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The article considers one of the ways to improve physical and technical characteristics
of Quartz Ceramics. The method consists in adding the sintering activator into the quartz
ceramic composition, i.e. Nanodispersed Silicon Dioxide obtained by means of sol-gel
method based on Ethyl Silicate or Tetraethoxysilane. The amount of the additive amounts
to 10 wt.% . Samples containing the activator absorb water 40—45 % less than the samples
without activator, while the mechanical strength is increasing by 1.2-1.3 times. Moreover,
this activator prevents the formation of Cristobalite phase being undesirable in the Quartz
Ceramics.

Keywords: Quartz Ceramics, slurry, Ethyl Silicate, sol-gel, calcination, Cristobalite,
firing, water absorption ability, mechanical performance.

Paccmorper oguH M3 CIIOCOOOB MOBBIIMICHUS (DUBUKO-TEXHUYECKUX XAPAKTEPHCTUEK KBap-
nepoii Kepamuku. Cnocob 3akjoouaeTcsd BO BBEIEHHHN B COCTAaB KBaplleBOll KepaMUKU aKTUBA-
TOpa CHEKAHWA — HAHOAUCIIEPCHOTO KPEeMHHA AUOKCHIA, HOJYUYEHHOTO 30Jb-T'elb CIIOCOG0OM
Ha OCHOBE 9STHJICHJAWKATA WJINM TeTPasTOKcHcuiaana. KoamuecTBO [g00aBKH COCTaBJSET
10 mac.% . OGpasipl, comepixalnue aKTHBATOP, MMeET Boxororiaolrenne Ha 40—45 % MeHb-
11e o CPaBHEHUIO ¢ o0pasimaMu 0e3 akTUBATOPA, IPU 9TOM MeXaHHYeCKas IIPOYHOCTL BO3pPAac-
Taer B 1,2—1,3 pasa. Kpome Toro, mauHblil aKTUBATOP HpenyIpexgaeT GOpMUPOBAHIE HEMKe-
JaTeJbHON B KBAaPIleBON KepaMHUKe KPHCTOOALIMTOBOI (hashl.

Keapuosa kepamika, mogudikoBana mo6askorw Hanogucuepcuoro kpemuesemy. O.C.Xo-
menko, O.B.3aiiuyx, O.B.Kapacur, AA.Kynuuas.
PosrasanyTo oxguH i3 cuocobiB migBuineHHA (QisMKO-TEXHIUYHHX XapaKTEPUCTUK KBapIllo-
Bol kepamiku. Crocié moJssrae y BBeAeHHI 10 CKJIany KBaploOBOI KepaMikKu aKTHBAaTOpa
CIiKaHHA — HAHOJUCIIEPCHOI'0 KPEeMHiI0 AioKcuay, OTPMMAHOI'O 30JIb-T'eJb CIIOCO0OM Ha OC-
HOBI eTmncuiikary a6o rerpaeroxcucuiaany. Kinpkicrs go6asxku cranosutbh 10 mac.% . 3pas-
KM, [0 MiCTATH aKTHBATOP, MAKOTbh BojomoriauHanusa Ha 40-45 % wmeHmie y nopiBHsaHHI i3
spaskamMu 0e3 aKTUBaATOpa, IIPH ILOMY MexaHiuHa minmicTs spocrae B 1,2—1,3 pasu. Kpim
TOro, JAHUU aKTHBATOD IIolepea:xac popMyBaHHA HebarkaHol y KBapIloBili KepaMmilli Kpucro-
basirosoi (dasu.
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1. Introduction

Among ceramic materials and technical
products, Quartz Ceramics plays a signifi-
cant role due to the presence of a complex
of high physical and technical indicators. It
is used as refractory material for general
and special purposes, as a component mate-
rial of products for rocket and space equip-
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ment and nuclear power engineering, as a
component material of crucibles for metal
heating and in a number of other areas [1, 2].

Quartz Ceramics are usually produced
using traditional ceramic processing tech-
nology by means of aqueous slurry casting,
using affordable and inexpensive raw mate-
rials (Quartz Glass Scrap). The main disad-
vantage of products made of the Quartz Ce-
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ramics is their high water absorption ability
(up to 15 %), which does not allow to reach
the necessary mechanical strength indica-
tors [3]. Intensive sintering of the semi-fin-
ished product should be ensured to increase
the mechanical strength indicators; but this
requires firing temperatures much higher
than 1200°C. At the same time, provided by
the intense sintering temperature range, the
Quartz Ceramics have an undesirable ten-
dency to crystallize the Cristobalite phase
and it results in worsening of already low
strength characteristics of the finished
products, and also significantly reduces
their thermal stability.

There are various ways to eliminate these
shortcomings. Thus, the work [4] estab-
lishes that it would be appropriate to per-
form the Quartz Ceramics reducing firing,
which makes it possible to shift the process
of its cristobalization to the higher tem-
perature ranges (above 1350°C) and achieve
a better sintering effect without significant
deterioration of thermal-physical properties.

To reduce the Quartz Ceramics pore con-
tent, some researchers [5—7] have proposed
to use an additional operation of modifying
its structure by treating the semi-finished
products or fired products with various or-
ganosilicon binders. Implementation of such
methods requires additional resource and
energy expenses and yet it does not always
allow to achieve the high properties of
Quartz Ceramics.

There is an alternative to the above-men-
tioned methods, i.e. the Quartz Ceramics
modification by Nanodispersed Silica addi-
tive by means of sol-gel method. The sol-gel
method has found industrial application in
the production of some types of technical
ceramics [8] and provides getting sol of a
certain chemical composition, in which the
components are averaged at the molecular
level. The system in the form of a sol trans-
mits into a gel, i.e. a colloidal system con-
sisting of a liquid dispersion medium con-
tained in a spatial grid formed by connected
particles of the dispersed phase. This is an
undeniable advantage in terms of homogeni-
zation of materials having a multicompo-
nent composition.

It is known [9] that there is a possibility
to obtain ultra-lightweight corundum prod-
ucts of a complex configuration by self-
hardening masses casting using sol-gel bind-
ers based on Ethyl Silicate. It is noted that
the material obtained with the use of these
binders has an increased high-temperature
strength, heat resistance and resistance to
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cracking in comparison with traditional
similar corundum products.

Synthetic silica powders obtained by
means of the sol-gel method have found in-
dustrial application as a binding component
in the production of wvarious refractory
products, coatings [10], as well as in the
production of crucibles for melting silicon.
The work [11] considers method for obtain-
ing thin-film coatings based on mesoporous
silicon dioxide by means of the sol-gel
method in the presence of ethylene oxide
oligomers and propylene oxide oligomers of
different molecular weight. The method [12]
has been proposed to use sol-gel synthesis of
Si0, products as binders for forming arti-
cles for various purposes, including wollas-
ton ceramics, used to manufacture the re-
fractory elements of foundry pattern equip-
ment in aluminum industry.

In view of the foregoing, the purpose of
this work was to improve Quartz Ceramics
by modifying its structure with an activator
based on Nanodispersed SiO,, obtained by
means of sol-gel method.

2. Experimental

Quartz Tube Scraps were chosen as the
main raw material for research.

Standard methods of investigation have
been were used: moisture analysis of ce-
ramic slurries in terms of loss in weight,
grading curve analysis by means of sieve
method, water absorption ability, porosity
and density of calcined samples by hydro-
static weighing, mechanical strength of cal-
cined samples on a hydraulic press [13].

The differential thermal analysis was
performed using a synchronous thermal
analyzer STA 449 F1 Jupiter [14].

Phase composition analysis of the fired
samples was performed by means of X-ray
phase analysis [15] using DRON-3M appara-
tus applying an X-ray tube with a copper
anticathode.

The microstructures of the prototype
preproduction models were examined by
means of an optical microscope MBS-10 in
reflected light with increase up to 32 times.

Nanodispersed silica is a very important
component of any composite mixture due to
its high reactivity [13, 14], which in its
turn allows to significantly increase the
strength of products, which include it as a
component [15].

The works studying Quartz Ceramics [16]
show that it is proposed to use a mixture of
chlorides — Silicon Tetrachloride SiCl, and
Silane Trichloride SiHCI; for synthesis of
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Table 1. Composition of the activators
under research
Component name K3 K7
Ethyl Silicate 58,3 -
Tetraethoxysilane - 82,5
Water 38.6 8.8
HCI, 5 % 3,1 8,7

high-purity quartz powder. However, Ethyl
Silicate and Tetraethoxysilane are more ac-
cessible and less toxic components for
preparation of the basis in the sol-gel
method [8, 9].

The high cost of the high-purity quartz
powder obtained by means of the sol-gel
method does not allow to use it as a full-
fledged substitution of traditional raw ma-
terials (Quartz Glass Scrap) in the Quartz
Ceramics production. In this work, it is pro-
posed to use quartz powder as an activator,
which fills the voids between the quartz
glass particles, thereby improving the mate-
rial structure.

Ethyl Silicate ETS-40 and Tetraethoxysi-
lane TEOS-28 were chosen as the Silicon
Dioxide source for the activator under

study. Ethyl Silicate is a mixture of
polysilicic acids, it has the formula:
(RO);3Si[OSI(OR),],08i(OR); and contains

40—-41 wt% of SiO,. Tetraethoxysilane is an
ether of Orthosilicic Acid and Ethyl Alco-
hol, has the formula: (C,H50),Si and con-
tains 28-29 wt% of SiO,.

These compounds cannot function as acti-
vators until hydrolysis process is carried
out plus further heat treatment.

During the hydrolysis, ethoxyl groups
(CoHgO) are replaced by hydroxyl groups
(OH) and this results in formation of sols in
the form of colloidal acid solutions [8]. The
hydrolysis products polymerize to form
polymers of linear structure, in which the
inorganic main chains of molecules are built
from silicon and oxygen atoms (—Si—O-Si-)
and encapsulated in the ethoxy groups.

Solutions with different physical and me-
chanical properties can be formed depending
on the amount of water and the presence of
a catalyst. In our case, the synthesis is
planned to be carried out with a significant
excess of water, which intensifies the proc-
ess of sol formation and its transition into
a gel [9].

To prepare the experimental activator
compositions, gels were prepared (see
Table 1) by vigorous mixing in a propeller
crystallizer of Ethyl Silicate (K3 activator)
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Fig. 1. Differential-thermal analysis of K3
activator.

or Tetraethoxysilane (K7 activator) with
water in the presence of hydrochloric acid
HCI chosen as a hydrolysis catalyst. At the
same time, the duration of mixing and the
visually visible changes that occurred dur-
ing the preparation of sols were recorded.
Mixing occurred for 8-12 h and after visu-
ally fixed homogeneity of the liquid compo-
sitions and viscosity of the systems, mixing
was stopped to create the gel-processing
conditions. The system passed completely
into a gel-like state during the next 6-10 h.

Since the Quartz Ceramics, which was
supposed to be treated by means of these
activators, underwent firing, the influence
of temperature increase on the character of
the change in activator-binders was studied
at the next stage of the work, and the phase
composition of the products was deter-
mined.

3. Results and discussion

After gelling and drying (under natural
conditions) K3 and K7 activators form
strong monolithic agglomerate. Differential-
thermal analysis of the K3 activator has
been performed to determine the nature of
their destruction; its results are shown in
Fig. 1.

It can be seen from the above-mentioned
thermogram that the temperature ranges of
100-350°C on the DTA curve provides two
endo effects with maxima at 130 and 260°C,
the presence of which can be associated with
the phased destruction of the polymer bonds
in the activator composite structure. The
endo effect at 575°C, the presence of which
could be expected due to modification trans-
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Fig. 2. X-ray patterns of K3 (a) and K7 (b)
activators before and after calcination at
400°C.

formation of P-quartz into o form, cannot
be detected on the DTA curve, which hap-
pens due to the presence of silica in the
amorphous state and is confirmed by the
X-ray phase analysis data (Fig. 2). When
heated up to 400°C, a constant loss of mass
can be observed on the TG curve, which
constitutes 58-59 wt. % according to calcu-
lations [17]. It can be concluded that both
Ethyl Silicate and Tetraethoxysilane can be
used as the base gelling agent that adds
SiO, into the system, subject to the almost
complete X-ray amorphism of the both acti-
vators before and after calcination (Fig. 2).

The experimental activators K3 and K7
obtained by the sol-gel method have been
added into the quartz ceramic composition

Table 2. Properties of the investigated
quartz ceramic slurries

Sample | Activator | Residue on Moisture
No. No. the sieve No. | content, %
0063, %
basic - 0,20 27,8
K3 K3 0.21 28.1
K7 K7 0.20 28.7

in an amount of 10 wt. % during the next
working stage. For this purpose, the Quartz
Tube Scraps have been firstly grinded in an
Alsing cylinder up to complete passing
through a sieve No. 0063. Slurries for
quartz ceramics samples casting have been
prepared by wet fine grinding in a plane-
tary mill.

The properties of the investigated Quartz
Ceramics slurries are given in Table 2.

Prior to the samples casting, the slurries
have been aged under periodical mixing of
at least 8 days in order to facilitate the
removal of the semi-finished product from
the mold [18].

The samples have been fired at a tem-
perature of 1250°C with a holding time at
the maximum temperature during 1 h. The
results determining the properties of the
fired Quartz Ceramics are given in Table 3.

It has been experimentally established
that when introducing experimental compo-
sitions of the investigated activators ob-
tained by the sol-gel method, a significant
change in the properties of the Quartz Ce-
ramics is observed. Thus, there is a reduec-
tion in water absorption (up to 8.5-8.9 %)
and open porosity (up to 14.7-15.8 %). At
the same time, the apparent density of the
samples increases up to 1.69-1.73 g/cm3
and the compressive strength is up to 40-
44 MPa. This is due to formation of a
denser packing of the sample structure due
to the filling of the voids with Microparti-
cles of Nanodispersed SiO, obtained by the
sol-gel method.

The microstructure of the experimental
samples: basic and containing 10 wt. % of

Table 3. Results determining the properties of fired Quartz Ceramics

Sample No. Water absorption |[Opened porosity, % | Apparent volume Mechanical
ability, % weight, g/sm3 Compressive
Strength, MPa
basic 15.4 23.8 1.55 33.2
K3 8.5 14.7 1.73 44.0
K7 8.9 15.2 1.69 40.0
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basic

using K3 activator

Fig. 3. Microstructure of the samples after firing (polished microsection, reflected light).

the (K3) binder is shown in Fig. 3. The pho-
tograph clearly shows the porous, friable
surface of the first sample, and the denser,
smooth surface of the second sample.

The results of X-ray phase analysis of
the samples of pure Quartz Ceramics, and
with addition of K3 activator, are shown in
Fig. 4.

The given above information provides
that the sample of Quartz Ceramics contains
B-Cristobalite (diffraction maxima at 4.05,
3.14, 2.48, 1.7 A) as the main crystalline
phase, which not only reduces the mechani-
cal strength of products, but also signifi-
cantly worsens their thermal stability, since
abrupt heating and cooling makes this modi-
fication of silica to change its volume [3]
and provokes internal stresses.

The crystalline phase cannot be practi-
cally identified in the samples with the K3
activator added.

4. Conclusions

Now it can be seen that, the adding acti-
vators that contain Nanodispersed Silica
and obtained by means of sol-gel method
into the Quartz Ceramics makes it possible
to substantially increase its physical and
mechanical properties.

The main condition to use such activa-
tors is the drying and firing of the gel at
the temperature of up to 400°C with the
purpose to remove the organic components,
which otherwise will loosen the structure
and, conversely, increase the water absorp-
tion ability of the Quartz Ceramic Samples.

It has been established that adding the
activator in the amount of 10 wt. % leads
to the Quartz Ceramic Samples higher den-
sity: the water absorption ability of the
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Fig. 4. X-ray patterns of Quartz Ceramic
Samples: a — no additives, b — using K3
activator.

samples is reduced by 40-45 %. This is ex-
plained by the fact that the smallest parti-
cles of the SiO, activator fill the voids be-
tween the larger particles of the crushed
Quartz Glass Scrap, increasing the packing
density within the sample structure.
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