
for 220 and 197 heats,  respect ively,  and were stopped for repa i r s  according to the graph. The residual  
thickness of the blocks was 70-120 mm, the chromi te - -per ic lase  r e f r ac to ry  120-130 mm. Furnace  No. 9 
af ter  215 heats was also stopped for repa i r s  according to schedule. The brick and concre te  linings were 
demolished by exploding them into the s laggers .  The metal  g i rde r  was burnt off which indicated the low 
residual  thickness of the brick and concre te  linings. The wear of both linings was identical. 

On the basis  of the positive data obtained during the use of the r e f r ac to ry  blocks produced locally, we 
conducted industr ial  t r ia ls  with these ar t ic les .  The tests  made use of ch romi te - -pe r i c l a se  blocks KhMBB-3 
as specified by ChMTU 14-8-101-74 made by the Panteleimonovsk r e f r ac to r i e s  factory. The weight of the 
blocks was 0.32 tons, i . e . ,  s imi la r  to that ea r l i e r  tested. Studies showed that the res i s tances  of the locally 
produced blocks and those made by the Panteleimonovsk factory on the average are  the same. 

The installation of the blocks at KMK is done according to the following scheme: the blocks are delivered 
to the working area  of the open-hearth furnace No. 1 on open ra i l road platforms.  Using autodumpcars  with a 
lifting capacity of 5 tons and a fast  jib, on the hook of which is secured a clamp, the platform is unloaded. 
The jib is secured  on the forks of the dumpcar.  To unload 60 tons of blocks, two operat ives spend an average 
of 10 h on this operation. Then the blocks are  placed on the base 10-12 i tems each with the broken joint 
system. The fast  jib removes  the bases  with the blocks from the fork lift t ruck and t ranspor t s  them to the 
warehouse.  

During the repa i r  t ime on the open-hear th  furnace, in order  to place the blocks in the front walls of the 
ver t ica l  channels,  monora i l s  are  placed f rom the H-beam which secures  it to the front and r e a r  supports of the 
open-hearth head. An electr ic  telfer  is established onto the monorai l  with a loading capacity of 0.5 ton. The 
clamp is suspended on the hook of the e lec t r ic  telfer  raising the blocks and supplying them to the placement  
site into the front wall. 

C O N C L U S I O N S  

The degrees  of wear  of f ired ch romi te - -pe r i c l a se  r e f r ac to ry  produced locally, and of ch romi t e - -pe r i -  
clase concrete  blocks in the front walls of 400-ton open-hearth furnaces  of the Combine are  pract ica l ly  
identical. It is neces sa ry  to develop special  devices to obtain wider use of these block placements  during 
the repa i r s  of open-hear th  furnaces.  

REACTION OF SLAG COATING ON THE METAL 

SURFACE IN A CRYSTALLIZER WITH 

SUBMERGED NOZZLES 

E. I. Ermolaeva, A. P. Manyugin, 
V. M. Kukartsev, A. V. Leites, 

and A. S. Lavrov 

UDC 666.762.11+ 666.762.81].017:620.178.16 

I m m e r s e d  nozzles  used for continuous casting of steel are  made from quartz c e r a m i c s  with different 
alumina--graphite  composit ions.  Using alumina--graphi te  nozzles  causes  wear  to occur  in the c ry s t a l l i z e r  
at the level of contact  with the slag mel t  of the coating which pro tec ts  the metal  surface. This is one of the 
causes  of the ineffect iveness of using nozzles  made f rom alumina or chamotte with graphite instead of the 
cost ly  and sca rce  quartz  nozzles.  

This ar t ic le  p resen t s  the resul ts  of an investigation of the react ion of slag melt  and i m m e r s e d  nozzle,  
and the effect of the slag and r e f r ac to ry  composit ion on the wear  of the latter.  

The slag res i s tance  of the r e f r ac to ry  was determined by the known method on equipment descr ibed in 
[1], using fixed specimens,  and specimens  rotating at a frequency of 25-400 rpm. Tes ts  were made at 
1450~ corresponding to the t empera tu re  in the s l ag - - r e f r ac to ry  contact  zone. The experimental  slag was 
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Fig. i. Effect of type and amount of fluxes on the slag 
resistance of alumina--graphite specimens (stationary 
schedule): I) calcium chloride (C aCl2) ; 2) fluorspar (C aF 2); 

T A �9 3) cryolite (Na 3 iF6) , 4) sodium nitrate (NaNO3). 

Fig. 2. Effect of composition and fabrication pressure p 
for refractory specimens on their slag resistance (I, II -- 
compositions). 
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prepared from chemically pure materials. With regard to components, the synthetic slag was identical to the 
actual slag formed in the crystallizer on the metal surface in industrial conditions: 42%* CaO, 30.9~/o SIC2, 
18.4% A1203, 2.5% MgO, 2.1% Fee, 4.2% MnO. 

AsSuming that the destructive action of the slag on the refractory is mainly determined by the composi- 
tion and amount of fluxes, we studied the effect of fluorspar, cryolite, sodium nitrate, and calcium chloride 
on specimen wear. The content of fluxes in the test slags was increased from 2 to 12%. The specimens in the 
form of cylinders 5 mm high and 15-ram diameter were prepared from an immersion alumina--graphite nozzle 
with a composition (parts by weight): AI203 65.0%, SiC 2 15.3%, C 15.6%, and Fe203 I.Y%. The open porosity of 
the specimens was 13.7%. 

The contact time of slag and refractory was 30 rain. With such a soaking the slag wear was thoroughly 
fixed. The degree of wear of the refractory specimen was determined from the equation 

Am = min i t -mf in .  100, 
minit 

* Here and subsequently parts by weight shown. 

Fig. 3. Microstrueture of refractory before (a) and after (b) reac- 
tion with slag: i) graphite; 2) slag; 3) buttons of reduced metal, x 200. 
Reflected light. 
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Fig. 4. Ef fect  of frequency of ro ta-  
t ion of specimen on the slag res i s tance  
of the re f rac to ry .  

where Am is the specimen wear,  %, minit  , weight of the specimen before the test,  g; mfin, weight of the 
specimen after  the test,  g. 

The weighing accuracy  was ~= 0.001 g. 

The resul t s  for a s tat ionary schedule for var ious flux additions are  shown in Fig. 1. In t e rms  of the r i se  
in co r ros ive  action, the fluxes take the following order:  CaC12, CaF2, Na3A1F~, NaNO 3. In this case  the 
destruct ive action of the f luorspar  and calcium chloride is re inforced when they are  present  in the slag in 
amounts of more  than 6%. 

Calcium chloride is the best flux f rom the point of reducing the cor ros ive  action of slag on the re f rac tory .  
But i ts  use in s lag- forming mixtures  is hindered because of its hygroscopici ty  [2]. It is favorable to use 
calc ium chloride in fluxed s lag- forming  mixes.  

Figure  1 shows that to reduce the slag wear  of i m m e r s e d  alumina--graphi te  nozzles  it is  neces sa ry  to 
introduce into the composi t ions of protect ive mixtures ,  cryol i te ,  sodium n i t r a t e ,o r  f luorspar ,  in amounts which 
conserve  the physical  p roper t i e s  of the slag layer  at a cer ta in  level. Ea r l i e r  work [3] showed that the optimum 
physical  p roper t i es  of the slag layer  are  p re se rved  with a slag content of fluorine in the l imits  6-8%, and for 
compounds of the type R20 2-6%. These conclusions agree well with the resul ts  obtained in our study. 

The slag res i s tance  of the r e f r ac to r i e s  was studied on specimens of two composit ions:  No. I -- 68.~/o 
A1203, 19% SIC2, 10.9% C, 1.3% Fe203 and composit ion II -- 60.4~o A1203, 26.0% SIC2, 11.7% C, 2.590 Fe203. 
The specimens  were p res sed  at p r e s s u r e s  f rom 100 to 500 MPa. Liquid slag was obtained by melting slag-  
forming mixtures  used in industr ial  conditions. The chemical  composit ion of the slag was: 40.3% CaO, 39.6% 
SIC2, 7.8% A1203, 2.1% Fetot,  3.1% MnO, 6.9% F, 0,2% C. 

It follows f rom data (Fig. 2) obtained that composition II has the higher slag res is tance.  With p r e s s u r e  
r i se  on the specimens  (and hence the reduction in porosity) the wear sharply slows down as a resul t  of the 
reduction in the true surface of contact between slag and re f rac tory .  In this case the effect of the chemical  
composit ion of r e f r ac to ry  on slag res i s tance  is less  marked.  

Pe t rographic  study of specimens in contact  with slag enabled us to identify the mechanism of co r ros ion  
of r e f r ac to ry  over  slag belts. The s t ruc ture  of the alumina--graphi te  r e f r ac to ry  before and after react ion with 
the slag is shown in Fig. 3. 

In the original specimen the graphite  is ar ranged randomly in the form of platelets.  The bonding m a s s  
contains light sect ions of r ec rys ta l l i zed  clay substance with fine c rys t a l s  of muUite and chamotte grains.  After  
contact  with the slag we note its penetrat ion into the pores  of the re f rac tory .  With an increase  in the duration 
of contact  the amount of slag inc reases ,  and in places  of interact ion between slag and r e f r ac to ry  there are 
sect ions with a metal l ic  phase. Reduction of the metal  f rom MnO, FeO is effected by the carbon in the r e -  
f rac tory ,  and then the developing pores  are  filled with molten slag. Subsequently, mainly solution of the re -  
f rac to ry  in the slag melt  occurs .  Consequently, the high liquid mobility of the slag and the presence  in the 
contact zone of strong oxidizing agents (FeO, MnO) acce lera te  the wear  of immers ion  nozzles.  

Solution of the r e f r ac to ry  in the slag occurs  in the diffusion region as indicated by the increase  in the 
rate of solution during convers ion from a s tat ionary specimen to a rotating one {Fig. 4). A par t icu lar ly  marked 
wear  inc rease  is seen with a r i se  in the frequency of rotation of the specimen to 25 rpm (wear about 35c/o). 
Fur the r  inc rease  in the rpm does not have a marked  effect on its solution. Apparently,  when the specimen 
rota tes  at 25 rpm a maximum solubility of r e f r ac to ry  in the slag is attained, and a subsequent increase  in rpm 
does not provide a marked inc rease  in the diffusion flow of slag into the re f rac tory .  
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CONCLUSIONS 

The wear of alumina--graphite immers ion  nozzles is great ly  affected by- the amount and type of fluxes 
in the composition of the s lag-forming protect ive mixtures.  In t e rms  of the increasing cor ros ion  capacity,  
fluxes are a r ranged as follows: calcium chloride,  f luorspar ,  cryoli te ,  sodium nitrate. With a content of more  
than 6-8% fluxes, the degree of wear sharply increases .  

With a r ise  in the fabrication p re s su re  and hence a reduction in the porosi ty,  the res is tance  of the re -  
f rac tor ies  increases .  

In the contact zone for slag and re f r ac to ry ,  penetration of slag into the r e f rac to ry  occurs ,  as well as 
oxidation of the carbon by active oxidizing agents (FeO, MnO), and the formation of fusible eutectics.  The 
solution rate of r e f r ac to ry  in slag melt  inc reases  with a change from a fixed specimen to a rotating one. 
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D E S T R U C T I O N  M E C H A N I S M  OF B A S I C  R E F R A C T O R I E S  

IN F L A M E  F U R N A C E  R O O F S  

A. D. P i l i p c h a t i n  a n d  I .  P .  B a s ' y a s  UDC666.762.3:66.043.1.017]:620.178.16 

Previously  a study was made of the mechanism of destruction in aluminosil icate r e f r ac to r i e s  as a 
function of the concentrat ion of main oxide (A1203) [1], which clarif ied the chief proper t ies  determining the 
suitability of using them in roofs of flame kilns and furnaces.  However, f rom comparat ive  tests  of alumino- 
sil icate and basic r e f r ac to r i e s  it was found that the lat ter  have advantages [2] which indicates that they might 
be prospect ive mate r ia l s  for use in such sites. 

To clarify the requi rements  of experimental  work connected with improving the quality of basic r e -  
f rac tor ies  used for lining flame furnaces ,  the authors studied the destruction mechanism of magnesia- -spinel  
products  after they had been tested in the roof of a flame furnace. 

The annular s t ruc ture  of the roof was made from MKhS and PShS ar t ic les ,  and included 22 rows from the 
water-cooled ring up to the seal of a plasmatron.  Tes ts  were made in conditions of a neutral  a tmosphere  with 
a low concentrat ion of smel te r  dust in the subroof region of the furnace. The most  typical tempera ture  of the 
working surface in the lining is in the center  and per iphery  of the roof which was maintained during the entire 
campaign and is shown in Table 1. 

Observations of the state of the working surface of the roof lining during operations showed that the main 
type of wear  is cracking of the a r t i c les  and their subsequent scaling in pieces measur ing 25-50 mm. The 
external  appearance of ar t ic les  taken from the center  and per iphery  of the roof after 61 heats is shown in 
Fig. i. 

TABLE 1. Tempera tu re  Schedule of the Working Surface of the Roof 
Lining f rom Experimental  Refrac tor ies  in a Flame Furnace  during 
Melting i  gn~ 

Temp. at end i lining thickness (0-50 mm)lmovgment of the bath 
Lining section of melting, ] in pgriod of restoring ed, ~ 

[ thermal equilibrium 

I [ 850--750 Near plasmat~on ] 1830--1850 9,4--10,5 [ 700--600 
At periphery of roof I 1740--1760 8,5--9,3 
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