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The most important properties of mineral wool ares
small weight per unit volume (from 30 to 160 kg, per 1 M°) and
a very small coefficient of thermal conductivity (from 0,05 to
0,07 k cal/M.hr, °C)e. The fact that mineral wool does not lose
its hea* insulating properties at fairly high temperatures, and
it does not deteriorate from moisture is also of considerable
importance,

Mineral wool finds wide application because of these
properties, Thus, for example, mineral wool isused as a heat
insulator in boller installations, as a heat insulator and
filtrating material in chemical apparatus and in refrigeration,
but the bullding industry is the main consumer of mineral wool
and its products,

The current methods in the building industry, which
utilize prefabricated wooden constructions on a large scale,
demand considerable quantities of heat insulating materials such
as mineral wool. Because of this;, 1t is necessary to ensure
that the developing industry of mineral wool production has a

sufficient supply of new raw materials.
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The low cost of mineral wool and the possibility of
utilizing raw materials of various and abundant types permit the
organization of the industry in regions of greatest demand,

Literature sources indicate that a wide variety of raw
materials can be used for the production of mineral wool. The
use of the following materials is well knowns
lo Schist dolomite containing clay (1)

2, Minerais of the pyroxene group, particularly wollanstonite (2)
3, By-products of bauxite (3)

4, Mixtures of clayey schist, sandstone, clay and lime (4)

5, Lime marl with an admixture of dolomite (5)

An analysis of various samples of mineral wool gave
the following variations in the composition of the basic com=

ponents (6,7,8)
810, from 35 to 46%

AlzOz from 10 to 30%
Fey0z from O to 35%
CaO from 4 to 43%
Mg0O from O to 18%

In the United States quite often mineral wool factories
are built beside Portland cement factories, so t hat they can
utilize the by-products of the raw materials used in the Portland
cement industry (9,10).

In the United States minerals which are suitable for
the production of mineral wool without introducing.. any additions

into the mixture are called "woolrock", but the rocks which
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require the addition of a substance with either acidic or basic
properties are called “subwoolrock",

The production of mineral wool is possible from various
types of raw material and thersfore the industry can be dis-
tributed throughout wide regions of the Soviet Union where such
materials are avallable, The main problem in choosing the raw
material is the selection of the proper mixture which will pro-
duce mineral wool of the necessary quality. The solution of
this problem is in its turn dependent on the methods of evaluating
the raw materials and the methods of selecting the mixture,

As is known, the production‘of mineral wool is based
on the obtainment of a silicate fusion and the atomization of
the stream of this fusion into very fine fibres., Hence, first
of all, it is necessary to establish specifications for the
properties and composition of silicate fusions sultable for the
production of mineral wool.

The following conditions can be established on the
basis of the data existing in literatures
lo The chemical composition of the mixture suitable for the
production of mineral wool must be such as to énsure that the
fusion upon cooling will become a glasslike structure without
any tendency to become brittle.

2, The chemical composition of the mixture must ensure a suf-
ficiently low viscosity of the fusion in the interval of 1250-

1350°C, The viscosity of the fusion during the initial moment
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of the fibre formation determines to a great degree the guallity of
the wool, and is ﬁéinly responsible for the fineness of the fibre,
3, The chemical composition of the mixture must be such as to
allow the utilization of the presently existing melting apparatus,
In cupola and bath furnaces, materials can be heated up %o
temperatures of 1500-1600°C., If we take into account that an
overheating of the fusion up to 200=300°C (12) 1s required

during the production, then temperatures of 1200-1250°C will

be the optimum limits for the melting of the mixture,

When planning the mixture, 1t is good practice to
correlate the ease of fusibility of the mixture with the minimum
viscosity of the fusion,

The Work of Pavlov (13) proves that the degree of
liquefication of blast-slag is directly proportional to the
ratio of the quantities of 1lime and silica to clay present in
theme A predomination of 3510, + Alp0z over lime makes the slag
viscous, thick and slow-=cooling, gradually becoming (passing
through a doughy state) a glass-like mass, Slags in which the

5103 + Al03 15 close to unity liquefy more easily, cool

Cal

more quickly, becoming a stone-like mass, which gives an ochreous

ratio

fracture, If the quantity of lime 1is increased, these slags
quickly lose their viscosity, become thick ("short" slags), and

upon cooling disintegrate into powder.



TABLE 1

Lime content in slag - 30%

So

AL 0 % - 15 20 25 — 30 35
810, % . 55 50 45 40 35
A1203
o 0,333| 0,400| 0,555 0,750/ 1,000
810,
mpoise . 75 60 50 50 50
l
TABLE 2
Lime content in slag - 40%

Al;05 % 5 10 15 20 25 30
8100 % 55 50 45 40 35 30
Al50,

0.10 0,20 0:33 | 0.50 [0,62 ) 1.0
$10,
Mpoise o 20 15 15 20 35 60
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TABLE 3
Lime content in slag - 45%

AlyOz % o o o o | B 10 15 20
8105 % o o o o 50 45 40 35
Alo04

— 6o o o o 0010 0922 0037 0057
Si0g

e
Q
@
°
@

qpoise 10 10 35

TABIE 4
Lime content in slag - 48%

i !

4150, B o o o o . 6 '8 10 | 12 | 14
S100 % o o o o | 46 44 42 = 40 | 38
A1,0, {

o o o o 0,13 0.18 0.24 0,30 | 0,37
5102 :

|
npoise . . . o 7 6 min 8 i 10
It is also necessary to explain the effect of the

ratio g%%gé, on the properties of the fusion.

2

From a study of McCaffrey diagrams on the viscosity
of slags i1t 1s possible to explain the effect of the ratio
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Al504
810,

on the viscosity of the fusion for a given lime content.

Data expressing the effect of the ratio é}ggé on the
Sio
2

viscosity for fusions with various contents of CaO at a A
temperature of 1500°C are compiled in Tables 1, 2, 3 and 4.
The following conelusions can be made on the analysis

of tables 1, 2, 3 and 43

1, For low contents of Ca0Q ( 55;:50%) there is a sufficiently

wide interval in which a change in the ratio Aly0z (from 0,5
8102

to 1,0) has little effect on the viscosity of the fusions,

20, By increasing the content of CaO, this interval becomes ‘
considerably narrower (at Ca0 = 40%, =~ «---= from 0,2 to 0,33,
at 45% <o --— from O.1 to Oosﬂ; at a content of Cal cor-
responding to the minimum viscosity (Ca0 = 48) this interval
becomes a point, It must be noted, that although at the optimum
content/gibp this interval becomes a polnt the quantitative

change in the ratio ﬁigﬂg is very small,
810,

3. At a content of lime less than 30%, and at an optimum content
of lime (optimum from the point of view of obtaining minimum

viscosity) a feirly wide deviation in the ratio Alp0s 44 per-

810,
missible,
It is possible to control the properties of a fusion,
obtained from any raw material, in order to lower 1its viscosity.

Thus at 1400 = 1600° the introduction of MgO up to 5% noticeably
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lowers the viscosity. A greater increase in the content of

MgO makes the fusion even more fluid, so that at 15-20% of

MgO the viscosity of slags is 6 =-- 8 times less than the
viscosity of slags not containing MgO, It is also essential

to note that with the introduction of MgO, the region of fairly
fluid slags is widened (14)., Therefore, in addition to the

liquefying ection, the presence of MgO makes it possible to

Al90z
105

change in the viscosity of the fusions.

widen the 1limits of the ratio

without any essential

There are indications that the presence of Fes0z in
the fusion has even a greater effect on the viscosity than the
presence of MgO, particularly if F'9203 is present in consider-
able gquantities,

In order to lower the melting temperature of the mix-
ture, 2-3% of alkali (recalculated on the oxide) are added.
Sodium suiphate 1s generally used.

" Por the same purpose BaO may be introduced up to 6%
(heavy_spar may be used) at the expense of lowering the content
of Ca0, In this case the temperatures of fusion have been
lowered to the order of 1000°. It must be pointed out that
the temperature of fusion will again increase if the percent
content of BaO is increased (14).

In order to regulate the properties of the fusion, a
flux of the type CaFy can be introduced into the mixture which
similtanecusly lowers the temperature and the viscosity of the

fusion (14}
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According to Levinson -- Lessing (15) the halogen
salts produce eutectics with silicate systems, and that these
eutectics are displaced in the direction of the non=silicate
components, From this point of view, sodium chloride can be
used as a flux, The possibility of using this is explained
in the work by Dilaktorski (16).

The aﬁove stated can be summarized as followss

1, The ratio 5102 +OA1205 should be greater than unity, which
Ca

will ensure a glass-like structure upon cooling. Such a fusion

will be a siowly cooling fusion, passing through a doughy state.

Al50
2, The value of the ratio 513 3 considerably affects the
2
viscosity of the fusion at a definite lime content.

3, Fluxes should be used (dolomite, heavy spar, fluorspar,
sodium sulphate, sodium chloride) for the correction of the

fusi ono

4, The tendency should be to obtain compositions which possess
minimum fusion temperatures, The fusion temperature of the

mixture should not exceed 1200-1250°C,

Silicate fusions must possess a number of definite
properties which determine their suitability for the production
of minerai wool, Specifications for the raw material can be
establislked by technological tests. The method of testing

worked out by us includes the followings
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(a) The determination of the chemical composition of the raw
materials and fluxes,

(b) The planning of mixtures on the basis of above stated
specifications regarding the chemical composition of fusions,
(¢) The determination of the fusion temperatures for the
selected mixtures,

The fibre quality of mineral wool is determined by
the viscosity. the rate of cooling, "ductility", and, finally,
by the value of the surface tension of the fusion, The total
effect of the viscosity, rate of cooling, "ductility" and
surface tension can be ascertained by a study of the phenomena
of the so called flowability of the fusion.

Becuause of this, the testing method should also
includes
(d) The determination of the flowability of the fusions from
the selected mixtures,

(e) The production of mineral wool from the sample fusions.
(f) The study of the properties of the obtained mineral wocol
(composition of the fibres, we;ght per unit volume, coefficient
of thermal conductivity, hygroscopicity).

(g) Correcting, when necessary, the properties of fusion by
introducing fluxes and by repeating the investigations of the
properties of the fusion and the wocl,

(h) To establish the possibility of utilizing the raw materials
under investigation,

(1) The selection of the mixture to be recommended to industry,.
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THE EXPERIMENTAL SECTION

Method a@f investigation

The temperature of fusion of the mixture wes deter-
mined by the Seger cone in a Kryptol furnace,

The determination of the flowability of the fusions
is carried out by the Selivanov method (17, 18), The method
consists of the followings: the fusion at some definite
temperature 13 poured out onto a pouring gate located at an
angle to the horizontal., The cross section of the pouring
gate is uniform throughout its length, The length of the
stream after cooling, and the weight of the cooled material
are measvred and the ratio of the length of the stream to the
weight of the material 1s calculated, This ratio serves as a
standard for the flowability,

An iron angle 25 x 25 planed along the inner surfaces
was used as the pouring gate, The angle of incline was 16°,

In laboratory investigations the selection of the
method for the production of mineral wcol 1is very important
and quite compiex, The main i1ifficuity is the fact that it
is not possible to obtain fusions of considerable quantities,
For the laboratory investigations we have selected the mechanical
method for atomization (English patent Buss (19), with modi-
fications by Perkal and Epstein (12)). The labocratory apparatus
for the production of mineral wool was constructed., The

atomizer consisted of a rotating elemeny)which produces the



scattering, and the necessary equipment for its installation
and electrical connectionse

The rotating element consists of a metallic propeller
to which are attached metallic spokes of a special cross-
section (see photograph). Two such rotating elements wers pre-
pared. One had eight spckes and the other sixteen., The pro-
pellier is mounted on a vertical shaft attached by two ball
bvearings. The shaft is also supplied with a pulley, The
whole system is installed on a frame on which the elsctric
motor is mounted., An A.,C, motor of 0,5 Kw, and 1500 rpm is
used, The ratio between the motor and the pulley cn the
verticali shaft is such that the element rotatea at spproxi-
mately 4000 rpm.

The wcol is obtained in the following menner: a fine
jet cf the fusion at a definite temperature is poured onto the
spokes c¢f the rctating element. The spokes due to the high
rotational velocity of the element (4000 x 18 = 64,000 blows
on the jet per minute) break up the jet into mimnute drops
which during the fiight are drawn ocut into fine fibres,

In order to protect the worker from the spatterings
of the fusion, a special coat was made from sheet iron.

This instalilation proved very convenient for the experiment.
It is particularly valuable because experiments with small

quantities of fusion can be carried oute.
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TABLE &

Chemical Composition (in %)
Als04 };Fezo5 Cca0 MgO Losses

! at 2

Name of 3i0
Material
Heating

1, Marl 27.84 7.45

2 30,38 1.96 28,90 99,10
2, Dolomite 0.46 4,15 O,

2

0

34,00 16,42 45,86 99,18

3. Speckled
diatomited 80,16 4,57
4. Sand 99,58 0,26

| 1,92 1.27 8,88 = 99,15
| 0.80| 0,15 0.26 | 100,83
H

For our experiments we used a Kryptol furnace.

The raw materlals to be used in a new factory for the
production of mineral wool have been investigated by this method.

Marl, dolomite, diatomite and sand were subjected tc
these investigations, The chemical composition of the components
of the raw material ii given in Table 5,

Six mixtures were compounded, All mixtures contained
approximately uniform amounts of A1205 and F62059 which permitted
to establish the effects produced by Cal0 and MgO on the pro-=
perties of the fusion,.

The chemical composition of the mixtures are compiled

in Table 6,
TABLE 6
Chemical Composition (in %)

No, of

mixture | 810, 1,03 |Fey05 |Cao MgO Losses at heating
1 27.84 7.45 2,57 {30.38 1,96 28,90
2 19.62 5,17 1,22 |[28.,54| 10,34 35,07
3 21,50 5.80 2,99 [31.34 5,49 32,28
4 36,72 7,04 2,56 |25,95 1.86 25,85
5 29,38 6.23 1,98 (26,88 5.50 29,81
6 44,90 5,80 2,02 (23,46 1.55 22,30
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Table 7 gives the chemical compositions of the fusions
and .of the moduluss
3102+A1203+F6203 A1205

and
CaO+MgO F6205

The mixtures in this table are subdivided into two
groups. From the first group (numbers 6, 4, 1) it is possible
to judge the effect of the content of CaO0 on the properties of
the fusion, The second group(numbers 1, 3, 2)explain the effect
of MgQO.

TABLE 7

~
Chemical Composition (in %) S10,+A1505+Feg0z | AlyOz &
No. | 810 1.0~ | Fe,0.]Cal 0 ,
° 2 |R29% 275 Ve Ca0+Mg0 510, |
6 | 57,70 | 7.46 | 2.60|30.13| 1,99 2,1 0,13 ?
4 49,50 | 9049 ! 3.45|34,98| 2,51 1,66 0.19 |
1 |39.20 |10.58 | 3.61|42.60] 2,75 1.18 0.27
: +

1 |39.20 | 10,58 | 3.61[42.60| 2.75 1,18 0,27
3 |32,00| 8.65 | 4.,45|46,30| 8,19 0.83 0.27 |
2 |30.21 1 7.96 | 1.86/43.95| 15.92 0,67 0,38 |
5 |41.80 | 8.86 | 2.82|37.40| 7.84 1.18 0,21 ‘

The results of the determination of the melting temper=
ature of the mixtures and the flowability of the fusion are given
in table 8,
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TABLE 8
Flowability of Fusion (k)

Number | Melting Temperature of|Length (1) |Weight (g)

of the |[Temperature the experiment|of Stream of the

Mixture| (in ©C) (°c) ( in mm,) |cocled material| k = 1/g

( in grms,)

1 1170 1400 130 20,50 ) 6,35
2 11420 - - = =
3 1230<=1250 1400 138 20,00 6,90
4 1120 1400 107 19,25 5,585
5 1180 1400 117 16,85 6,94
6 1130 1400 65 17,90 3,64

From a comparison of the data given in tables 7 and 8, it
is evident that an increase in the content of Ca0O from 30 to 40%
makes the fusion more fluid; an increase in the content of MgO
also makes the fusion more fluid; however, the increase in the
quantity of MgO increases the temperature of melting. Mixture
No. 5 gave the most fluid fusion with a sufficiently low temper-
ature of melting.

A mineral wool with the following properties was obtained
from mixture No, 5.
1, Thickness of fibres maximum --106 yn, minimum ==1,25 n.
2. The composition of the wool by the fibre thickness ( in percent)s
from 1,25 to 9.4 u ==-30, from 9,4 to 19 n--60, from 19 to 106 n --10,
3., Length of fibre from 0,5 to 1.0 cmo

A comparison of the quality of the obtained wool with
the standard specifications for slag cotton (standard 14-=3915)

shows that the obtained wool does not satisfy this standarde.
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From observations during the experiment, 1t is possible to con-
clude that the poor quality of the wool is due to the very high
viscosity of the fusion during the time of its atomization.

The viscosity of the fusion can be lowered by three
methods: 4
1. By increasing the reheating temperature of the fusion, This
could not be done since the experiménts were carrled out at a
very high temperaturse,
2, By an increase in the content of MgO; thls increase was un-
desirable since the fusion already contained about 8% of MgO and
a further addition of MgO would lead to a higher temperature'of
melting.
5. By the introduction of fluxes which would lower the viscosity,
but which would not 1lncrease the melting temperature of the
mixture.

Sodium sulphate in the amount of 6,58% (calculated
so as to introduce up to 2% of Nao0O into the fusion) was used
as the flux. The changed composition of the fuslons due to the

additions of the sodium sulphate are compiled in Table 9.
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TABLE 9
Chemical Compdsition of the Fusions (in %)

No. of
the fusion| 810, |AlyOz [Fey0sz | Cad | Mgo Nag0

1l 38,85 | 10,46 3.58 | 42,48 2,73 1,90

21 29,54 7.10 1.87 | 43,10 | 15,60 2,06

371 31,34 8,50 4,40 | 45,80 7,99 1.97

473 48,60 9.35 30,40 | 34,39 20,46 1.80

5! 40,60 8,70 4,15 | 37,00 7.65 1,90

61 56,73 7.35 2.56 | 29,68 1.96 1,72

The results of the determinatlion of the melting

temperatures of the mixtures corrected due to the addltlion of

sodlum sulphate, and the flowabilltles of the new serlies of

fusions are compiled 1n table 10,

TABLE 10
Number Molting Flowabllity of Fusion (k)
. of the | Temperaturel Temperature of | Length (1) | Weight (g)
Mixture| (in °C) the experiment | of Stream of the
(1in °C) ( in mm, ) cooled material| k = 1/g
( in go)
1 = 1400 90 11.25 8,00
21 1390 e - = -
31 1200 1400 172 14,40 11.95
47 1100 1400 . 89 11,70 7.60
57 1160 1400 118 9,97 11.84
61 1100 1400 52 8,29 6,27

The introduction up to 2% of Na20 Into the composition of the

fusions lowers the viscoslty to a conslderable degree.

Moreover,

the value of this decrease 1s not wniform for all fusions. The
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introduction of Nas0 produces the greatest effect on fusions rich
in MgO, since the introduction of Nazo Increases the liquefying
action of MgO. If the addition of 1.97% NagO into the composition
of the fusion number 1 increases its fluildity by 26%, then the
addition of 1.97% Nas0O into the composition of the fuslon number
3 (rich in MgO) increases 1ts fluldity by 73%. Analogous results
are observed for mixture number 5 (containing approximately the
same amount of Mg0 as mixture number 3) the fluldlity of which was
increased by 70%.

The mixtures No.'s 5 and 3 possessing the greatest
fluidity, were used to obtaln mineral wool.

The characteristics of the properties of this mineral

wool are compiled in table 1ll,
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The linear veloclty of the atomizing element at the points
of contact of the fusion jet with the spokes does not exceed 70M/sec.
In Industry atomization 1s carried out by steam, which has a velocity
at the time of exit from the boiler of 300 to 800 M/sec. By atom-
izing mixture No., 5 with steam, it 1is possible to obtain a wool
containing a larger percent of fibres having a dlameter from 1 to
an.

We can recommend mixturé No. 5 to industry, on the basis of
the experiments which we have carried oute

In splte of the fact that mixture No. 3 produces a cotton
which is more uniform in quallity t han mixture No, 5, we can not
recommend mixture No, 3 to industry, since the fusion has the

tendency to break up into powder upon cooling. Thilis tendency is
S10, f Alp0z + Feg0g
Ca0 + MgO

gulte understandable, since the ratio

i1s less than unity for mixture No. 3.

Conclusions

A method for the 1investigatlon of raw materials to be used
in the production of mineral wool has been worked out., It was
also possible to obtain a mineral wool from the raw materials
under investigation and recommend a composition of the mixture,
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