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A study was made of the effect of MnO in a wide range on
the viscosity of natural and semisynthetic slags of the
Kremikovtsi Metallurgical Combine with basicity given. In
slags with basicity of 1.32 there is an increase in the vis-
cosity with an increase in MnO content to 5, 10 and 15 per-
cent, and there are no significant differences between given
curves. There is almost no change in viscosity at 20 pcrcent
MnO, while there is a significant decline at 25 and 350 percent.
With an increase in MnO content with basicity 1.00, a certain
analogy with the data for basicity 1.32 is observed. An in-,' crease in viscosity is observed only at 5 and 10 percent MnO,
while at 15, 20, 25 and 130 percent the MnO shows a strictr-pattern of thinning action. .e thinning effect of Mm.) in
basicity 0.70. A strict patt rn of Viscosity decrease is
found with an increase in Mn content. Viscosity also declines
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EFFECT OF BARIUM OXIDE AND MANCANOUS OXIDE ON VISCOSITY OF NATURAL BIAST-
FUNACE SIAGS

Article by Ivan Vulchev, Higher Institute of Chemical Technologys Sofia,
Rudodobiv i Metalurgiya, Bulgarian, Vol 22, No 12, 1967, pp 33-327

Effect of MeO

In the production of cast iron from Kreikovtsi iron ore the slag is
characterized by increased BaO and MnO content. In our country (1) a de-
tailed study has been made of the effect of B&O on the viscosity of
Kremikovtl slag. The present stly determined the effect of Mr0 (1.5-30
percent) on the viscosity of natural slag whose cheical composition Is
given In Table 1.

Up until now publications have devoted comparatively little space to
detemination of the effect of MnO on the viscosity of blast-furnae 81a4s.

S. K. Trekalo (2) made a detailel study of the effect of NnO on the vis-
cosity of blast-furnace els4 with basicity Ca/Si02 -0. 96-1.88 am 0.16-

23.55 percent MnO. The author established that the addition of 20-23 per-
cent HMO considerably widens the temperature range in which the slags re-
main fluid enough. This holds true especially for slags with a higher
basicity. For these it can be seen that there is a sharp decrease in via-
coelty with the addition of 2-3 percent MnO, while the tW.aning action of
PMno declines to a certain extent as further additions ae made.

M. Ya. Ostroukhov (3) studied the effect of MnO (2.15-11.09) on the
viscosity of four groups of blast-furnace slags with a basicity of 0.59-
0.94. For the first group with a basicity of 0.93 and 19.62 percent A1 2 03 ,

viscosity at 13500 C declines from 21.2 to 13.5 poises with the addition of
8.75 percent YnO. For the second group with a basicity of 0.59, viscosity

declines from 72.0 to 21.8 poises with the addition of 9.66 percent mnO,
23.95 poises with 4.28 percent ?n0. For the third group of slags with a
basicity of 0.82, viscosity declines from 32.0 to 14.5 poises with the ad-
dition of 11.09 percent MnO 19.36 poises with 4.29 percent MnO. For the
last group with a basicity 9f 0.94 and 13.77 percent A12 03 , viscosity at
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the same temperature declines from 10.8 to 7.8 poise with the adition of
2.15 percont MnO.

According to F. Hartmann (4), there in an almost oantinuoua decline
in viscosity with an increase in the MnO content of blast-furmace slags to
25 peroent, while after this quantity a certain increase is observed.

I. P. Semik (5) studied the visoasity of blast-furnace slags and es-
tablished that Mn0 thins acid slags more than basic siages.

I, D. Balon (6) studied the effect of Fe0 and Mn0 on the viscosity
and start of crystallization of early blast-furnace slags. Owing to the
insufficient number of experimental data the author draws conclusions
which are at variance with most studies in this field. The author believes
that with an increase in the quantity of PnO there is a rise in the tempera-
ture at which crystallition begins and a slight drop in viscosity.

I. P. Bardin ot al. (7) determined the effect of Fe0 and Mn0 on the
mineraloginAl composition and viscosity primaxily of synthetic blast-
furnace slags. Four groups of slags with a basicity of Bm0.80, 1.00, 1.26
and 1.50 were used for the study. A rather significant drop in viscosity
occurs with the addition of over 5 percent KnO. With a further increase in
MnO (to 20 percent). viscosity changes, though not according to a strict
pattern, with a tendency towards a decline.

A. M. Chernyshev (8) studied the effect of MnO and FeO on early
blast-furnace slags.

N. L. Zhilo and L. M. Taylev (9) studied the viscosity of natural
early, intermediate and final slags in the production of blast-furnace ferro-
manganese. The viscosity of the final slags in ferromanganese produotion is
0-5-3.5 poises at a temperature above 1300 C and the higher t.: MnO content
and the lower the CaO/SiO2 ratio, the lower the viscosity and the crystal-

lization temperature. The lowest viscosity is found in slag with 15-16
percent MnO and CaO/SiO2 ratio of no more than 1.3.

Sh. M. Mikashvili et al. (10) studied the viscosity and mineralogical
composition of the synthetic ternary system MnO-SiO2 -A12 03 . The most fluid
slags are obtained with an average SiO2 content of 2.0-35 percent, MnO 50-75
percent and A1203 0-25 percmt. The lowest viscosity is obtained with 20

percent A1203, 55 percent MnO, 25 percent Si0 2 and low temperatures. Of the
ternary diagram the most fluid slag at high temperatures has 65 percent MnO,30 percent Si0 2 and 5 percent Al 2 03 .

A. V. Rudneva at al. (11) studied the viscosity of four-oomponent syn-
thetic slag (K2 O-CaO-Al20 3-Si0 2 ) with the addition of 0-40 percent MnO (with

A1203f 5 percent, K20-6-18 percent, CaO/Sio2-o.5-1.16). Itnganous oxide

3
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reduces the viscosity and crystalliation temperature only within certain
limits for slags with a basicity of 0.5-0.89 for up to 20 percent MnO and
0.84-i.16 for up to 10 percent MnO.

* F. P. Glanser (12) haa made one of the moat detailed studies of the
ternary system Ca0-MnO-Si0 2 , but the article does not go into the question

of its viscosity.

It can bt .een f--*m this survey of the literature that there are
certain oontn...- tions in the results obtained, witich -re due to deficiencies
in research met ,_ds, for example unsuitable viscosimeters, inaccuracies in
temperature determination, small number of experim6ntal data, simultaneous
fluctuations in the content of several components, etc.

Our studies were performed on natural b)Ast- 'raoe slag of melts
No. 4333 (M 1302), serial No. 22 (Table 1), of which three semisynthetic se-
ries are composed. The first samples have the designations M 1302. M 1002
and H 0702 (the letter M signifies that they contain MnO, the first two
digits denote basicity multiplied by ten, and the last two digits the per-
centage content of MnO).

The studies were performed at three different basicities - CaO/SiO2M

1.32, 1.00 and 0.70, with the Mn0 content increasing to 30 percent. The ad-
dition of J0 2 to the natural slag (No. 4333) with a basicity of 1.32 gave

the other two series with basicity of 1.00 and 0.70.

Viscosity was determined by a vlscosimeter with damped oscillations
of the spindle (13).

Figures 1 and 2 show the effect of MnO on the viscosity of'slags with
a basicity of B-Ca0/S0 2-1.32. It can be seen from Figure I that with an

increase in MnO to 5, 10 and 15 percent no appreciable difference occurs in
the viscosity of the slag between 1550 and 14500 C. Below this temperature
range the slags become more viscous. At 14250 C initial sample No. 22 has
3.7 poises, and derivatives thereof (No. 23, 24 and 25) about 6.5-7 poises,
while at 14000 C they have about 4 and 14 poises respectively. The 1-t
curves for 5, 10 and 15 percent MnO albost converge, from which it follows
that the thickening effect is the same for the three different MnO contents
and B-CaO/SI0 2 -1.32. The addition of 20 percent MnO gives slag whose I -t
dependence almost coincides with initial sample No. 22, which has 2 percent
PMnO. With an increase in MO to 25 percent, viscosity declines appreciably
at all temperatures and the slag beomes longcr, hx.L " -iscosity of 7.5
poises at 13000 C. The slag with 30 percent MnO is even more fluid and has
a viscosity of 4.7 poises at the same temperature.

It can be seen from Figure 2 that at high temperatures (1550-13o0 C)
the addition of 5-30 percent MnO has almost no effect on the viscosity of the
slag with a high basicity (B-1.32). At temperatures below 14250 C the slags

-4-
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thicken with the addition of 5 peent MnO, and with a fmirthar increas in
Mn0 the viscosity remains the same or declines, a aeco~i4 maximum being ob-
served at 20 percent Ma0. After this maximum the slags are markedly
thinned at 25 and 30 percent KnO and remain quite fluid6 at a temperature be-
low 13000 C.

Figures 3 and 14 show the effect of MnO on the viscosity of semisyn-
thetic blast-furnace slags with B-1,00. From Figure 3 It can be seen that
the slags bemme more viscous with an increase in PMnO to 5 or 10 percent.

,but nanpie No. 31 is more fluid than slag No. 29 below 13000 C. An in-
crease in the MnO content to 15 percent does not change the viscosity be-
tween 1550 and 13500 C. but belo*q 13500 C slag No. 32 is more fluid. Vis-
cosity declines at all temperatures with a rise in 1mG to 25 percent, and
at 12500 C it is only 9 poises. A 30 percent 1'lrO content gives the most
fluid slag with the lowest viscosity -- 0.8 poise at 1550o C, and it
reaches 4.9 poises at 12500 C. It can be seen from Figure 14 that at high
temperatures (1550-15000 C) the addition of 1-30 percent llnO has almost no
significant effect on viscosity. At temperatures below 14500 C a maximum
is obtained with 5 percent 1bi0, after which viscosity declines with a rise
In !'nO. It Is lowest at 30 percent MaO.

Fi1nures 5 and 6 show the effect of )1n0 on the viscosity of semisyn-
thetic blast-furnace slags with a ba-icity of 0.70. It can be seen from
Figure 5 that with an increase in Mnj to 5 percent,, viscosity declines
above 1450o C and rises below this temperatture. A very strict pattern of
increase In the fluidity of the slag is observed with a further increase in
HnO to 30 percent. Its thinning action Is observed at all1 temperatures, be-
ing most clearly pronounced at temperatures below 14250 C. Figure 6 shows
that the s lags become more fluid with an Increase in the amount of !tnO to 30
percent. A certain Increase in viscosity with .ni increase in Mno to 5 per-
cent Is observed only at temperatures between 14.00 and 13750 C. -At tempera-
turee below 114000 C It can be seen that the thinning action of MnO is more
clearly pronounced with an increase in the quantity thereof. The studies
at the three different basicitie show that viscosity also declines with a
decrease in basicity from 1.32 to '..00 and rises again with a basicity of
0.70. The Increase In viscosity in the case of the basic and neutral slags
with the additlon of 10-15 percent MnO Is also due to the rise in the total
basicity of the slags. The thinning effect of MnO may be due to a decrease
in the size of the silcon-oxygen anions as a result of the dta~sociation of
manganous oxide and the surrender of its oxygen to them. Thiu may explain
the stronger thinning effect of MnO in the case of more acid slag. where the
anionic complexes are larger. ?lnO lowers the crystalliz~ation temperature of
the slags as a result of the introduction of a "weake" cn+ation. This
being the cane, the slags beoome more fluid. The simultaneous action of

* MnO on the rupture of the silicon-oxygen anions arnd the lowering of the
* crystallization temperature of the slags may explain its stronger thinninL7

action at lower temperatures.
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Effect of BaO and MnO

World metallurgical practice has not heretofore been ivpled by
practical reasons to study the smultaneous effeot of B&O and 1nO on the

= viscosity and other physioochemcal properties of slag systm. This
question has arisen for the first time in our country due to the necessity
of finding optimal technological conditions for the use of Krsikovtai ore.

A study was made of the combined effect of BO and MnO on the via-
cosityof natural and seamisynthetic blast-furnace slags of the Kremikovtl
?IKLXtallurgical Coiubine7a

For this purpose we used slags of melt No. 4333 (of the first blast
furnace), No. 1522 and 1526 (of the second blast furnace), to which B&O was
added so as to bring it up by steps of two percentage points to 16 percent,
and MnO so a to bring it up by steps of two percentage points to 23 peroant.
Due to a lack of a sufficient quantity of slag in the last sample the added
oxides reached 14 aid ?-1 percent.

The slags are designated, for example BM 1421 - the EM denoting that
they contain barium and manganese simultaneously, the first two digits
giving the quantity of B&O, the second two digits the quantity of MnO.

In order to study the effect of BaO and MnO in the projected quantity
of 14 and 21 percert with three different basicities, the necessary quantity
of Si02 was added to initial melts No. 4333 and _ 522. The compositions of
the natural and semisynthetic slape and their bmaicity axe shown in Table 2.

Figure ? shows viscosity as a function of the temerature of natural
slag No. 4333 with basicity 1.32 and of the se.msynthetic slag obtained by
simultaneously increasing the BaO and ?MO by steps of two percentage points
from 2.03 an( 2.30 respectively to 14 and 21 percent. It can be seen from
the figure that the seuisynthetic slags become more viscous and shorter by
increasing the B&O and MnO content. The only exceptions are samples No.
42 and 43 (BM 1017 and Bm 1219), which are more fluid at 1500 and 1479° C.
Slag No. 45 (BM 1623) is extraordinarily thick and its viscosity cannot be
determined at all at a temperature below 15000 C.

Figure 8 plots the viscosity of nat,,ral slag No. 1522 with basicity
0.94 and the semisynthetic slags obtained therefrom by the addition of BaO
and nO. It is observed that there is a slight increase in viscosity with
an increase in BaO to 4 and 6 percent and with an MnO content of 11 and 13
percent respectively, but the slags become a bit longer. With a further in-
crease in BaO to 16 percent and tnO to 23 percent (slag No. 55), a drop in

Lviscosity is observed. Sam ples No. 51, 52 and 53 are marked by lo.ier vis-
cosity at low temperatures (M25-1759 C). Slag samples No. 5 eA 55 be-
come shorter and have a viscosity of over 52 poises at a temperature of
12250 C. With a decline in basicity to 0.70 and with 14 percent BaD and
21 percent MnO (No. 57) the slap, on the whole, raise their viscosity

-9-
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about twofold up to 13500 a compared with the initial slags (No. 48), after
*which the thickening effect is weaker.

Figure 9 plots the viscosity of slags No. 1526 (ssaple No. 58) with
* buloity 1,03 and semisynthetio slages with increased BLO and PhO content.

With an Increase in BDO to 8 percent and MnO to 15 percent, a certain thin-
ning effect is observld (in the osew of No. 61 there is a certain thickueing
at a temperature below 12750 C). With a further increase in the BmO content
to 10, 12 and 14 percent and MhO to 17, 19 and 21 percent respectively, an
increase in viscosity is observed, which is more clearly pronounoed at tem-
paraturee below 140 C. The slagn become shorter and their viscosity am-
not be determined below 1300o C. Viscosity increases most sharply in the
case of slag No. 64 below 14000 C, rising to 46.0 poises at 13500 C-

Figure 10 plots the viscosity of synthetic slag. obtained froa melt
Io. 4333 containig 1 percent BaO and 21 percent MO with a basicity o7
1.32, 1.00 and 0.70. It can be seen that slag No. 4 with basicity of 1.32
is the most viscous and shortest, while No. 46 is the most fluid at a ten.
perature above 13000 C (there is a sharp increase in viscosity below this
tempe ature). Slag No. 46 has the most suitable viscosity for the blastfurnace. Sample No. 47 with basicity of 0.70 has th© character of long
slag. It has a viscosity of over 5 poises at all temperatures. At a ten.
perature below 12500 C it is viscous, but its viscosity can still be
measured,

Figure 11 plots the n -t dependence of synthetic slap with the same
BmO and PhO content (14 and 21 percent) as in sample No. 1522. A certain
increase in viscosity and shortening of the slag is observed with an in-
crease in basicity. Even geater thickening is observed with a decline In
basicity to 0.70, and the slag becomes long.

Figures 12, 13 and 14 plot the Isotherm for a BaO/nO ratio of 0.35- I
0.7( for slags No. 4333, 1522 and 1526. It can be seen that the curves in
Figure 12 for slag with a basicity of 1.32 have minimm viscosity for a
BaO/MNO ratio of O.62-0.63, but up to 14000 C the minimum viscosity is
about 18 poises.

The isotherms in Figure 13 for slag No. 1522 have a minim= given the
same BaO/lnO ratio, but their viscosity at 14000 C is about 3 poises. The
isotherms in Figure 14 have a minim given a WaO/Mn0 ratio of 05.3, while
their viscosity at 14000 C is also about 3 poises. And the three slags dis-
play a sharp increase in viscosity after the minimum.

The study of the effect of BLO and MnO on the viscosity of the three
different slags indicates that it is quite specific, but the thickening ef-
fect Is exhibited especially in the basic slags. This may be due to an In-
crease in the basicity of the slag, which is ligh anyway.

- 14 "



conclusion

1. A study was made of the effect of XnO in a wide range (2-30 per-
cent) on the viscosity of natural and semisynthetic slap of the reuikovtsl
Metalurgical Combine with basicity D-Ca/Si0 2 -l.32, 1.00 and 0.0.

2. In slags with baalcity of 1.32 there is an increase in the via-
oosity with an increase in MnO content to 5, 10 and 13 percent, and there
ae no significant differences between the I -t curves. There is al ost no

change In viscosity at 20 percent Nn0, while there is a significant decline
at 25 and 30 percent.

3. With an increase in NnD content with basicity 1.00, a certain
analogy with the data for basicity 1.32 is observed. An increase in visoosi-
ty is observed only at 5 and 10 percent MnO while at 15, 200 25 and 30
percent the Mr0 shows a strict pattern of thinning action.

4. The thinning effect of MnO in varying quantities Is most strongly
pronounced at the lowest basicity 0.70. A strict pattern of viscosity A*-
crease is found with an increase in MnO content,

5. Viscosity also declines with a decrease in basicity from 1.32 to
1.00, but rises again at basicity 0.70.

6. The simultaneously effect of BaO and MnO on the viscosity of
natural slags and semisynthetic blast-furnace slags obtained from the natural
slags was studied.

7. Blast-furace slag with increased basicity (1.32) from melt No.
4333 significantly increases its viscosity below 15000 C with an increase
in the B&O and Mr0 content. Such slags become shorter and thicker.

8. For blast-furnace slag (melt No. 15Z with basicity 0.9 ) and the
s eisynthetio slags obtained thereftonm, the I -t curves form a sheaf up to
13230 C. Only slag with 10 peroent BaO and 17 percent Mn0 has a higher
viscosity up to 12500 C, but at lower temperatures it is no different from
the viscosity of the rest of the samples.

9. There Is no substantial change in viscosity with an Increase in
the BaO and MnO content of natural slag No. 1526 with basicity 1.03 to 8
percent BhO and 15 percent MnO, With an increase in B&aO to 10, 12 and 14
percent and MnO to 17, 19 and 21 percent respectively, the slage up to
14250 C have the smne viscosity as the slags with a lower content of these
oxides, but there is a sharp increase in viscosity under this temperature
and they become short.

10o Minimtm viscosity is obtained according to the composition and
basicity of the blast-furnace slags at different BaO and MnO tatios. The
slag with basicity 1.32 (No..333) at 14000 C has a visoosity about 13 to 20

- 15-
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times higher than the other two slap (1522 and 1526). it in characteristic
that at different temperatures minimum viscosity is obteined at the very

same BaO and HnO ratio for the Individual series.
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