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Blast Furnace Slag

proximaiely 1.5 per cent, or cnough for the introduction
of the full amount of alumina to the glass. ‘

Today about 80 per cent of the amber glam being
manufactured in the United States contains slag as one of
its components. The use in smber container glass varies
from partial replacemrent of the aluming-bearing compe-
nent to a complete fulfillment of the dibasic oxides
(calcium and magnesium). From 100 to 700 1b. per ton of
glass is added to the batch. fs also nsed in emerald
green glasses, the amount varying from 100 to 500 Lb. per
ton of sand. Blast furnace slag is also being used exten-
gively as a batch component in fiber glass, where it
?::ﬁﬁm from 10 to 30 per cent by weight of the total

In a recent American patent* it is claimed that an
addition of 1.1 per cent of slag reduces the number of
seeds by 65 per cent. For optimnm improvement, it was
found that the particle size should fall within the range 20
mesh to 100 mesh. As little as 0.01 per cent was found
effective in lowering the seed count, and additions of up to
6.5 per cent were recor It was indicated that the
improvements of the conditions were due to the
finely divided sulfides in the slag.

General properties of blost furnace slag

According to a definition by the American Society for
Testing Materials, blast furnace slag is “the non-metallic
produst consisting essentially of silicate and alumino-
gilicates of lime and other bases, which is developed
dimultaneously with jrou in & blast furnace.” :

Depending on how the slag is cooled, it may be obtained
in three different qualitics—air-cooled, granulated, and
expanded slag. All these forms may be used as a raw
material for glass melting, althongh it is most common to
use aircooled and pranulated slag. A typical chemical
anslysis of a blast furnace slag is shown in Table T,

1t is seen that alag containg four major oxides which
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TABLE i—Typical analysis of a blast turnace slag.
Dxide- : %
Si0. 38,1
0.6
“0’. 9.4

0006

glg’ 42.8
Mg0 54
MnO 1.2
g o
&9 11

constitute about 95 per ceat of the total composition.
These oxides also are important components of ordinery
sodaJime-silica glasses. There zre some moinor constitu-
ente, such as compounds of salfur, manganese and iron
with traces of other elements. From a glass melting pbint

“of view, the oxides of iron and manganese may be regard-

ed as impurities. When g0 required, however, it is possible
to choose slags fow in these oxides. The iron in a slag
exizms s metallic iron as well as in an oxidized form. In
granulated slag, the metallic iron usually contributes ebout
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TABLE I—Chemical compositions of the
experimental glasses,

Oxide Foikcault ghiss Container glass
% %
Si0, 72.0 73.0
AL, 0.5 15
FaO; 0.15 0.15
Ca0 8.0 115
Mgo 4.0 o
Na,01-K.0 15.3 13.8

one third of the total iron, and this can be removed by
magnetic separation,

The chemical and physical structure of slug is stable
and is unaffected by weathering vonditions. Its compon-
ents are combined uniformly, and volatile matter is elimi-
nuted. Granulated slag is in a glassy condition, while air-
cooled slag is mostly crystalized, frequently as gelenite and
mervinite. The melting point of slag is 1300-1320°C.

A comparisan between the hehavior of slag and that of
feldspar under 2 hot-stage mictoscope #s shown in Fig. 1.
The two materials were ground 1o less than 200 mesh, and
tylindmo'fabuutSmm.dinmeterand.?pmm.hjghwm
pressed and placed under the hotstage microscope, then
heated to 1100°C in 50 min. The temperature was in-
creased 4°C per min,, and pictures of the cylinders were
taken at 20°C jntervals.

As can be seen from the figures, deformation starts at
about 1300°C for the feldspar, and at 1400°C for the

slag. The melting was completed at 1440°C for the slay

and ar 1520° for the feldspar. It is seen that the moiten
slag has quite a low viscosity comparcd to that of feldspar.

Lahoratory meltings

Glasees of two different compositions were melted in an
electric leboratory furnsce—onc, a typical Fourcault sheet
glass and the other, a semi-white container glass, Thair
chemical compositions are shown in Table IL
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TABLE lll—Chemical compositions of raw materials.

v Blast furnacs

Oxids F*:‘F M{gzﬂg oy

Si0. 74.0 34,1
Tio. — 0.5
ALO, 151" 65.0 157
Fe,0, 03 0.4
Cad 0.7 302
Mga - 7.1
MnO — 0.5
w8 =
s = 1.6

Three different yaw materials (Table 1II) were nzed in
order to introduce the alumina in the glass: feldspar,
aluminium hydroxide, and blast furnace slag.

Glass samples of sbout 200 gm. were melred in clay cruct
bles at 1400°C for 4 hr. A seed count of the different
samples is given in Table IV,

TABLE IV—Number of seeds per 10 gm. of glass.

Type of glass Feldapar AI{OH)2 Slag
Shest glass 10 bt 8.
Container

glass 680 &9 3

The lowest seed count was found in the coptainer glass
when introducing alamina by the slag. With less slag,
higher sced count was obtaived (Fig. 8) for the sheet
glass. The alumina content is only 1/3, compared to that
of the contsiner glass. An opposite effect was found when
introducing the alumina by feldspar and aluminum hy-
droxide,

Similar results have been found by the Glass Research
Institats of Sweden®. While the above-mentioned results
indicate that the number of seeds in a glass nsing slag as
oue of the raw materials is approximately 80 per cent of
the seed count in a “feldspar glass,” the results from the
Glass Institute iodicate 2 reduction of 45 per cent. These
results refer to a sheet glass.

The three batch reactions were studied by means of
differential thermal analysis methods. The first batch
contained no raw material by which alumina was intro-
doced; another batch contained feldspar; and the third
one, blast furnace slag. In the slumina-free batch, there
are two main endothermic peaks, one at 779°C and ons at
860°C, as shown in Fig, 2. These peaks are also present in
the batch containing feldspar. In addition, this batch has a
more marked endothermic region from 780°C to 860°C.
In the batch containing slag, the endothermic region
starting at 640°C is quite marked. There is one peak at
761° and one at 795°C.

Plotting the figures for the feldspar and the slag-con-
taining batches, after subtracting against those of the
vure batch, shows (Fig. 3) that the endothermic region
starts at about 60°C lower temyerature in the hatch con-
taining slag. The two endotherroic periods at 780°C and at
800°C appear more marked in the batch containing slag.
Both batches have an exothermic peak at 860°-870°C,
The exothermic region is much more marked, however,
for the batch containing slag. Tt is seen from these curves
that slag gives rise to more marked reactions in a glass
batch then does feldspar.
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Blast Furnace Slag

Foll seale experiments

Expeximents have been carried out in & regenerative
tank furnace (500-ton capacity) for melting cheet glass. At
a temperature of 140°C, a good quality glass with a low
sced count was obtained when the alamina was introduced
by slag. When changing to feldspar instead of slag, ihe
number of seads increased by sbout 60 per cent (Table
YI]. The composition of the sheet glass Is shown in Table

These resolts are in good correlation with the laborato-
ry tindings, When ruclting the batch containing feldspar,
an altempt was made to decreass the number of seeds by
increasing the temperature. For varions reasoms, it was
not possible to increase the temperature more than 20°C
to 1470°C. Even then, however, the number of seeds was
higher than when adding slag to the batch. The difference
in seed counts was in fact so marked that it was impossible
to carry on using feldspar in the batch for this particular
furnace. Experience from some American glass manufac-
turers indicates that the furnace temperature has to be

TABLE V—-Number of seeds in sheet glass.

IMINA ‘INTRODL)
‘&';“ ) 'l_;m l’\’r Neo. of saeds/kg, siass
100 0 15
50 50 25
a 100 30

increased by approximately 40°C in order 1o get the same
seed count when using feldspar, compared to when using
alag. Practical experience has shown that the farnace out-
put can be incressed by abont 20 per cent when sleg is
used instead of feldspar.

Quality recommendations

The chemical analysis of a slag from a hlast fornace
varies from time to time. In ordex to get a slag that is
accoptable 88 a raw material for glass melting it is there-
fore necessary to process the slag in different ways. Air-
cooled or granulsted slag may be used. The slag proces-
sor osuelly must have enough quantity in arder to hlend
slags of different chemical analyses so as to obtain a final
product with a composition that les within certain prede-
termined limits. It also has to be crushed and screened to

John Guydan (313) 429-2649

+15612411189 P.B4/84

fall within a cextain grain size range. The processing

involves a ic separation as well

ArO:mIoumi it has been found that the limits of chemi-
cal analysis (Table V1) are acceptable for a alag for sheet
glass manufacturing, The sheet gloss has an alumina
content of 0.6 per cent and au iron content of about 0.12
per cent Fe,0,. When nsing the slag for a glass with a
higher alumina content, it may be necessary to reduce its
iron content, since the color of the glass otherwise may be
objectionable. It is possible to dectease the iron content to
shout 0.3 per cent. From u quality point of view, it ir
often required to have a high ratio of alumina to iron
oxide. Far types of glasses other than shest glass it may be
nccessary o keep narrower ranges of the chemical analy-
sits,

TABLE Vi-—Recommended analysis of & blast

furnace slag.
. Orxidle : %
S0 a5 . 37
ALD, 10 - 12
Fe0y max. 0.65
Ca0 42 - 44
MgO 4 -6
MnO max. 0.60
TiO, max, 0.60
S max. 15

The grain siz of the slag should be within 20 to 200
mesh, which is similar to that of sand. A suitable grain
size distribution is shown in Fig. IV.

Conclusion

After cartain treatments, blast fornace slag can be a cheap
and valuable raw material for the glass industry. In the
American glass induistry today, more than 250,000 tons*®
are used annually. With the raw material available in a
great many pations, it seems quite likely that its use will
he extended considersbly in the future.

*Trademarked &2 Calumise,
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