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Since the Podolsk Refrac tory  Products  Plant has now mas te red  the production of immers ib le  quartz 
containers by slip casting it has become necessa ry  to organize the l a rge - sca le  monitoring of the dispersion of 
the suspensions since this factor  determines  the constancy of the rheological and sedimentation proper t ies  of 
the slip and also the physicochemical  proper t ies  and the proport ion of rejected ar t ic les  after casting and firing 
[1, 2]. The recommended method of determining the composit ion of the powders using a sedimentation pipette 
has severa l  disadvantages;  the most  significant of these is the long time required for the analysis.  

In the presen t  ar t icle  we give some resul ts  in the development of a method of analyzing the dispersion 
of suspensions made from vitreous si l ica using a liquid sedimentograph designed by the Semibratovsk Branch 
of the All-Union Scient i f ic-Research Institute of the Gas Industry. The grain composition is determined in the 
liquid sedimentograph using a method in which the deposit is accumulated and its amount continually recorded 
by a sensitive magnetoelectr ie  balance. The theoret ical  basis and the principle involved in accumulating the 
deposit have been described in detail in [4]. 

A diagram of the liquid sedimentograph is given in Fig. 1. 

The par t ic les  of powder f rom the suspension poured into the container 1 are  deposited in the pan 2 which 
is suspended at one end of the beam of an ADV-200 analytical balance. The par t ic les  deposited from the sus-  
pension unbalance the scales  and the magnetic rod 4 suspended at the opposite end of the beam is drawn out of 
a solenoid 5. At the same time, the pointer of the balance with a shutter 6 made of black paper attached to its 
end is displaced. The shutter  is displaced and in tersec ts  the light beam from the lamp 7 which il luminates 
the m i r r o r  8 and then falls onto the photores is tor  9. 

Until the photores is tor  is illuminated there is no current  in the solenoid circuit  and the balance is in the 
zero  position. When the par t ic les  are deposited on the pan, the balance moves out of the zero  position, the 
shutter is opened, t ransmit t ing the light, andthus the res is tance  of the light cell (photoresistor) is lowered. 
As a result ,  cur ren t  flows through the c i rcui t  and there is a voltage ac ros s  the r e s i s to r  10 which is recorded 
by the electronic potent iometer  11. When the cur rent  flows through the solenoid circui t ,  the core is drawn in 
and the scales  re turn  to the nea r - ze ro  position. The force drawing in the core  is equal to the m a s s  of the 
deposited part icles .  
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Fig. 1. Diagram of the liquid sedimentograph: 12) 
stabilized power supply; 13) res is tance;  remainder  of 
symbols are  explained in the text. 
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Fig. 2. Accumulation curve of deposit obtained 
in the liquid sedimentograph: T, t ime taken for ac-  
cumulation of deposit, min; Q(T), relat ive m a s s  
fract ion of the deposit  in a t ime % %; ~'0, start ing 
t ime of accumulation of deposit; T60 , ~'i20, the fixed 
t imes  on the deposit accumulation curve 60 and 
120 sec,  respect ively ,  after the s t i r r ing of the 
suspension in the cylinder had stopped, sec; h60 , 
hi20, the distance on the deposi t -accumulat ion curve,  
respect ively,  after  the fixed t imes  of 60 and 120 
see, cm; ~l, T2, the deposi t -accumulat ion t imes  for 
Q~i = 20-30% and QT2 = 70-90%, min; hT1, hT2 , the 
distance on the deposi t -accumulat ion curve c o r r e s -  
ponding to ~l and T2, allowing for the initial t ime T0, 
cm; ~ l  and lT2 are the dis tances on the deposit-  

accumulation curve corresponding to Q~i and Q T2 , 
c m .  

The circui t  is so ar ranged that the mass  of the continually deposited par t ic les  is equal to the magneto-  
electr ic  force of the solenoid whose value is recorded  on the potent iometer  s tr ip in the form of a deposit-  
accumulation curve. The choice of the analysis  conditions and preparat ion of the sample have been discussed 
in [4], taking into account possible e r ro r s .  

We used distilled water as the dispersion medium for the analysis.  In the region of pH 6-7, no coagula- 
tion of the suspension was found. The mass  of the sample of the experimental  suspension was calculated, 
allowing for  mois ture  content, f rom the following fo rmula :  

QsPd 
Pad = Os-Qt 

where Pad is the mass  fract ion of a i r -d r i ed  mate r ia l  in the suspension, mg; Ps, density of the solid phase of 
the suspension, g/cm3; Pd, maximum mass  fraction of deposit in the bowl (calibration of device), mg; andp / i s  
the density of the dispers ion medium, g / c m  3. 

A portion of the suspension (1.5-2.0 g) was dispersed in 1 l i ter  of distilled water. For  the analysis  we 
took 40 ml of the prepared  suspension of concentrat ion 1.0-1.5 g / l i te r .  

The analysis included the following operations. Before the beginning of the analysis,  distilled water 
(Fig. 1) was poured into the cylinder to a height of 15-16 cm, the same as that used for the par t ic le  deposition. 
The pan was suspended on the beam. After stabilizing the apparatus,  the scales  were balanced with small  
weights and the scale of the potent iometer  was cal ibrated by loading the a rm of the beam with 10 mg weights. 
The maximum deflection on the potent iometer  scale was 30 rag. The pan, with the balance switched off, was 
tightly attached by means  of pin to the lower end of the cylinder,  f rom which the water was part ial ly drawn off 
by a hose. 
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Fig. 3. G r a p h  of the nonl inear i ty  of the in s t rumen t :  t is  the d i s tance  on 
the r e c o r d e r  s t r ip  c o r r e s p o n d i n g  to a load of 10, 20, 30 mg (/10, ~120, 130). 

Fig.  4. Size d i s t r ibu t ion  of p a r t i c l e s  in a v i t r e o u s  s i l i ca  suspens ion:  1) 
t r a n s p a r e n t ;  2) opaque; 3) f r o m  waste  suspens ion  af ter  cas t ing.  

The p r e p a r e d  suspens ion  was poured  into the cy l inder ,  wa te r  added to the 15 c m  m a r k ,  and then the 
suspens ion  was  s t i r r e d  with a s t i r r e r .  The pan was de tached f r o m  the end of the cy l inder  and the balance  
swi tched  on. The deposi t ion of the p a r t i c l e s  was  r e c o r d e d  60 and 120 sec  af ter  the s t i r r ing  of the suspens ion  
in the cy l inder  had been stopped. F r o m  the m o m e n t  the balance  was  swi tched on, the r eco rd ing  device  
r e g i s t e r e d  the m a s s  of deposi t  in the f o r m  of an accumula t ion  cu rve  (Fig. 2). 

The accumula t ion  cu rve  of the m a s s  of p rec ip i t a t e  r e c o r d e d  on the po t en t i ome te r  s t r ip  can be t r e a t e d  
using the n o r m a l  me thods  for  ca lcula t ing  the sed imenta t ion  c u r v e s ,  namely ,  g r aph i ca l  d i f ferent ia t ion  or  
ana lys i s .  The ana ly t ica l  me thod  ~ives  m o r e  a c c u r a t e  r e s u l t s  and a lso  m a k e s  it  poss ib le  to cons t ruc t  the 
d is t r ibu t ion  cu rve  over  a wide range  of p a r t i c l e  s i zes ,  a s s u m i n g  that  the s ize  d is t r ibu t ion  of the p a r t i c l e s  is  
d e s c r i b e d  by some  dependence.  In this  p a r t i c u l a r  ca se  we used the fo rmu la  p r o p o s e d  by Avdeev  [4, pp. 150- 
152]. Below we give the sequence  for  the ca lcula t ion  of the sed imenta t ion  curve .  

A g raph  of the non l inear i ty  of the i n s t r u m e n t  is c o n s t r u c t e d  (Fig. 3). On the deposi t  accumula t ion  curve  
we chose  va lues  of T1 and T 2 ON e i ther  side of the g r e a t e s t  c u r v a t u r e  (normal ly  T 1 is taken at Q~-i = 20-30% and 
T2 at QT2 = 70-90%). 

Because  the ini t ia l  t ime  T 0 of the accumula t ion  of p rec ip i t a t e  was  not  r e c o r d e d ,  the a c c u r a t e  va lues  of ~-i 
and T 2 a re  ca lcu la ted  on the bas is  of the ra te  of m o v e m e n t  of the r e c o r d e r  s t r ip  and of the points  on the depos i t -  
accumula t ion  cu rve  which c o r r e s p o n d  to t imes  of 60 and 120 sec  f r o m  the m o m e n t  when s t i r r ing  of the suspen-  
s ion in the cy l inde r  s topped,  in a c c o r d a n c e  with the f o r m u l a s  

he, 2h~ 
~I = h~:~ ~ , T~ = h:,~--'~" 

F r o m  the va lues  found for  /T1 and/72, we find QT1 and QT2 f r o m  the nonl inear i ty  graph.  

Accord ing  to the t abu la r  va lues  fo r  the t ime funct ions  of sed imenta t ion  [5, 6] ca lcu la ted  f r o m  the fo rmula  
Q(T) = 100 (1 - -e - i /X)X,  we find the c o r r e s p o n d i n g  va lues  of QTi and QT 2 and the values  of X1 and X2, where  X 
is  a function of the sed imenta t ion  t ime ,  equa l to  ~ (T--AT). 

F r o m  the equat ions  ~ = [log (X2/Xt)/ log ff2/T1)] and ~0 = X t T C  ~=  X2T2 - g ,  we ca lcu la te  the p a r a m e t e r s  
and ~0. 

Using the equat ion d = 418 H T ? / ( p  s -  p[)60~- (where d i s  the d i a m e t e r  of the p a r t i c l e s ,  ~ m ;  H, height  of the 

p rec ip i t a t e ,  era; 7, v i s c o s i t y  of wate r ,  Pa  see) we de t e rmine  the p rec ip i t a t ion  t ime  se t  by the di f ferent  values  
of the pa r t i c l e  d i a m e t e r  (1, 2, 3, 5, 10, 20, 30, 40, 50, and 60 ~m).  F r o m  the va lues  found for  T i we de te rmine  
the va lues  of X i using the f o r m u l a  X i = ~ 0 T [ .  Star t ing with ~ and X i and using the tab les  for  the values  of 

accumula t ive  d i s t r ibu t ion  cu rve  g(T) = [ 1 - - p - - ( ~ / X ) ] Q ( T )  + 100p,  we find the re la t ive  concen t ra t ion  of pa r t i c l e s  

of d i a m e t e r  g r e a t e r  (or less)  than the spec i f ied  and c o n s t r u c t  the d i s t r ibu t ion  cu rve  for  the p a r t i c l e s  accord ing  
to the i r  s ize  (Fig. 4). 
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The re su l t s  of the analys is  of the d i s p e r s e n e s s  of the suspens ions  a re  plotted on a logar i thmic  probabi l i ty  
g raph  (Fig. 4). We de termine  the tangent of the angle ~ cha rac te r i z ing  the slope that  the s t ra igh t  line m a k e s  
with the a b s c i s s a  (width of gra in  component) and the a v e r a g e - s u r f a c e  d i ame te r  of the pa r t i c l e s  day s using the 
f o r m u l a d a v s =  lO0/(F, AQ/dav), where  s i s t h e m a s s  f rac t ion  of the pa r t i c l e s  of a ce r t a in  cut with an av e rag e  
par t i c le  s ize dav, %. 

The s ta t i s t i ca l  t r ea tmen t  of the r e su l t s  of the analys is  shows that the re la t ive  e r r o r  in the de terminat ion  
of the a v e r a g e - s u r f a c e  d i ame te r  of the pa r t i c l e s  is  ~- 12%. 

The main  e r r o r  is  caused by the degree  of uniformity both in re la t ion  to the gra in  composi t ion and a lso  
in re la t ion  to the concentra t ion of solid phase  pe r  unit volume in the case  of the analys is  of the suspension 
of concentrat ion 1.0-1.5 g / l i t e r .  

C O N C L U S I O N S  

A method of de termining the gra in  composi t ion of suspens ions  of v i t reous  s i l ica  using a liquid sed i -  
mentograph  has  been developed and introduced at the Cent ra l  P lant  L a b o r a t o r y  of the Podolsk Re f r ac to ry  
Produc t s  Plant.  The r e su l t s  of the analys is  can be evaluated f r o m  the tangent of the angle the s t ra ight  line 
makes  with the a b s c i s s a  on the log-probabi l i ty  graph  and the ave rage  sur face  d i ame te r  of the par t i c les .  The 
re la t ive  e r r o r  in the de terminat ion  of the a v e r a g e - s u r f a c e  d i ame te r  is  -< 12%. 

Using this method it is  poss ib le  to de te rmine  the d i s p e r s e n e s s  of the suspens ions  made  f rom A1203 and 
other  m a t e r i a l s  c h a r a c t e r i z e d  by a gra in  composi t ion between 0.5 and 100/~m. 
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KINETICS OF FORMATION OF SPINELS IN THE 

MgO--FeO(Fe 203)--A 1203--C r 203 SYSTEM 

I. D. Kashcheev, N. Yu. Novozhilov, 
and V. A. Perepelitsyn 
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The calcula t ion of the kinet ics  of fo rmat ion  of spinels  in the MgO--FeO(Fe203)--A1203--Cr203 s y s t e m  is  
compl ica ted  by s eve ra l  diff icult ies one of which is  the de te rmina t ion  of the amount of newly formed product.  
The task can be s impl i f ied  when one of the ini t ial  m a t e r i a l s  i s  in the fo rm of smooth  g ra ins  on whose sur face  
the complex  spinel  is  fo rmed.  The genera l  composi t ion of a spinel  of this pa r t i cu l a r  sy s t em can be e x p r e s s e d  
by the fo rmula  (Mg, Fe) O.  (Cr, A1, Fe)203. The ref lect ion coeff icients  of pol ished s l i ces  of corundum and 
spinel  differ  significantly (Fig. 1) and this m a k e s  it  poss ib le  to give a quanti tat ive es t ima te  of the ra te  of 
format ion  of a spinel  f rom the th ickness  of i t s  l aye r  on the sur face  of a corundum grain.  

As the s ta r t ing  m a t e r i a l s  for  the production of the spinel  we used e lec t rocorundum,  grade  EB-50 (State 
Standard 3647-71); f e r rous  oxide (analytically pure  grade);  and a mix tu re  of MgO + MgCr204 containing, %: 
Cr203, 65.72; MgO, 33.71;A1203, 0.01; Fe203, 0.02; CaO, 0.42; SiO2, 0.04; and SOn, 0.06. The MgO+MgCr20 a 
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