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GLASS WOOL HEAT INSULATION IN EUROPE

By A. . Suo::sn

Modern heat insulation is a comparatively young art. Venpls k.,
were apt to notice the tiniest leak of live stcam, or who would w <--} 2ty
their water bills, when a faucet dripped, felt pcrfectlv at efee and iovos
about the loss of heat from poorl) insulated pipes.” We all kpew 1% 2 12,
: *attxtudc docs .ngt’ prcxaal mda). and the steady g-rowth of aur inoutae o
manufacumng conceriss in the- -past. decades is -ample. proo( fnf i ,' S

. When'we speak of high grade hcat insulation'bere in V. /A, Wi agmeths,
m\'o’n'e the so-called asbestos insulations; of which asbestos forms e v a
- small part (la% and iess in the best insulaticns), and mercly act a3

- " fibrous binder for the real insulating material, which is primarily cartrmatc

of magnesia, 2 very friable and-crumbling materizl. * The more-asbhesion
these insulations corxtam, the heavier they become, and the pouter ia in-.
sulatmg valte. of olher heat msuiattons used I may mentien mineral
wool, slag, some- silxceous earth (Kxesdguhr), clay, pape: prep..r..(n*.g
cork, and so on.

‘The demands made upon an ideal msulatmg mztcnal aresc exacun: and
manifold that the heat insulating materials on the market today arc ualy
able to comply with a sclected few of these specﬁcauons Glass wad
however has proved in practice as well as laboratory tests the closet to

being an ideal heat insulator.
The {ollowing are the characteristics for an ideal heat msulatm’x (HUNE -\I

1. Low conductivity

2. Low specific heat R J
3. Light waight

4. Withstand vibration

5. Withstand destruction by blows

6. Flexibiity to

a

{a) Conform to most any shape -
(3) Follaw a surface, cxpanding ucder heat
(¢} Withstand rough bandling without damage
7. Withstand alternate heating and cooling .
8. Withstand alternate wetting and drying
8. Easy, clean installation, possible by unskilled labor
10. Installation possiblc without stopping production
11. Cantain 2 maximum of dead air celis
12, Be non-hygroscopic
13. Withstand estreme tcmpcraturcs
14. Be proof against damage by steam, water, chemicals, air, rodents €
15. Be comparatively cheap in cost and installation,

The fisst successful tests with glass wool for insulation pumpo<s
made as earlv as 1904 in Bohemia (the present Czecho-Slovakia’.
high qualities of glass wool 2s an insulating material were recoyntisee ?
then, and even though the price, based on manufacturing mctisi?
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GLASS WOOL HEAT INSULATION

'.; insulations. Before the advent of the War there were already hundreds
of chemical, textile, rubber, paper factories, cte., as well as some power
¥ stations and steam ships using and specifying this material in Central and
Eastern Europe.  The list includes firms as the Okulowska Paper Company
of Moscor, which wrote September, 1913 “....\Ve are using glass wool on su-
pcrhcatcd steam of GSO°F, and also on saturated stcam lines, as well ason
- our boilers and vats, and it superscdes all other insulations we used....”  In
oac of their tests with an S-inch glass wool insulated pipe, carrying sug('r; .
hm'cd steam of 630°F and with a temperature of the surrourding;.air. of
10;‘}2 the drop in tcmperaturc per yard of pipe length was oni) 46°F.
The su.xface temperature ¢ -of the insulation re'namcd only 9°R, higher than,
‘the surroundifig,air. In December 1916, the Catitthéuc Comp:m) of Rxga,‘
Peci confirmm that Grev wege vérv <a.txsﬁcd withi "the glass wool insulation -
o their Dicsel engine exhaust pipes, stating thut ° ‘...with the motors
5 :mdcr full Joad, the temperiture difercnce between the surface and the
p=== furrounding air was oaly. 33°C, and-as you guaranteed 50°C, thxs
farantee has been well met.  The' thick-
gess of our.insulation is 70 mm. (about
BEBY, inches)....” The Textile Company
Bl the same town asserts in the sime
, that “.....our glass wool insulation, °
bd: is steadily exposed 'to acid and
tes “vapors is still in perfect condi-
Xz Of the Germasn concerns who
tos afled this material before the War, 1
mention as some of the largest ones ]
fpcdnch Bayer & Company, who writes  Fic. L.—After 12 years' service,
}S:mh, 1919, that “.....the insulations '
istalled in 1910 are still in perfect order..... ' the large locomotive works
Qﬂ:nstem & Koppel, the clevated Raxlway of Hamburg, the Royal
ining Factories of Spandau, the Wilhcdmina Mine and many others.
Ia January, 1921, some steam hammers of the firm of Orenstein &
whose pipes had becn insulated with glass wool way back in Au-.
ust, 1909, were dismantled. Their insulation had been in continuous
) for almost 12 years, carrying steam of 470 to 550°F, being exposed all
3 t:.mc to the shocks and vibration, coincident with steam hammer
¥sctice, and when this insulation was removed the glass wool was found
b B3ve retained all its good insulation qualitics and resiliecucy. Samples
“Um wool were labeled and attested by notary public (Fig. 1):
: T 1914 the \War started, and with it an immediate and entire lack of
; os importations for Central Europe set in, azgravated by a still
’ F’ﬁtcr necessity for the preservation of fucl.  Glass wool, whose excellent
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676 . SABORSKY——GLASS WOOL
Among Chemical Factori:
Germaz American O
Dessauer Sugar Co.,
Wclfen Film Co., Bi
Among Shipyards:
Rishra & Voss, Harx
“Vulean,” Hainburg
“Weser,” Bremen
and every other Iarg
On Steam Hammers
Afaschinen Werksta
Bismarkhuctte, Sile
N \ uIcan “ erke, Hac
y Oa Locemdt'\'cs and Rz
‘ Friedrich Krupp, T
Borsig, Berlin *
Schwartzlkopf, Berl
and pmumlly all
Ia M‘m.ng'
Laurahuette, Silesi

insulation qualitics were already recogmized, was then cailed uposs s,
spective of cost. ~ A firma of ship chandlers in Hamburg, who up to that ti
had carried a line of asbestos imsulations, started to supply the rapidls
growing demand for glass wool, at first employving the crude manuitctur
ing methods then available. Gradually as they found themsclves unuli
to comply with the steadily increasing demand, different metheds tes e
prove the manufacture were repcatedly’ sricd, put irt..
production and abandomed again, when Yrtier i
were discovered. In ‘this way they.covered the or
from thesexm-mau&zl making. of ‘glass wool from Clus. - -
’rods ‘to _present dav automanc productlon dx’cctl\" ::um N

) "J_'.‘he} ﬁna!ly succceded in pcrfectmg their machu-,r)
to such an eéxtent, that today glass wool insulation i
being sold not merely on account of its superiority, but
is being offercd at competitive prices.
Today, only four years since industries started to readjust thewsives
Kaenigshuette

- to"peace.conditions, there are thousands of factories and power stutiuns Bismarkhuctte, €t
spécifying and buying glass insulation. - Over 10,000 German gov: crmsueny -  laboratory tes
" locomotives are a!rady carrying glass wool insulation. which is especially y e
desirable for this service, and also countries as Spam Holland Denmark,
Roumania, Bulgaria, Hungary,

Russia, Argentine, Brazil, and
others are using it for the same
purpose. {(Figs. 2and3.) Due
to its lightness and high quali-
ties this material is absolutely

Fi1c 2—Locomotive
wire net mattress.

without peer for imsulation on 0.04.
shipboard, and I may mention 0.0
0.0%(

as the latest ships thus equipped
the “‘Resolute”and “Reliance’ of
the U. 8. Line, the “Majestic,”
the latest and largest (58,000 T.),
White Star Liner, the ‘“Hansa™
of the Hamburg-American Line, the “Noordam” of the Ilolland-American
Line, four ships of the German-Australian Line, at least six steamors of
the South American Line, and many; others. (Fig. 4.) X
Of the largest manufacturing enterprises using glass wool today T sefent S dchaical University
the following names. . 2 nitmber of othe
- 8¢ institutions in Eu

mres have also heer
own laboratoric

Fre. 3.—Fire box wire net maitresses.

i 1 rcpeatedly L
Tes s ead in d;ﬂ'cre

Among Power Stations:
**Continental Rubber,"” Hazoover
Reichardt Cocoz, Wandsbeck
Central Electric Station, Hamcburg, ete.




- HEAT INSULATION IN EUROPE
R
2. pAmong Chemical Factodies:

Cerman American Od Co., Hamburg
Dessauer Sugar-Co., Dessau
Woliea Film Co., Bitterfcid, ete.
Among Skipyards:
Blokm & Voss, Hamburg
“Vulean,” Hamburg
“Weser,” Bremen
#  andevery otker large German shipyard
€. On Steam Hammers™
« Maschinen Werkstitte Augsburg’
* - Bismarkhustte, Silesia . |
_Vulcan Werke, Hamburg; ete, -
On Locomotives and Railroads:
" Friedrick Krupp, Essen.
_ Borsig, Beslin
_ Schwartzkopf, Berlin
" and practically all other Iocomotive builders

Professor Oscar Knoblauch of the University of Munich,

e

0.030 Calories

0.037 Calorics

0.043 Calories

0.036 Calorics

% 0.070 Calories
24 Tow figures have not been
- by any other heat insula-
oathe marlet, and have been
e »:._;i'tp(ntedly by different
tnd in different countries,
_Professor Mitchel of the

2l University of Praguc,
& sumber of other high stand.
D=itutions in Furope. These

8 have 2150 been confirmed by a'number of private enterprises baving

o*n laboratories, and using glass wool insulation.

Z L

Tic. 4.—Band iasulation on stiptoard,
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. o

The factor of heat copductivity is the only scientific means fur ..
comparisons and a table of curves displaying the conductivity of dificziw-
materials shows glass wool insulation as the Jowest culve~ (Fig. 5.
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Frc. 3.~Conductivity of &ifferent miaterials Hn calorivs per cubic taeter fr ] ed weinhit of at
Centigrade-hour]. Curves 1 to 12 from “Forschungshefte” VD, L issue 238, p. ++. ] 3 €tghit of abot
Curve 13 as per tests of the University of Munich {Prof. Dr. O. Knoblauchl. L E it 4 inches less dr:
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1. Acbestos-magresia—joos¢ mixture, 26.3 C ) R~ 2 wool’s mechs
2. Asbestos-magoesia—loose mixture, 222 . .

3. Asbestos-magnesia—loose mixture, 153 1 v hundled or saw -
Asbestos-magucsis—caast shabs, 240 ’ : e es12, ashestos o
Asbestos-magTesia~—cast slabs, - 177 : . = "“-.., means 100 1bs.
Asbestos-kiesclrhr—loose mixture, | 41.7 ’ : - - 0 admit that
Asbestos-kieselguhr—looz mixture, 39.0 . == : mit that 1
Asbhestos-Lieselgubr—loose misture, 330 : 2 = b of glass won!
Asbestos-kieselgunr—looss mixture, 243 3T ?‘P‘}' stepping o
Asbestos-kivsclyuhr<ork—loose mixture, 0.9 g = &%t fibers juto sho
11, Asbestos-kicsclguhr-cork—loose misture,  20.0 - s

12, Kieselgubhr—baked slab, i N4
13. Glass wool-~band form, 14.7
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Heat s Leing tran:

¢ radiztion.  Glase
R by its low condu
nung circulation

Speaking practically and taking the average for the different teuynis

tures, glass wool inszulation of about 20<¢ less thickness will replas Us
R fcndatome s - IR

best gx:ade aab&tos' ipsulations; und glass wool of about one-hailf the th F &ch Giie of the siI-

ness wwill rf:plac.c mineral wool : ply i . &2 Johnr Mancille Cat

in 1osulating pipes or curved surfaces.  However, this difference in tans ECR Waidlein, Che-
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.!O' becomes wider and w xdcr as the diameter decreases.  Materials whose

z mdoc:nxtxcs stand 1 to 2 for ifistance, and where double the thickness of

' would replace 2 single thickness of the better insulation on plane
would differ as much as 1 to 4, even 1 to 6 and more in thickness,

” “-,a.k in the same amount of insulation on a curved or round surface.
'sbwc -example of 1 to 6 would apply to the extreme case of a2 =/;-

H pipe. giving equal insulation with cither 1%s-inch glass wool xnsu‘atmn .

s 10 inches insulation of the materal having a heat conductivity twice 25,

tg The cause for this steadily growing advantage ox ‘the higher «radeA
hmhtmg ma&cnal W xth the dccrcasmv size of the ptpcs ucd is duc to_

=y? ,-;lso increases, resulting in an additional loss of hezt. and réquiriag
§ 52> Jeais morc insulation.  As insulaticn is used more on pipes than anywhere
be value of a high grade insulating material is obvious.

4 more for the best asbestos-mag-xsxa ‘insulations.! What this
ight means, and especially for carriers, mainly ships, may be ap-
by considering that ships of the “Sebastgpol™ class (Russian

: f the 1914 period), for which I happen to have the figures at
cnuld save as much as 348,450 kilogramse, or about 350 tons in weight

gla.ss \vool msulatxon. These 380 tons, conspondmg to the com-

ag matcerials should not require sucn.:ﬁ; tests for any bod) who

dled or saw the materials. However it may be stated that 855
asbestos claims a crushing strength of 100 Ibs. per cubic.inch,?

feans 100 lbs. gradually applied and without shock, and though 1.

E admit that no laboratory figures are available on”the crushing

: h of glass wool, it may be comfortably tested by amy heavyweight
‘5391}' stepping or jumping on it. This test will break a few of the

e Sbers into shorter picces, without impairing the insulating quali-

X 15 being transmitted in three wavs: by conduction, convection
radiation. Glass wool is the only insulator to meet all three.  The
= E i: 87 :ls fow conductivity, the sccond by the millions of dead air cells,
- @‘ " I2g circulation, and the third by the reflection of the heat waves
¥ 8ch oge of the silvery, smooth and shiny threads of glass.
"iﬁm Manville C.ualog.
- P Weidlein, Chem. & Metal Eng., vol. 7.
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SABORSKY—GULASS WOUL

As one cubic foot of glass wool weighs about 13.5 1bs. and as the aver, i
glass may weigh about 156 Ibs. per cubic foot, about 9065 of a given ..
ume of glass wool is taken up by dead air cells. ..

Glass has beer used long cnough in chemical :ndx.stnes so that ite ¢, .
able behavior in this rxpcct docs not qumre forther comment. A s
also knorr, it is resistant to thoisture and air, and is non-kygroscopi..

Surprising, however, is the resistance of glass wool insulation to t¢ My,

tures far over the melting tempcraturc of glass, and where other high zru-.
insulating materials deteriorate very quickly. Glass wool when 50 expn et
will bake and even melt for about */;inch and sometimes Y/; inch right r:ese
to the overheated surface, and whereitis in direct contact with the red b
iron. ‘The fibers, however, behind this baked wall will remain unafc. tes
and continue to give perfect and permanent insulation. This baking 1
b?_gl_’L at temperatures as low as 1"00"’ o 1500°F, depending oa the hiurd-
ness of the glass used. A bakmg “of this kind takes place for instance .a
the exhaust pipes of heavy oil engines, where this material has proved
to be the only suitable one. . These exhaust pipes are conmtinuousty
red hot and burn out periodically. Whenever such a pipe had to be -
placed, the glass wool was found to be in perfect condition and pliatle,
with the exception of the thin baked Jayer right next to the pipe. Ilw
confident the manufacturers of this glass insulation are in this resistanw t~
high temperaturcs is shown by the fact that they are now recommondi:
it for the outside insulation of industrial furnaces for the melting of ir.=
and metal.

The early methods of m:mufactunng glass wool were very crude and
simple. The workman melted the tip ‘of 2 glass rod over a gas flumc
seized with another glass rod the forming drop, and threw it, with a gquii
twist of his hand, over a rotating drum, {oot-operated by himsel.

The first machines introduced, and those available whea the War started.
held 2 number of glass rods clamped in a horizontal position, feeding ther
gradually into a gas flame, at the same time turning them slowly, to p’v
vide for an cven heating. (Fig: 6.) The work of the spinner sreiv
consisted of drawing the forming drops over to the continuously revervisia
drum, by means of a glass rod. He had to resew the tearing threads =
the same manner, and also stop the machine to renew rods that had ixen
consumed, except for the short stub remaining inside the clamp.

The biggest advunce in spinning was made by the very obvious i
fung delayed improvement of placing the revolving drum underncath f
falling glass drops, thus doing away with the labor of continuonsiy v+
veying and fastening glass drops to the drum. (Fig. 7.) This stmple 35
provement proved to be so basic in the art, that very strong patents v
obtained on this feature. The drops now fcll automancallv by _::.'»:‘vi"
on to the drum, drawing the glass threads after them, and also rese® ¢~
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Tmatig

SE% ehreads, when any vot: them broke. The drops themselves were thrown
% [ by the cectrifugal force of the turning druwm, which retained only the

and light wool. All the spinner had to do was to renew the glass
& chen coasumed, and regulate the flames. One spingier was now able
atch three or four times the number of thireads as before, with the

ahead of him.
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' EemrAd {b& cost of thin glass rods in Europe in pre-war times was about

i
Y
.,

u L Fierts Per IS, whereas serap glass had a market price of about 11/ €., it was
eht X == ied ety early to make glass wool directly from the molten glass,
v : ‘_f""“ necessity to produce or buy glass rods fizst.  Many methods
apw iE = o= .‘:'Kl abandoned, untii at Jast the present way of using vatg, con-
e were - =g the molten scrap glass, and provided with small openings at the
LA === ¢nd was successful. From these openings the glass drops emerge,

cenp T F : ?_S!-Othc drum below, and drawing the threads after them., (Fig. $.)



[ 1 SN L I

PR

e

Sl ondd B Iasni e ST E0T, .

A S Rt A
U R SO TR 1Y)

« o
o 4 ———————- e

@ ot b Ae

NEBSUBIRBA MU SRl ‘st ats =

Ciee At b SRS AR LA SN

:M SOOI L SRR TR 20 ) 5 14 0

AL, 2
>l

b

B e

o2

- e & sas et

ey

PR D

R R

B vevo h WA MY

Dbt

I+

-
e

682 SABORSKY-—GLASS WOOI,

Sometimes thesc opeuings are scparately beated by an dectric ¢ « .
gas flame, and sometimes air pressure is put above the mdolten m..
There are still smaller improvements possible no doubt, but these mackiz.
are working now and producing coatinuously, and the xxialiing‘,of glass v
from rods has been abandoned entircly: about a vear. . The iact s
thongh they can not be calied large establishments according to aur -+ .-
ards, are now producing an average of more than S Jbs. of woel §u: - ::
ployec-hour, mostly girl labor being emploved.

When one drum is loaded with glass wool, it is stopped and the w.o
cut off and removed. The pr.e:
uct is then carded and kxrezc.!
up, a very simple proses< lax
still performed by hand in 2
country where the necessity
economizing with Jabor fiaz nea
quite reached our standnid.
(Fig. 9.) .

Quite manifold are the way~ in
which glass wool is appiicd as in
sulation. The most comtments
used forma is in the shape of hand.
about 3/sinch to /- inch in thivh
ness and a width of from tw- 2.
ten inches. This insafun=z
weighs about three to four pe i
per square yard.  The loose ant
carded . glass wool is put ujen 2

“table, mostly upon a sub-icus
dation of paper, Lurlap, or wicr

F16. 9.—~"Cardinz.” mesh, and rua through sewinz

machines, which sew rows of

stitches about 1! ; inches to 2 inches apart into the wool sheet. Tie

class mattress is then run through cutting machiaes, cutting the hand-

the desired widih.  In applving this Insulation, these bands are ~isp

wound spirally- arouad the pipes i one or mere layers.  (Fig. 4.

insvlation may be finishied 7 On the.outside by bandaging and pw-

in customary manuer, if so €esired. When larger surfaces and sied 1

are to be insulated by this methnd, the mattresses are not cut into bt
Lut trimmed to the size required.  (Fig, 10.) )

Larger pipe fines and abijects are often insulated by first SHrreii.
them with coarse wire mesh, distant from the object, to represent i =7
line of the finished insulatien. The zlass wool is then simply ~ius
between the wire mesh and the body 1o be insulated. “{Fig. 1%.;

The highest grade

“axitives, boilers and ot
at intervals-to make
S and repairs on the ma
beilers, is made in the
way. From a drawin;
" ewo templates are cut
ek of the weave

chicken wire.  Next
T femplates reach an o
whom also a certal

giss wool, figured @
s to thesquare in
: In the above pr
13 5%/2 Ibs. per squa’
depending on

tion deaired.

v over one of the
ers the whole witl
plate, and crimps
3 large surfaces she

od to the obiert
wil! stand all kin.
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HEAT INSULATION IN ZUROPT

matives, boilers 2=d other objects
at intcrvals to make inspection
and repairs on the machinery or
bodlers, .is made i3 the jollowing
way. From a drawing or sketeh
“two templates are cut out of wire
“mosk of the weave of marrow
- chicken wire,  Next these two
“".%;tmphte: reach zn operator, tf.:
=55 whom also a certain amount of
e {"wool, figured in so many
cods to thesquzre inch, is allot-
tod> In the above process about
X5 38/, Ths. per square vard are
¥, depending on the quality
i esired.  The girl
the giass wool received

te, and crimps the cdges.
rge surfaces she may crimp
r wire staples through the ceater.  “The mattress is now ready to be
siened to the object to be insulated, can be removed whenever required,
‘will stand all kinds of rough vsage. (Figs. 2 and 3.)
ikl Glass wool is now being magu-
factured in considerable quanti-
tics and ceonomically.  The Ger-
ran factories in Hamburg, which
have calarged 1o several times
their original  size, have heen
working un three S-hiour shifts
since 1918, Alarge new factory
for the pruduction of glass wool
is under construction in Dresden,
Saxony, where every furnace will
feed three vats of two hundred
opcrings cachi, It is estunated
from present praduction figures
that abaut G300 Ihs. of wool
- wauld bhe praduced in 24 hours
The help required would bhe two spinners, one melter and
per furmace, which weuid result inoan output of almost 70 Ibs.

Fri. 10.—Sewed mattresses.
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0S4 SABORSKY

It would be preposterous for me as a laymanz in glass genezlly, to at-
tempt estimating the American costs for the manufacture of glass wol.

The more so as the German costs, with the constant rise a3 fall of .
mark, and the daily changing wages, can hardly be used as z dese.  Tin
fact is that the German rmmaaufacturers themselves can\hatr estzblish their
pre.sent costs, nor can it be established for therm by #n§-accourziag meth«

in captivity. The amount of lahor required to produce a pouzd of wis
has been stated above. The fucl consumption is 32 cubic feez r.; amﬁc:
gas per one pound of glass wool. The wastage of material in =¢ shape o
drops, ete., amounts to about 1%, which waste is remelted i3 the newt
load or in a smaller furnace. The manufacturers of glass wool. settin
their material as the most important item at 100 units, figure their luixs
at 40 units, and their overhead again at 40 uni¢s of their total cost.  T'rans.
lated into our usage this means 1009% overnead, based on labor. Facd
by the impossibility of establishing his exact cost, the German muun
facturer plays safe by fixing his selling price in foreign exchangs, preferably
dollars, and based on this dollar price makes his quotations in marks, ac-
cording to the exchange value on the day of sale, or still better, the day
of delivery.” Glass wool insulation is selling for 12 cents per Ib. in compe-
tition with the highest grade imported insulations. From wkhkat I have
seen and heard 1 would reservedly place the manufacturing cost today t
about 2!/; to 3!/: cents per pound.

Several pateats were obtained during the dcvelnpment of the manifuil
processes and machines. All thinkable possibilities were tried, o=t of wiach
the present machines finally crystallized. This process of produ=sing gi
wool directly from a moltea mass of glass i new, and has becz well prov
tected in all civilized countries. The numberof the American patent cover-
ing this feature is 1,427,014. T

European glass manufacture of the type produced by rmackinery hae
never been able to gain a strong foothold in our country. As far as glas
wool is concerned, the German manufacturers realize that intraducing 3
new line like theirs into the vast ficld of heat insulation could not be done
in a small way in U. S. A, and establishing branches, advertising. and pav
ing for these and other. incidentals of pionecring in foreign currenvy. cont
stitutes an utter impossibility for them. _

Bor under the pressure of the past War, glass wool heat izsulaticn #
one of the very few inventions and substitutes of war times, nhicl ke
proved valuable, and therefore have sumived peace. Now that gis
wool is available in quantities and cheaply, new ficlds besides inculsti@
will probably be opened to this product as the vears go by. But asfar 3
insulation is concerned, there is no doubt to wmy mind, from wiit &
scen, heard and investigated as zn engincer, that glass wool 3¢ 1
heat insulation, and cozmiing fast. -
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