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CaO-A1203 s lags  were  mel ted  in graphi te  c r uc i b l e s  under  Nz-CO-Ar  gas m i x t u r e s  at 
1600~ The contents  of total  n i t rogen ,  cyanide and total  ca rbon  of the s lags  were  d e t e r -  
mined  by chemica l  ana lyses  of quenched s a mp l e s  taken by suc t ion  f rom the mel t .  The 
n i t rogen  is p r e sen t  in the mel t  as n i t r ide  N 3- ion and cyanide CN -1 ion, and ca rbon  as cy-  
anide and carb ide  C~- ion. The equ i l i b r i um cons tan ts  for the r e s p e c t i v e  r e a c t i o n s  were  
evaluated.  It is found that the n i t r ide  capaci ty  of the mel t  d e c r e a s e s  whereas  the cyanide 
and carb ide  capaci t ies  i n c r e a s e  with i n c r e a s i n g  CaO/A1203 ra t io .  

M E T A L L U R G I C A L  s lags  mel ted under  r educ ing  
condit ions often contain not iceable  contents  of n i t ro -  
gen and carbon  which may cause n i t rogena t ion  and 
ca rbu r i za t i on  of the meta l  phase,  or  they may inf lu-  
ence other  r eac t ions .  Severa l  l abo ra to ry  inves t iga -  
t ions have been  c a r r i e d  out on the t h e r m o d y n a m i c s  
and k ine t ics  of solut ion of these e l e m e n t s .  The r e -  
su l t s  obtained by the d i f ferent  au thors ,  however ,  a re  
very  confl ict ing,  so that more  r e s e a r c h  is  d e s i r a b l e  
on this subjec t .  The p rev ious  l i t e r a t u r e  has been  r e -  
viewed r ecen t ly .  1-3 

In the p r e s e n t  study the solubi l i ty  of n i t rogen  
and ca rbon  in CaO-A1203 s lags  of va r ious  compos i -  
t ions is inves t iga ted .  This  work is a cont inuat ion  of a 
previous  inves t iga t ion  conducted on the a lumina t e  
mel t  with 55 wt pct CAO-45 wt pct A12Oa, 1 in which 
n i t rogen  was found to be p r e s e n t  as n i t r ide  N 3- and 
cyanide CN-, and carbon  as CN- and carb ide  C~-. The 
s lags  were  mel ted  in graphi te  c ruc ib l e s  under  a tmo-  
spheres  of cont ro l led  pa r t i a l  p r e s s u r e s  of N2 and CO, 
and the equ i l i b r ium contents  of n i t rogen  and ca rbon  
were d e t e r m i n e d  as a function of gas compos i t ion  for 
a t e m p e r a t u r e  of 1600~ and a tota l  p r e s s u r e  of 1 a tm.  

EXPERIMENTAL TECHNIQUE 

The expe r imen t s  were p e r f o r m e d  in a s i m i l a r  
m a n n e r  as de sc r ibed  in p rev ious  pub l ica t ions  f rom 
this l abora to ry .  1,a'4 A T a m m a n n  fu rnace  was used.  
The r eac t ion  tube of r e c r y s t a l l i z e d  a l u m i n a  was in-  
s e r t ed  into the ca rbon  tube of the fu rnace  and c losed 
gas tight at both ends.  The gas phase was p r e p a r e d  by 
mixing n i t rogen ,  carbon  monoxide and a rgon  with 
cap i l la ry  flow m e t e r s .  The ma jo r  p a r t  (250 cc per  
min) of the gas was in t roduced into the r e a c t i o n  tube 
through a packing of graphi te  g ranu le s  located under  
the c ruc ib le ,  a s m a l l  par t  (15 cc per  min) was bub-  
bled through the mel t  (via a graphi te  tube) to e n s u r e  
s t i r r i n g .  The s t a r t i n g  s lags  were  p r e m e l t e d  f rom r e -  
agent grade CaCO3 and A1203. The graphi te  c ruc ib l e s  
were machined  f rom high pur i ty  (99.98 pct) graphi te .  

An amount  of 100 g of s lag  was used in  the individual  
e x p e r i m e n t s .  The s lag  was heated to 1600~ under  
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pure  CO and held under  the s a m e  gas for 1 h. Then  
the N2-CO-Ar gas was admi t t ed .  To ta l  r e a c t i o n  t ime  
was be tween 30 and 100 h, du r ing  which s a m p l e s  of 
about 3 g were  taken  f rom the mel t  by suc t ion  into 4 
mm ID graphi te  tubes ,  in r e g u l a r  i n t e r v a l s .  The s a m -  
ples  wer, e sand b las t ed  (to r e m o v e  adhe r ing  graphi te)  
and ana lyzed  for  to ta l  carbon,  total  n i t rogen ,  and cy- 
anide conten ts .  In some  of the s a m p l e s  a lso  the 
acid soluble  ca rbon  was d e t e r m i n e d  which was p r a c t i -  
cal ly iden t i ca l  to total  carbon,  in  a g r e e m e n t  with p r e -  
vious m e a s u r e m e n t s .  3 Hence,  the amount s  of graphi te  
in the s lag  a r e  negl ig ib ly  s m a l l .  The appl ied  ana ly t i -  
cal  p r o c e d u r e s  have been  d e s c r i b e d  in  a p r e ced ing  
paper .  1 F u r t h e r ,  the Ca and A1 contents  were  ana lyzed  
in o rde r  to check whether  changes  of Ca/A1 ra t io  oc-  
c u r r e d  dur ing  the long r e a c t i o n  t i m e s .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The typical concentration-time curves are shown in 
Figs. 1 and 2. The zero point of the time scale is at 
the time when the carbon monoxide atmosphere was 
changed to the N2-CO-Ar gas mixture. In the upper 
diagrams the contents of total nitrogen (N)total, of 
cyanide (CN) and of total carbon (C) total are shown. 
Similar curves were obtained for all the other ex- 
periments. In the lower diagrams the analyzed Ca/Al 
ratios are plotted against time. Because of the rela- 
tive unprecision of the individual Ca/A1 values aver- 
age values are given for all the experiments conducted 
with the same master slag. Error bars indicate the 
scatter of the individual points. With slags of nominal 
composition 40 wt pct CaO/60 wt pct A1203 constant 
(N) total, (CN) and (C) total contents  a r e  a t t a ined  a f t e r  
some t ime  (e.g. Fig .  1), and the Ca/A1 ra t io  does not 
change within the e x p e r i m e n t a l  e r r o r .  With the CaO- 
r i ch  s l ag  of 50 wt pct CaO/50 wt pct A1203, however ,  
the cu rves  for ca rbon  and cyanide have m a x i m a  (e.g. 
F ig .  2). F u r t h e r  the Ca/A1 r a t i o s  d e c r e a s e  with t ime  
which is  appa ren t ly  due to vo la t i l i za t ion  of some Ca 
conta in ing  spec ie s .  The s i m i l a r  o b s e r v a t i o n s  have 
been  made in the .previous e x p e r i m e n t s  1'2 us ing  s lag  
of 55 wt pct CAO/45 wt pct A1203. With the s l ag  of 45 
wt pct CAO/55 wt pct A1203 the re  were  ve ry  s l ight  c a r -  
bon and cyanide m a x i m a  v i s i b l e  only in the e x p e r i -  
men t s  conducted at low p a r t i a l  p r e s s u r e  of CO (Pco  
= 0.2 arm).  P r e s u m a b l y ,  the d e c a r b u r i z a t i o n  and the 
d e c r e a s e  of (CN) a r e  r e l a t e d  to the change of the C a /  
A1 ra t io  and the a s soc i a t ed  d e c r e a s e  of the ca rb ide  
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Fig.  1--Typical  resu l t s  on composit ional  changes occurr ing  
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Fig. 2--Typical results on compositional changes occurring 
in slag of nominal 50 wt pct CaO/50 wt pct AlzO 3 during equili- 
bration with graphite and N2-CO-Ar gas mixture (1600~ 1 
atm). 

and cyanide solubilities. It is reasonable that the 
volatilization rate of Ca containing gaseous species 
and hence the associated change of Ca//A1 ratio should 
increase with CaO content. These compositional 
changes cannot be avoided. Since they occur very 
slowly, however, it can be assumed that the system 
has enough time to respond so that, after passage 
through the maxima, the contents of carbide, cyanide 
and nitride are effectively close to the equilibrium 
values corresponding to the used gas phase and the 
particular Ca/A1 ratio being present. The experimental 

results  are listed in Table I. For the 50 pct CaO/50 
pct AlzO3 slag the data are given for two reaction 
times (30 h and 55 h) after the passage of the concen- 
tration maxima. 

The chemical reactions for the formation of ni- 
tride, cyanide, and carbide can be written as 

1/2 A1203 (slag) + 3/2 C (graphite) + 1/2 N2 (gas) 

= A1N (slag) + 3/2 CO (gas) [1] 

1/2 CaD (slag) + 3/2 C (graphite) + 1/2 N2 (gas) 

= 1/2 Ca(CN)2 (slag) + 1/2 CO (gas) [2] 

CaO (slag)+ 3C (graphite) = CaC2 (slag) + CO (gas) 
[3] 

or in terms of ionic species as 

3/2 02- (slag) + 3/2 C (graphite) + 1/2 N~ (gas) 

= N 3- (slag) + 3/2 CO (gas) [la] 

1/2 02- (slag) + 3/2 C (graphite) + 1/2 N2 (gas) 

= CN- (slag) + 1/2 CO (gas) [2a] 

02- (slag) + 3 C (graphite) = Cg- (slag) + CO (gas). 
[3a] 

In the sufficiently dilute solutions the activities of 
the nitride, cyanide, carbide can be se tpropor t ional  
to their mass fractions at constant CaO/A1203. Hence, 
by application of the law of mass action the equations 

(N)ni t r ide  = g n i t r i d e  ~ P ~ O  [ lb ]  

(CN) : Kcyanid e ~ [2b] 
Y P c o  

Kcarb ide  
(C)carbide - - -  [3b] 

PCO 

are obtained. The equilibrium "cons tan ts"  Kni t r id  e , 
K cyanide, Kcarbide contain the activity coefficients of 
the nitride, cyanide and carbide ions (or neutral 
species) respectively, and the activity of the oxygen 
ions (or neutral oxide components), and therefore de- 
pend on the slag composition. One may call these K's  
"ni tr ide capacity",  "cyanide capacity",  and so forth 
in accordance with the terms "sulfide capacity" or 
"sulfate capacity" introduced by Fincham and Richard- 
son 5 for the equilibrium constants describing the sul- 
fur t ransfer  between gas and slag phase. 

According to Eqs. [la] and [2a] the nitride and cya- 
nide contents increase proportionally to p4~N 2 at con- 
stant p CO. Hence, also (N)total should increase with 
4p N~. For constant p N~ the nitride content should vary 

- 3 / 2  proportionally to PCO and the cyanide content propor-  
tionally to p~x(~. The carbide content should increase 
with P~O. The nitride content is computed from total 
nitrogen content (N)tota 1 and cyanide content (CN) ac- 

= ~ (CN), cording to (N)nitr id e (N)total - and carbide 
content according to (C)carbid  e = (C)tota 1 - ~-~ (CN). 
The relationships are fulfilled, as shown in Fig. 3. 

Two methods were used to evaluate the equilibrium 
constants. In the f irst  method the (N) nitride and 
(C)carb ide  values were calculated from the analyti- 
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Table I. Equilibrium Contents of Total Nitrogen (N)tozal, Cyanide (CN) and Total Carbon (C)tota, in CaO-AI2Os Melts Equilibrated with 
Graphite and N2-CO-Ar Mixtures at 1600~ and 1 atm 

PN 2, PCO, PAR, Reaction (N)total , (CN), (C)total , Wt Pct CaO :~ 
atm atm atm Time, h Wt Pct Wt Pct Wt Pct Wt Pct Ca/Wt Pct AI* Wt Pct A1203 

Nominal Initial Composition: 40 Wt Pct CaO/60 Wt Pct A12Oat 

0.05 0.50 0.45 30 0.054 0.015 0.062 0.936 0.693 
0.05 0.50 0.45 100 0.065 0.016 0.065 0.907 0.672 
0.10 0.50 0.40 30 0.068 0.024 0.062 0.936 0.694 
0.25 0.50 0.25 30 0.13 0.032 0.064 0.936 0.696 
0.50 0.50 0 30 0.15 0.041 0.075 0.936 0.696 
0.05 0.20 0.75 100 0.16 0.018 0.11 0.907 0.674 
0.05 0.20 0.75 54 0.18 0.019 0.10 0.907 0.675 
0.05 0.40 0.55 54 0.080 0.013 0.068 0.907 0.673 
0.05 0.65 0.30 30 0.039 0.014 0.040 0.936 0.694 
0.05 0.95 0 30 0.023 0.013 0.030 0.936 0.693 
0.10 0.20 0.70 100 0.33 0.025 O. 16 0.907 0.679 

Nominal Initial Composition: 45 Wt Pct CAO/55 Wt Pct A1203t 

0.05 0.50 0.45 30 0.053 0.029 0.085 1.132 0.838 
0.10 0.50 0.40 30 0.063 0.041 0.090 1.132 0.837 
0.25 0.50 0.25 30 0.11 0.062 0.092 1.132 0.839 
0.50 0.50 0 30 0.15 0.086 0.115 1.132 0.840 
0.05 0.40 0.55 54 0.074 0.029 0.12 1.118 0.827 
0.05 0.65 0.30 30 0.040 0.022 0.080 1.132 0.837 
0.05 0.95 0 30 0.030 0.020 0.060 1.132 0.838 
0.05 0.95 0 54 0.031 0.021 0.070 1.118 0.827 
O. 10 0.20 0.70 70 0.25 0.057 0.21 1.118 0.832 
0.20 0.20 0.60 70 0.35 0.076 0.22 1.118 0.837 

Nominal Initial Composition: 50 Wt Pct CaO/50 Wt Pct A12Oa 

0.05 0.50 0.45 30 0.052 0.052 0.19 1.345 0.990 
55 0.052 0.044 0.18 1.333 0.982 

0.10 0.50 0.40 30 0.074 0.055 0.18 1.345 0.992 
55 0.074 0.049 0.17 1.333 0.984 

0.25 0.50 0.25 30 0.12 0.093 0.20 1.345 0.993 
55 0.11 0.093 0.20 1.333 0.983 

0.50 0.50 0 30 0.17 0.15 0.21 1.345 0.994 
55 0.16 0.13 0.20 1.333 0.985 

0.05 0.95 0 30 0.030 0.031 0.090 1.345 0.994 
55 0.028 0.026 0.090 1.333 0.985 

0.05 0.65 0.30 30 0.043 0.036 0.14 1.345 0.992 
55 0.043 0.038 O. 13 1.333 0.984 

0.05 0.40 0.55 30 0.063 0.049 0.20 1.345 0.990 
55 0.063 0.039 O. 17 1.333 0.983 

0.05 0.29 0.75 30 O. 14 0.085 0.33 1.345 0.988 
55 0.14 0.070 0.29 1.333 0.982 

*The Ca/A1 ratios are round values. They are read from the curves representing the chemically analysed Ca/AI ratios as a function of time. For each master slag one single 
curve was drawn to represent all the experimental points (see Figs. 1 and 2). 

tTwo batches of master slag were prepared in the investigation of the 40 pct CaO/60 pct A1203 and 45 pct CAO/55 pct AI2Oa slags which had slightly different composi- 
tions. Hence, two different numerical values appear in the column for Ca/A1. 

:~Calculated according to the following procedure: ( ( ) means contents in wt pct) 

z = (Al2Oa) + (CaO) = 100 [(AIN) + (Ca(CN)2) + (CaC2)] 

Ca _ (Ca)cyanid e _ (Ca)carbid z = [ ( A I ) -  (A1)nitride ] + AI) ~ analy~ 

with 

( 14 )1 41 (A1N) = N)total-  26(CN ~ ,  (Ca(CN)2) = (CN) 9 2  
52 '  

12 14 
(CaC2) = ~ C)t~ 26-(CN)] 64 [(N)total_ ~ - ( C N )  1 2 7  ~ '  (A1)nittide = 14" 

40 [( 1 2 ) 1 4 0  
(Ca)cyanid e = (CN) ~ - ,  (Ca)carbide = C)total 2 6  (CN 24-" 

These equations are solved for (AI).(A1203) is then computed from 

(A12Oa) = [(A1) (Al)nitride] 102 ~ -  and (CaO) from (CaO) = z - (A12Oa). 
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Fig. 3--Test of Eqs. [la], [2a], [3a] on results obtained with 
slag of nominal initial composition 45 wt pct CAO/55 wt pct 
A1203 (1600~ 

cally de te rmined  (hi)total, (C)total and (CN) values,  
and the K's  were  calculated by applicat ion of Eqs.  [lb], 
[2b], [3b]. The other  method is graphical  and se rves  
to check the cormisteacy of tixe K va lues  de r ived  with 
the f i r s t  method.  Only (N)total and (C)total a r e  used in 
this evaluation. The total  ni t rogen content is given as 

(N) total = (N) nitride + ~ (CN) = gnitr id e . 7 5 - - -  

V~o 

+ "~Kcyanid e I ~ / ~  
u PCO 

[4] 
and total  carbon as 

Kcarbide 
(C)tota 1 = (C) carbide + ~ (ON) - - -  

P c o  

+ ~Keyanid e I J  rN2 [5] 
5 PCO " 

Multiplying both s ides  of Eqs.  [4] and [5] with ~ / ~ _ o  

the express ions  2 

(N)totat 4 P/P-~Pco _ Knitride 
I ~  P-~N~ PCO + ~ gcyanide [6] 

(C)tota l " L ~  Kearbide [7] 
PN z - ~/-~N~PCO + ~6Kcyanid e 

a re  der ived.  Hence, by plotting (N)tota 1 4 f  ~CO against  

1/PCO, or  (C)tota 1 a U  CO against  1/~/ps2Pco s t ra ight  
PN 2 

lines should be obtained with the s lopes being Knitrid e 
or  Kcarbide, and the in te rsec t ions  on the ordinate  be- 
ing ~Kcyanid  e or  ~Kcyanid e, r e spec t ive ly .  These  

plots a re  shown in Figs .  4 and 5. Al ternat ive ly  i t  fol-  
lows f rom Eqs, [4] and [5] that 

�9 ~]-P~O = Knitride + 26 cyanide PCO (N)t~ ~ PN~ ~ K  [8] 

(C)totalPCO =Kcarbid e +~Kcyanid  e ~/PN2PCO. [9] 

Hence, by plotting (N)total ~ ~ against  p CO, or  

(C)total P CO against  P~/~-r again s t ra ight  lines 
should be obtained with the s lopes given by ~Kcyanid e 
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Fig. 4--Plot of experimental data in accordance with Eq. [6]. 
(a) Data for slags with nominal initial composition of 40 wt 
pct CaO/60 wt pct AI~O 3, (b) data for slags with nominal init- 
ial composition of 45 wt pct CAO/55 wt pct A1203, (c) data for 
slags with nominal initial composition of 50 wt pct CaO/50 wt 
pct A1203. 
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1 2  o r  2-~Kcyanid e and the  i n t e r s e c t i o n s  on the  o r d i n a t e  
b e i n g  Kni t r id  e o r  Kcarbid  e , r e s p e c t i v e l y .  T h e s e  p lo t s  
w e r e  a l s o  m a d e .  

It was  found tha t  Kni t r id  e and Kcyanid e cou ld  be d e -  
t e r m i n e d ,  w i th  s u f f i c i e n t  p r e c i s i o n  (by u s i n g  e i t h e r  
E q .  [6] o r  Eq .  [8]) f o r  the  s l a g  wi th  n o m i n a l l y  50 wt  
p c t  C a O / 5 0  wt pc t  A1203, F i g .  4(c) .  H o w e v e r ,  fo r  the  
s l a g s  l o w e r  in CaO con t en t  only  Knitr id  e cou ld  be  
e v a l u a t e d .  S ince  Kcyanid e d e c r e a s e s  wi th  d e c r e a s i n g  

CaO con ten t ,  the  v a l u e s  f o r  the  i n t e r s e c t i o n  on the  
o r d i n a t e  (Eq.  [6], F i g s .  4(a) and 4(b)) o r  fo r  the  s l o p e  
(Eq.  [8]) d e c r e a s e  and t h e i r  p r e c i s e  n u m e r i c a l  v a l u e s  
cou ld  no t  be  e v a l u a t e d ,  due  to the  s c a t t e r  of the e x -  
p e r i m e n t a l  po in t s .  H e n c e ,  the  a n a l y t i c a l l y  d e t e r m i n e d  
Kcyanide v a l u e s  w e r e  u s e d  and only  the  Kn i t r i d  e v a l -  
u e s  w e r e  ob t a ined  f r o m  the  p l o t s .  On  the  o t h e r  hand,  
Kni t r tde  d e c r e a s e s  wi th  i n c r e a s i n g  Ca(3 con t en t .  C o n -  
s e q u e n t l y ,  fo r  the  CaO r i c h e r  s l a g  wi th  55 wt  pc t  CaO//  
45 wt pc t  A1203, wh ich  has  b e e n  i n v e s t i g a t e d  p r e v i -  
ous ly ,  ~ only  p r e c i s e  Kcyanid e v a l u e s  can  be  e v a l u a t e d  
f r o m  p lo t s  a c c o r d i n g  to E q s .  [6] and [8]. Out  of  s i m i -  
l a r  r e a s o n s  the  a n a l y t i c a l l y  d e t e r m i n e d  Kcyanid  e v a l -  
ues  w e r e  u s e d  to ob t a in  t he  K c a r b i d e  v a l u e s  f r o m  
p lo t s  a c c o r d i n g  to E q s .  [7] and [9]. 

T h e  K v a l u e s  a s  o b t a i n e d  wi th  the  d i f f e r e n t  m e t h o d s  
a r e  l i s t e d  in T a b l e  II.  T h e r e  i s  a s t r o n g  i n f l u e n c e  of 
s l a g  c o m p o s i t i o n .  A l t h o u g h  the  K v a l u e s  can  w e l l  be  
c o r r e l a t e d  wi th  the  C a / A 1  r a t i o s ,  i t  i s  m o r e  a p p r o p r i -  
a t e  to c h o o s e  a " b a s i c i t y "  CaO/A1203 f o r  c o r r e l a t i o n ,  
w h e r e  CaO and A1203 c o m p r i s e  on ly  the  Ca  and A1 c a -  
t i ons  s t o i c h i o m e t r i c a l l y  a t t r i b u t a b l e  to t he  o x y g e n  
a n i o n s .  T h e  CaO and A1203 c o n t e n t s  w e r e  c o m p u t e d  
f r o m  the c h e m i c a l l y  a n a l y z e d  v a l u e s  f o r  (Ca/A1) ,  
(N) n i t r ide ,  (CN), (C)carb ide  t a k i n g  A1N, Ca(CN)2 and  
CaC2 a s  the  n e u t r a l  n i t r i d e ,  c y a n i d e  and c a r b i d e  co rn -  

p o n e n t s ,  in a c c o r d a n c e  wi th  E q s .  [1] to [3]. T h e  o b -  
t a i n e d  (wt p c t  CaO/ /wt  pc t  A12Os) r a t i o s  a r e  i n c l u d e d  in  
T a b l e  II ,  and  the  d e p e n d e n c e  of K ni t r ide , Kcyan id  e , 
Kcarb id  e on (wt pc t  CaO/ /wt  p c t  A1203) i s  s h o w n  in  
F i g .  6. P r e v i o u s  r e s u l t s  on the  s o l u b i l i t y  of c a r b o n  
in  n i t r o g e n  f r e e  a l u m i n a t e  m e l t s  3 h a v e  b e e n  u s e d  in 
d r a w i n g  the  c u r v e s  in F i g .  6(c) .  T h e  Kca rb ide  v a l u e s  
m e a s u r e d  by S w i s h e r  6 a r e  shown  f o r  c o m p a r i s o n .  
F u r t h e r ,  two  p o i n t s  f o r  Kcyan id  e a s  e v a l u a t e d  p r e v i -  
o u s l y  ~ f r o m  the  d a t a  of S h i m o o  e t  a l  7 and C h o h  e t  a l  8 

a r e  i n c l u d e d  in  F i g .  6(a).* 

*Shimoo et al 7 performed another series of experiments with PCO = 0.08 arm, 
PN~ = 0.92 arm (1550~ and slag compositions ranging from 42 to 58 wt pct 
CaO. Although the dependence of nitride, cyanide and carbide solubilities on 
slag composition is qualitatively similar, the Kcyanide, Krdtride, gcarbide values 
evaluated from the results are smaller by a factor of 2 to 3 than the present 
values. The reason cannot be given with certainty for this severe disagreement. It 
is noted, however, that these experiments have been conducted in the range of 

3 < partial pressures in which solid AlN is stable. This range is given by p CO/PN ~ = 
0.073 aAL O arm 2 (at 1600~ as shown previously. 1 Inserting numerical values 
for aA12039 it is seen that the used gas phase (Pco= 0.08 arm and pN 2 = 0.92 arm) 
had a much too low ratio P3CO/PN. Hence, the data are not included in Fig. 6 for 
comparison. 

I t  i s  e v i d e n t  f r o  m F i g .  6 tha t  K cyanide and  Kca rb id  e 
i n c r e a s e  wi th  CaO/A1203 r a t i o ,  w h e r e a s  Kni t r ide  d e -  
c r e a s e s .  Such  a c o m p o s i t i o n  d e p e n d e n c e  is  r e a s o n -  
a b l e  in  v i e w  of E q s .  [1] to [3]. If  t h e  a c t i v i t y  c o e f f i c i -  
en t s  of A1N, Ca~sCN,  CaC2 c h a n g e  l e s s  w i t h  c o m p o s i -  
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Fig. 6--Cyanide, ni t r ide and carbide capaci t ies  as a function 
of CaO/A1203 ratio for CaO-A1203 melts  at 1600~ 
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Table II. Numerical Values for Kcyan~e , Knh~ide and Kcarb~a in CaO-AI203 Melts at 1600~ 

_ . o ] ~ o ~  P~O 
Kmtride - (N)nitride ~( -~-~ ,  

r..====.. 

Kcyanid e = (CN) CPCO Wt Pct 
Wt Pct atm 

PN2' From Chemical 
Nominal Initial Basicity,* From Chemical Analysis of 

Slag Composition, Wt Pct CaO Analysis of From (N)total $ From (C)total $ (N)total and From (N)tota I 
Wt Pct CaO Wt Pct A1203 (CN)t Plot Plot (CN)? Plot 

Kcarbide = (C)carbide PCO, 
Wt Pct atm 

From Chemical 
Analysis of 
(C)total and From (C)total 

(CN)I- Plot 

40 0.675 0.0394 (0.044) (0.044) 0.0779 0.075 0.0244 0.025 
0.694 0.0491 (0.044) (0.044) 0.0697 0.075 0.0250 0.025 

45 0.835 0.0854 (0.085) (0.085) 0.0628 0.062 0.0408 0.041 
50 0.984 O. 126 O. 15 (0.135) 0.0481 0.041 0.0702 0.073 

0.992 0.143 O. 17 (0.135) 0.0464 0.039 0.0738 0.073 
55�82 1.07 0.222 0.33 n.d. 0.0240 0.014w 0.0825 n.d. 

1.16 0.326 0.33 n.d. n.d. 0.014w 0.107 n.d. 

*Computed, see Table I. 

t Average values for slags in same basicity group. (N)nitride and (C)carbide were computed from (N)total, (CN) and (C)total 

C 12 
= ( )total - 26 (CN). 

:~/(cyamde values in parenthesis are the average values of the analytically determined values (third column) for the slag 
values were used to locate the straight lines in plots according to Eqs. [6] to [9]. 

�82 from previous work (Ref. 1). 
w value is unprecise due to the difficulties in the evaluation procedure as described in text. 

14 
by (N)nitride = (N)total - ~ (CN) and (C)carbid e 

with the same nominal initial composition. These 

t ion than the ac t iv i t i e s  of the oxide components ,  as  
might  be anticipated,  the nitride capacity  should in fact  
i n c r e a s e  with a lumina act iv i ty ,  and cyanide as we l l  as  
carbide capac i t i e s  should i n c r e a s e  with ca lc ium oxide 
act iv i ty .  

SUMMARY 

The so lubi l i ty  of ni trogen and carbon in CaO-AlzO~ 
m e l t s  contained in graphite  cruc ib le s  has been m e a s -  
u_red at 1600~ as  a function of part ial  p r e s s u r e s  of 
nitrogen and carbon monoxide .  Ni trogen is  d i s s o l v e d  
as nitr ide N 3- and cyanide CN-, and carbon as carbide 
C~- and cyanide CN-. The cyanide and carbide so lubi l i -  
t i e s  i n c r e a s e  and the nitr ide so lubi l i ty  d e c r e a s e s  with 
increas ing  CaO//A1203 rat io  of the me l t .  Nitr ide ,  cya-  
nide and carbide capac i t i e s  have been computed f rom 
the e x p e r i m e n t a l  data and are  given for s lags  with 
compos i t ion  f rom 40 to 55 wt pct CaO. 
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