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From its more than three-quarters of a century of experi­
ence in the art and science of heat conservation. Johns- 
Manville drew the basic concept for a sound motion picture 
"Heat and Its Control." During the filming of this picture 
it teas found that the wealth of material on this subject, 
gathered together during iiuiny years by Johns-Manville 
engineers, research scientists, and others, teas far more 
than could be compressed into a fifty-minute movie. Thus, 
“Heat" came Io be published as a supplement to "Heat and 
Ils Control." Hath the motion picture and this book arc 
presented with the hope that they may contribute to the 
progress which industry is constantly making in the more 
effective utilisation of heat.
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HEAT
Men IVorship and Ponder

a

point of making our 
as long as 
standpoint of getting

In ancient times man worshipped the sun as his 
only source of heat and light. Later, when he learned 
to kindle fire, the ibrr.c became the object of bis 

religious veneration.

a Great Enigma

Stores of Energy Squandered

Man, however, sees no chance of the 
life giving rays of the sun being sud­
denly cut off, so with profligate hand he 
spends his .-tores of available energy, 
apparently indifferent to the fact that 
even though today the process of storing 
up new supplies may be taking place ii 
the few remaining uninhabited parts of 
the world, it will take additional million- 
of years for any appreciable quantity of 
this energy to be turned into usable form.

In this apparent indifference man ig­
nores almo-t entirely the fact that within

few generations the stores of energy 
now available may be completely dissi­
pated.

Fortunately, however, this picture is 
not quite as black as we have painted it. 
For although most of us, like the grass­
hopper in the fable, give no thought to 
tomorrow as far as this problem is con­
cerned, there arc men who are devoting 
their lives to the conservation of this 
available energy, not only from the stand­

present supplies last 
possible, but also from the 

a maximum of ser­
vice from the energy we do use. and thus 
reducing production cost- which have 
become a tremendous factor since the 
upbuilding of our present complicated and 
highly specialized industrial civilization.

These men. at work on this problem 
for comparatively few years, have made 
great strides. Evidence of this is that 
from the Johns-Manville Research Labo­
ratories ami factories alone, have come 
developments in the art and science of 
heat conservation that save American 
Industry what is conservatively estimated 
at 250 millions of dollars annually.

OINCE time began, the sun has been 
kJ the world's fundamental source of 
heat—or energy, as science defines it.

Thus, if one day a curtain were to be 
dropped abruptly between the earth and 
sun. cutting off this supply of heat, the 
result, to say the least, would be catas­
trophic.

A vast pall of cold and darkness would 
envelop the earth like a shroud, drawing 
the heat from the ocean and covering it 
over with a thick sheet of ice; blighting 
the growth of all vegetation with an icy 
touch; and slowly, inexorably throttling 
out all life.

Man would be the last to go. For dur­
ing the last century or two he has dis­
covered the energy that the earth stored 
up during millions of years in the form 
of various chemical compounds -uch as 
coal, oil and natural gas. This energy 
under the relentless pre.-sureof thecircum- 
stances, man would no doubt carefully 
husband to cook his food, to heat and 
light his dwellings, to run his dynamos, 
and. in short, to keep his complex civil­
ization alive, po.-tponing as long a- pos­
sible the inevitable end.
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HEAT4

, did his work well, how-

Fascinating is this 
story of the part that 
research has played in 
conserving man's stores 
of available energy. As 
fascinating, perhaps, as 
was the subject of this 
mysterious force—heat 
—to the early Greek 
philosophers in the time 
of Epicurus and Democ­
ritus.

These men spent long 
hours of thought and 
study in trying to deter­
mine the true nature of 
heat. But being essen­
tially philosophers, and 
thus being given to studying nature from 
a standpoint of logic rather than from an 
experimental point of view, they arrived 
at the faulty conclusion that heat must 
be a material substance of some nature.

Caloric and Phlogiston

For centuries after the thermometer be­
came available, no one could conceive that 
what it measured was anything but tan­
gible. Thus Galileo’s invention gave 
added impetus to the idea that heat was a 
material substance. This sub>tance was 
supposed to possess tl’.e ability to per­
meate all material 1 lies, and to be able 
to transfer it-, ■ armer t • colder 
bodies. Followers of these theories arbi­
trarily nam 1 this <u’ stance, the two 
name' in v ide-t use ' eing “cal : ie“ and 
•‘phlogiston.

Galileo’s Thermometer
In fact it was not until the genius Gali­

leo began experimenting in an attempt to 
solve the mystery of this vital force that 
any real progress was made. Galileo, 
faced with the realization that man pos­
sessed no senses which enabled him to 
determine temperature accurately, was 
forced to invent an instrument that could 
be used for this purpose.

This instrument, which he succeeded in 
developing in 1600, is what we know to­
day as the thermometer.

At the time of its invention, the ther­
mometer was thought to possess the abil 
itv to measure the Quantity of heat in a 
substance. In reality, the thermometer 
measures only the temperature <>f a sub­
stance, and not the amount of heat that it 
contains. This extremely important point 
we will discuss in more detail later on in 

this story.
That Galilee

The genius Galileo, who was the first ex­
perimental physicist. Galileo, in order to 
further his studies of the mystery of heat 

invented, in 1600, the thermometer.

ever, is evidenced by 
the fact that the ther­
mometer he invented, 
with certain refine­
ments, is the same type 
used as the standard of 
accuracy by the U. S. 
Bureau of Standards 
today.

Galileo’s thermometer 
used expanding gas to 
measure temperature be­
tween two arbitrarily 
chosen points. The 
scales with which we 
are most familiar are 
the Fahrenheit, named 
after its inventor, and 

the Centigrade. Fahrenheit chose as his 
low point the temperature of a mixture of 
salt and ice, and called this zero. His 
high point was the temperature of the 
human body, set at 100°. Normal body 
temperature is now known to be 98.6°, 
probably because we now have instru­
ments capable of making more refined 
measurements.

On the Centigrade scale, zero is the 
temperature of melting ice. and too0 the 
boiling point of water. On the Fahrenheit 
scale water freezes at 32° F.. and boils at
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HEAT 5

Black Discovers Latent Heat

1500 1600 ^Oo

CENTIGRADE-FAHRENHEIT CONVERSION CHART

C ( F - 32)

F-i C+32

far more rapidly than if the radiator is 
drained of this mixture, and refilled with 
plain water, because of the inability of 
the mixture to absorb and carry off heat 
as rapidly as plain water.

Black also discovered that no matter 
how fast heat was added to a combination 
of melting ice and water, the temperature 
could not be raised, if the combination 
was kept stirred, until all of the ice was 
melted. He also discovered that by adding 
heat faster to boiling water, the tempera­
ture of the water was not raised even a 
fraction of a degree. The water merely 
boiled away faster. This hidden heat, he 
named latent heat because it did not 
cause any rise in temperature.

Joseph Black, a Scottish chemist, threw 
the first bombshell into the camp of the 
followers of the phlogiston and caloric 
theories, by discovering that two sub­
stances of the same mass, and at the same 
temperature, held different amounts of 
heat. The quantity of heat a substance 
can possess for each unit of mass at a 
given temperature is expressed by a con­
stant, characteristic of the material. This 
constant is known as the material’s 
specific heat. Water, for instance, has the 
highest specific heat of all, and we use it 
in the radiators of our automobiles be­
cause it possesses this ability to absorb 
and carry off more heat than any other 
fluid. If you leave an alcohol-water mix­
ture in your car's radiator during the 
summer months, the motor will heat up
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A particularly apt pupil and able as­
sistant of Black was a man named lames 
Watt. Watt, seeking a use for the knowl­
edge he gained from Black and from his 
own experiments, turned to the steam en­
gine that Thomas Newcomen had in­
vented some thirty years before.

Newcomen’s engine had been a crude 
ami clumsy affair, useful to its inventor, 
but too imperfect, from a mechanical and 
thermodynamic standpoint, to have any 
wide practical application.

When James Watt per­
fected the first practical 
steam engine, it was the 
beginning of the end of 
back-breaking toil and 
drudgery that had been 
man’s lot from the be­
ginning. The steam en­
gine shown at the left is 
an exact replica of Watt’s 
first engine. Both of these 
scenes arc from 
Johns - Manville 
motion picture, 

and Its Control.”

t was indeed im- 
’ of tremendous im- 

it stimulated the scien- 
renewed investigation of 
of heat in order that they 

further harness it to alleviate the 
... of back-breaking toil that had 
man’s lot for countless centuries.

It is interesting to note, however, that 
not all scientists in those days had been

Watt’s Accomplishment

Watt earned himself undying fame by 
perfecting the first practical steam en­
gine. which usefully converted heat into 
mechanical work.

Ilis accomplishment 
pressive. Ami it was < 
portance because i. — 
title world to 
the true nature 
might 
burden 
been i..

led astray by the belief in the material 
nature of heat.

Such men as Descartes. Amontons, 
Boyle, Francis Bacon. Hooke, and New­
ton believed that heat was mechanical, or, 
in other words, due to motion within the 
substance. But their results were arrived 
at by pure reasoning. Their primary 
interests lay in other fields. They might 
have verified their theories if they had 
resorted to actual experimentation, and 
observation.

On the other hand. Count Rumford ob­
served first and then theorized. While

' served 
that the canno 1 1 ca ne hot. his led '

ater 
ing ‘ b 1 «rhe»
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HEAT 7

Mayer is

I

■ 
if

;nizcd 
ir the 
heat.

Old Theories Clung To
1'he scientists of his day, while their 

beliefs must have been shaken somewhat 
by Rumford’s experiments, clung tenaci­
ously to the old theories. It was. in fact, 
many years after his death before the ex­
periments of such men as Mayer, Joule 
ami Helmholtz proved conclusively that 
Rumford’s deductions concerning the me­
chanical nature of heat were correct.

I hese three men, Mayer, who was a 
doctor; Joule, a brewer, and Helmholtz, 
a physicist, experimented independently.

Below: Herman von Helm­
holtz (1821-1894) was born 
at Potsdam. He was one of 
the discoverers, along with 
Mayer and Joule, of the 
theory of the conservation 

of energy.

Above: James Prescott Joule 
(1818-1889) was born at 
Salford, near Manchester, 
where he was the proprietor 
of a large brewery. He be­
came an eminent physicist.

was a 
tion.

His experiments 
proved the first seri­
ous opposition that 
the materialistic idea 
of the nature of energy had, and in 1804 
he wrote to a friend:

"I am satisfied that I shall live a suf­
ficiently long time to have the satisfaction 
of seeing caloric interred with phlogiston 
in the same tomb.”

He did not. however.

the water boiled due 
to the heat engen­
dered by the friction 
of the boring tool, 
he deduced that heat 

form of mo-

Above: Robert Mayer (1814- 
1878) was born in Heil­
bronn. He was a doctor of 
medicine, but is rccogi 
for his work in provinj 
mechanical nature of

that they were accorded cold re­
ception. Because of this lack of apprecia 
tion for his idea-. Mayer lost his mental 
equilibrium, jumped out of a window in 
attempted suicide, and was committed to 
an asylum. Later, however, he regained 
his mental faculties and received at least 
a portion of the recognition to which his 
great work entitled him.

The second of the-e men was James 
Prescott Joule. Joule wa- a brewer by 
inheritance, and could have lived a very 
quiet and easy life, but with the restless 
ness of genius he devoted himself to 
physics and became m -t eminent in his 
chosen field.

And since each lived in a different coun­
try. and communication in that day was 
very slow, it was not until some years 
passed that it was found that they had 
all come to the same conclusions prac­
tically simultaneously.

recognized for his work in 
proving the mechan­
ical nature of heat. 
But when published, 
his ideas were so rev­
olutionary, ami con­
trary to what the 
world accepted as fact.
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HEAT8

Mechanical Electrical

Heat

Light

O '

of the conservation of
can

Chemical 
(Fuels)

The theory of the conservation of energy is based on 
the fact that energy can neither be created nor de­
stroyed. Any type of energy can be transformed into 

any other type of energy.

conservation of energy, 
examine the facts about 
theory helped bring to

by friction of the wearing parts and the 
heat accidentally lost to the surroundings, 
we find that the same energy was ob­
tained as was originally put in.

In all of these changes the amount of 
available energy was decreased by heat 
losses through lack of proper insulation, 
through friction, and through heating of 
the wires carrying the current. These 
heat losses took their toll of the final 
amount of energy available for lighting 
the bulb, and were dissipated as unavail­
able energy.

Thus, we get a clearer insight into 
the tremendous necessity for the conser­
vation of heat lest our entire stores of 
available energy be transformed into un­
available energy, and for the more selfish 
reason that by conserving valuable heat 
we lower production costs and thus en­
able ourselves to enjoy the fruits of the 
more abundant life that the machine age 
has brought.

Both Joule, and Herman von Helm­
holtz, the physicist, imide known their 
discovery of the theory of the conserva­
tion of eneigy in the same year.

This was the greatest discovery which 
had been made toward the final solution of 
the mystery of just what heat is ami it 
gave added impetus to the search for the 
answer to this question. But since the de­
tails concerning this search, which was 
made over a period of years by some of 
the world's most brilliant scientists, are 
not particularly important in this story, 
let us turn instead to an explanation of 
the theory of 
Then we shall 
heat that this 
light.

The theory 
energy in its essence is that energy 
neither be created nor destroyed.

An illustration of this is the making of 
electricity from one of the sources of 
available energy such as coal.

The energy in the coal is changed into 
heat by burning. The heat applied to 
water produces steam which a steam en­
gine converts into mechanical energy. 
Tin- mechanical energy in turn rotates 
an electric generator, producing the elec­
trical current which is transferred into 
light by the electric light bulbs in our 
homes.

When we carefully analyze the energy 
obtained in any of these transformations 
and take into account the heat generated
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HEAT

Meat Is Nature's Most Powerful Forte . .
Uncontrolled, heat can become a raging monster of destruction 
consuming everything in its path. Yet when heat is controlled 
and man is its master, it accomplishes most of the world's work.
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THE ANSWER
To the Kiddle of Heat

The Size of An Atom

packed 
their motion is 

. solid, the particles 
the motion i

ing stones of nature, are atoms, or collec­
tions of atoms known as molecules.

For example, gold is composed en­
tirely of atoms as are the other 90 known 
elements, while our most common sub­
stance, water, is composed of molecules 
made up of two hydrogen atoms and one 
atom of oxygen.

Nature’s Buihliiif’ Stones

In the case of a gas, the particles of 
which it is composed are far apart and 
move relatively large distances between 
collisions, at the astounding rate of more 
than a mile a second when the gas 
room temperature, 
the particles are 
closely and 1 
strained. In a 
closer together and 
to vibration about a

These pa

To gain an idea of the extreme minute­
ness of these atoms and molecules, and 
the large number it takes to make up 
even the smallest visible amount of a sub­
stance, it is only necessary to realize that 
if each molecule contained in one cubic 
centimeter of water or less than one-six­
teenth of a cubic inch was represented 
by an average grain of sand, we woidd 
have a cube measuring one mile on each 
edge.

Naturally, atoms and molecule.' cannot 
be observed even under the most power­
ful of microscopes, but their actions can 
be studied indirectly.

Particles of matter, microscopic in size 
yet large in comparison with either atoms 
or molecules, are continually bombarded 
by the molecules of the medium in which 
they are immersed. These particles are 
so small that the bombardment is noi 
uniform, and the result is that they will 
move in the direction in which they r 
ccive the fewest impacts from the mol " 
cules. This movement may be observe 
wit’ l,'ed

Robert Brown was the first 
movement when in 1837 ' ■
activity of particles 
I'or this reason, thi 
the Brownian mot ement.

to note this

■ is -1 called

“ T T EAT is not the clash of winds, not 
JL 1 the quiver of a flame, nor the 

ebullition of water, nor the rising of a 
thermometric column, nor the motion 
which animates steam as it rushes from 
the boiler where it has been compressed. 
All these are mechanical motions into 
which the motion of heat can be con­
verted. But heat itself is molecular mo­
tion. It is an oscillation of ultimate 
particles."*

To the layman, of course, it’s pretty 
difficult to imagine that all matter is com­
posed of molecules in a constant state of 
agitation, let alone the fact that heat it­
self is this motion. And it is pretty hard 
to believe that an iron bar, for example, 
held in the hand—something hard and 
heavy—is actually only a flock of little 
particles flying around at a great rate, 
constantly colliding and rebounding from 
one another much as billiard balls do.

But nevertheless, the modern concept 
of matter is that all substances are com­
posed of minute particles in a constant 
state of motion.

is at
In the case of liquids 

much more 
more re- 

are still 
s reduced 

point of equilibrium. 
Articles, the fundamental budd- 

......

Heat: The Dramatic Story of Man's Age-Old Struggle to Control Nature's Most Powerful Force (19…
ACL Doc 13706 · Page 12 of 50

Published by AsbestosClaims.Law

asbestosclaims.law/library/13706/12

https://asbestosclaims.law/library/13706/12


11HEAT

It

tl

The energy molecules possess due to 
this motion is called kinetic energy. The 
temperature of any substance is the meas­
ure of the average kinetic energy of the 
molecules composing it. Increasing this 
energy by the addition of heat corre­
spondingly raises the temperature.

What appears here to be a child's plaything of balls 
and sticks pegged together is in reality a physicist’s 
representation of the crystal structure of ice. The 
small balls represent hydrogen atoms, the targe balls 
oxygen atoms. Together they represent a molecule 

of water.

or to change its state. If the ice and 
water are kept stirred, there will be no 
rise in temperature as long as any ice re­
mains. What is happening is simply this: 
The molecules of ice have reached the 
maximum speed possible to them in their 
relatively fixed positions, and additional 
heat is not causing an increase in their 
speed, but a change in their position, 
and hence, a change in state.

The tremendous amount of energy nec­
essary to cause this change in the rela­
tively fixed positions of the oscillating 
molecules in a substance, is illustrated by 
the fact that the amount of energy neces­
sary to change one pound of ice into water 
is 144 B.t.u., an amount sufficient to 
raise the temperature of the same amount 
of water from room temperature to the 
boiling point. Since the heat added to the 
ice and water is u>cd entirely in changing 
the ice into water, there can be no in­
crease in the kinetic energy of the mole­
cules. and thus, no ri-e in temperature.

The housewife who wants to cool a 
liquid in a hurry adds a small cube of 
ice rather than cold water since one 
pound of ice at 32 I-'. in melting absorbs 
144 B.t.u. without a change in tempera­
ture. while it would require 144 pounds

Absolute Zero

Naturally' in cooling a substance, we 
cause heat to leave, thus decreasing the 
kinetic energy of the molecules of which 
it is composed. If we continue to chill a 
substance the movement of the molecules 
will become slower and slower until the 
temperature will have dropped to what is 
known as “absolute zero," or —459.6“ F.

No one has succeeded so far in reduc­
ing the temperature of any substance to 
absolute zero, but in liquid helium at 
—453 b'., and in some few other sub­
stances this point has been approached.

In order to understand more clearly 
what happens when we add heat to a sub­
stance, thus raising its temperature, let 
us take, for example, a piece of ice. If 
we add heat to this ice. the kinetic energy 
or motion of the molecules increases. 
They move faster and faster in their rela­
tive positions, ami the temperature of the 
ice rises to the melting point.

The unit in common engineering use 
for measuring this heat which we arc 
adding to the ice is, of course, the British 
Thermal L’nit. familiarly known as the 
B.t.u.. which is defined as the amount of 
heat energy necessary to raise the tem­
perature of one pound of water from 63“ 
to 64 F. I'he scientific unit used in meas­
uring this heat is the calorie, a name bor­
row cd from the old caloric theory. One 
calorie is the amount of energy necessary 
to raise the temperature of one gram of 
w.ater from 15° to l6° C.

\\ hen we have added enough heat to 
raise the temperature of the ice to 32“ F.. 
or zero degrees C.. the ice begins to melt
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steam, which is steam at the boiling point 
of water in temperature.

So far, however, we have discussed 
only what happens when heat is added to 
a substance, and have said nothing con­
cerning how this heat is transferred.

40 ;___ r

olt— L 
0

to change

Water and Steam 

970.3 B.t.u. Necessary to Change
1 Pound of Water into Steam

-------  I
144 B.t.u. Necessary to Change

1 Pound of Ice into Water
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400 * 600 800
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. _____ _ decrees F. to superheated itcam ar 240
ice a» ’cru *

of water at 320 F., rising one degree in 
temperature, to absorb the same amount 
of heat.

When the ice has been changed into 
water, any more heat we add will cause 
the molecules, now vibrating in new posi­
tions since the change of state, to oscil­
late more rapidly, increasing the tempera­
ture until the boiling point is reached.

Here a change similar to that occurring 
when the ice melted into water takes 
place in the transforming of water into 
steam. To make this change of state, 970.3 
B.t.u. of heat must be added to each 
pound of water to change water at 212° 
F. to steam at 2120 F.

The cook who wants to make use of 
this scientific fact will turn the fire down 
immediately upon bringing the water in 
a tea-kettle to a boil, since any heat that 
she adds will not raise the temperature 
of the boiling water a bit beyond 212° F. 
but will only succeed in changing the 
water into steam more rapidly.

If we add more heat after water 
has been changed into steam, the move­
ment of the molecules is speeded up. and 
we have superheated steam. This steam 
in industrial use is of much more value 
in doing work due to its possession of a 
great deal more energy than saturated

Heat Transfer By Conduction

The transfer of heat can take place in 
three ways, by conduction, by convection 
and by radiation.

If you pick up an iron bar and thrust 
one end into an open fire, the molecules 
of the end of the bar which is in the fire 
will immediately speed up. These in turn 
will bombard adjoining molecules, caus­
ing them to speed up until all of the 
molecules in the bar are moving progres­
sively faster and faster. This is transfer 
of heat by conduction.

Some of us remember—and very pain­
fully at that—being talked into laying our 
tongue on the surface of an iron bar 
outdoors in freezing weather. The reason 
our moist tongue froze to the bar. and 
could be only removed by leaving a laver 
of skin on the bar, was because iron is 
what is known as a "good conductor." 
and the human body is a “poor conduc­
tor” of heat. In other words, the iron bar 
conducted heat away from the tongue so

u. 200
i/l
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Substance k

ti

122

i

Temperature, 
degrees F.

212
212
212
212
212
212
212
212
212
32

104
122

212
212

0.6 
0.49

2880
2664
1428
828
744
408
396
336
237

1 5
12
I2
6
3

THERMAL CONDUCTIVITIES 
k B.t.u. in. hr. sq. ft. degrees F.

Silver
Copper (pure) 

Aluminum 

Brass (60-40)

Zinc

Tin. . .

Steel (mild)

Cast iron 

Lead.

Ice

Sandstone 

Dolomite

i Concrete (stone) 

Oak.........................

Diatomaceous
Silica (natural) 

85% Magnesia

Heat Transfer By Convection

The second method of heat transfer is 
by convection.

Heat applied to a liquid causes it to 
expand, and thus to become lighter than 
the surrounding liquid. This heated liquid 
ri<es ami the heavier, cold liquid replaces 
it nearer the source of heat. This process 
is repeated, and thus currents are set up 
continuously transferring heat. This is 
also true of gas.

These currents are called convection 
currents, and can actually be observed 
in the case of smoke from a chimney, and 
the "heat waves'* rising from the pave­
ment on hot summer days.

In the case of wind, we can feel these 
currents which may be as gentle as a cool 
Spring breeze, or as thunderously pow­
erful as those which whip the snow 
across the landscape during a blizzard.

are cov- 
ax. then 
with live 

.jtance to
melts is

rapidly that there was no chance for 
heat from the rest of the body to be con­
ducted into the tongue at a sufficiently 
high rate to keep the moisture on the 
tongue from freezing, thus gluing the 
surface of the tongue to the iron bar.

Practically all metals are good conduc­
tors, in fact they have the highest con­
ductivity of any materials. But even in 
metals there is a great variation in the 
degree of thermal conductivity. Silver, 
for instance, is roughly seven times as 
good a conductor of heat as steel.

In some cases the spread between the 
conductivity of metals and non-metals is 
unbelievably great. For example, copper 
is approximately 220 times as conductive 
of heat as dolomite limestone, as can be 
seen by looking at the table of conductiv­
ity values shown herewith.

The wide variance in 
the thermal conductivi­
ties of various metals is 
shown by this laboratory 
test. The bars of metal, 
painted black, 
cred with wr 
heated equally v 
steam. The disl 
which the wax 
an indication of the rela­
tive conductivities of the 

different metals.
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Above: Convection currents set up by the heat from 
a flaming match which the research engineer is hold­
ing in his hand. Note, also, the shadow of the smoke 

from the cigarette which he is smoking.

We take advantage of convection cur­
rents when we ventilate a room by open­
ing the window from the top to allow 
warm air to escape, and from the bottom 
to allow cool air to enter.

‘gnifying giass 
sun <>n 
curl of 

er will burst into flamv
- ■■ ■ sun. 

deduCe that 
a"s. and

- *■ travels in

Above: This shadowgraph shows the convection 
rents set up by heat loss from uninsulated pipe 

(left) as opposed to insulated pipe (right).

convection from the inner to the outer 
surface of the hollow space, is trans­
mitted by conduction through the ex­
terior sheathing and finally wasted on 
the winter air. As a result fuel bills arc 
much higher than if the walls were filled 
with a material which would eliminate 
transfer of heat by convection and at the 
same time be a poor conductor of heat.

Heat Transfer By Radiation
'1'he third method of heat transfer is by 

radiation.
Stepping out into the sunlight on a 

warm summer’s day, we feel the tremen­
dous quantity of heat which is transferred 
to the earth from the sun by radiation. 
And if we are of an inquiring turn of 
mind, we can. by means of a simple ex­
periment. learn - -thing about radiant 
energy.

\\ ith an ordinary 
lens, we can 
a piece of paper, 
smoke and the pap* 
ignited by the heat

From this it is 
heat and light t>be 
that radiant heat, a

A Great Fallacy

In this connection it might be well to 
mention that one of the greatest popular 
fallacies is that a so-called dead-air space 
is effective insulation against the passage 
of heat. 1'or example, for many years it 
was thought that the hollow outside walls 
of a house provided adequate insulation 
against loss of heat in winter, and against 
the tilling heat of summer.

We know that this is false because 
strictly speaking there is no such thing as 
a dead-air space.

This is due to convection currents 
which are set up in such spaces unless 
the temperature on both sides of the space 
is equal.

Thus, in winter, when the home with 
hollow outside walls is heated, the heat 
from within the house causes convection 
currents to be set up in these hollow 
walls, and the heat thus transferred hr
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a

Holler

11

f

was shadowed by

Heat Transfer in a

Shorter Rays of the Spectrum

Energy rays of wave lengths shorter 
than light rays are known as ultra-violet, 
X-rays, etc. These will affect a photo­
graphic plate.

I leat and light rays travel at the 'ante 
rate of speed which is approximately 
186,300 miles per second. Only eight min­
utes are required for the life-giving heat 
and light rays of the sun to reach the 
earth from the tremendous distance of 
93 million miles.

The great difficulty in understanding 
the movement of these heat and light 
rays, lies in the fact that they need no 
material medium to assist in the transfer, 
as witness the heat and light radiated to 
the earth by the sun.

There are. however, materials that will 
not allow heat rays to pass at all. while 
allowing light rays to pass freely. Con­
versely, there are materials which allow 
radiant energy, or infra-red rays, as they 
are called, to pass while shutting out all 
visible, or light rays.

The ability of any body to radiate 
heat depends largely on its surface. 
Bodies with smooth, shiny surfaces such 
as polished chrome plate, for instance, 
are excellent reflectors but very poor 
radiators of heat. On the other hand, 
bodies possessing dull, comparatively 
rough surfaces usually have a marked 
ability to radiate heat.

Heat rays travel in a .straight line as can be proved 
by this test shown above. The rays of a powerful 
arc lamp were directed upon a block of ice, painted 
black. The portion of the ice which ----- -•—’------‘ *--•

the screen did not melt.

An excellent illustration of ju-t how 
industrv uses the three methods of heat 
transfer that we have di cti'-ed here, is 
found in the making of team in a boiler.

Here, available energy, in the form 
coal, oil or gas, is transformed into heat 
energy through combustion. The heat 
cnergv pa-.-es to the ’ oiler tubes by 
radiation and convection: and through 
the tube walls by conduction. The water 
in the tubes transmits the heat by con 
vection.

straight line. Verification for this is 
found in the fact that if we expose our 
bodies to the rays of the sun for a suf­
ficient length of time our skin will be­
come burned, but if we stand in the 
shade where the sun’s rays do not strike 
us. we will suffer no ill effects.

In studying the energy radiated from 
a hot body, scientists use an instrument 
called the spectroscope, which disperses 
the rays of energy into a multi-colored 
band or spectrum according to the length 
of the waves. Thus the color we know 
as red is merely an energy wave of dif­
ferent length than the wave that regis­
ters through our sense of sight as blue. 
White is a combination of all visible 
waves or colors.

Only a small group of these energy 
waves, however, affect the human eye 
and these are known as light. The waves 
of greater length than red are called in­
fra-red, or heat waves. They can be de­
tected only with the use of heat measur­
ing devices. The greatest portion of the 
energy’ radiated from hot bodies is in the 
form of these infra-red rays.
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Onin

__ - K 'I
-----------Radiation

1 {(jf is transferred in J boiler by radiation, 
in this illustration. II the boiler is not

By the application of scientifically de­
signed insulating materials, we may re­
duce the heat loss through the boiler wall 
to a minimum, thus conserving available 
energy to do useful work, and at the 
same time lowering operating costs.

But, what are scientifically designed 
insulating materials? How do we know 
such materials will conserve heat? And, 
if so, will the resultant savings in fuel 
cost justify the expense of insulation?

The answers to these questions lie in 
what science is today accomplishing in 
the art of heat conservation through 
insulation.

—Convection -------------->- Conduction

conduction and convection, a. ■ --1 b-. the three tvpev of
,, r . i > i ! ■. i'; tiI I: ' r »x#.... ...............— —r

1 f the boiler is not properly insulated 
so as to conserve as much heat as pos­
sible, a great deal of heat loss results 
from radiation and convection to the 
boiler wall; conduction through the wall: 
and radiation and convection outside the 
wall.

The rate at which heat is transmitted 
by conduction through the wall varies 
directly with the area of the wall, the 
temperature difference between the hot 
and cold surfaces of the wall, the ther­
mal conductivity of the materials of 
which the wall is composed and inversely 
with the thickness of the wall.
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Three views of

Used in •fohns-
Maniille Labo-
ratories io Test
Con duetivity

4

One of the

I
From the suitchboard jhoun above electrical 
power is supplied to the heaters in various 
conductivity testing units of the J-M Insula­
tion Laboratories. Power input to any heater 
may be measured to within of 1 per cent.

One of the testing units is shown 
in the circle to the left. In this con­
stant temperature room pipe insula­
tion is tested for thermal efficiency 
by being applied to a six-foot section 
of electrically heated pipe. Switches 
and thermocouple and power wires 
aid the test, the thermocouple wires 
bring connected with the central 
th-rmocouplc "jtek” switchboard 
shown at the left below. Here, with 
th? aid of a single precision poten­
tiometer. temperatures arc measured 
to within . of 1 d- ; I 1 < mpi I J- 
lures may be measured at approxi­

mately 800 different points.
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Guardians

of the

IL t. 11
TA UR1 NG the decade ending in i860. 
A-X when the conservation of energy 
theory propounded by Mayer, Helmholtz 
and Joule was becoming widely estab­
lished as fact, another important page in 
the history of man's mastery over heat 
was being written in Brooklyn, New 
York. T here, in 1.858, the first step toward 
the development of materials specifically 
designed for insulation and reduction of 
heat loss was made by II. W. Johns, who 
recognized the possibilities in this field.

It was in Mr. Johns’ modest factory 
where some of our earliest asbestos insu­
lations were made, crude products in 
cement form which were sold, with con­
siderable difficulty, to the more progres­
sive industrial plants of the day for 
covering boilers and .steam pipes.

T his was twenty years before Edison 
built the first electric light plant, and long 
before industry became generally con­
cerned with the problem of fuel conser­
vation and with the more efficient utiliza­
tion of heat.

Today, to aid industry in solving its 
problems of conserving heat, Johns-Man­
ville operates, in its Manville, N. J. 
plant as a section of the Johns-Manville 
Research Laboratories, one of the best 
equipped, and most modern heat insula­
tion laboratories in the world.

It is here that a large staff of engineers, 
chemists, physicists and other specially 
trained technicians devote their entire 
time and energy to the advancement of 
the art and science of heat control.

Known as the McMillan Laboratory, 
this J-M laboratory was named for its 
founder, the late I.. B. McMillan, who 
as instructor at the University of Wis­
consin. established himself as the leading 
American authority on industrial insula­
tion by conducting in 1915 the first com­
prehensive thermal conductivity tests ever 
made of all commercial pipe insulations 
then on the market.

Accurate Conductivity Measurements
The conductivity of a material, of 

cour . the factor which d es its 
insulating efficiency, and therefore, a

■ d< < '' care must be exercised to 
measure this conductivity with a high 
degree of accuracy. Years of specialized

A scene from the Johns-Manville Research Labora­
tories where ’'Guardians of the B. t. u.” are on con­
stant vigil in their efforts to control heat. That is 
not flame coming from this Ajax-Northrup electric 
induction furnace. It is white heat. The furnace was 

at 32000 F. when the photo was taken.
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HEAT 19

of electrical insulators, which then be­
come good electrical conductors.

In spite of these difficulties, however, 
accurate thermal conductivities can now 
be measured in the J-M laboratory from 
zero degrees Fahrenheit to the intense 
heat of 2600 degrees above.

training are required to equip a man for 
this task. Special test apparatus of various 
types, including precise electrical equip­
ment, is also necessary.

It is here that perhaps the most signi­
ficant contributions of Johns-Manville 
laboratory research men have been made 
in the field of insulation. For in these 
laboratories some of the most difficult 
problems connected with the measure­
ment of heat transfer have been solved.

The difficulty in measuring thermal con­
ductivity lies in the fact that unlike elec­
tricity, which may be confined to the 
desired channel, it is extremely difficult 
to direct the flow of heat, and thus limit 
losses, due to convection, conduction and 
radiation, to the test sample whose con­
ductivity is being measured.

Additional obstacles to accurate meas­
urements are encountered due to the mis­
behavior under high temperature of 
ordinary materials of apparatus construc­
tion ; the warping, crystallizing or scaling 
of metals; and the softening or burning

Right: A completed assembly for test on 
thermal conductivity of high temperature 
insulating material. Photo shows operator 
filling an improved, self controlled conduc­

tivity unit with insulating powder.

The Thermocouple
As a sensitive and at the same time 

practical device for the measurement of 
temperature in the determining of thermal 
conductivities, scientists have developed 
the thermocouple. Two wires of dissimi­
lar metals are welded end to end to form 
a circuit. Then, one of these wires is cut 
to make a place for a potentiometer 
which, when attached, becomes a part of 
the circuit. One of the welded ends, or 
junctions, is placed at a point where tem­
perature is to be measured, the other 
kept at a constant temperature in an ice­
water bath. The difference in temperature 
between the hot and cold junctions set­
up electromotive forces which are meas­

ured by the potentiometer. This de­
vice is one of the most sensitive 
and accurate known for measur­
ing temperature over a wide range.

Left: Heat mirrors under test. For a complete 
understanding of insulating materials, con­
sideration must be given to the "thermal 
reflectivity*’ of the products. A recent J-M 
laboratory development has been construction 
of this "heat eye" which measures surface 

emissivity.
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pipe

The apparatus shown in these 
two illustrations was designed 
and constructed in the Johns- 
Manville Research Laboratories 
to meet the special requirements 
of high temperature conductivity 
measurements in the range of 
temperatures from 2000° to 
2600° F. Top: The general as­
sembly of the apparatus with 
the power control switchboard 
in the background. Bottom: A 
typical assembly for the testing 

of insulating brick.

Under high temperatures, only the 
noble metals will stand up, and the J-M 
laboratory uses as thermocouples hun­
dreds of feet of wire made up of pure 
platinum .and platinum rhodium. For the 
temperature range up to 600° F., thou­
sands of feet of eleetrolytically pure cop­
per and a uniform composition copper­
nickel alloy are used.

I ests on the conductivity of medium 
temperature pipe insulation are conducted 
in a special room in the lohns-Manville 
Laboratories which is kept at a constant 
temperature at all times. The insulation- 
under test are applied to pipes containing 
electric heater units. The thermal conduc­
tivity of a material is evaluated by com­
puting the amount of electrical energy

necessary to compensate 
for the heat loss through 
a section of insulation. 
This is calculated on the 
basis of unit area, unit 
thickness and unit tem­
perature difference.

The electrical energy— 
or heat—is supplied from 
a central switchboard lo­
cated in the control room 
of the laboratories. Krom 
this switchboard, which 
runs the entire length of 
the room, the electrical 
power input to any test 
unit, no matter where lo­
cated in the laboratories, 
can be regulated accu­

rately by a group of watt meters mounted 
on a movable carriage.

In addition to the room for testing 
medium - temperature pipe insulations, 
there is a "cold' room for testing mate­
rial- used in refrigerating service. In this 
room temperature- may be automatically 
regulated and kept constant at any point 
down to zero degree- Fahrenheit.

The same procedure used in testing 
medium temperature ;T e covering is used 
in the cold room for testing low tempera­
ture pipe insulation. Although in service 
the insulat ■ lesigi I to keep heat 
from the refrigerant T the pipe, in the 
laboratoi > t ■ use f ■the

results 
than could ’ :he application
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of heat to the outside of the insulation.
For the testing of flat materials the 

Bureau of Standards type conductivity 
apparatus is used. Here heat is developed 
electrically in guarded heater plates, and 
flows equally through test samples placed 
on either side of the plate, and is then 
absorbed by two water-cooled plates 
which are clamped to the outer surfaces 
of the materials under test. Temperatures 
are taken with the use of thermocouples 
located in the surfaces of center and 
guard areas of the heater plates as well 
as surfaces of the cold plates.

An interior view of the "cold room’’ in which insu­
lations for service in the tow temperature range are 
tested. The temperature in this room can be auto­
matically regulated and kept constant down to zero 

degrees F.

insulating material should possess is 
strength. The transverse strength is a 
criterion of its ability to withstand dam­
age from handling and shipping. Tests on 
compressive strength, conducted while 
the test specimens are heated to high 
temperatures, give a direct indication of 
load bearing ability under actual service 
conditions.

The expansion of insulating materials 
when subjected to heat must also be de­
termined. If not accurately evaluated, and 
proper allowance made, expansion of the 
insulating brick and block may cause 
serious damage when a high temperature 
furnace is placed in operation.

Mam insulating materials are destroyed 
by thermal shock and a spalling test must 
be conducted to determine the ability ol 
a material to withstand rapid heating and 
cooling.

In order to determine the behavior of 
material- under extreme!} severe condi­
tions a X.avy type test furnace is used. It 
was originally designed for the testing of 
high temperature, semi-refractory insulat­
ing brick for u-e in navy boilers. It has 
since found a much wider u-e. If a mate­
ria' will retain t st thi te t,

High Temperature Tests

Some of the most notable achievements 
of the Johns-Manville Research Labora­
tories have been made in the field of test­
ing high temperature insulations. It was 
in these Laboratories, for example, that 
the scope of accurate thermal conductivity 
measurements was increased from about 
2000° to 2600° F.

This testing of insulating materials 
used in industrial furnaces at tempera­
tures ranging up to 2600° F. presents 
many difficulties. In order to obtain ac­
curate results it is necessary to use heater 
plates constructed of a refractory mate­
rial and high-temperature alloy wires; 
thermocouples of platinum and platinum­
rhodium ; and supplementary heater pl.ates 
on the cooler surfaces of test samples.

It is not enough to make a few tests 
to prove two or three isolated qualities of 
an insulating material. True, thermal 
conductivity is the corner stone, but a 
thorough research job subjects the mate­
rial to every conceivable condition which 
it will be called upon to face in actual 
service and extends even to the building 
of furnaces and the providing of other 
special facilities where field conditions 
may be simulated.

In addition to high insulating efficiency, 
one of the most important properties an

Heat: The Dramatic Story of Man's Age-Old Struggle to Control Nature's Most Powerful Force…
ACL Doc 13706 · Page 23 of 50

Published by AsbestosClaims.Law

asbestosclaims.law/library/13706/23

https://asbestosclaims.law/library/13706/23


HEAT22

there is little, if any, chance of its failing 
in industrial furnaces.

meability of a
It is. of course, necessary that these 

research men keep in close touch with the 
problems of industry, and any new 
developments that might arise that would 
necessitate new or improved types of 
insulation.

Additional Tests

Insulation for use outdoors must be 
protected from the elements, so the lab­
oratory reproduces sunshine, rain and 
freezing in cycles, for the accelerated test­
ing of weather-proof jackets and casings.

Because the leakage of hot gases or 
cold air through furnace walls often 
proves costly to industry, materials de­
signed for furnace insulation must be 
tested for their ability to resist the flow 
of air.

This characteristic, known as the per- 
material, is measured by 

placing the test sample in a specially de­
signed apparatus where all sides of the 
material are sealed against gas leaks by 
mercury. A given pressure difference is 
maintained between the top and the bot­
tom of the specimen and the rate at which 
gas passes through it is accurately 
measured.

Needless to say, in the short space of 
this story no attempt can be made to 
describe all of the various tests in detail. 
Months, even years, are required to build 
up enough data on the ability of a certain 
insulation to withstand all of the condi­
tions that it will encounter in service.

Since the time of its founding in 11717, 
the present Johns-Manville Insulation 
Laboratory has established a vast fund of 
invaluable data on the true nature, struc­
ture and properties of insulating 
materials.

To gain an idea of the scope and 
variety of the work involved in insulation 
research, it is only necessary to consider 
the many different types of insulating 
products in use today, and to realize that 
here is an ever changing field in which 
industrial progress, in a few short years, 
changes the entire complexion of prob­
lems to be faced.

The Insulation Engineer

To provide this link between industry 
and the research laboratories. Johns- 
Manville maintains a staff of insulation 
engineers who specialize in assisting in­
dustry in solving its heat conservation 
problems. These men. using the data sup­
plied them by the J-M Research Labor­
atories. render invaluable aid to users 
of fuel by recommending both the type 
of insulation best suited for any specific 
job, as well as the most economical 
thickness.

Experts in their own right, these in­
sulation engineers are free to request the 
assistance and entire re-ources of the 
Itarch ] Iving any par­
ticular problem which, because of its 
unusualness, might r pure special con­
sideration. In turn, they provide the Re­
search La’ rat-ms ■ ■ . ■. r.al informa­
tion concet ting the c ging needs of 
industry.

Inspecting samples of material in the Weatherometer, 
a machine in the Johns-Manville Research Labora­
tories which reproduces sunshine, rain, and freezing 
temperatures in cycles for the accelerated weathering 
of insulation jackets and casings in order to test their 

ability to withstand exposure to the elements.
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H Steel Mill dDjrea IK earth ...
Wherever heat or refrigeration is used in industry there also will be 
found insulations, helping to cut production costs and create better, 
more uniform products by assuring more accurate temperature control.
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INSULATIONS
Barriers to Industries! Waste

widening variety of kinds and forms of 
insulation to help assure the low produc­
tion costs that soon became the vital con­
cern of every type of industry.

During the past three-quarters of a 
century, research, development, and man­
ufacture of insulation have been carried 
on by Johns-Manville with the result that 
today, from four basic materials, a great 
number of insulating products are manu­
factured to provide the proper type and 
form for every insulation requirement.

From these four basic materials—as­
bestos, magnesium carbonate, diatomace­
ous silica (Celite). and rock or mineral 
wool — Johns-Manville produces insula­
tion in the forms of sectional pipe cover­
ing; insulating sheets, blocks, bricks and 
blankets; insulating cements, fillers and 
finishes; insulating papers and felts; as 
well as a lightweight aggregate used with 
portland cement for making insulating 
concrete. A wide range of hair felt prod­
ucts completes the line.

Insulation for All Temperatures

These materials provide insulations for 
use throughout the entire range of tem­
peratures met with in industrial processes, 
from the extreme sub-zero temperatures 
used in the treatment of oils, chemicals 
and the like, to temperatures of 3000° 
F„ and more, in many modern industrial 
plants.

Many of these materials are suitable 
for service in the lower temperature 
ranges. Among the more important of 
these insulations are rock cork and hair 
felt for refrigeration and other low tem­
perature service; and as! esios. 85% mag­
nesia and rock wool for medium tempera­
tures ranging up to 1000' F.

These materials p ssess excej

NTO one or two types of material can 
-L x be expected to serve under the wide 
variety of conditions insulation is called 
upon to meet today.

For example, the temperature may be 
below zero or up to 3000° F. The sur­
face to be insulated may be a pipe, a tank, 
or a furnace floor, wall, Yoof, or door. 
The surface may be regular in contour, 
or broken up with projecting fittings or 
accessories. The insulation may be in­
doors or outdoors. It may be subjected to 
abuse, or to severe vibration or mechani­
cal abrasion.

Of course this was not always true. 
Insulation was once that "white stuff” 
wrapped around pipes, daubed on boilers. 
But industrial progress gradually brought 
new conditions, necessitating an ever-

A »pt>< 
micrometer 
temperature 
containing 
Flxpansion < 
be f ’

hair at furnace heat! Measuring with a 
gauge the thermal changes of a high 

r insulation material. Furnace at left 
test specimen is accurately controlled. 

_______ or contraction at high temperatures must 
fully understood before recommendations for 

specific installations are given.
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Diatomaceous Silica
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tion available, the loss of valuable heat 
used in certain processes in manufactur­
ing steel and metal products, glass, port­
land cement and lime, brick, tile and pot­
tery, was tremendous.

Attempts were made to curtail this loss 
by building furnace walls of brick several 
feet thick, but this method was unsatis­
factory because construction costs were 
exceedingly high, and such walls soaked 
up heat like a sponge, thus robbing the 
furnace of heat.

1/

In 1912, a new insulation was put 
on the market. Composed of dia­
tomaceous silica, it made available, 
for the first time, an insulation suit­
able for use at high temperatures. 
This new material not only effected 
enormous fuel savings, and lower 
production costs wherever it was 
Used, but it also made possible closer 
control of temperatures and more 
even distribution of heat in the fur­
nace, with the result that better 
quality products could be produced.

The story of this material and the 
later high temperature insulations 
that were developed from it. begins 
with the death millions of years ago 
of a microscopic plant called a 
“diatom,” which lived in the rolling 
waters that swept over what is now 
California.

Upon it' death this minute or­
ganism sank to the ocean floor, 
leaving as its only trace a silica 
shell built up during its life. Count­
less billions of other diatoms lived 
ami died in these same waters and 
their tiny skeletons piled up in 
layer after layer, during some thirtx 
thousand years, to form huge de­
posits of almost pure silica more 
than 1400 feet in thickness.

Z-
*
/ */ z

low thermal conductivities, as well as the 
other qualities necessary to make them 
applicable in their fields, such as strength, 
durability and moisture resistance.

For high temperature service, however, 
to be of value an insulating material must 
not only have a low conductivity, but also 
a high degree of refractoriness, a quality 
not ordinarily found in insulating mate­
rials. Up until less than thirty years ago, 
there was no material available that pos­
sessed sufficient refractoriness to be of 
use in the higher temperature ranges.

At that time, with no suitable insula-

III III
FAHRENHEIT O CENTIGRADEyC-/._ *

A'/ //
Q- (J C c?
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■m r i — .jb. —r rn
.4buvf: A representative of diatoms from the Lompoc deposit. I Iicm* tin'. skeLtons of minute marine
i ( '.mi-nr. which lived and died million* of yoara 1 • "* ■ with the aid

of a powerful microscope.

Top: The largest and purest 
source of diatomaceous silica 
is the Johns-Manville quar­
ries at Lompoc, California, a 
small section of which is shown 
here. si hove: Diatomaceous 
silica (Celite) after being 
ground, pugged and pressed 
is fired in kilns to produce 
Sil-O-Cel C-22 and Sil-O-Cel 
Super Brick. Right: Another 
of the J-M diatomaceous silica 
quarries at Lompoc, California.
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Sil-O-Cel Natural Brick

The skeleton of an individual diatom 
is in the form of a cell so small that 50 
million of them could be placed in a 
penny match-box without crowding. Sil- 
O-Cel Natural Brick, or brick cut from 
the pure (.'elite, contain myriads of tiny 
voids formed by these minute diatom 
skeletons. These voids represent as much 
as 85 percent of the volume of the brick, 
and thus loss of heat by conduction is 
reduced to a minimum because of the 
small proportion of solid material present.

Heat, of course, is transferred across 
pore spaces by convection and radiation, 
but since the voids in Sil-O-Cel Natural 
Brick are so microscopically small, a 
tremendous number of surfaces are inter­
posed in the path of heat flow, and thus 
heat losses due to internal radiation and 
convection within the material also are 
reduced to a minimum.

Sil-O-Cel Natural Brick will retain its

In manufacturing insulating brick for 
use in equipment operated at higher tem­
peratures, the pure Celite is ground, 
pugged, pressed and fired in kilns to pro­
duce Sil-O-Cel C-22 Brick, which can be 
subjected to service temperatures up to 
2000° and Sil-O-Cel Super Brick for 
use where the insulation will encounter 
temperatures as high as 2500° F. This 
processing results in brick having a con­
siderably higher degree1 of refractoriness.

This added beat resistance allows Sil- 
O-Cel C-22 Brick, in addition to their 
wide use as a back-up in-ulation to refrac­
tory linings in furnaces operating at very 
high temperatures, also to be Used as a 
direct refractory lining to replace fire 
brick in oil and ga- tired furnaces, elec­
tric furnaces of the resistance tvpe. and 
coal-fired furnace- where not subjected

0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
Mean Temperature - Degrees F

Conductivities of fire brick, red brick and high temperature insulating 
materials.

high insulating efficiency indefinitely in 
service where it is subjected to tempera­
tures up to i6oo° F. behind refractory 
linings.

Other Sil-O-Cel Brick

In these deposits 
of diatomaceous 
earth, or Celite, 
thrust above sea level 
by the continental 
rise, and now com­
prising the hills in 
the vicinity of Lom­
poc, California, Na­
ture has provided 
one of the most ef­
ficient high tempera­
ture insulating ma­
terials yet discov­
ered.

Because Celite is 
virtually pure silica, 
it has an unusually 
high melting point— 
2930° F., and its 
unique physical struc­
ture is responsible 
for its remarkable insulating efficiency.

r
H
S

0
1
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JM-20 Insulating Brick

JM-20 Brick are composed of a high 
quality refractory clay and a specially 
manufactured mineral fibre. They have 
unusually low conductivity, light weight, 
and at the same time, high heat resist­
ance, which makes them suitable for use 
at temperatures up to 2000° F., in back 
of fire brick or insulating fire brick in an­
nealing furnaces, heat treating furnaces, 
enameling furnaces, regenerators, galvan­
izing furnaces, soaking pits and other 
similar types of heated industrial equip­
ment. JM-20 Brick are also recommended 
for use as an insulating refractory in 
electric furnaces, glass lehrs, radiant tube

rfbove: One of six malleable 
annealing furnaces in the Can­
ton Malleable Iron Company. 
Canton. Ohio. In these furnaces 
Sil-O-Cel C-22 Brick is used as 
a combination insulation and re­
fractory lining for walls, roofs 
and doors. For the pa\t six 
years C-22 Brick has saved 
enough fuel to pay over 100 
per cent annual return on it* 
cost, and is still in perfect con­
dition. Left: Here Sil-O-Cel 
C-22 Brick is used in "core 
>all** construction behind the fire 
brick lining in the furnace wall 

oil-cracking unit.

to mechanical abrasion or slag action.
Using the material in this manner, as 

a combination refractory and insulation, 
not only results in a saving in construc­
tion costs, but also cuts down the heat 
storage capacity of the masonry, thus 
saving heat to do effective work.

Since C-22 Brick have a heat capacity 
less than one-third that of fire brick, 
savings in both fuel and heating up time 
can be made in intermittently operated 
furnaces due to the lower amount of heat 
absorbed by the walls. In preventing 
transmitted heat loss due to conduction, 
Sil-O-Cel C-22 Brick are three to four 
times as effective as fire brick due to 
their high porosity and small air cells.

Sil-O-Cel Super Brick 
are designed for excep­
tionally high temperature 
conditions. They are used 
where subjected to tem­
peratures up to 2500° F., 
behind refractory linings.

In addition to the Sil- 
O-Cel Bricks there is an­
other type of material for 
insulating high tempera­
ture furnaces known as 
JM-20 Insulating Brick.
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Insulating Concrete
The most widely used insulating con­

crete is Sil-O-Cel C-3. a semi-refractory, 
monolithic type of insulation made by 
mixing four parts of Sil-O-Cel ('-3—-a 
calcined granular form of Celite—with 
one part of portland or Lumnite cement, 
be volume, and sufficient water to form a

plastic, coherent mass. 
The development of this 
material, about 20 years 
ago, first made possible 
the lining of industrial 
furnace doors with an 
insulating material. To­
day there are thousands 
of these (’-3 insulated 
doors on furnaces of 
many different types.

Sil-O-Cel C-3 Con­
crete is over three times 

as effective as fire clay brick in reducing 
heat transfer. It has a high degree of re­
fractoriness and can be used without 
other refractory protection where it mav 
be subjected to direct heat as high as 
1800 !•'. Sil-O-Cel C-3 Concrete weighs 
less than half as much as fire brick.

It is also an ideal material for insulat­
ing the bases of various types of heat- 
treating furnaces, kilns, oil still furnaces, 
hot blast stoves, open hearth furnace re­
generators and flues, and many other 
types of high temperature equipment. In­
sulating the ba-es of such equipment not 
only saves fuel but also insure- more uni­
form heat distribution within the equip­
ment ami protect' the foundation from 
excessive heat.

Sil-O-Cel C-3 Concrete is also used

annealing furnaces, muffle type furnaces, 
etc., where there is no flame impinge­
ment. slag action or mechanical abrasion.

It is ordinarily preferable to use insu­
lation in the form of bricks, blocks or 
pipe sections, but there are times when 
conditions render the use of such solid 
insulations impossible. In such cases, in­
sulating cement, insulating concrete, or 
fill types of insulation may be used.

Right: These large japanning 
ovens at Durand Steel Locker 
Company, Chicago Heights, Illi­
nois, were built entirely of Sil-O- 
Cel C-3 Concrete. Below: The 
C-3 Concrete doors on this bat­
tery of malleable annealing ovens 
are nine inches thick. They weigh 
only half as much as fire brick 
and conduct one-third as much 
heat, thus saving fuel as well as 
improving furnace performance 

and working conditions.
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Asbestos

InsulationStiperex

Today, one of the many uses for asbes­
tos in the field of insulation is in the 
making of Superex Blocks and Pipe Insu­
lation. Carefully selected and calcined 
Celite is blended and bonded with asbestos 
fibres, whose inherent strength and per­

Asbestos, often called the “magic” min­
eral, is one of Nature’s most amazing 
materials. Dense and rock-like in its orig­
inal form, it can be crushed and fluffed 
into soft, silky fibres. Historical legend 
tells us that Charlemagne, or Charles the 
Great, averted a war with Harun-Al- 
Rashid, Emperor of the East, by having a 
tablecloth woven out of asbestos fibres, 
and “cleansing” it with fire before the 
startled eyes of the Moslem’s envoys. 
Awed by this display, their report damp­
ened the Emperor's enthusiasm for a war 
with so potent a magician.

dustry. Fibro-Cel can be used for tem­
peratures up to 1800° F.

Natural Celite, used in producing these 
fills, as well as the Sil-O-Cel bricks pre­
viously mentioned, can only be prepared 
in brick or powder form, and therefore, 
in order to extend its range of usefulness, 
it is necessary to combine it with other 
materials, such as asbestos.

Above: Workman installing Sil-O-Cel 
Coarse Grade in the wall ol Harrup Tun­
nel Kiln at A. P. Green Fire Brick 
Company, Mexico, Missouri. Sil-O-Cel 
Coarse Grade is also used on the lop. 
RikIiI: Asbestos, often called the "magic” 
mineral, is dense and rock-like in its orig­
inal form, yet it can be crushed and 

Hulled into soft, silky fibres.

for making up special shapes of various 
kinds; for the construction of fire screens 
to protect men working in front of open 
furnace doors; and for a great variety of 
other uses.

The Sil-O-Cel C-3 granules used in 
making C-3 Concrete, are also widely 
used as an insulation fill at temperatures 
up to 2000° F.

Sil-O-Cel Coarse Grade is coarsely 
ground Celite for use as an insulating 
filler up to 1600° F., while Sil-O-Cel 
Insulating Powder is a finely ground 
Celite for the same purpose.

Fibro-Cel is a mixture of Celite and 
long fibre asbestos. Because it docs not 
settle under vibration or sift through 
cracks, it is well adapted for use as a fill 
insulation between the fire brick wall and 
steel shell of generator sets in the gas in-
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minimum because the blocks

more effective in resisting the passage of 
heat when converted into 85%- magnesia 
insulation.

This tremendous reduction in thermal 
conductivity is brought about by chemical 
processes which increase the pore space 
content of the material to 90 per cent of 
the total volume. These processes include 
calcination of the dolomite, slaking in 
water, the addition of carbon dioxide to 
eliminate calcium carbonate, and precipi­
tation of the magnesium carbonate.

Following precipitation, the magnesium 
carbonate is mixed with approximately 
15 per cent asbestos fibre, which as it 
does in the case of Superex, provides 
the necessary bonding and reinforcing 
qualities to allow molding the material 
into blocks, pipe sections and lagging.

J-M 85% Magnesia is the most widely 
used insulation for steam lines operating 
at temperatures up to 600° F. Thousands 
of installations made over a period of 
many years have shown that it is remark­
ably effective in maintaining its high in­
sulating efficiency over long periods of 
time — an important factor in determin­
ing the economy of the installation.

In block form, J-M 85% Magnesia is

The furnace of an oil-cracking unit being insulated 
uith Superex Combination Insulation, consisting of 
Superex Block next to the fire brick followed by a 

layer of J-M 8»fc Magnesia

manence due to their mineral composi­
tion, give the combination of Celite and 
asbestos the qualities necessary to allow 
its molding into blocks and pipe insula­
tion of any desired size and thickness.

Superex, safely withstanding tempera­
tures up to 1900° F., is generally recog­
nized as the outstanding material in block 
form for insulating the high temperature 
equipment used in steel and cement mills, 
oil refineries, and glass, power and other 
industrial plants that employ high tem­
peratures in manufacturing.

The high insulating value of Superex 
permits a minimum thickness to be used, 
resulting in savings, not only in the cost 
of insulation, but also, in many cases, 
additional savings in furnace construc­
tion costs. Installation labor costs are also 
kept to a 
are large.

In the form of pipe insulation, Su­
perex is used to insulate the high-temper­
ature steam lines now found in modern 
public utility and industrial power plants. 
In such service it is usually applied in 
combination with other materials.

In the moderate temperature range, the 
basic quality of an efficient insulation— 
low thermal conductivity—is still of para­
mount importance, but the high degree of 
refractoriness so necessary in the higher 
temperature ranges is not at all essential.

85% Magnesia Insulation
The standard insulation in this field for 

many years, due to its qualities of econ- 
omv and efficiency, has been a combina­
tion of asbestos fibre and magnesium car­
bonate. known as 85% Magnesia.

The raw material used in producing 
this insulation is dolomite limestone, 
which, through a series of chemical proc­
esses, is transformed into magnesium 
carbonate. Dolomite which has a relative­
ly high thermal conductivity approxi­
mating twice that of portland cement con­
crete. becomes twenty-five to thirty times
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just as efficient and economical for insu­
lating boiler drums, breechings and ducts, 
heated tanks, steam locomotives and many 
other types of equipment. Today it is 
probably safe to say that there is scarcely 
an industrial or power plant in the entire 
country, in which 85% Magnesia insula­
tion is not used.

The field of usefulness for J-M 85% 
Magnesia is greatly broadened by its 
combination with Superex Blocks and 
Pipe Insulation to insulate furnace walls, 
heated surfaces and steam lines where the 
insulation must withstand temperatures

J
-I !

Other Asbestos Insulations
Asbestos is the basic material used in 

fabricating a number of other types of 
insulation. The most important of these 
is built up of felts composed of 
asbestos and small particles of spongy, 
cellular material. Known as Asbesto- 
Spongc Pelted, and produced in sheet, 
block or pipe insulation form, this ma­
terial is a remarkably efficient insulation 
due to the great amount of entrapped dead 
air and the many surfaces interposed in 
the path of heat flow. The tightly lam­
inated construction of tough asbestos felts 

—about 40 laminations per 
inch of thickness—is re­
sponsible for this mate­
rial’s immunity to the ef­
fects of vibration and 
rough handling, its sus­
tained high insulating ef­
fectiveness in service, ami 
it> unusually high salvage 
value. It is used at tem­
peratures up to 700° F.

Johns-Manville 85% Magnesia 
Pipe Insulation installed on the 
steam lines in the power plant of 
the Elmira,N. Y., State Penitentiary.

Strain m $ insulated with J-M 
85 ‘ ( Magnesia in a Texas sul­

phur plant.

exceeding 600° F. In this 
method of insulating a 
first or inner layer of 
Superex is covered by a 
layer of J-M 85% Mag­
nesia. The Superex is used 
as protection for the 85% 
Magnesia, which, although 
high in insulating value, is 
lower in heat resistance 
than Superex.
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Rock Wool

o

installed

tion is efficient and highly economical for 
the purposes for which it is recommended

same magnification, it becomes from

J-M 85% Magnesia Lagging being 
installed on the boiler of a loco­

motive.

U- <r w-zA ’

Dolomite limestone, shown at left greatly enlarged, has a thermal conductivity about twice that of concrete, 
but when it is converted into 85% magnesia, shown at the right at the *
twenty-five to thirty times as effective an insulation due to the pore space content being increased by chemical 

processes to 90 per cent of the total volume.

Super Fire-Felt for use at temperatures 
up to 900° F., is a light weight, efficient, 
resilient insulation made of felted asbes­
tos fibre. It is designed for lining boiler 
tube doors and the air passages on ven­
tilated furnace walls, and in other loca­
tions where a resilient insulation is re­
quired to withstand strains caused by 
expansion and contraction.

For insulating such equipment as low 
pressure heating boilers, and warm air 
ducts, where temperatures range up to 
300° F„ there is available Improved As­
bestocel Sheets ami Blocks. And for the 
insulation of low pressure steam and hot 
water heating lines in the same tempera­
ture range. Pre-Shrunk Asbestocel Pipe 
I nsulation.

I ’he.se Asbestocel Insula­
tions are made of alternate 
layers of plain and corru­
gated asbestos felts built up 
to various thicknesses. This 
cellular type of insula-

The mineral most widely used as a 
basis for low temperature insulation is 
rock or mineral wool.

Mineral wool was first produced by 
Nature during an eruption of the volcano 
of Kilauea, which, native Hawaiian le­
gend explained, was the goddess. Pele, 
holding court. After the crater had cooled, 
natives would venture up the mountain 
and collect strands of a wool-like sub­
stance which they reverenced as “Pete's 
hair-’, thought to have been torn out by 
the goddess in a rage.
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Insulation for Homes 

resulting Rock Wool,

i

,1 .

This resulting Rock Wool, as it is 
known, is the most widely used material 
for insulating homes to keep out the heat 
in summer, and to keep valuable heat 
from escaping in winter.

Formed into batts for application in

Low Temperature Insulations

The direct cause of most insulation fail­
ures in the low temperature or refrigera­
tion range is infiltration of moisture laden 
air which condenses on the walls or pipes 
of refrigerated equipment and then 
freezes, causing disintegration of the in­
sulating material. Thus, to be effective, 
over a period of time, an insulation for 
refrigeration service must possess the 
ability to resist this infiltration.

For low temperature insulation

Geological survey revealed this sub­
stance to be lava, blown into soft threads 
by the gigantic forces of the volcano. 
Today, at Johns-Manville factories, in 
“man-made volcanoes”, molten silica min­
erals tire blown by means of steam into 
silky fibres that are strikingly similar to 
“Dele's hair.”

new construction, or into nodules for 
blowing under pressure into the normally 
hollow walls of existing dwellings, four 
inches of this Rock Wool are as effective 
an insulator as eleven feet of solid stone. 
Tests have shown that a home insulated 
with this material will be up to 150 cooler 
on the hottest summer days. In winter 
savings on fuel bills for a house so insu­
lated range up to 30 per cent.

During the past decade or so Johns- 
Manville Rock Wool has brought new 
comfort and economy to many thousands 
of home owners throughout the country.

Circle: From a 
mineral wool, four inches of which is as effective in 
insulating the wall of a home as would be eleven 
feet of solid stone. Above: In existing homes rock 
wool, in nodulated form, is blown under pressure 
into hollow walls and attic spaces. Left: For new 
construction rock wool is applied in the form 

of batts.

3..
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Other Low Temperature Insulations

to the Rock Cork. This jacket is provided 
with a flap which is sealed down over the 
longitudinal joint at installation, making 
possible a finished job that is one con­
tinuous. seamless sheath of insulation, air 
and moisture-tight at every point.

Another inherently water-repellent ma­
terial is used for fabricating insulation 
designed for use in railroad passenger 
and refrigerator cars. This material is 
composed of chemically-cleaned cattle 
hair, felted between fabrics of various 
types. Its high insulating efficiency is due 
to the interlacing of the hair to form 
minute air pockets. Salamander ami Hair- 
insul, for passenger and refrigerator cars, 
respectively, have been the standard in­
sulation for this equipment for the past 
quarter of a century.

A more recent development for insulat­
ing railroad cars is J-M Stonefelt, a 
light-weight, inorganic material which is 
waterproof, incombustible and rot-proof, 
with the resiliency necessary to main­
tain its shape and high insulating effi­
ciency indefinitely.

Hair 1'elt. built up in multiple layers, 
also provides an economical and efficient 
means of protecting water pipes from 
freezing where the pipes are subjected to 
severe conditions. This insulation con

stbovv: Installing Johns-Manville Rock 
Cork Sheets. Many such installations arc 
in perfect condition after more than thirty 
years of service. Right: Applying a section 
of J-M Rock Cork Pipe Insulation. Note 
the waterproof jacket with lap for sealing 
which is an integral part of the pipe cover­

ing itself.

poses the Rock Wool fibres are combined 
with a waterproof binding ingredient 
and molded into Rock Cork sheets and 
pipe insulation. Rock Cork, because of 
its uBBoedi nature, and waterproofing 
binder, is highly moisture resistant, per­
manent and rot-proof. And. of particular 
importance where food stuffs are stored, 
it will not harbor vermin or rats, and 
cannot support the growth of bacteria or 
mold. Because of their many advantages, 
Rock Cork Sheets are used to provide 
sanitary, permanent insulation in meat 
packing plants, breweries, dairy and ice 
cream plants, oil refineries, and in other 
industries dependent upon refrigeration.

As an added protection against infiltra­
tion of moist air into Rock Cork Pipe 
Insulation, each section is provided at the 
factory with an hermetic seal. This is 
composed of a waterproof jacket firmly 
embedded in a coating of asphalt applied
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J-M Asbesto-Sponge Felted Pipe 
Imularcn tn an oil refinery. This 

in insulat­
ing .-nd durability. For
use c.-rdoor* it is supplied uith an 

integral waterproof jacket.

sulating a 
insulation

sists of the required number 
of layers, depending upon 
conditions, bound in place 
on the pipe by means of 
heavy jute twine and fin­
ished on the outside with a 
waterproof jacket.

Another form of insula­
tion, known as Anti-Sweat 
Pipe Insulation, is used on 
service water lines to keep 
cold water cold and to pre­
vent sweating and dripping. 
It is made of laminated wool 
felt, protected inside and 
out with waterproofing felts. 

Also available for service 
water piping is J-M Pre- 
Shrunk Wool Felt Insula­
tion, made of specially 
indented wool felt and pro- 

dual-service liner to make 
for use on either hot or 

cold service water lines. Treated to pre­
vent moisture absorption in storage, it 
eliminates objectionable shrinkage in 
service. It is supplied in either canvas or 
flat aluminum finish, the latter being espe­
cially designed for use where pipes are 
exposed to view.

vided with a 
it suitable

of the service conditions for which they 
are fitted, have been discussed briefly. 
One of the most important considerations 
in the application of any insulation, how­
ever, has not been touched upon at all. 
This is the thickness of insulation which 
should be installed.

Wherever insulation can be used to 
advantage, there is, of course, a definite 
thickness of insulation that will be most 
economical to apply. For example, in in­

furnace wall, if one inch of 
is applied, the heat loss 

through the wall will be 
cut tremendously as com­
pared to the heat loss 
through an uninsulated 
wall. Yet. at the same time, 
there still may be a very

Thickness of Insulation

So far, the most important types of 
insulations along with a general picture

One of more th-an thirty installations of Rock Cork in New York 
City plants of the Dairymen’s League. The dairy, ice cream and 
other food products industries have learned to depend upon J-M 
Rock Cork sheets for efficient, permanent insulation of cold rooms.
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Thickness of Insulation

o

industry in this all- 
conserva-

S.
In o

The economical thickness of insulation is that for uhich the com­
bined yearly cost of insulation and heat loss is at a minimum.

a cold storage 
oil refinery or

as

costly waste of heat. Each 
additional inch of insulation 
will cut the heat loss further, 
but by a decreasing incre­
ment, until eventually if 
enough insulation is applied, 
the heat loss can be reduced 
to a barely measurable degree.

However, it is not econom­
ical to apply insulation to this 
thickness because the return 
on the investment in the last 
increments of thickness would 
not be satisfactory. The eco­
nomical thickness is that for 
which the yearly cost of the 
insulation ( fixed charges such 
as interest, depreciation, etc.). 
added to the yearly cost of 
heat loss, is a minimum.

In the insulation of low temperature 
equipment, a much heavier insulation than 
is customary for high temperatures can 
be used economically due to the fact that 
a ton of refrigeration, the equivalent of 
288.000 B.t.u. per 24 hours, costs ap­
proximately ten times as much as the 
same number of B.t.u. produced for heat­
ing purposes.

In some industrial processes where it 
is necessary to control temperatures 
within close ranges in order to produce 
desired results, insulation of greater 
thickness than that which could be jus­
tified solely on a basis of economy due to 
heat saved, must be used.

The selection of the economical thick­
ness of insulation to be used, as well as

the type and method of application, is 
where the insulation engineer performs 
his greatest service to industry.

Through years of specialized training, 
and through the fund of data built up by 
Johns-Manville during three quarters of 
a century of experience and research in 
solving insulation problems, he has been 
equipped to aid 
important task of solving heat 
tion problems.

It is due in no small measure to the 
efforts of these men that today, wherever 
heat or refrigeration is used in industry, 
whether in a power plant, 
warehouse, a steel mill, an 
a glass plant, insulation is recognized 
an essential to economical operation.
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rout of the 12 Johns-Manville 
plants operated in the United 
States and abroad are pictured 
on this page. Above is a new 
factory opened at Marrero, 
La., in 1936. Right is the 
Johns-Manville factory at Pitts­

burg, Calif.

Left: One of the two prin­
cipal factories of Johns- 
Manville is located at 
Waukegan, III. This air 
view shows a portion of the 
plant which includes the 
office building, power plant, 
pumping station and seven 
manufacturing buildings. Be­
low: Almost a ’’twin” to 
the Waukegan plant is the 
Manville, N. J., plant which 
includes an administration 
building, power house and 
nine manufacturing build­
ings. Here, also, is situated 
the J-M Research 

tories.
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PROFITS
from Beat

Conservation

noinic because the unusually high tem­
peratures employed might cause the rapid 
burning out of refractory linings by pre­
venting free dissipation of heat, insula­
tion has come to be widely used.

Insulation in the Steel Industry

A good example of this is in the steel 
industry.

For many years, insulation had been 
used to minimize heat losses from the re­
generative sections of open hearth fur­
naces, but it was believed that to insulate 
over the top of the furnace itself would 
result in much earlier destruction of the 
refractory roof and consequently result in 
greater over-all cost than if no insulation 
were used.

It was only a few years ago that the 
first open hearth furnace roofs were in­
sulated—as an experiment. Heat losses 
were immediately reduced to half their 
former extent, effecting large savings in 
production costs. \nd, surprisinglv 
enough, it was found that the insulation, 
far from causing premature failure of 
the refractory roofs, actually increased 
their life in practically ever-, instance.

'Hie success of these first installations 
soon led to similar ones in mills through­
out the country. Today, this last citadel 
of heat waste in the steel industry has 
practically disappeared, and insulation of 
the open hearth system, from the furnace.

A scene from the Johns-Manville sound motion pic­
ture ’’Heat and Its Control.” showing how James 
Watt insulated his primitive steam engine with strips 

of wood.TTTHEN James Watt bound strips of 
V V wood around the boiler of his steam 

engine in an attempt to conserve heat 
to do useful work, the first recorded use 
of insulation for this purpose was brought 
into being.

Wood, as insulation, had the advantages 
of being plentiful and cheap, but it was 
as inadequate compared to today’s heat 
conservation materials, as was Watt’s 
tiny engine compared to the gigantic and 
powerful modern-day’ steam generating 
equipment.

Of course in Watt’s time, and for 
nearly a century afterward, insulation 
was . not thought to be particulary essen­
tial. There was an abundance of fuel to 
be had at very low cost, and so little was 
known of the true nature of the mysteri­
ous force, heat, that in many instances no 
necessity for insulation was seen at all.

Since that time, however, industry has 
learned more and more how insulation 
can be used to advantage not only in con­
serving available energy and in keeping 
production costs low, but in making pos­
sible many’ modern industrial processes 
based on reactions which take place 
within narrow temperature ranges, and 
which could not be successfully carried 
on at all without the close control made 
possible by insulation.

In fact, today, wherever heat or refrig­
eration is used in industry, there insu­
lation also will be found. Even in those 
places where relatively recently it was 
thought that insulation would be uneco-
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INSULATION^, i.

11 II

IHSULAIIQH-

I

J<»hn>-Manvil!e Perform- 
plied on request.

1 Details are available in 
ance Report No. 28, supp

i
---------INS ULATION - -------

Perspective cross-section of the open hearth system, showing location 
of insulation.

Four 100-ton open hearth fur­
naces in which the regenerative 
systems were insulated through­
out with Johns-Manville materials. 
Such insulation improves per­
formance, increases production 

and lowers operating costs.

itself, to the flues which carry the exit 
gases to the stack, is now standard steel 
mill practice.

The savings insulation assures are suf­
ficient to repay its cost in a very short 
time, and the cost of making steel is ap­
preciably reduced. Air infiltration is also 
minimized, more positive control of the 
entire operation can he maintained, and 
the time required for making steel is 
shortened.

That all of these advantages are de­
rived through the use of insulation is 
home out in the many insulated open 
hearths built in recent years. At one mill, 
for example, insulating the 
side walls and arches of 
regenerators and Hues on 
a 25-ton furnace with font 
and one-half inches of |-M 
Sil-O-Cel Natural Brick

reduced the oil consumption 23.4 
per cent, effecting an annual sav­
ing of over $11,000.00 and rep­
resenting a yearly return on the 

investment of more 
than 400 per cent.1

A number of mod- 
k ern open hearth instal­

lations are equipped 
with waste heat boil­
ers. In such cases it is 
even more important 
to insulate, as the 
economy of operating 
these boilers is depen­

dent upon conserving heat throughout the 
system so that “waste" gases may be de­
livered to the boiler with the greatest pos­
sible heat content.

Soaking pits, used in the steel industry 
to bring ingots to a uniform temperature 
preparatory to rolling, are also operated 
on the regenerative principle. Insulation 
is installed in the same general wav as 
in the open hearth, with 4 inches of Sil- 
O-Cel C-3 Concrete in the base and 
Superex Blocks, Sil-O-Cel Natural Brick 
or JM-20 Brick in the walls and over the
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Hot Blast Stoves

tops. Such insulation 
large steel mill effected

quate insulation pays for itself in fuel 
savings in an amazingly short time. It 
also makes possible closer temperature 
control, reduces air intiltration, assures 
better working conditions and, in many 
cases, appreciably improves the quality of 
the product turned out by the furnace.

In the higher temperature furnaces, 
operating above 2000° Superex Blocks 
or Sil-O-Cel Brick are usually applied be­
hind the refractory in walls and over the 
fire brick roofs. For bases, Sil-O-Cel C-J 
Concrete is practically standard construc­
tion.

Installini 
in a soj

on one pit in a 
a saving of over 

$9,000.00 per year, representing a net an­
nual return on the investment of over 
541 per cent.2 In this case a direct com­
parison could be made with an uninsu­
lated pit and the lower fuel consumption 
was sufficient to repay the cost of insula­
tion during the first ten weeks of opera­
tion.

Insulation in steel mill hot blast stoves 
increases the efficiency to a considerable 
extent and serves as a cushion to take up 
expansion and contraction of the re­
fractory lining on alternate heating and 
cooling. It also protects the steel from 
excessive temperatures which increases 
the life of the shell considerably. In hot 
blast stoves Superex Blocks are installed 
between steel shell and brick lining. In 
many cases the unusual heat resistance of 
Superex permits the thickness of the re­
fractory to be reduced by one 4%-inch 
course.

To blanket the entire system against 
excessive heat losses, and greatly increase 
the efficiency of the regenerative pro­
cess, a three-inch layer of Superex Blocks 
or a 4fj-inch course of Sil-O-Cel C-22 
Brick behind a course of fire brick are 
used in the hot blast main connecting the 
stoves with the blast furnace, as well as 
in the bustle pipe which encircles the fur­
nace at the tuyeres and 
through which the heated 
air is introduced into the 
furnace.

In the operation of steel 
mill re-heating equipment 
and other types of industrial 
furnaces and ovens, ade-

Stripping crane removing hot ingots from a soaking 
pit. This pit was insulated with 4 inches of Sil-O-Cel 
C-3 Concrete in the base and Superex Blocks and 
Sil-O-Cel Natural Brick in the walls and over the top.

ng Superex Block Insulation 
taking pit in a large Eastern 

steel mill.

- I)<tnls are available in Job 
Manville Performance Report . 
25, supplied on request.
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Insulation in the Cement and 
Lime Industries

ffactory block' extend through the insu­
lation to the 'bell at suitable interval' to 
wedge the lining permanently in place.

The results obtained in a Clinchtield, 
(ieorgia. cement plant are typical of those 
reported for other mills. At this plant 
careful fuel consumption rec rds show 
that Superex Bl ks nt by 175 B-

5"T0 7" SUPEREX 
BLOCKS

Johns-Manville insulation recommendation for hot blast 
stoves and mains.

TO BLAST 
FURNACE

BLOCKS —->
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Probably the most severe ser­
vice that is required of high 
temperature insulation occurs in 
the lining of rotary cement and 
lime kilns. The insulation is 
called upon not only to resist the 
effect of high temperatures but 
also to maintain its strength and 
insulating qualities under the 
enormous stress incident to ex­
pansion and contraction of the 
fire brick lining. In addition, it 
must bear the continued impact 
of clinker falling through the 
kiln in its rotation.

Successful insulation depends 
not only on the use of the right 
material but also on proper in­
stallation of the insulation and 
the refractory lining to pre­
vent circumferential slippage and 
to localize longitudinal move­
ment.

It is customary to leave 45 feet at the 
hot end of till kilns uninsulated and on 
wet process kilns, 20 feet at the wet end. 
The remainder of the kiln surface is in­
sulated with two ami one-half inches of 
Superex Blocks installed between the re­
fractory lining ami the steel shell. Longi­
tudinal and circumferential rows of re-

R'/z SUPEREX BLOCKS
IN DOME —- Z.

&

I
14

II
I

T lij'■ '4

41
yl

■4" SIL-O-CEL C-3 CONCRETE

On intermittent furnaces oper­
ating at temperatures up to 
2000° 1'., when not subjected to 
mechanical abrasion or slag ac­
tion, Sil-O-Cel C-22 Brick and 
JM-20 Brick, used as insulating 
refractory brick, effect large sav­
ings in heat capacity losses and 
permit much faster heating up. 
This type of design also re­
sults in reduced construction 
costs, improved furnace perfor­
mance and minimum heat losses.

t
I
I
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Glass Plant Insulation

In the making of gla-s. heat i- used in 
all stages of the process from the melting 
of the batch to the annealing of the fin­
ished product, and insulation play- an im­
portant part in reducing co-ts and in

during the Such savings
($5,000.00 for six kilns in this particular 
case) are within the reach of any plant 
now operating uninsulated periodic kiln-, 
for crown insulation can usually be ap­
plied just as easily and economically on 
old kilns as on new construction. Insula­
tion on crowns alone has, in practically 
every case, shown a reduction in fuel con­
sumption of at least ten per cent.

Continuous tunnel kilns in particular 
arc always thoroughly insulated because 
of the great areas exposed to radiation. 
Sil-O-C'el Powder. Sil-O-Cel Brick and 
Superex Block- have been Used in the 
great majority of tunnel kiln- built dur­
ing the past twenty years.

Left: Rotary cement kiln being 
insulated with Superex Blocks 
between steel shell and refractory 
lining. Superex Blocks arc practi­
cally standard insulation for the 
severe service encountered in lime 
and cement kilns. Belon-: Apply­
ing Superex Blocks to top of a 
rectangular kiln for the firing of 

face brick.

rotary kilns reduced coal 
consumption five pounds 
per barrel of cement, 
saving of $4,800.00 
year, representing an 
nual return of 120 per cent 
on the investment in insu­
lation.1 It should be noted 
that this figure does not 
include further savings due to increase in 
temperature of exit gases at the waste 
heat boilers, but covers only the decrease 
in fuel consumption at the kiln.-.

Three rotary lime kilns at Sault Ste. 
Marie, Michigan, were insulated with 
Superex Blocks in the same manner and 
showed a net annual saving of $7,800.00, 
a return of 158 per cent per year on the 
cost of insulation.2

Insulation in the Ceramic Industry
High temperatures are so intimately 

associated with the manufacture of brick, 
tile and pottery that adequate insulation 
is recognized as an essential in the de­
sign and construction of kilns of the per­
manent type. And, wherever comparative 
fuel consumption record- have been kept, 
insulation has been shown to be a de­
cidedly worthwhile investment.

In one instance, Superex Blocks over 
the tops of rectangular kilns returned 
their entire cost in fuel savings alone
1 Details in Johns-Manville Performance Report No. 

3(>, supplied on request.
’Details in Tohn<-Manville Performance Report 

No. 5x.
3 Details in 

No. 35.
John*-Manville Performance Report
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the regenerators of glass

1 Johns-Manville Performance Report No. 11.

■21/2 St L-O-CEL C-22 BRICK

3X8 TRANSITE CASING

41X2'SIL-O-CEL C-22 BRICK

regenerators

PORTS TO 
MELTING 
CHAMBER-'

-3X8 TRANSITE CASING
4 “SUPEREX CR
4.’XZ’s L-O-CEL

NATURAL BR.CK

4 SL-O-CEL
C-3 CONCRETE

REGENERA TOR CHX f£ER

Four electrically heated lehrs for 
annealing glass, heavily insulated 
with Sil-O-Cel Super Brick as the 
inner lining, backed up with Sil-O- 
Cel Natural Brick. Ten inches of 
insulation was used in bottom, 

sides and top.

Insulating
melting furnaces results in large fuel sav­
ings due to reduction in heat losses and 
the elimination of air infiltration. For ex­
ample, one plant, by insulating the walls 
of the regenerators on one furnace with 
Superex Blocks, was able to reduce the 
fuel consumption by 26.5 per cent, a 
saving of $8,880.00 per year and an an­
nual return on the investment of 655 per 
cent.1

• ’ S--

J-M insulation recommendation for glass tank 
and uptakes.

r-z" SUPEREX OR
1 I Z 1X2“SIL-O-CEL NATURAL BRICK

-CEMENT OR SLURRY FINISH

■III-

improving operating performance of the 
equipment. In the glass plant insulation 
is used on such equipment as melting fur­
naces, producer gas mains, and anneal­
ing lehrs.

Whether or not insulation should be 
used on walls and crowns of glass tanks 
is a question to be considered specially 
for each individual job. This matter is 
now receiving a great deal of attention 
in the glass industry due in part, per­
haps, to the excellent results which have 
attended the use of insulation on open 
hearth roofs in the steel industry. There 
are a number of insulations including 
Superex Blocks, and Sil-O-Cel Brick and 
Powder, which will successfully 
resist the temperatures encoun­
tered outside the refractory.

Sil-O-Cel C-22 Brick on the 
refining end of continuous tanks 
also offer an excellent opportun­
ity for fuel savings which should 
be possible for every plant. In 
day tanks also, insulation has 
been used with uniformly bene­
ficial results. A 4*/>-inch course 
of Sil-O-Cel C-22 Brick in the 
walls and a apj-inch course in 
tin- base and over the crown will 
shorten the melting time, reduce 
fuel consumption .and minimize 
troubles due to vitrified or cordv 
glass.
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Insulation in the Brewery

The present-day brewery, to operate 
economically and on a competitive basis, 
must be equipped to take advantage of 
proved modern methods of decreasing 
operating costs. Insulation, naturally, is a 
vital economy measure and one of the 
major essentials to efficient operation.

Insulation of low temperature equip­
ment and storage rooms is especially im­
portant because of the high cost of 
refrigeration and because of the neces­
sity of controlling temperatures within a 
relatively narrow range.

In the case of heated equipment in the 
brewery fuel cost is one of the principal 
items of expense and the problem of heat 
conservation is a matter of major conse­
quence. In the boiler room, insulation of 
the boiler furnaces reduces beat losses, 
minimizes air infiltration and assures bet­
ter working conditions. Insulation on 
boiler drums and steam lines pays for 
itself many times over in fuel savings.

Brew kettles, cereal cookers, mash 
tuns, hot water tanks and similar equip­
ment. all can be made to operate more 
economically by the careful --election and 
application of insulating material of the 
proper type and thickness.

! 1.
Johns-M.inville insulating materials arc widely used 
in the oil refining industry where they in no small 
measure aid in the efficient operation of heating and 
refrigerating processess used in transforming crude 

oil into finished petroleum products.

Oil Refinery Insulation

Insulating materials are used exten­
sively in the oil-refining industry for im­
proving the operation of stills, towers, 
hot and cold tanks, brine coolers, chillers 
and cold rooms. High temperature insula­
tion is also used in oil refineries for the 
furnace settings of stills.

Asbesto-Sponge Felted, J-M 85% Mag­
nesia, Superex Combination Block Insu­
lation and Banroc (rock wool) Blankets 
are the most widely used materials for 
insulating the exposed heating surfaces 
of stills, towers and other fractionating 
equipment. Oil refinery furnaces are 
usually insulated outside the refractory 
with either Superex Blocks alone, or Su- 
perex-Magnesia Combination Block In­
sulation.

For furnace bases, four inches of Sil- 
O-Cel C-3 Insulating Concrete have 
proved highly effective. This material is 
also used for the insulation of tube doors 
ami to protect metal work on tube plates 
and tube supports.

Refrigeration is, of course, extensively 
used in various processes in oil refining. 
In this industry refrigerated equipment is 
located both indoors and out, and of ne­
cessity an insulating material must be 
moisture resistant, in addition to possess­
ing a low conductivity. J-M Rock Cork 
fulfills both of these requirements. Rock 
Cork sheets and lagging are used for in­
sulating brine coolers, chillers, cold rooms 
and refrigerated tanks; and Rock Cork- 
Pipe Covering for insulating cold lines.

Paper Mill Insulation

The Biggs Rotary Bleaching Boiler 
a good example of how savings 

may be made in the paper mil! through 
insulation. Insulating this equipment with 
one and one-half inches of J-M 85%
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Insulation in the Power Plant

Public utility power plants that derive 
their sole revenue from the sale of power, 
have found it imperative to use efficient 
insulation, for every B.t.u. of heat saved 
is reflected in their earning statements.

Installation of Rock Cork Sheets in the Miller Brew­
ing Company, at Milwaukee, Wisconsin. A total of 
150,000 board feet of this insulating material was 

used in this one installation.

Magnesia Blocks, with a finish of a suit­
able cement, will pay, according to careful 
calculations of comparative heat losses, an 
annual return on the investment of about 
60 per cent even when fixed charges 
against the insulation are based on amor­
tization in only live years.

In pulp and paper mills as in many 
other plants and industries, however, 
power plant equipment and steam lines 
obviously represent the best opportunities 
for economy through insulation. The trend 
toward higher steam pressure in connec­
tion with modernization programs places 
a special premium on thorough investiga­
tion of the adequacy of existing pipe in­
sulation. Increased pressures almost 
invariably demand re-insulation of piping 
if the full benefit is to be derived from 
modernization.

That this necessity for thorough insula­
tion has been recognized by power plant 
operators is evidenced by the fact that 
one of the first applications of high tem­
perature insulations was in boiler set­
tings. At the present time practically all 
boilers have insulated settings.

Where solid refractory walls are used 
in the furnace, the insulation consists 
either of Sil-O-Cel Natural Brick laid be­
tween the fire brick and outer red brick 
wall in so-called “core wall’’ construction, 
or of C-22 Brick or Superex Block as a 
veneer on the outside of the refractory 
walls.

In the last few years, the capacity of 
boiler furnaces has been greatly increased 
by water-cooling the furnace walls. This 
type wall is usually constructed with cir­
culatory tubes which carry the water 
through the walls. In the Bailey type 
water wall, refractory blocks are clamped 
to these tubes, and the studs are tapped 
on 24-inch horizontal centers and 18-inch 
vertical centers to receive the studs which 
support the exterior casing. Plastic insu­
lating cement is pressed in place on the 
wall to level the surface and just cover 
the metal work, and two layers of 
Superex Blocks are applied broken joint 
method between the casing studs. Tran­
site asbestos-cement panels, two feet 
wide and three feet high, are then fitted 
in vertical rows against the wall and se­
cured at their edges by steel battens fas­
tened to the studs.

Air-cooled furnace walls offer another 
interesting example of current construc­
tion. The casing over the airways con­
sists of removable and replaceable panels 
composed of outside sheets of three- 
eighths inch Transite, inside sheets of 
one-fourth inch asbestos mill-board and 
an intermediate layer of one inch insulat­
ing blocks. This construction combines 
adequate insulation high heat resist­
ance, impermeal ility. durability, and a 
permanently attractive exterior surface.
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Gas Plant Insulation
In the manufacture of gas, whether it 

is water gas, coal gas. oil g.'i". or producer
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Interior of insulated Transite cas­
ing erected outside air-cooled fur­
nace walls. Brickwork is laid after 
the casing is completed. This con­
struction provides adequate insula­
tion with high heat resistance, 
impermeability, durability and a 
permanently attractive exterior 

surface.

temperatures above the temperature 
ranges of 85% Magnesia and Asbesto- 
Sponge Felted, the use of an inner layer 
of Superex in combination with these 
other materials is standard practice in 
most plants.

Heating boilers of the H.R.T., fire-box. 
and cast-iron sectional types and the 
drums of water-tube boilers are insulated 
with J-M 85% Magnesia Blocks, one inch 
thick, for steam pressures up to 25 
pounds; one and one-halt inches thick, 
for pressures up to too pounds; 
inches thick for pressures up to 
pounds: and two and one-half inches thick 
for pressures over 200 pounds.

J-M 85% Magnesia Blocks are the 
most widely used for the insulation of 
boiler drums and such auxiliary power 
plant equipment as feed water heaters, 
pumps, economizers and superheaters. 
Steam turbines are insulated with J-M 
85% Magnesia Blocks, Superex Combina­
tion Insulation or Asbestos Blankets.

The importance of insulating flues and 
breechings in power plants is now quite 
generally recognized. By insulating, draft 
is improved and working conditions about 
the equipment are made more comfort­
able. Breechings are insulated on the in­
side or the outside, depending on the cir­
cumstances of the individual installation.

Stacks in hotel, stores, office buildings, 
and the like, are insulated not only to 
prevent rooms adjacent to the stack shaft 
from becoming too warm, but also to re­
duce the fire hazard. Stacks are usually 
insulated on the inside of the steel.

Steam lines in power plants are always 
thoroughly insulated against heat loss. 
For temperatures up to 600° F., 85% 
Magnesia has been the standard insula­
tion for more than 40 years. Asbesto- 
Sponge Felted is used for outdoor lines, 
or wherever maximum durability com­
bined with high insulating efficiency is 
required.

I'o insulate superheated steam lines at
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Horizontal section through a Bailey water-cooled 
boiler furnace wall.
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the job,

Industries; DS-609, Glass Industry: DS-
610, Industrial Furnaces and Ovens: DS-
611, Lime and Cement Industries: DS- 
615, Marine Service-Engine Department; 
DS-612, Non-Ferrous Metals Industries; 
DS-616, Power Plant: DS-613. Pulp and 
Paper Industry; DS-614, Vitreous Enam­
eling Industry.

Each book contains detailed recommen­
dations for insulating the equipment 
found in each individual industry. Not 
only do they specify the insulating mate­
rials best suited to the particular purposes, 
but recommended thicknesses are also 
given. Specifications and drawings pro­
vide details of application and the mate­
rials involved are also described together 
with information as to efficiencies, tem­
perature limits, sizes and weights.

In these books is contained the knowl­
edge of insulating materials and insula­
tion methods gained by Johns-Manville 
during more than three quarters of a cen­
tury of research and experience in the 
control of heat losses.

gas. insulating materials are on 
helping to cut production costs.

In the successful operation of coal gas 
retort benches, maintaining a uniform 
effective temperature in the carbonization 
chamber of a bench as well as efficient 
operation of the producer are important 
factors. Insulation of benches and of pro­
ducer take-offs and mains assists greatly 
in assuring proper control of these fac­
tors and in reducing operating costs.

For producer take-offs, soot catchers 
ami mains, 2j4-inches to 4-inches of 
Stiperex Blocks or a 2)4- or 4><-inch 
course of Sil-O-Cel Natural Brick or 
JM-20 Brick are the standard recommen­
dations. Such insulation quickly returns 
its cost in fuel savings, holds the gas at 
high heat value and materially reduces 
tar deposits.

Superex Blocks, Sil-O-Cel Coarse 
Grade, Fibro-Cel and Sil-O-Cel C-3 Con­
crete have been used in the great majority 
of water gas set installations during the 
past twenty years.

Naturally in the short space of these 
pages, no attempt could be made to ade­
quately describe the many uses to which 
insulation is put by industry today.

Data Books Available
This detailed information has been 

made available to the operators of mod­
ern industrial plants, however, in a series 
of eighteen books, varying in size from 
64 to 208 pages. Any of these books will 
be mailed on request, free of charge. 
Titles are as follows: DS-600, Auto­
motive Industry (Factory) ; DS-601, 
Brewery: DS-602, Chemical Industries; 
DS-603, Clay Products Industry: DS-604. 
(’old Storage Industry; DS-605, Distil­
lery; DS-606, Food Products Industries: 
DS-607, Foundry; DS-608, Gas and Coke

Boiler breeching being lined with two-and-one-half 
inches of insulating brick and a facing of semi­

refractory cement.
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