Chapter IV

4.1 Results of Powde:

4.1.1 Result o g gy AR 01 0X-50 is 2.20 & 0.02

g/ca’ . The density of JZEET A\ Ty g/ca’ by measurment.

4.1.2 Result 4 , il AN Wpvs  0x-50, ash and
classified ash pow‘ g A “ -phous materials (X-rays

amorphous).

;-? in figure 4.2. It

|

4.1.3 Resu. v,

has better dispe’ on Msure 4.3 because rice

LA

The SEII jicrographs in figure 4.4 show

rice husk ﬂhugh}ﬂ@wjewﬁqﬂ@g. Figures 4.4

and 4.5 denun“ra.tes the a.h111}3 of the clnsnf:er dance. Figure 4.6

RV NTUNAI N BV R B e

pass the classifier. This part can be ground again.

husk ash has agglu;egs iomn.

4.2 Results of Gel Formation

4.2.1 Role of Conditions = Gel formation conditions are

important. If the conditions are not appropriate, a gel will not form.
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So, gelation was studied varying factors such as kinds of binder, % of
binder, pH control, kinds of solution for mixing, which is illustrated
in table 4.1.

4.2.2 Results of XRD = Figure 4.7 shows that the gel, as

received are amorphous.

4.2.3 Results of

for different gel pre

4.3 Results of DryT=yg

4.3.1 Results Tables 4.2 - 4.8

describe the effect o M Whis is also illustrated

\
in figures 4.10 - 4.1Z @ 211 other temperatures of

experimentation can be sesfZ ;_—-_};

-

4.3.2 Resu ?ﬂ;

"'i- 4.4 shows the

results iity 0, 708 s0x at 70°C, 90°C.

This is Erﬁr ?ﬁ 3t 14 4.15 , and 4.16.
The result Du ﬁmn ids E]n in the annex.
Besi rgla :ﬁr tveen&Mog slope (@pdght loss) and
presﬂmﬁQﬁi n% ﬁiﬂa aa 4.18 shows
the relationship between log slope (weight loss) and pressure in mm.Hg

at 70°C and 90°C.

4.4 Results of Sintering

4.4.1 Role of Sintering Temperature : The Gtemperature is
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important for complete sintering without occurance of a crystalline
phase. So, different temperature were studied i.e., 1100, 1150, 1200,
1300, 1350, and 1400°C for OX-50 and 1250, 1300, 1350, 1400, 1450,
1500 °C for rice husk ash. All results of 0X-50 are contained

in the annex. Table 4.8 shows examples for sintering temperature,

vhich are also shown in _fia@iQ jt_18 - 4.20. Beyond this, figure

4.21 shows the microstry samples. Figure 4.22

shows the times  whic' e | | . cintering, figure 4.23
is used to compas — ~ .24 - 4.28 on the
microstructure of #¥5 _4F i k--fﬁﬁ;?'.huus a heterogeneous
gel prepared fro \ (no pH control).
Figures 4.24 - 4.7 'Hh"ntering at different
temperatures and ti igrs”"xhnu X-ray patterns of
amorphous and crystal] M caperatures and times.
Theﬁ, figure 4.32 congh a TTT diagram for 0X-50
and rice husk ash Efn!,. .'.‘.'f'"'.E_ geived.

4.5 Results of

I

i

4.5.1 ﬁ: ResWife, of Charactgyization : Table 4.7 shows

uammwmm

shows the ¢t erlal expansiog curves a standar lass, 0X-50

RN SR INY ARG s

properties of Si0,. From this table, it becomes obvious that the

properties

and

thermal expansion is a very strict indicator for the nature of silica.
only the vitreous silica has the extremely low thermal expansion. Any
ecrystalline phase Gthat might from (i.e., cristobalite or tridymite)

have thermal expansions higher by more than a factor 10.
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Figure 4.2: SEN micrographs  of dispersed OX-50
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Figure 4.3 : The dispersion of rice hisk ash, ground, before

passing through the particle classifier
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Figure 4.4 : The ability of the particle classifier to devide

particle sizes of rice husk ash (low air flow)
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Figure 4.5 : Rice husk ash classified like figure 4.4, but at

high air flow
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Table 4.1: Conditions for gelation

binder (Az00)" not adjusting pH adjusting pH with HC1,NH OH
wt.4 in solution
H,0 | H,BO, | NH,F [ H,0 H,BO, NH,F
J | 5min
5 ‘ sol sol{-->gel
3 " »10 min & min & min
10 g e’ s ->s01 |s0l¢-->gel |sol<-->gel
0 +5 min 5 min
20 ol|sol¢-->gel |sol<{--)>gel
*) A200 is ific surface area of
200 m /g. -
_ . | i ; i -
'__-..].—'.-'__.ﬂ._i_.._ ! i 1 Ir == -
e ! I e e s
T 1 r! T | .
AgsaRsSNTRnS . =
TR T i ey e e = m -—
. I:—I":n i.l' T ; d-'a :ll'll. = + ! i . _-r
qw’] L e AR R A i 8 oy e G s
£H : Ti _;rh!“-'l- P Er'| 1
1T i e LR T T 1
—=T" : 1 .“ | F: ?‘l q;L 1H%LI
Eli‘“" i _.- I.. ¥ 5 1 itk ] p——rt F,LL oo (R /T
I _'_'_; "'? b ] ! ‘ﬁq‘?’_l-ﬁ i wtj'::
—— - —tri 1 : i 4
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Figure 4.7: X-ray patterns showing the amorphous state of gels

and sintered gels
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Figure 4.8: SEM micrographs of the microstructure of gels from

rice husk ash with NH_F solutiom



graphs of the aicrostructure of gels

Figure 4.9: SEN micro
rice husk ash with H_BO solution



66

Table 4.2: The effect of temperature on drying (example T0°C)

time(hour) |% weight loss(avg.) 4shrinkage

Q .
L sl o ¥ o W
‘-]’W AANTIIV AR TITNE TR &
The slope of shrinkage vs. time curve is =-B.B60.
Both of the slopes of weight loss and shrinkage are

determined from curves in figure 4.11. The values of slopes

at temperature 50, 90, 110, 150, 200, 300 °c are in annex.
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Table 4.3: The effect of temperature on drying in

Arrhenius equation

Temperature on | 1/T in 1000/K drying rate” |shrinkage rate
drying e
50 -3.65
70 -B.B0
90 =-9.56
110 -11.73
150 -23.03
200 -40.92
300 -292.20
*y is the Jﬁd Dl the slopes of
the weight loss=#vs. time cur in Ei::re 4.11.

s | mi o iisRS
el ANNIUNMINYAY
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Table 4.4: Humidity <control on drying at 0, 30, 50, 70, 90%

(p° = 70°C, 90°C)

HED

% relative shrinkage rate
humidity

90°c

-11.47

30 -9.80

50 -11.00

T0 -6.14

80 -2.55

!"‘ ‘

Weight ana e (,'ked as "slope”) at

L A

different relative ‘ |1dit.1es t.e.perat.ures.

ﬂﬂﬁl}ﬂﬂ%ﬁ%‘mﬂﬂﬁ 15, 7

he q"drring and s}nnkage rates are dat.arnned. from

o RINATUURTING 1A Y
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Figure 4.13: The effect of humidity control on drying at O,
30, 50, 70, 90% (P° _ = 90°C)
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Table 4.5: Relation between  water partial pressure and

drying rate

P, (am. Hg) P heo = T0°C P* eo = 90°C
drying drying rate |shrinkage rate

23.37

52.60 ., hf  N ’::hﬁ 2.37 -2.55

70.11 ' 77/ NN BT -3.15
118.85 'y, | v ﬂ%ﬁg [y, 482 -4.74
157.70 Yy Jy ‘2 % 32-33 W .37 -6.14
163.59 Y ha. : Ha \ 6.58 -8.41
201.90 vy \ R -8.18
262.90 TR T 10.17 -11.00
367.96 f }.13 -9.80
493.94 1.13 -11.47

AULINENINeINg
AR A A AN I BUAR L o

of drying rate showing in figure 4.17.
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Table 4.6: The effect of time on sintering of O0X-50 at 1250°C

time log time weight density avg %shrinkage avg XRD peak

{min) {g.) tgfclal density shrinkage height

10 1.00 0.5065 2.18 k.19 70.93 71.05  0.00

D.4508 T71.17

30 1.48 0.5 71.45 0.00
60 1.78 71.32
2.30
3.35
)
90  1.95 ‘¥ i) - 71.88
i 43?4 G
FI‘LIEJQMZ 15 -
p.5519 2.44 71.869 2.40
ARIARIUARINEAY-
0.4977 2.18 72.98
0.4966 2.20 70.75
0.5521 2.21 70.35 3.25

0.5179 2.20 71.33 B.05
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Figure 4.20:

Figure 4.21:

Relative

SEM

micrograph showing

e el

of OX-50 (sintered)
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Figure 4.23:SEM wmicrographs showing heterogeneity of rice
husk ash in sintered samples prepared with NH,F

solution (no pH control)
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Figure 4.24:  SEM micrographs of rice husk ash showing the

microstructure after sintering at 1250 °C
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Figure 4.25: SEM lg the microstructure of
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Figure 4.26: SEM micrographs showing the wmicrostructure of
rice husk ash after sintering at 1400 “C;

surface cracking occures
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Figure 4.27: GSEM micrographs showing microstructure of

rice husk ash after sintering at 1450 °C



. A A = AR gE9

Figure 4.28: GSEM micrographs showing the microstructure

of rice husk ash after sintering at 1500°C
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Figure 4.32: Si0_ TTT diagram for rice husk ash and O0X-50
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crystalline curve of rice husk ash

4 = gintering curve of rice husk ash
#¢ = crystalline curve of O0X-50
o = sintering curve of  O0X-50

Theoritical density of amorphous Si0, is 2.20 g/cm .
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Table 4.7: Results of density {ﬂfclal, wvater absorption,
porosity after sintering of rice husk ash gel
Temp.( C)| 1250 1450 1500
time(min)
5 2.15 2.12
0.19 0.11
0.40 0.23
10 2.10 2.02
D.16 0.37
0.34 0.71
15 1.99
D.19
0.37
30 2.09 2.13
AU INUNINYING
q 0.95 0.22 .
¢ - W
lr’ q [ ] I;. 1}l lF lj ﬂ
45 ¢ . 718V L Te T[S ’
0.10 0.05
0.21 0.11
80 2.04 2.05
1.40 D.34
2.84 0.70
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Temp.( C)| 1250 1300 1350 1400 1450 1500
time(min)
75 2.04
1.19

2.42

135 1.92

Table 4.8: Propert’

modification 0 i ST TN .%\is.trlgfnlnl linear thermal
expansion 10°° K*
low quartz 12.8
high quartz =
10.3
1 ] ‘ [ ]
low tr’dilite monoclinic |1.54-1.71 2.27 21.0
high tridimite hexagonal |[1.53-1.55 - -
vitreous silica | none ~1.6 2.20 ~ 0B

depending on OH content and pore volume



Fig. 4.33 : Dilatogram of sintered silicas
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