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ME’fHOD OF AND _APPARATUS FOR PRODUCING ROCK WOOL.

Application filed January 5, 1927. Serial No. 159,228.°

This invention relates to a method of, and’

apparatus for producing a more stable and
permanent rock or mineral wool; and with

regard to certain other features to an im- -

proved felted and/or laminated product com-
posed of said Improved wool.

" Among the several objects of the inven-
tion may be noted the provision of a method
and apparatus for making a rock or niineral
wool which is substantially {ree of sulphides.
whereby the stability and permanency of the
compounds composing the wool is increased;
the provision of improved felting of said
wool 0 as Lo obtain the strongest product

5 possible and at the same time the maximun

isulating efficiency which the material can
maintain; the provision of adjustable appa-
ratus adapted to produce said improved wool
quickly and cheaply in varvious thicknesses
and textures and densities; and the manu-
facture of an improved product comprising
a laminated insulating block, the insulating

officiency of which is gréater thun that of -

- an equivalent solid block, especially in ap-

Zd

plications to damp and humid installations,

. Other objects will be in part obvious and in

30

{43
Gt

o
<t

B

=

part pointed out hereinafter. ‘

The invention accordingly comprises the
elements and combination of elements, fea-
tures of construction, arringement of pavis,
and the steps and sequence of steps which
will be exemplified in the structure here-

inafter described, and the scope of the ap- -

plication of which will be indiecated in-the
following claims.

In the accompanying drawings, in which
are illustrated various possible embodiments
of the invention, . :

Fig. 1 is a diagrammatic vertical section
of a furnace, also showing certain desirable
auxiliaries; .

Fig. 2 is a diagrammatic vertical section
of a blow chamber and includes also an en-
larged detail showing the preferred method
of laminating the product;

Fig. 8 is a lateral section of said blow
chamber taken on line 3—3 of Fig. 2;

Fig. 4 is a view similar to the enlarged

portion of Fig. 8 but illustrates a modified
form of the product;’

Fig. b is a view similar to Tig. 4, illus-
trating a second modified form, of the
product; ' : :

23 and.an outlet flue 4.
‘tom B of the cupola T are composed ot five

.proper.

~ Fig. 6 is a view similar to Fig. 4 illustrat-
ing @ third modified form of the product;
and _

- Fig. 7 is a fragmentary plan view of a
roller showing the application of sidewara
guides thereto.

Corresponding reference characters indi-
cafe corresponding parts throughout the sev-’
eral views of the drawings. .

Referring now more particularly to Fig.
1. there is illustrated at numeral 1 a fur-
nace comprising, among other elements, a
cupola equipped at is upper end with a
conventional hopper-and-bell charging doer
The walls and bot-

brick or other fire resisting materials at all

points except avound the melting and pre-

heating zoues, at which zones a water jacket
7 is used. The bottom 6 may be dumped in
the conventional manner when it is -desired
to clean out the cupola 1.

The lower end of the cupola communi- -

cates with a combustion chamber 9 and is
provided with an outlet 11 for permitting
an efflux of molten material. Suitable
tuydres 13 are provided in the jacket walls

of the .cupola for controlling air flow to the

charge, primarily for purposes of control-
ling the temperature of the .cupola charge
so that all of the charge does not melt down
at once to block the draft. -

In the present embodiment of the inven-
tion, the combustion chamber 9 is of elon-

gated form and slopes upwardly from the .

point 29 of communication with the cupola
The walls of this chamber 9 are
also provided with a water jacket 15 which
may communicate with said jacket 7 of the
cupola. .

A closed water circulating system 17, in-
cluding a circulating pumip 19, drives water
through the jackets 7, 15. A closed heat
exchanger 21 serves to reclaim heat from

“the jacket water for use in other processes,

not herein described. The purpose of the
closed jacket water system is to exclude the
presence of harmful amounts of impurities
which might cause a burning of the cupola
wall plates by lowering the heat conduc-
tivity, of said walls if the impurities became
encrusted thereon. =~ L
The surfaces of the combustion chamber
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-9 and the preheating and melting zones of

the cupola become lined during use with a
layer of chilled slag. . ‘
At the upper of the combustion cham-
ber 9 is provided a powdered fuel burner
23, preferably for coal, the inlet air supply
of which is drawn through an air preheater
25 by. a blower 24, which forces the air to
the burner 23. The preheater 25 is placed in
the conventional manner in the breeching
of the flue 4, provided near the top of the
_The flame 30 of the burner 23 is directed
down the chamber 9 and is provided with an
excess of air for purposes-to be described.
Its normal tendency is to enter the cupola
1 and rise therein, the résulting heated gases
finally passing out. at the flue 47. Oil, gas
or other suitable fuels may also be burned;
but coal or coke is the most economical at

. present, that is, in most locations.

The theory and operation of the cupola
is as follows:

Argillaceouslimestone containing (broadly)
silica, alumina, lime and magnesia (and a
trace of sulphur as an inherent impurity),

or slag: (containing higher percentages of-

sulphur as 'inherent impurities) is loaded
into the cupola in lump size. It takes up the
approximate position shown in Fig. 1.

It is to be understood that so-called rock

wool is made directly from the rock which

contains only the slight trace of sulphir;
while so-called mineral wool is made from

5 the slag which contains the higher percent-

ages of sulphur. In either case, however,
the sulphur may become detrimental to the
resulting wool product if the sulphur is per-
mitted to take a sulphide form, although a
sulphate.form is less harmfuls .

For instance, calcium sulphide is detri-
mental to the resulting wool composition be-
cause it tends to react with the dilute acids
oftén found in the moisture of the atmos-
phere. This reaction gives off hydrogen sul-
phide gas which is soluble in the atmos-
pheric moisture. Hence, if any -large per-

-centage of sulphides of calcium or other ele--

ments are contained in the wool, it is ren-
dered a substantially unstable composition
or compound. Such.a composition is there-
fore not a permanent or desirable material
for purposes of construction. The sulphides
also corrode many metals when wet, which is
highly undesirable. _ '

On the other hand, sulphates of calcium
or other elements are harmless in the wool
because they do not render it an unstable
composition. There is little or no tendency
for the action above described, to take place,

_that is, due to thé presence of cdlcium sul-

phate or other sulphates.

Inasmuch as sulphur is a widely diffused
element, present in most fuels and many
rocks (at least in traces), it is desirable that

1,656,828

‘the process of making rock or mineral wool

be carried out so that none of the sulphur

will be reduced to the sulphide form or if
already present as a sulphide, -that it be
oxidized to the sulphate form.

To carry the above principle into effect,
the fuel is burned in a region such that com-
plete combustion takes place before the
products of combustion contact with the raw
material to be fused, that is, the fuel is
burned in the separate combustion chamber
9, preferably with an excess of air; instead
of being burned with the material (as has
been ‘done heretofore) by packing it into the
cupola with said material. Hence substan-
tially no reducing action takes place near
the rock in the present invention. Inci-
dlentally, the sulphur content of the fuel is
prevented from being added to that of the

.rock and product thereof, to aggravate the

recited difliculties. -

The combustion- of the fuel from the
Lurner 23 is substantially complete when the
inlet 29 to the cupola is reached. The cupola
may be called a fusion chamber. All of the
sulphur in the fuel is oxidized to sulphur
dioxide and sulphur trioxide gases which
pass out of the flue 4 to the stack (mot
shown) and do not contaminate the product
in passing through the rock. The carbon
is oxidized to carbon dioxide, the carbon
monoxide content in the cupola being low.
This represents a saving in fuel, as the heat
of combustion to carbon dioxide is much
greater than that to carbon monoxide.

The excess of air ensures that the prod-
ucts of combustion will remain in oxidized
form and will not be reduced by organic or
like matter in the rock material being fired.

If no sulphur exists in the rock in sul-
phide form, the above features alone avoid
the presence of sulphides in the finished
product. If sulphides are present, then an-
other feature is used, heremnafter to be de-
scribed. : _ ‘

The .action of the hot gases in pussing
through the rock or slag in the cupola is to
melt it down to a liquid rock which flows off
at the outlet 11. -

. When sulphides are present in' the raw
rock or slag, it is necessary to oxidize them
to sulphates if a sulphide-free rock wool is
to be obtained.” This cannet always be ac-
complished . by an oxidizing flame because
heat may be received indirectly by the mate-

-rial, which will melt and run-down to the

outlet 11 without being oxidized. ‘
To prevent the above disadvantage, a
fusible oxidizing agent is introduced with

the rock, slag or other raw material: at the

charging door 8. Suitable oxidizing agents
might comprise preferably solid sodium ni-
trate, sodium chlorate or manganese dioxide.
These materials fuse with the melting rock
and’ give off oxygen in the liquid, thereby
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oxidizing the sulphides present to sulphates.
As in the case of the excess air, it is de-
sirable to use an excess of the above oxidiz-
ing agents so that the action is positively
complete.  All excess oxygen will bubble to
the surface of the melt and pass ofl us 2
harmless gas. .
Asisillustrated in Figure L the liquid vock
trickles from the rock charge in the cupola
and forms a pool from which the efllux at
the outlet 11 is fed. As the charge in the
cupola melts down, more raw rock may- be
fed in at the charging door 3. The fresh
rock is preheated by the upflowing gases as

5 «aid rock descends to the melting zone.

Tn the above manner a sulphide-free
liquid rock is made to flow from the outlet 11.

Tn order to transform the liquid rock into
the flufty or wooly fibrous mass required for
purposes of insulation, it is permitted to de-
scend from the outlet 11 into the path of
rapidly moving steam (or air) jet 31 issuing
from a nozzle 83. For purposes of improv-
ing the final product, under certain eircum-
stances, a binder material is introduced into
the nozzle 33 by mheans of the sccondary jet
34 to be projected with the jet 31 The
rapidly moving steam of the jet 31 draws
the precipitating melted mateital out into
innumerable fine atomized glassy threads at
the forward end of many of which is formed
a minute ball or drop. In settling down,
most of the resulting fibers of rock or
mineral wool lose the ball or drop;. but
whether attached or detached -the small
drops usually appear in-the resulting mass
of glassy threads, nnless they are permitted
to drop out. '

Tt remains to felt down the rock wool and
in the process permit the removal of many
of the small drops.

The following method of felting is based
on the fact that rock or mineral wool com-
prises a brittle fiber and will not permit of
{earing, rending or reassembling, as is prac-
ticable in making textile and ashestos prod-
ucts: The strongest felt which can be made
of rock woel is that which is naturally
formed by the gentle and gradual pressure
that the material exerts as it falls in the
chamber into which it is blown by the steam
jet. . , o
By felting in the above manner the mixi-
mum insulating efficiency of which the ma-
terial is capable is obtained. This is he-
canse a maximum number of the fibers lLie
with their lengths parallel to the horizontal
plancs of the material. Rock -wool, when
felted in this way, comprises a pliable ma-
terial which may be formed to fit ‘various
surfaces or inte various recesses. .

Referring now more particularly o Fig-

ure 2, the improved method of felting will

be described: .

A blow chamber 35 is provided with an

“said channel.

the same direction.
thereof is movable about the center of its’
~driving gear 68 so as to accommodate adjust-

-the wool to

e

inlet mouth 87 adapted to receive the steam
jet 81 which carries the spray of melted,
atomized and fast hardening fibrous ma-

teriale. An outlet 89 for air and steam 1s

provided at or near the top of said cham- g

her 85.

Referring to Tigure 3, it will be seen that
the boltom porfions 41 of the chamber 35
taper inwardly and downwardly in hopper

form. These portions 41 have smooth sides ©

and descend to regions in proximity to the
upper reach of a moving conveyor belt 43.
The portions -+ and the ends of the cham-

ber 85 cooperate with said conveyor 43 in

a manner such that the blown wool does not
escape from the chamber hefore it 1s desired
to have it do =o. Thix is done by means of
a narrow channel -12-of width equal to the
width of the layer of finished wool, which
nay be from two to cight feet or so.

The conveyor 43 is driven from a conven-

tional variable speed drive 45 and is adapied
{o carry the rock wool from the blow chani-
ber by way of an opening 47.

Just above the conveyor and outside of
the chamber 35 is pivoted at 36 a voller-sup-
porting frame 49 which supports a plurality
of roller axles 51. These axles
through suitable slots in the channel 44 and
carry rollers 53 within the channel 44.. The
rollers 53 are approximately the-width of
At the end of the frame 49,
opposite the pivot 36, the frame 49 is pro-
vided with an adjusting serew 55 for the.
purpose of raising and lowering said last-
named end. :

Another roller 57 is carried on the frame
49 outside of the opening 47.

The above dezcribed construction posi-
tions the rollers 51 inside of the channel 41
and above the conveyor 48; and the roller 57
outside of the chamber, above the conuveyor.

The arrangement of rollers with respect to

the length of the channel 44 is such that the
elevation of each of the plurality of rollers
is greater.than that of the preceding one
(reading Fig.  from left to vight). Tt is
to be understood that any other suitable
number of rollers may be used, three being
shown by way of example. ‘

The outside roller shaft 59 is driven from
the conveyor drive 61 by means of a gear
drive 63 and in turn drives the rollers 51,
57 by means of a sprocket-and-chain system
65. 'The gearing is such that the surface

speeds of the rollers are about equal to the

surface speed of the conveyor belt and in
The idler wheel 66

ment from the serew 55.

From the above it may be seen that a
large space is provided above tor permitting
uff and feather out, to form
fine particles .nd fibers. Then, as the wool
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settles, the hopper sides and the wool’s own
weight compress it gently until it rests on
the moving conveyor 48." The conveyor is
made of foraminous material of a rather
fine mesh which permits dropping out of
the fine beads or balls in the blown mate-
rial. 'The left-hand roller compresses the
wool deposited ahead of it as said wool is
fed thereunder by the conveyor. This puts

8 lower strip or layer 44 of compressed wool
between the two mner rollers upon which -

wool 46 deposits to be compressed into a
second layer 48 on said first layer 44 by the
second roll. I'wo contiguous layers of wool
emerge from the second rollér, upon which
more wool 50 is deposited to be fed from out
of the blow chamber and beneath the last
outside compressing roller 57 to form a top
layer 52. 1t is to be understood that the
compression is light and does not provide
distinct layers in the finished sheet, although
a stratifying effect is hadi The layers are
merely referred to herein for convenience.
As stated before, as many rollers may be
nsed as desired, depending upon the number
of layers required. The slope of the line
of rollers and distance apart govern the

 thickness and/or texture but this may be ad-

justably varied by varying the speed of the
conveyor drive 45., The variation in texture
and/or thickness is thus had because a dif-
ferent time is allowed for accretion of wool

as the conveyor speed is changed. -

The advantage in laying the wool down
in layers instead of compressing it to the de-
sived thickness in one operation, lies in the
Tact that the fibers lie in more parallel planes
near the surfaces on which given accretions
rest. Hence, by starting new accretions at
intervals on flatter surfaces of the materidl
itself, the most efficient felt ha¥ing fibers
running substantially perpendicular to the
direction of heat flow is obtained. The
breaking and mashing of upstanding fibers
into folded and irvegular positions is also
reduced. The roll pressure being light, a
substantially homogenous shect is the final
result. : N :

Sometimes it is desirable to have more
dense edges on a strip and these may be ob-
tained by introducing inwardly slanting
guides 70 ahead of each roller as illustrated
in Fig. 7.. The more dense edges prevent
fraying out of the material when it is
handled. | : :

I'rom the conveyor the material is prefer-

ably fed to a cutfing plate 67 and cut into-

~ suitable léngths. by shears 69 or other means.

60

Before the plate 67 is reached the sheet of

wool is further impregnated with binder

- ‘material issuing in jets 71, 73. ' The binders

described ‘herein may comprise such- sub-

stances as asphalt, sodiam, silicate; casine,"

glue, wax or similar materials. .
The improved product includes the ad-

.
|
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vantéges hereinbefore described. A further

one rests in the manner of assembling the
cut sheets of material .into an insulating
block, which comprises laying down a sheet
of wool, then applying a sheet 77 of less
porous material such as tar or roofing paper,
then a sheet 75 of wool material and so on,
until a - predetermined size of laminated
block is formed. This block may be held in
assembled position by wire stapling, sewing,
gluing or wrapping. Its advantage is due
to the fact that when the air in the block
expands and contracts under thermal
changes, the air breathing action thereof
does not take moisture to the interior of the
block so readily as when a non-laminated
assembly is used. :

It is 2 well known fact that the presence
of moisture in the interior recesses of insu-
lating blocks results in a lower insulating
eficiency because of the heat transmitting
characteristics of said moisture. It is evi-
dent that the moisture ¢annot enter the cen-
ter-of the block over the short paths from
the sideward faces 79, 81 because it cannot
pass through the non-porous sheets of tar
paper or the like. In other words, the mois-
ture is forced to take a long path from the
edges 83, 85 of the block and for a given
period of breathing will not travel as far
into the interior. )

In Figure 4 is illustrated the manner in
which another form of block may be con-
structed. In this form the strip of wool 87
manufactured in the manner previously de-
scribed is fed downwardly through two lead
rolls 89 and then downwardly between two
guide rolls 91 linked to a reciprocating
mechanism 93. ‘The reciprocating mech-
anism 93 reciprocates the guide rolls 91 so
that as the wool material 87 is fed down-
wardly it is folded back and forth in such a
manner that a type of bale 95 is formed.
This bale 95 is suitable for shipping pur-
poses. . ] .

In Figure 5 is illustrated a third form in
which the material may be handled after
leaving the blow chamber. In this case the
material is fed over a main guide roll 97 and

then down into a cradle comprising a floor -

99 and anti-friction rollers 101. The contour
of the cradle is such that the material is
rolled into a cylindrical shape 108. In this
form it may be slipped into a paper envelope
for shipment and may be unrolled at an-

-other point to be worked into other products.

In Figure 6 is illustrated a fourth form in
which the material may be handled. In this
last case two toothed rollers 105 are em-

ployed. The teeth of these rollers engage one.

another loosely so that a strip 107 of the wool
material may be fed therebetween with a
strip. 109 of suitable paper or fabric. The
function of the teeth is to press the wool and
paper .sheets into a composite corrugated

~
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“sheet. The corrugated- sheet is fed down a
chute 111 after leaving the rolls 105. The
chute 111 is provided with a bend 113 at the
lower end thereof which affords resistance
to the corrugated sheet, whereby the previ-
ously loose corrugations are forced or pressed
together in accordian-like fashion. IFrom

the bend 113 the finished corrugated product

is fed to a conveyor 115 which is moving at
a slower speed than the peripheral speed of
the teeth on the rolls 105. The product
formed by the last-named modification Is
especially adapted to be placed on cylindrical
surfaces or other curved surfaces such as
pipes and the like. :

Tt will be seen from the above that a prod-
uet is formed which is improved in several
respects. It has a better chemical composi-
tion, because it is free of sulphides; it has
better texture because of the manner in which
it is laid down; and the final form of the
material is better adapted to resist heat flow
therethrough, cspecially at right angles to
the sheet-into which the material-is built.

Tt is to be understood from the wbove that
the introduction of the binder material at the
nozzle in the steam pipe 33 and at the jets 71,

- 73 may be omitied for certain applications of

20

the material. I
Another point of novelty exists in the
present invention,based upon the chemical

- proportions of the charge introduced into the

]
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fusion chamber or cupola 1. Up to this
point the nature of the rock charge has been
only broadly outlined.

Yor instance, in the prior art a typical
analysis of resulting rock wool would be
(more specifically) :

Per cent

Substance. .
Silicon oxide (310,)
Aluminam oxide (ALO,)-__.
Tvon oxide (FeQ) or (¥e,0,).
Calcium oxide. (CaO)

by weight.
40 (acid)
17 (neutral)
6 (basic)
21 (basic)

Magnesium oxide (MgO)___. 18 (basic)
Miscellaneons .- N 3
Totalo e 100

The above list shows a ratio of one to one
of silicon to basic materials. The vesult is
that a terdency to slacking is had which dis-
integratos the wool in'its applications.  An-
other is that the wool will decompose in di-
lute mireral acids. ‘

The wool material resulting in the present

invention comprises a typical analysis as fol-
lows: :
Per-cent
Substance, . by weight.
Silicon oxide (810,)-———m-- 57 (acid)
Aluminum oxide (ALQ;)-- 12 (neutral)
Tron oxide (FeO) e 5 (basic)
- Caicium oxide (CaO) ... 15 (basic)
Magnesium oxide (MgO)_... 9 (basic)
Miscellaneous oo 2
Total e —————— 100

oS

It will be seen that the above com-
prises practically a two to one ratio between
silica and basic materials, which gives the

resulting wool a more hard and glassy com- .

position which will not slack or dissolve. A

ratio of silica to basic materials of from one-
and-one-half to one, to two to one is suitable

70

for preventing this slacking or disintegrat- -

ing etfect. The improved composition is at-
tained by selecting the proper raw material,
stch zs by adding a high silica rock.

In view of the above, it will be seen that
the several objects of the invention are
achieved and cother advantageous results at-
tained. : ’

As many changes could be made in carry-
ing out the above constructions without de-
parting from the scope of the invention, it is
intended that all matter contained in the
above deseription or shown in the accom-
panying drawings «hall be interpreted as
illustrative and not in a limiting sense:

I claim:

1. The method of manufacturing molten
material for rock and mineral wools com-

‘prising miciting a mass of suitable raw ma-

terial in the presence of hot gases from an
oxidizing flame.
2. The ‘method of manufacturing molten

material for rock and inineral wools com- °

prising melting a mass of suitable raw ma-
terial in the presence of hot gases from an
oxidizing flame fired by powdered fuel.

3. The method of manufacturing molten
material for rock and mineral wools com-
prising adding an oxidizing material to the

§0

N9

100

raw material and fusing the materials in

the presence of hot gases from an oxidizing
flame. .

4. The method of manufacturing molten
material for rock and mineral wools com-
prising adding an oxidizing material to the
raw material and melting the materials in

the presence of hot gases from an oxidizing
' - 110

flame fired in a separate compartment.

5. The method of fusing material for rock
and mineral wools comprising engendering
an oxidizing flame, and fusing the raw ma-
terial by passing therethrough the hot gases
from said flame. :

6. 'The method of fusing material for rock
and mineral wools comprising engendering
an oxidizing flame, passing the hot gases

from said flame through the raw material to’

fuse said raw material, and blowing the
fused material into a chamber provide with
a felting conveyor and simultaneously mix-
ing{ said material with a binding material.
7. Means for fusing material for rock and
mineral wools comprising a fusioa chamber
adapted to be filled with raw material, a
separate combustion chamber . communicat-
ing with said fusion chamber at the lower
end thereof, said combustion chamber be-
ing formed upwardly, means for engender-

103
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ing an oxidizing flame in -the combustion
chamber and means for pissing the products
from said flame through said material in the
fusion chamber.

8. Means for fusing material for rock
and mineral wools comprising a fusion
chamber adapted to be filled with raw ma-
terial, a separate combustion chamber com-
municating with said fusion chamber at the
lower end thereof, said combustion chamber
being formed upwardly, means for engen-
dering an oxidizing flame at the inlet por-
tion of the combustion chamber, and means
for passing the products from said flame
from the combustion chamber to and through
the material in said fusion chamber.

9. The method of manufacturing rock
and mineral wools comprising introducing
the raw material and an oxidizing agent into
a fusing chamber, means for engendering a
flame in a chamber, passing the products of
said flame into and through the material in
said fusion chamber whereby the material is
melted and drawing the liquid material
Trom the fusion chamber at a point adjacent
the region of communication between the
fusion and combustion chambers.

10. Apparatus for manufacturing im-
proved rock and mineral wools comprising a
fusion chamber adapted to be filled with.raw
material, a separate combustion chamber
communicating with said fusion chamber,

1,656,828

means for engendering an oxidizing flame in
the combustion chamber and means for pass-
ing the hot gases from said flame through
said material in the fusion chamber, a blow
chamber, means for drawing molten mate-

‘rial from the fusion chamber and blowing

fibrous material into the blow chamber and
a moving conveyor engaging the lower end
of said blow chamber to carry out said ma-
terial -as it settles.

il. Apparatus for manufacturing im-
proved roclkand.mineral wools comprising a

Hfusion chamber adapted to be filled with

raw material, a separate combusion cham-
ber communicating with said fusion cham-
ber, means for engendering an oxidizing
flame in the combustion chamber and means
for passing the hot gases from said flame
through said material in the fusion chamber,
a blow chamber, means for drawing molten
material from the fusion chamber and glow-
ing fibrous material into the blow chamber,
a tapering lower region in said chamber in-

cluding a channel, a conveyor in said chan-°

nel adapted to receive settling wool and
rollers placed over said conveyor in ascend-
ing elevation in the direction of conveyor
movement. _

In testimony wherepf, I have signed my
name to this specification this 31st day of
December, 1926.

EDWARD R. POWELL.

4()

=

60



