraction angle (26)

Fig. 1 X-ray diffraction pattern of rice husk
char and ash.
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Fig. 2 X-ray diffraction of SiC produced
from rice husk
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Fig. 3 Influence of reaction temperature for
the production of SiC from rice husk

of $i0, component crystallized to e-cristobalite. At the same temperature of 1500°C in Ar
gas flow rate of 50 ml/min, 8-SiC was produced. At 1550°C, in static gas state, 8-SiC was
also produced effectively. Fig. 3 shows the effect of reaction temperature on the reaction
product B-SiC and a-cristobalite in static gas state. The amount of products is compared
by the X-ray intensity (Cu ka) of the products, 60.0° for g-SiC and 21.9° for a-cristobalite,
respectively. At a temperature higher than 1550°C only 8-SiC was produced, a-cristobalite
was not produced.

Fig. 4 shows the effect of the reaction time on the production of §-SiC. The amount of
Ar gas supplied was 50 ml/min and the reaction temperature was 1550°C. At the short
reaction time of 0.5 hr the peak intensity of g-SiC was relatively high. It suggests that the
reaction take place in a relatively short period but it must be recognized that the time



required to reach the reaction temperature of 1550°C from room temperature was set at 2 hr.

From Fig. 4, the time 2 hr is supposed to be sufficient to complete the crystallization of -
SiC at 1550°C.

5. PRODUCTION OF SisN,

Fig. 5 shows the X-ray diffraction results of the reaction product yielded at 1520°C in the
N, gas stream of 0, 10, 100 ml/min and reaction period of 2 hr. In static gas state the
reaction product was a mixture of @-cristobalite, Si,0N, and g-SiC. With a small volume
of N, gas stream the main product was Si,ON,, and «-cristobalite disappeared. At N, 100
ml/min the main product was a-Si;N, with a small amount of §-5SiC and £#-Si;N,. It is
considered that to produce «-5i;N, the temperature 1520°C was somewhat low in this case
because a-crystobalite remained at a static state.

N, : 100mi/min

A B-SiC

B : a-Cristobalite
C . Q"SiaN.1
D : 8-SiN,
E : Si;ON,

' E A
Nz : 10mi/min

N, : gas static

' 1 L il il '
15 20 25 30 35 40 45 50 55 60 65
Diffraction angle (26)
Fig. 5 Influence of reaction gas for the prod-
uction of Si;N, from rice husk

6. SINTERING TESTS
6. 1 Equipment

Using a hot press equipment (30x30 mm square)} sintering tests of SiC and SigN, fine
powder produced from RHC were conducted. These fine powder was produced using an
enlarged scale horizontal tube furnace with a reaction tube (alumina) of an inner diameter of
o0mm. RHC was placed on a mullite boat and placed at the center of the reaction tube.
Under the gas (Ar or N,) stream of 300 ml/min (1.56 cm/sec), the temperature was increased
in 2 hr to reach the reaction temperature 1550°C and maintained for 2 hr at 1550°C. From 20
g RHC the weight of the product yielded was about 8 g in one batch. The main component
of SiC powder produced was £-SiC, and of Si;N, powder was a-Si3N,. The chemical

composition (elements) of the products is shown in Table 1. The richness of oxygen suggests
the existence of Si0, components.




Table 1 Ultimate analysis of SiC and
Si; N, powders (wt%)

Sample .
SiC Siz N,

Element
Si 57.6 50.1
C 22.9 2.9
P 0.12 0.10
K 0.10 0.07
Ca 0.61 0.56
Mn 0.01 0.01
Mg 0.04 0.03 Photo. 1 SEM image of £-SiC
Fe 0.31 0.17
Al 0.86 0.50
0 5.6 5.9
N 0.4 28.4

[ 10 um

4

Photo. 2 SEM image of «-SisN, Photo. 3 SEM image of a-Si:N, whisker

6. 2 SEM observations

Photo. 1 shows 8-SiC sub-micron powder. Photo. 2 shows a-5i;N, sub-micron powder.
Photo. 3 shows a-Si;N, whiskers produced on the surface of the sample placed on a boat.
On the other hand, when Si; N, powders were produced at 1600°C, recrystallization took place
and the particle size increased (Photo. 4).

6. 3 Preliminary tests

Because there is no report about the sintering test of ceramic powder produced from RHC, -~
a preliminary test was conducted in order to find the availability of the powders for sintering
materials.

6. 3. 1 Powder sample preparation
Before sintering, SiC powder was pre-treated by the following process. The adopted



10 um

Photo. 4 SEM

N]
]

image of a-Si;N,

grown particle

conditions for the preparation of 30 g of SiC powder from RHC were: O a solution of

benzene (or hexan) and aluminum-iso-propoxide (corresponding to 12 g of sintering promot-

ing components reagent) 300 ml was made, @ AI(OH); (surface layer of isopropoxide) was

removed by filtration, 3 SiC powder was mixed with the solution, @ SiC contained Al,Q,

component was cured by ultra-sonic vibration equipment, 3) alcohol coemponent was remaov-

ed by evaporation at 60°C, and ® the mixture of SiC powder was calcined at 600°C to

decompose alcoxide.

The pre-treated powder was used for the sintering materials.

Table 2 Results of sintering tests by hot press

—

Run [Powder | Additives Atmos- Pressurze Tec:mp. Time ADpepfsrifsrflt %zlrgllstllg;fe égterz(rjllgr;i
phere | (kg/em) (O 00 ) g remdy | g) | fgt/mm)
1 SiC | 10% AlLO, N, 300 2000 1 2.93 91.3
2 SiC non. Air 200 2200 1 2.14 66.7
3 SiC |109% AlL,Os| Air 200 2000 1 3.1 96.9
4 | SizN, non. N, 300 1800 1 2.04 63.9
5 | SizN, non. N, 300 2000 | 1 2.55 80.0
6 | SisN, | 5% Y,0, N, 300 1750 1 3.05 96.2
2% Al,0,
7 | SizNy | 5% Y,0, N, 300 1800 1 3.10 97.8 61.1
2% Al,0,
8 SiC | 5% AlLO; N, 300 2000 1 3.03 94 .4
9 SiC | 5% AlLO, N, 300 1900 1 3.16 98.4 54.8




6. 3. 2 Sintering

A half of the powder (15g) was used for the sintering test of the SiC in air and the
The condition and results of the SiC
test is shown in Table Z(Run 1~3). In the sintering test of Si;N,, powder without the

remaining 15 g was used for the test in N, atmosphere.

addition of a reagent was used. The condition and results of the Si;N, test is also shown in
the Table (Run 4 and 5).

6. 3. 3 Results

In the case of SiC, the higher temperature (2200°C) is not satisfactory because of the pore
generation in the sintered material. The mechanism of the pore generation is not clear at
present. Air atmosphere type hot press (sealed by graphite) was favorable compared with
thatin N,. In the case of Si;N,, the higher temperature was favorable in N, atmosphere. In
both cases the relative density was insufficient (more than 98 % was desirable).

Fig. 6~ 10 shows the shrinkage of the packed powder samples and the temperature profile
during the hot pressing. From the Figs., notable phenomena was that the shrinkage was
relatively high, 10~20 mm. The reason is discussed as follows;

Photo. 5 shows the SEM picture of pre-tréated powder (a-Si;N,), as is evident in the
photo., the powder is a mixture of fine particles and whiskers, the ratio is about 60 9% and
40 %.
suposed to be bad. As a result, the densification of the sintered piece was not so insufficient

Because whiskers were contained in the powder, the packing of those powder is

as can be seen from the results of the shrinkage curves.
To improve the sintering density it is necessary to break or remove the whiskers before the

sintering process.

6. 4 Actual tests
On the basis of the preliminary tests, the powder pre-treating process was improved and

the actual tests were made.

Fig. 6 Temperature and shrinkage profile in
the process of SiC production (Run 1)
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Fig. 7 Temperature and shrinkage profile in
the process of SiC production (Run 2)
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Fig. 10 Temperature and shrinkage profile of B-SIiC was almost the same)

in the process of SisN, production
(Run 5)

6. 4. 1 Powder sample preparation

About 8 g of raw powder SiC and Si,N, were produced from RHC using a horizontal tube
furnace (50 mmg) at 1550°C par one batch. The pre-treatment of the powder was as
follows ; @ About 50 g of each powder mixed and grinded in a pot with a mortar for
homogenization. (2) Each powder of 50 g was mixed with 5% Y,0, -+ 2 % Al,0, and 5 %
AlLO; powder for Si;N, and SiC by a mortar, respectively. ® The powder mixtures with
200 m! of ethylalcohol were mixed mildly by a rotating pot with a small amount of alumina

ball of 10 mmg for 24 hr. @ The mixture was filtered, dried and screened. The powder
was used for the hot press feed.




6. 4. 2 Sintering tests

The results are shown in Table 2 (Run 6~9). In the case of Si;N,, the sintering tempera-
ture of 1800°C was found to be favorable and the relative density reached 97.8 9. In the case
of SiC, 1500°C was found to be favorable and the relative density was 98.4 2. These
temperatures were relatively low compared with that for ordinary commercial powder (for
instance more than 2000°C for SiC), but the reason is not clear at pressnt.

The reason why the results was improved from those of the preliminary tests is considered
to be as follows;

Fig. 11~14 shows the shrinkage and temperature profile during hot pressing. From the
results it is clear that the shrinkage is small, amounting to only 2~5 mm. Photo. 6 shows the
SEM picture of the pre-treated powder (Si:N,). As clearly seen in the photograph no
whiskers can be seen. It is considered that during a mild grinding and mixing process with
a pot the whiskers pulverized, and it suggests that the process to decompose the whiskers is
not difficult.
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Fig. 11 Temperature and shrinkage profile Fig. 12 Temperature and shrinkage profile
in the process of Si;N, production in the process of Si;N; production
(Run 6) (Run 7)

c 0 T T T T T T T fE\ 0 T T T T Tem AT T

E o6 S ?‘; Al O

o —2} 5% ALO; A o —2f AR

g i g 300kg /ot

< gt 300kg/cm? - < a4t —  JUVKE/CM

% 1 l\:\.u_h—.l_?—__r 5 1 1 1 1 1 1 1 1

© 20— 32200 ———————

= 2000} - <2000+

S 1800} \ £ 1800t \ -

S 1600} b © 1600} -

8‘ 1400r"'|' 1 1 1 1 1 1 ] l 8‘ 1400L_ ==t L 1 L 1 L L 1

§ 0y 20 40 60 80 f O 20 40 60 80

. Time (min) Time (min)

Fig. 13 Temperature and shrinkage profile Fig. 14 Temperature and shrinkage profile
in the process of SiC production in the process of SiC production
(Run 8) (Run 9)



Je—
p

10 gm ——

Photo. 6 SEM image of 8-SiC powder

6. 5 Mechanical strength of the sintered products

The testing results of the test piece of Si;N, and SiC sintered compact pieces are shown in
Table 2. The dimension of a specimen is 4 X 6x 30 mm.

The bending strength was 61.1 and 54.8 kgf/mm? for Si;N, (Run 7) and SiC (Run 9),
respectively. From literature, these values are 70 kgf/mm? for Si.N,* and 65 kgf/mm? for
SiC¥. The strength was measured at room temperature, but these values reveal a certain
possibility in the utilization of the sintered materials from RHC.

7. CONCLUSION

Using RHC prepared at 500°C in a N, stream as raw material, fine powders of SiC and
Si; N, were synthesized. The properties of the obtained powders and the result of sintering
tests are summarized as follows;
(1) B-SiC powder was obtained by the heat treatment of RHC at 1500~1550°C in an Ar
stream.
(2) Dynamic gas flows was found to be favorable for the production of §-SiC compared with
static gas atmosphere.
(3) The time required to attain a high reaction ratio in £-5iC production was about (.5 hr,
and the time for the completion of the reaction was about 2 hr.
(4) a-SisN, powder was obtained by the heat treatment of RHC at 1520~1550°C in a N,
stream for 2 hr.
(5) The product in a N, stream was a mixture of main product «-Si;N, and a small amount
of 8-8iC. This suggests that it be possible to produce the mixture of B-5iC and a-Si; N, of
the desired composition.
(6) SEM observation revealed that the powders contained a considerable amount of whisk-
ers.
(7) Hot press sintering tests of SiC and Si;N, powder was conducted. The powders were
prepared at 1550°C for 2 hr in an Ar and N, stream, respectively.
(8)  On the sample preparation, grinding using a rotating pot mill with a small amount of ball




was desirable for the pulverizing of whiskers and the mixing with sintering promotion
reagents.

(9) The mixed amount of sintering promoting material was fixed at 5 wt% Al,O; to SiC and
5 wt% Y.0; + 2 wt9% AL, to SigN, in actual sintering tests.

(10) Hot press sintering conditions were pressing load of 300 kg/cm?® N, atmosphere,
temperature of 1750~1900°C and time of 1 hr.

(11) The optimum sintering temperature for Si;N, was 1800°C. The properties of the
gintered material were apparent density of 97.8 % and bending strength of 61.1 kgf/mm?®.
(12) The optimum sintering temperature for SiC was 1900°C. The properties of the sintered
material were apparent density of 98.4 9 and bending strength of 54.8 kgf/mm?”.

(13) It became clear that powders of 5-SiC and d-SisN, are good sintering raw materials
because they are reactive sub-micron size particles.
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