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Regarding the combination of properties determining the resistance of refractories in different working 
conditions, carbon-containing articles are better than many of the refractory materials available [i, p. 418]. 
Together with conventional graphitic-chamotte refractories obtained by plastic molding greater use is now 
being made of refractories based on semidry bodies [2, 3]. 

Carbon refractories, regardless of production methods, have a serious drawback -- high oxidation of 
the carbon constituents [4, p. 8] which makes their firing very complicated. Muffle firing in coke filling is 
very laborious, requires high temperatures in the kiln, and impairs the health conditions in the plant. 

At present muffleless firing is gaining ground, using protective coatings [i, p. 429]. The coatings 
should be impermeable to oxygen in a wide temperature range, possess the necessary adhesiveness, good 
wetting capacity on the refraetory~ be resistant to thermal shock, and have an available application technology. 
Glazes meet these requirements. Existing glaze coatings [5] satisfactorily protect articles obtained by plastic 
shaping (graphite--ehamotte) [4, p. i00; 6, p. 371]. But for dry pressed articles such glazes do not provide 
a continuous coating owing to the low wettability of the material. The difference in wettability on articles 
obtained by plas t ic  and dry methods  of product ion is  explained by the different  degree  of envelopment  of the 
waterproofed  graphi te  pa r t i c l e s  by clay. 

The p r o c e s s e s  of wetting the body with highly v iscous  me l t s  a re  cha rac te r i zed ,  in pa r t i cu l a r ,  by the 
mechan ica l  r e s i s t ance  to spreading,  leading to wetting hys t e re s i s ,  in this case  the i nc rea se  in the wetting 
capaci ty  is  de te rmined  not by the i nc rea se  in the spreading,  but by a reduction in the tendency of the mol ten 
costing to coagulation,  since during fir ing the pa r t i c l e s  of g lass  tend to blend, and there  is  no spreading [7, 
p. 44]. To weaken the tendency of mel t s  to coagulation it is  usual to employ a reduced coating thickness ,  
i n c r e a s e  the v i scos i ty  of the mel t ,  and reduce  i ts  sur face  tension. However ,  a reduct ion in the sur face  ten- 
sion of the glaze  helps to fo rm one of the spat ia l  defects  of the coating -- "boil ing," and an excess ive  in-  
c r ea se  in the v i scos i ty  of the me l t  --  the format ion  of "pinhole" type defects  [8, p. 135]. The p r o c e s s e s  
of forming glaze  coatings on carbon-conta ining c e r a m i c s  a re  even m o r e  compl ica ted,  and a re  caused by the 
p r e sence  of p rac t i ca l ly  unwettable carbon and the high poros i ty  of the r e f r ac to ry .  

This  ar t ic le  gives  data on the development  of a composi t ion and technology for  making a glaze  for  carbon 
r e f r a c t o r i e s  obtained by semid ry  shaping. The wetting capaci ty  is  normal ly  improved  by introducing V205, 
CrO3, S 2-, PyOs, and other su r f ace -ac t i ve  agents which have low and even negat ive pa r t i a l  sur face  tensions 
[9, p. 326]. Most i n t e r e s t  he re  is  at tached to P205. Phosphates  p o s s e s s  cementing p r o p e r t i e s  [10, p. 15]. 
Alkaline phosphates  having a low fusion t e m p e r a t u r e  a re  fluxes,  and a re  also widely used as e l ec t ro ly t e s  for  
deflocculating s l ips  [6, p. 418]. 

TABLE i. C harac t e r i s t i c s  of Raw Mate r ia l s  
Content, 

Mater, al  

29,3 16,8 ' 33,4 
47,9 7,2 23,2 
57,6 29,2 0,2 
68,5 20,5 0,8 
99,I 0,3 0,'2 
63,5 3'2,2 0,2 

Nizhnetagilsk blast furnace slag 
Pobuzhsk thermie ore slag 
Nizhnenvelsk fireclay 
Vishnevogorsk pegmatite 
Quartz sand 
Bogdanovich chamotte from Nizhneuvel'sk clay 

FeyO3 

I1,4 [ 0,4 
9,1 11,6 
0,9 2,9 
0.3 0.5 
~!  [ 0,04 

3,2 

* The blast  furnace slag contains,  in addition, 7.5% TiO 2 and 0.8% $2; 
the the rmic  ore slag, 2,8% Cr203, and the pegmat i te  8.7% Na20. 
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Fig. 1. Change in v i scos i ty  
tion of the P20~ concentrat ion,  
sodium polyphosphate (2). 
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and pH of glaze  suspensions  as a func- 
added as or thophosphoric  acid (1) and 

Fig. 2. Different ia l  cu rves  DTA for  glaze I without addition of sodium 
palyphosphate (a) and with additions of it  in amounts (as P205) of 2 (b), 
5 (c), and 10% (d). 

In amounts of up to 20%* (on 100%) P205 was added to the glaze batch as or thophosphoric  acid and sodium 
polyphosphate,  containing up to 30% Na20 and up to 60% 1J205 (GOST 20291-74). In select ing the original  com-  
ponents for  p repa r ing  glaze  sl ips we cons idered  the poss ib i l i tyof in t roduc ing  them with s u r f a c e - a c t i v e  agents 
V205 , S 2-, etc.  Metal lurgical  s lags  were  used for  this r eason .  The o ther  r a w m a t e r i a l s  consis ted of pegmati te ,  
quartz  sand, chamotte ,  f i rec lay  (Table 1), and water  g lass  with a modulus of 2.8 and a density of 1.46 g / c m  3. 

Six s e r i e s  o fg iaze  batches (Nos. 1-6) were  studied (Table 2). Using amounts of 10 kg p e r b a t e h t h e  or iginal  
m a t e r i a l s  were  mi l led  toge ther  for  5-12 h in l a b o r a t o r y  ba l lmi l l s .  The water  content of the slip was 30-45%. 
Corundum-graphi te  a r t i c l e s  obtained by semidry  p ress ing  were  glazed by dipping in the slip and also by 
spraying.  Orthophosphoric  acid added in amounts of m o r e  than 0.01% caused the suspension to thicken. 
Alkaline phosphates  added in amounts of 0.1-3.0% (calculated as P205), on the other hand, reduced the v iscos i ty  
of the slip, and the glaze l ayer  af ter  drying was very  strong and of uniform thickness  without shrinkage cracks .  

Specimens were  f i red in an industr ia l  tunnel kiln at 1360-1390~ Studies indicated that the glazes  with- 
out slag and phosphates  did not provide sa t i s fac to ry  protect ion against  oxidation. The best  r e su l t s  were  ob- 
tained f rom composi t ions  Nos. 5 and 6 and the addition of m o r e  than 1.5% 1)205. When sma l l e r  amounts of 

* Here  and subsequently weight p ropor t ions  a re  stated. 

TABLE 2. 

Component 

Quartz sand 
Pegmatite 
Ch-amotxe 
Clay 
Blast- furnace slag 
Thermic-ore slag 

Glaze  Batch Composi t ions  (~/o) 

Content of com ~ in series 

4 5 - -  [ 1 5 - - 5 5  

4 5 - - 9 7  [ - -  

5_2o o_ o, _- 125_ -80 25-8o[-12o-8o 

* Content of phosphate (as 1~205) in all batches was 0-2(s (on 100%); 
water  g lass  in amounts of 0-20% (on 100%) was added to s e r i e s  Nos. 
1-4. 
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Fig. 3. Effect of P205 on the burning-out of graphite during 
low-temperature firing (at 1200~ of goods coated with glaze 
I (x) and II (�9 

Fig. 4. Mic ros t ruc tu re  of spec imen coated with glaze  I: 1) 
glaze;  2) corundum of in te rmedia te  layer ;  3) graphi te ;  x 50; r e -  
f leeted light. 

P205 were  used the glaze had a c l ea r  tendency to run up into droplets .  The optimum composi t ion was (%): 
pegmat i te  45-48, slag 38-42, clay 12-15, sodium polyphosphate (as P205) 2-3.5. Two g lazes  (I and II) can be 
proposed  for  indus t r ia l  use: I, SiC 2 52.5, A1203 20.6, CaO 14.4, MgO 4.8, Na20 5.0, Fe20 ~ 0.7, P205 2.0; and II, 
SiC 2 58.2, A1203 16.2, CaO 9.7, MgO 3.9, Na20 4.8, Fe203 5.2, P205 2.0. 

F igure  1 shows the pH and v iscos i ty  changes  in the glaze slip {viscosity de te rmined  on the EVI-57P 
v i scomete r )  as a function of the phosphate content. It should be ment ioned that phosphor ic  anhydride p reven t s  
the oxidation of graphi te  [11], and sodium polyphasphate  fur ther  r educes  the t e m p e r a t u r e  of the main  phys ico-  
chemica l  p r o c e s s e s  taking place in the glaze l aye r  during firing (Fig. 2). Probably ,  these two fac to r s  a re  the 
cause of the reduction in the burning-out  of the graphi te  in the l o w - t e m p e r a t u r e  region (Fig. 3). Thus, the 
data obtained show that the opt imum P205 concentra t ion in the glaze l ies  within the range 2-3.5%. 

The coating quality is  marked ly  affected by technical  fac tors :  degree  of mill ing the m a t e r i a l s ,  t e m p e r a -  
ture ,  and a tmosphe re  in the kiln. The usual mil l ing f ineness  for  c e r a m i c  g lazes  is cha r ac t e r i z ed  by a con-  
centra t ion of f rac t ions  > 0~ m m  of 0.07-0.1% [8, p. 144]. This  degree  of mill ing for  the g lazes  studied was 
not acceptable. Due to the high open porosity (more than 20%) of carbon-containing refractories the suspen- 
sions exhibit marked penetration; pinholes and other defects are formed in the coating. Furthermore, the 
finely milled glaze spreads at a lower temperature [6, p. 513] and during firing flows off the goods. It is 
established that the optimum fineness is characterized by a > 0.i mm fraction of 1%. In addition the coarse- 
grained suspensions as a rule are unstable in sedimentation. 

To eliminate segregation it is desirable to increase the concentration of sodium polyphosphate and in- 
crease the density of the slip to 1.68-1.73 g/era 3. A favorable effect on the system's stability resulted from 
prolonged (20-30 h) mixing and heating the slip to 50-65~ after which it was quite rapidly changed into the 
thixotropic condition and was characterized by complete sedimentation stability. 

The spreading temperature for glazes I and II comes within the range 1340-1360~ and can be corrected 
by altering the chemical composition. To prevent running of the glaze it is necessary to carefully observe the 
firing schedule, reduce the thickness of the coating, and use coarse-grained slips. 

The firing atmosphere has a big influence on the quality. Glazed specimens of corundum-graphite re- 
fractory were fired in a furnace with silit heaters at 1380~ for 2 h in oxidizing (partial pressure of oxygen 
>- 10 -2 MPa), reducing (p < i0 -tl MPa), and neutral (p - 10 -4 MPa) atmospheres. 

In reducing conditions the glaze curled up into droplets and did not protect the articles (crawling fault). 
The oxidizing atmosphere causes the bubbles to form in the glaze, and there is a certain deterioration in its 
protective properties. In a neutral atmosphere good coatings are formed without defects, and, apparently, it 
is more acceptable for firing glazed, carbon-containing refractories. The necessary condition for wetting the 
surface of the articles by the glaze is probably oxidation of the surface layer of graphite. 

Figure 4 shows the microstructure of glaze coating on a corundum-graphite refractory. The thickness 
of the coat is less than 0.25 nun. The necessary strength of bonding with refractory is ensured by the develop- 
ment of an intermediate layer 0.1-0.2 mm thick, which is formed as a result of oxidation of graphite and 

interaction of glaze with the clay bond of the refractory. 
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Consequently, moderate  oxidation of graphite at the surface of the ar t ic le  plays a positive role in forming 
a protective layer.  The lat ter  suggests  that an individual gas phase should correspond to each phase of firing. 
For  example, in firing corundum-graphi te  glazed ar t ic les  it is  necessa ry  in the f i rs t  stage (before the glaze 
melts) to maintain a moderate  oxidizing atmosphere ,  and after  melting -- a neutral  one. 

It is  of in te res t  to a s ses s  the effect of i ron oxides on the glaze quality. It is  possible that the iron oxides 
play a double role here:  f irst ly,  they contribute to oxidation of the graphite f rom the surface layer  of r e -  
f rac tory ,  and secondly together with other variable valence oxides t h e y m a y  serve  as sources  of bubbles in the 
glaze layer  with a sudden change in the composition of the gaseous medium. Glazes  I and II have different 
concentrat ions of FeO + Fe203. The investigation showed that glaze II with the higher i ron oxide content gives 
a bet ter  coating, and has better  protective proper t ies  (Fig. 3) than the low-iron glaze I. Fu r the rmore ,  it 
would be premature  to ascr ibe  definitely the observed improvement  in the protective proper t ies  of the glaze to 
iron oxides as a resul t  of the different chemical  composition of the glazes. On the whole, the effect of variable 
valence oxides on the formation of protect ive coatings on carbon-containing ce ramics  is complex, and may 
constitute an object of independent investigation. 

Industrial  tes ts  of glazes I and II showed that product  loss during firing does not exceed 8-12%. The 
basic fac tors  of the glazes  are: P205 concentration 2%, density of slip 1.69 g / c m  3, water content 35%, thickness 
of protect ive layer  not more  than 0.4 mm, spread tempera ture  1360~ (glaze I) and 1350~ (glaze II), viscosity 
0.8 Pa -  sec (glaze I) and 1.2 Pa -  sec (II). 

CONCLUSIONS 

It is possible to protec t  corundum re f rac to r i e s  made by semidry  molding during firing by using glazes 
based on meta l lurgica l  slags. Alkaline sodium polyphosphate can be used as a component improving the 
wetting capacity and other proper t ies  of the glaze and glaze suspension. 

L I T E R A T U R E  C I T E D  

I. D.I. Gravrish (ed,), Refractories Production: Handbook [in Russian], Vol. I, Moscow (1965). 
2. Yu. V. Materikin et aL, Ogneupory, No. 4 (1978). 
3. Yu. V. Materikin et al., Ogneupory, No. 9 (1978). 
4. N.A. Golushko, Graphite-ContainingRefraetories [in Russian], Moscow (1962). 
5. Inventor's Certificate No. 478822, P. S. Mamykin et al., in: Otkry. Izobret., Prom. Obraztsy, Toy. 

Zn., No. 28 (1975L 
6. P.P. Budnikov, A. S. Berezhnoi, L A. Bulavin, et al., Technology of Ceramics and Refractories [in 

Russian], Moscow (1962). 
7. A.A. Appen, Temperature-Resistant Inorganic Coatings [in Russian], Leningrad (1976). 
8. Z.L. Nesova, Zircon Glazes [in Russian], Moscow (1965). 
9. A.A. Appen, Chemistry of Glass [in Russian], Leningrad (1970). 

i0. P.P. Budnikov et al., Refractory Concretes with Phosphate Bonds [in Russian], Moscow (1971). 
ii. O'Driscoll and Bell, in: Graphite as a High Temperature Material [Russian translation], Moscow (1964). 

618 


