Chapter 1

1.1 Background

Many .H‘VH  ites are burdened with

high raw reparation of porous

or dense commercial products

available for g. It is the intent of

Mired from rice husk as a

competitive raw an agricultural waste

material abundantly availd ucing countries. The annual

world rice prd - —— :‘[ 400 million tons

(Sacher, et al., 176 =+ is husk. Dry husk
i f“

cellulose, sugars) and

the Serefl ﬁﬁ?ﬂﬂﬂﬁﬂﬂﬂﬂ?s“ i

1990; Sharma@jet al., 19841]. land, as one of the leading rice

i | mamm Sijﬂ'ﬂﬂﬁﬂﬁ 1. g

science techn rice ilization.

contains 70 to 85 nrganlc lahter l]1gn1n,

Earlier work performed at the Department of Materials Science
in this area was reported by (Conradt, et gli, 1992). Rice husk
is a resource of silica, which is one of the basic raw materials
in glass and ceramic industries and in the preparation of as

semiconductor grade silicon, silicon carbide whiskers, silicen
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nitride, fillers (medicine, cosmetic, paper industries). Utilizationm
of rice husk as a resource of silica is often based on the
removal of cations, with impurity levels below 500 ppm., by mineral
acid leaching such as HCl, and H,SO,. Subsequently, sample are
incinerated.

Conventionally, silica glass is produced by a very expensive

high-T melting process. ratures of 2000°C are expensive

with respect to both and furnace wear. Since

the viscosity of even at 2000 “C, big

quartz lumps of d as raw material.

Alternative prod® = N :velopment, i.e., the

preparation of silk 3. Sol-gel processing

of ceramics and of intense research

interest because apared to conventional

processing. The dried gels results in

very high reactivi’ permits low temperature

processing or even onequilibrium phases (glass).

By starting witl 3 h 4 phemical homogeneity

even on the mno%dd "d

L

achieved. F:‘uml]l the sol-gel process provide a means of
convenient api ‘ﬁ rticle %‘ _lo tepperature casting
methods. Lﬁq;lruzlu im Eljl hﬁ Eli] ﬂip-ent, i.e., the
preparation of silica glass €ron cond R¥il now, this
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high price of the starting materials used (high grade silica

High purity can be

aerogels). The methods to prepare silica glasses have many ways,
which shall be 1labelled by the names of authors such as
Rabinovich,1983; Clasen 1987, 1988, 1989; Scherer, 1977; Clegg, 1989;

Sacks,1984; Sakka, 1985. For -rice husk ash, the method based on



clasen, Rabinovich or Scherer are especially promising.
Alternatively, the method by Clegg (sol in organic solvent) may
have good prospects, too. Previous reports have shown the prospect

of the method to make silica glass. This is shown in the diagram

below.
Preparati o water ratio
Addition o e05s NHF
Eventual S J‘d.ecnndars sol
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Silica glass > 99.5 % SiO,
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The purpose of this thesis is to try to prepare silica
glass by the sol-gel method with rice husk ash being used as
the starting material. Silica glass is a special kind of one
component glass (8i0,) with a very low level of impurities (mostly
water in the form of OH groups). It is useful and important to make

silica glass as a key part ”I'nstrulents {such as dilatometers,

spectrometers), as cuve ¢ zation windows in furnaces.

Beside this, silica roduce silica wares such
as crucibles, tubes. = um eigh chemical durability
and excellent therr stability.

1.2 Literature Swv:

1.2.1  General

Aerosils™ e 81" in laboratories as a

source of pure 31110a3

P '- J-'
fumed silicas. he i ed fa

2

Ry Jntially, the method

*has almost become generic for
making aerosil was
discovered in 1 ,,[

involves burning 'ﬂlin+n ; vapoyl with hydrogen, oxygen

and optionally an ‘1 rt gas. Tha actions are said to be (Wagner,

. u-.mnﬂummzm'swmm
qmﬁﬂmmwm N8 Y

sicl, + 2H,0 -——mm- > §i0, + 4HCI
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Aerosil © is a registered trade mark of Deutsche Gold-und-Silber-

Scheideanstalt vormals Roessler (Degussa).



or
2H. 0,4 8ICl,  =wmmes > 5i0, + 4HC]
The gas mixture is homogeneous and so the formation conditions
for each silica particle are the same. As a result, a very narrow
particle size distribution is obtained with a diameter of

10.0 - 20.0 nm (Bode, et al., 19%% The surface area can be modified

by the reaction conditiong =ation, flame temperature and

residence time in ti ge 50 - 400 l'e’:. After

leaving the combus! s he form of an aerosol

is coagulated to pa; and then centrifuged

to seperate it alme ontaining combustion

gases. The solid i air and this reduces

the HC1 content to¢ © M\ ferosils have a purity

of > 99.8 % Si0,. Bode, et al. are:

Skeletal density

Solubility oom temperature

Refractive jiMe

Additionallys £F R ) lurry is 3.8 - 4.3.

Surface area of cfy ercia. I DY nit.r n adsorption take the
"”ﬁmmﬂmwws
Aernsﬂ 200 : 175 # '] :‘g Qo
q Aerosil 380 380 + 40 a' /g
Aerosil U : 175 % 25 m' /g

Aerosil TT 600 : 200 + 50 m /g
Aerosils have a pronounced }hickening effect wupon many liquid
systems and render them thixotropic. They also have many other uses

including the reinforcement of -elastomers, for improving the free



properties of powdery materials, and as carriers for liquids, but it
is probably the first of these uses which raises the greatest

interest.

1.2.2 General Survey of Rice Husk Ash

Silica in generp

an important materials used by
many industries such hiss, paper, filter, medicine,
pigment  industries. = gon ... has a high content of
§i0,. Chakraverty, effects of various
acid treatment of metallic ingredients
and  different M cduct ion of amorphous
silica (white ash > HC1 (1 N) was proved
to be effective most of the metallic

ingredients and prod ‘ % in colour. Irrespective

of the treatment given gtb .' oy ture required for complete
combustion within a reasg,n 42 s fonn@ to be 500 C (which
according to 1% ] gL1)) to 1.5 h at 700°C.
The combustion S -’M' . The ash residues

obtained from cossdete combus ot acid-trfdted husk samples were

completely ﬁlta 1‘ﬁuﬁr ﬁ hﬁtﬁi ﬁ under similar
conditions, hu H’J ﬂ ﬁ ted husk remained

light hrnﬂn ment of@mhusk did
mrﬂnﬁ’] KRR BRI gt l TPy T
the effect of thermal and chemical treatment of carbon and silica
in rice husk. Thermal treatment of rice husk was conducted up to
1000°C in air, oxygen, argon and non-oxidizing atmospheres. Chemical
treatment consisted of HCl, H,SO,, HNO,, NaOH and NH,OH. Purity,
particle size distribution and SEM micrographs of chemically treated

samples are presented. Carbon and Si0, contents in Tice husk, coked
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at different temperature and time, have been determine to show that a
C : 5i0, ratio of 2 : 1, required for the production of solar grade
silicon, can be achieved at low temperature. S8i0, of 99 % purity
can be obtained by acid leaching. The properties of silica in rice
husk ash e.g., morphology, particle and crystallite, size, surface area

and pore distribution, and ecr ~graphic phase, were investigated

by a combination of tec '/ ectron microscopy and low

temperature adsorptio {-ray amorphous samples

have been shown tg - . baix n a crystallite size ¢

5 nm. (This must 4 bion of experimental

results, since dg oly has the thermal

expansion of sil: Mhbalite, as will be

shown in this thes” growth takes place

below 700°C (Jose; recent paper (Conradt,

et al., 1992) reports Isilica from rice husk.

The potential and linits w become a competitive source

of nano-structurs

submitted to a 'yﬂ ) 10se enzyme, NaOH,

fysk samples were

HCl, or H,S0, saLiﬂion. — L ple*: were incinerated at

800°C under statlc flowing at pheraa {air, oxygen or steam).
ﬂww%mwmmm
size disbri ions at d1E§fr&nt leve of agglo at1un.

*mﬁﬁﬂﬁﬂﬂﬁﬂl UAI PRI Hhrin

intermediate to those of fumed silica and xerogel was obtained.
The size distribution for secondary particles followed a log-normal
distribution with d,, = 26 om and d,,d,, = 2. Tertiary

agg¢lomerates range from 0.3 to 30 um. The specific surface area

reaches values of 250 -!Jg. Purity is better than 99.8 % silica.



1.2.3 General Survey of Colloidal Sol-Gel Method
Rabinovich, et al., 1983 reported a new method for
preparing fused silica and high silica glasses through the sol-gel
process. The authors prepared porous bodies by mixing colloidal
silica with water, drying, redispersion, molding by coating followed

by gelation, drying and sintering at 1450°C to 1500°C. The sintering

is facilitated by addit . % BO_,. The process of

dispersion-drying-redizg . process”) results in the
formation of a two meod st ‘;ﬁhk ;;k permits drying of cast
tubes and rods. T2 '/ \ " e silica glass with
low OH content exce ' ional melting pruaass;
Two alternatives ar . g%cs for the production
of optical fibers w! y requirement, and the
sol-gel process (Cias jf e " E Exsaat-& increasing demands
being made on the : ceramics, conventional
preparation techniques *echnical limits. The diffusion
lengths are ‘r 7 ; » c.- .re&n bodies made
from these powd: y, AX Jernore,considerably
reduced sinteringl tElP e : ':sih{:‘ due to the high
sintering activity ¢'gf powder witly jarge surface areas.

FIUEI’JVIEWI?WEI"Iﬂi

1.2.4 @ eral Survey o Drying

RARIATUMNANG Vot
the dr¥ing behavior of thick-wall colloidal silica gel structures.
Various techniques are examined to prevent cracking during the drying
of these high-strain viscoelastic materials. Experiments are
described which illustrate the effect of relative humidity on
the drying rate and on the shrinkage of various samples under

isothermal conditions. Surface temperature measurements indicate
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that evaporation occurs at approximately the wet-bulb temperature
of the surrounding atmosphere. Acoustic detection of the internal
strain activity during drying leads to the conclusion that control
of the sol-gel surface temsion in the material preparation is
erucial to reducing the interior stresses. Scherer, 1990 examined the

stages of drying, with the ex:

on  so called the constant rate

period (CRP), when the ',‘: liquid. It is during the

CRP that most of the he drying stresses rise

—= 7

to 2 maximum. Hg i "y S . produce shrinkage and

the mechanisms iquid. By analyzing

the interplay of he solid network, it

is possible to ¢ Mtion. The pressure

in the 1liquid is the drying surface,

resulting in greate on the network in that

region. This causes (fffe—c— inkil: of the solid, which is

the cause of cracking dur} = -
= .."E‘" >

related to the™§ o ef~of evaporation, and

the strength of G &

'he probability of fracture is

Y J .egies for avoiding

fracture during f}-ing Al T . Il
L TR e
s ﬁlﬂﬁls@v‘lﬁlﬁlﬂiﬁ%ﬂ’]ﬂ‘i
asen. 1989 desqeibed the gintering ss is the
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puwder ceramic sol-gel route starting from fumed silica glass powder.
As high green densities ¢an be obtained with this method, the
shrinkage during drying and sintering is small and compacts like rods
and tubes can be easily prepared. The study of the sintering
behavior of these compacts made from submicron particles are based on

two aspects, namely that of the parameters influencing the sintering
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rate of the sample (macroscopic behavior) and that of the interaction
between single particles (microscopic behavior).

The sintering rate depends on the furnace temperature and the
thermal conductivity of the sample. As the thermal conductivity in the
sintered silica glass is about two orders of magnitude higher than in
the porous compact, a dominant axial head flux during zone sintering

experimentally confirmed by

should be expected. Thi
measuring the sinteris “_‘_;?%: and tubes and making the
isotherms of the sampT™ STtbe S visible.

The wviscous fl1- ~ as measured by the

decrease of the sv ring sintering.
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