
s p e c i m e n  b r e a k s .  The  d i f f e r e n c e  in the  r e a d i n g s  of the p r e v i o u s l y  g r a d u a t e d  m i c r o m e t e r  a l so  d e t e r m i n e s  the  
load  which b r e a k s  the s p e c i m e n .  

The f r a g m e n t  of f i l a m e n t a r y  c r y s t a l  a t t a c h e d  to the  l o w e r  q u a r t z  f i l a m e n t  i s  s t ud i e d  unde r  a m i c r o -  
scope  and i t s  d i a m e t e r  i s  m e a s u r e d  in d i f f e r e n t  p l a n e s .  The  a r e a  of the  c r o s s  s e c t i o n  i s  c a l c u l a t e d  as  the  
a r e a  of a c i r c l e  with the  a v e r a g e  d i a m e t e r  of t h e s e  m e a s u r e m e n t s .  The  d i a m e t e r  i s  m e a s u r e d  to an a c c u r a c y  
of • 0.5 # m  which i s  17, 10, and 7%, r e s p e c t i v e l y ,  fo r  d i a m e t e r s  of 3, 5, and 7 ~ m .  Conse que n t l y ,  the a r e a  
of the c r o s s  s e c t i o n  i s  d e t e r m i n e d  to an a c c u r a c y  of 34, 20, and 14%, r e s p e c t i v e l y .  

The  m e a s u r e m e n t  of the  a r e a s  of the  c r o s s  s e c t i o n  of the  f i l a m e n t a r y  c r y s t a l s  i n v o l v e s  a f u n d a m e n t a l  
e r r o r  in the d e t e r m i n a t i o n  of t h e i r  s t r e n g t h  s i n c e  the  load  i s  m e a s u r e d  to an a c c u r a c y  of + 10 mg which i s  
0 .2-0.3%. The  a c h i e v a b l e  a c c u r a c y  of the  d e t e r m i n a t i o n  of the  s t r e n g t h  of an MgO FC can  be r e g a r d e d  a s  
c o m p l e t e l y  s a t i s f a c t o r y  s ince  the  m a j o r i t y  of c r y s t a l s  a r e  5 -7 /~m and the l a r g e  n u m b e r  of the m e a s u r e m e n t s  
m a k e s  i t  p o s s i b l e  when t r e a t i n g  the r e s u l t s  to use  s t a t i s t i c a l  m e t h o d s  with adequa t e  r e l i a b i l i t y .  

The  u l t i m a t e  e x t e n s i v e  s t r e n g t h  of the c r y s t a l s  v a r i e d  f r o m  500 to 1500 M P a  depending  on t h e i r  d i a m e t e r .  
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A REFRACTORY CERAMIC WITH ETHYL SILICATE 

BINDER 

G. D. Semchenko, V. T. Zagoskii, 
and G. P. Telegin 

UDC 666.76.022.69 

The  t echn ique  of c a s t i n g  a r t i c l e s  m a d e  of t h i x o t r o p i c  s e l f - h a r d e n i n g  g r a i n y  m a s s e s  with e thy l  s i l i c a t e  
b i n d e r  (ESB) [1-3] e n s u r e s  the p r o d u c t i o n  of c o n t r u c t i o n a l  c e r a m i c  e l e m e n t s  of any c o m p l i c a t e d  shape .  Many 
a r t i c l e s  of t h i s  t ype  canno t  be m a n u f a c t u r e d  by p r e s s i n g  and the t r a d i t i o n a l  s l i p  c a s t i n g  d o e s  not  p e r m i t  a 

T A B L E  1. P r o p e r t i e s  of C o r u n d u m  R e f r a c t o r i e s  

Characteristics 

Before firing: 
open por~ity, % �9 3 
apparent densi~, g/cm 
ultimate compressive strength. MPa 

After firing at 1730"C: - - 
open porosity, qo ^ 

apparent density, ~/cm ~ 
ultxmate compress2ve strength. MPa 
e l a s t i c  m o d u l u s ,  GPA - -- 
~hermal-shock resistance before destruction of 
specimens (1200 ~ - water), heat cycles 

Characteristics of refractories man- 
ufactured by 

casting casting 
with ESB aqueousislips 

20--26 30--38 
2,46--2,65 2,55--2.85 
17,5--26.0 2.5--3.0 

5--7 0,5--4 
3,10--3,40 3,60--3,90 
300--450 350--540 
62--80 200--350 

10 2 

semidry 
pressing 

20--28 
2,85--2,98 
2.0--2,5 

18--25 
2,96--3,15 

65- -80  
105--140 

5 - - 7  
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Fig. 1. Micros t ruc ture  of a r e f r ac to ry  made 
from seawater  MgO with ESB: 1) per ic lase ;  2) 
fors ter i te ;  3) magnesium ferr i te ;  magnification 
• 250; reflected light. 

c o a r s e l y  d i s p e r s e d  m a s s  to  be  u s e d .  U s i n g  E S B  i t  i s  p o s s i b l e  to  c r e a t e  a r t i c l e s  w i th  a s p e c i f i e d  d i s t r i b u t i o n  

of the existing phases in various directions and also to produce polyceramie mult i layer  construct ions in which 
layers  of a t ransi t ional  composition are  formed as a resul t  of the difference in the thermal  ezpansions of the 
neighboring layers  of the polyeeramic art icle.  

Ref rac tor ies  with ESB have important  proper t ies ,  the combination of which cannot easily be provided in 
pressed  goods. The high wetting tendency of ESB makes it possible to obtain mater ia l s  with a f ragmentary  
s t ructure  consisting of grains  of fil ler surrounded by a film of highly active SiO 2 (in the unfired article) or 
s i l icates (synthesized when the ar t ic les  are  fired). The thickness of the silicate films covering the fil ler 
grains  is controlled by the composit ions of the binder and mass .  It is well known that dense re f rac to r ies  of a 
f ragmentary  s t ructure  have great  strength and thermal -shock  res is tance  [4-6]. Such a combination of 
proper t ies  is mos t  desirable for severa l  construct ional  mater ia l s  [5, 7]. 

The application of this technique of manufacturing re f rac to ry  ceramic  with ESB has been indicated in 
[9-11]. The ethyl silicate binder is obtained by hydrolyzingethyl  silicate in the presence of reaction catalysts.  
The hydrolyzate-binder  is mixed with the powder fi l lers.  The grain size of the powdered fi l ler  is not limited 
and is determined only by technological feasibility. Depending on the concentration of binder in the mass ,  a 
slip of fairly uniform mass  can be obtained for the vibrocompaction of the art icles.  

Ethyl sil icate binders can be used for manufacturing nonmolded ar t ic les  and also mor ta r ,  adhesives, 
tamping masses ,  and coatings. The ar t ic les  are molded in metal ,  plastic,  or other demountable molds. The 
mass  solidifies as a resul t  of ge l - format ion  and the condensation of the products  of hydrolysis  of the ethyl 
silicate and this is accompanied by the removal  of ethyl alcohol and water. The duration of the solidifying 
p rocess  (from severa l  minutes to 2-3 days) is controlled by the composition of the binder and by additives 
which activate the hardening; PAV, e .g . ,  can be used for this purpose. The hardened casts  of the re f rac to r ies  
have a strength of 15 MPa or more  and this enables them to be used without firing. As a resul t  of the 
hydrophobicity of the products  of the polycondensation of the ESB, the cas ts  are adequately water- res is tant .  

The charac te r i s t i c s  of r e f rac to r ies  made by casting from masse s  with ESB indicate the advantages of 
using this par t icu lar  process .  

The strength of the unfired re f rac to r i e s  (Table 1) with ESB is severa l  t imes g rea te r  than that of ar t ic les  
of an analogous composition but made using traditional methods; this increase  is mainly due to the composition 

T A B L E  2. 

B i n d e r  

Specimen 
No. 

~P-1 
fP-2 
SP-3 
AiVl-5 

P r o p e r t i e s  of t h e  M a g n e s i a l  C e r a m i c  w i t h  E t h y l  S i l i c a t e  

Open 

porosity, 

~0 

3,0 
13,0 
2,4 

60,0 
8,8 

12,9 

Ultimate strength, MPa 

on @x- 

temion 

27,5 
8,0 

17,0 
2,2 

No data 

on com- 
pression 

No data 
98,5 

210,0 
20,5 

135,0 
00,0 

Elastic 
modulus, 
GPa 

Thermal-shock resistance 
destructive . Iqo. of beat ....... 
:emp. gradient Ichanges (1300 *C 
n walI of hollow[- water) before 
:y linder~ ~ C/cm I destruction 

180 150 15--20 
24 520 60--80 

196 '350 30--35 
98 No data 120--150 

No data No data 40--45 
�9 30 
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Fig. 2 Fig. 3 

Fig. 2. Microstructure of refractory made from fused periclase with ESB: 
1) periclase; 2) silicates; magnification x 250; transmitted light; no analyzer. 

Fig. 3. Microstructure of a pressed refractory made from seawater MgO 
in a spinel binder: 1) periclase; 2) spinel; magnification x 250; reflected 
light. 

of the binder and the concentrat ion of the la t ter  in the mass .  Thus, the ultimate compress ive  strength of the 
cas t s  of a corundum ceramic  with ESB made from a mixture containing 70% ethyl si l icate is 17-18 MPa; with 
90~/o ethyl si l icate,  up to 28 MPa; and with 95%, 12 MPa. This can be explained by the difference in the 
p roper t i es  of the binders obtained with different concentrat ions of ethyl sil icate in the mixture [8, 10, 11] and 
it also depends on the uniformity of the distribution of the binder between the gra ins  of filler. 

After  firing, the corundum ceramic  with ESB has an ultimate compress ive  strength of 250-300 MPa and 
an open poros i ty  of 7-15%. The s t ruc ture  of such a ce ramic  consis ts  of gra ins  of corundum surrounded by 
in te r l ayers  of mullite and this provides the improved the rmal - shock  res is tance  of the mate r ia l  (Table 1) in 
accordance with the data in [4-6, 12]. The amount of mullite is determined by the 2-4% SiO 2 in the cast  
ar t ic les .  The corundum ceramic  with ESB can be recommended for use as the nozzle of an a i r -hea te r  up to 
t empera tu res  of 1750~ 

t 

The ce ramic  made of MgO [13-16] v~ith ESB was prepared  from powdered e lec t rosmel ted  per ic lase  (EP), 
seawater  MgO (SP), and acicular  single c rys t a l s  of MgO (AM). The proper t ies  of the specimens are  given in 
Table 2. 

Specimens of EP-1 ,  EP-2 ,  and SP-3 were prepared  f rom m a s s e s  containing fi l ler  with fract ions of 2-1 
mm and finer than 60 ~m;  specimens of SP-4 and E P - 4  were made from finely milled powders of f ract ions 
< 60 ~m. A spinel- forming additive (alumina powder) was added to the composit ion of the SP-3 and EP-2  
specimens  in amounts of 4%; and to the E P - 4  and SP-4 composi t ions,  in amounts of 0.4%. For  the prepara t ion 
of the E P - 4  specimens  we used a combined ethyl si l icate and MgC12 binder [17]. 

The use of seawater  MgO makes  it possible to more  than double the strength of the magnes ia l - -sp inel  
ce ramic  with the ethyl sil icate but the the rmal - shock  res i s tance  of the mater ia l  in this case is lowered. The 
excellent  t he rma l - shock  res i s tance  of the magnes ia l  ce ramic  with ESB is c lear ly  not so much the resul t  of the 
spinel- forming additive as of the presence  of fo rs te r i t e  which is synthesized in the form of a shell around the 
per ic lase  g ra ins  (Figs. 1 and 2). The recommended [4-6, 12] ratio of the thermomechanica l  p roper t i es  of 
components of a two-phase r e f r ac to ry  in order  to improve its thermal  shock- res i s tance  is fulfilled in this 
case both for the magnes ia l  spinel and the fors ter i te .  However,  a significant contribution to the increased  
t he rma l - shock  res i s t ance  of the magnesia l  ce ramic  with ESB is made by the fo rs te r i t e  shells which are  uni- 
formly distr ibuted in the s t ruc ture  of the ce ramic  as a resul t  of the above-mentioned uniform distribution of 
the SiO 2 f rom the ethyl si l icate around the gra ins  of filler. 

A petrographic  study of sections of f i red per ic lase  specimens established that the dense specimens of 
SP-4 of a pale-brown color  are  cha rac te r i zed  by a grainy s t ructure .  In t ransparent  sections,  per ic lase  
(basic mass) ,  fors te r i te ,  and opaque c lus te r s  of magnesium fer r i te  are  observed. The grain size of the 
pe r i c lase  va r i es  f rom 36 to 162 Din; the s i l ica tes  make up < 570. Magnesioferr i te  in the form of very small 
g ra ins  (< 9 pro) forras  accumulat ions which are  coordinated exclusively with the contacts  between grains.  
In ref lected light (Fig. 1) the main m a s s  of the specimen,  the combined per ic lase  and fors te r i te ,  and 
fors te r i te  with a higher reflect ive capacity and forming bo rde r s  around the per ic lase  grains ,  can be dist in- 

guished. 

533 



TABLE 3. 
Methods 

Preparation 
method 

Casting 

Pressing 
The same 

Proper t i e s  of Unfired Art ic les  Obtained by Various 

Binder 

Ethylsilicate 

The same 
SDW 

:oisture 
3ntent 
! mass~ 

4--6 
6 

Ultimate compressive stress, MPa. of 
articles made from 

u)agne- yttrium I . corun- [quartz 

14 i 3 , 0 - - , 7 , 0  I s 5  I , o o  / 

5 s  4 , o i  a o ~ o  / 4.5 
2 , 0 ]  2 , 5 |  2,0 i,5 1 2,0 

Specimens of E P - 4  based on fused per ic lase  and the ESB plus MgC12 are also charac te r i zed  by a grainy 
s tructure.  The per ic lase  gra ins  are broken up by cleavage c racks  in the finer regions. I r regu la r ly  shaped 
pores  around the per iphery  are  f ramed by yellow glass  (3-5%). Silicates (5-7%) are ar ranged around the 
cleavage c racks  of the per ic lase  and between the gra ins  in the bonding mass .  The s i l icates  are mainly 
fors ter i te  (Fig. 2). 

The the rmal - shock  res i s tance  of the r e f r ac to ry  ce ramic  obtained by semidry  press ing f rom fused 
corundum and fused per ic lase  in sulfite dis t i l lery waste (SOW), the (z,P-2, and SP-3 (Table 2) specimens was 
studied under s t r ic t ly  control led conditions of intermit tent  heating (1600~ -- air) by light radiation in an arc 
furnace with a parabolic m i r ro r .  The the rmal - shock  res is tance  was 1-2, 1-2, > 5, and 3-4 heat changes, 
respect ively ,  before the destruction of the specimen. The heat flow into the specimen was 9.2.105 W/m 2. 
The grain composit ion of all the specimens was the same. The p ressed  ar t ic les  contained identical amounts 
of spinel (8%). The s t ruc ture  of the specimens obtained by semidry  press ing  at 150 MPa consis ts  of sintered 
per ic lase  gra ins  surrounded by sheIls of aluminomagnesial  spinel (Fig. 3). The most  the rmal - shock  res is tant  
were the 1~P-2 and SP-3 ce ramics .  

The casting technology with ESB makes  it possible to obtain mate r ia l s  with fibrous f i l lers  without the 
destruction or deformation of the f ibers  as normal ly  occurs  under pressing.  The acicular  single c rys ta l s  of 
MgO obtained at the High-Tempera tu res  Institute [14] had a length of 10 /~m to 5 mm and a diameter  f rom 0.2 
to 200 /~m. On being pressed ,  a significant proport ion of the c rys t a l s  were destroyed and the reinforcing effect 
reduced. By casting m a s s e s  vnth ESB with a fi l ler  of single c rys t a l  MgO, specimens were obtained [15] with 
a porosi ty  of 55-70% and a strength sufficient for the exploitation of the mate r ia l  in construct ion work (TabIe 
2). The gr id  s t ruc ture  formed by the acicular  f i l ler  without the destruction of the c rys t a l s  produced the good 
the rmal - shock  res i s tance  of the mater ia l .  The thermal-conduct iv i ty  coefficient of the mate r ia l  at 800~ is 

0.46-0.53 W / m .  K. 

Ref rac tor ies  made from yt t r ium oxide and zircon,  chamotte,  and fused mullite,  with or without the 
addition of zircon [18, 19] and some other ma te r i a l s  [20], were prepared  by casting with ESB. These 
mate r ia l s  have an adequate ultimate compress ive  strength before firing (> 13 MPa) as is c lear  f rom Table 3. 

The m a s s e s  with ESB with r e f r ac to ry  f i l lers  were used as unfired adhesives for making a strong joint 
of par t s  of the sliding s tee l -cas t ing  gates.  The joints were moi s tu re - r e s i s t an t ,  very strong [21], and required 
no impregnation with bakelite lacquer before the working surface was ground. The sliding gates based on 
per ic lase  stuck with ethyl sil icate r e f r ac to ry  adhesive were tested at the Novolipetsk MetaIlurgical  Plant. The 
tes ts  demonstra ted the high efficiency of the adhesive compound. 

The use of ethyl si l icate in semidry  press ing makes  it possible to increase  the s trength of the p ress ings  
by 1.5-3 t imes more  than with ar t ic les  of an analogous composit ion plast icized with SOW (Table 3). 

We prepared  current-conduct ing and e lec t r ica l - insula t ion films of coating layers  f rom masse s  with 
ESB with f i l lers  made from si lver ,  palladium, plat inum--rhodium, aluminum, silicon, quartz,  and si l icides 
of var ious metals .  Tes ts  showed the possibil i ty of using such m a s s e s  for the manufacture of fihn the rmo-  
couples,  e lements  of e lec t r ica l  and radio c i rcui ts ,  and h igh- tempera ture  protect ive coatings on high-melt ing 
metals .  Such thermocouples  and coatings are  operational up to 1650-1700~ 

The use of the ESB makes  it possible to obtain thermal  and e lec t r ica l  insulating ma te r i a l s  and ar t ic les  
and protect ive coatings with an improved the rmal - shock  res i s tance  for use in construct ional  work. Refrac tory  
adhesives can also be made. 

The technology for the production of thixotropic m a s s e s  with ESB with powder f i l lers  makes it possible 
to produce ar t ic les  of a complex shape and with accura te  dimensions. Such ar t ic les  can also be used without 
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firing. Ref rac to ry  adhesives  with ESB give a s t rong joint for c e r a m i c  detai ls  in cons t ruc t ions  which have to 
opera te  at t e m p e r a t u r e s  up to 1800~ and they a re  also m o i s t u r e - r e s i s t a n t  at no rma l  t empe ra tu r e s .  

In each actual  instance of choosing the m a s s ,  it is n e c e s s a r y  to take into account the phys icochemica l  
p r o c e s s e s  which occur  during the in terac t ion  between the SiC 2 of the binder and f i l ler  in o rder  to develop 
r e f r a c t o r y  m a t e r i a l s  with specif ied p roper t i e s .  
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