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To carry out 8 limited investiyation on the chamges im thermal con-~

dustivity and resilience of "Fiberfrex" insulation after exposure to

slevated temperatures.

SUMMARY
wsoriptive data on the material is quoted from the Carbderundum

Company literature. The affeet of orior heatimg to elevated temperatures
was determined by measuring the temperature drep through the material

when the hot fece was maintained at about 190°7.

The thermal imsvlatiag

nroperty wag slightly impaired. Embrittlemsat of tte material alse ceswrred.
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INTRODULTION

The Ordnance Materials Research Of{ice requested that an evaluationm
be made of an insulating fiber kmown as "Fiberfrax" nade by the Carbor-
undum Company of Perth Amboy, Kew Jersey. Certain cleims have been made
for the material, which indicate possible ordnance applications., A eome
plete description of the material, quoted from Carborundum literature, 1is
presented in Appendix A.

The ochenical composition of Fiberfrax is approximately 50% AlyOs end
60% 540g9. The material is of refractory nature and chemiscally stable.
The olaim 12z made that the properties are unimpaired up to 2300°F and
melting does not oecur belew 3000°F. The material iz claimed to have good
thermal and electriocal insulsting properties up to elevatsd temveratures.

Four pleces of Fiberfrax, 84 x 11 inches were received st Vatertown
Arsensl i.aboratory. Two of these were in the form of "blankets” ctbout
3/2 ineh thlok, one was & batt about 1/8 imeh thisk and t's other a batt
less than 1/16 inek thiok. Fiberfrax is also available as & bulk fiber.
The material haes the aypeararce of sotten, but with 2 lowsr shsen, harder
texture and generally shorter fibers.

A limited study of the effeet of elevated temperatures or the thermal
and mechanical properties of the material was desired. Preliminary ehoek-

ing of 2S3TY mesthod C177-45 for dotermining the thermal eemdustivity eof




insulating materials showed that the method was not suitable for the small
amouit of Fiberfrax availadble. Therefore, a simple semi-quantitative test
of the insulation was devised. All tests made were in the vieinity of

room tempersture.

TEST PROCEDURE, RESULTS AND DISCUSSION

The blankets of Fiberfrax were cut into pieces b} x 83 inches. These
pieocns were placed in a wooden frame resembling a picture frame and fastened
to the outside of a largs steel tank holding a steam heated water solution
maintained at about 190°F. i ohromel-alumel thermocouple of .28 gauge wire
was pleced in the ocenter of ome face of the insultion and in contact with
the wall of the tank. Ancther similar thermoenuple was placed on the
surface of the insulation exnosed to the open alr. By measuring the
temperature of thase two thsrmocecouples, the temperature drop scross the
insulation was determined.

The tampersture drop asross the Fiberfrax at a msan temperatur: of about
140°F was determined on the material in the as-received eondition and egain
after heating to 2000°F for thirty minutes and ailr eocoling. Suscoessive
determinations were made after heating the same plascas of Fidberfrax to
2100, 2200, 2300 amd 240C°F, eash for thirty minutes. Finally = determime-
tion was made after heating to 2300°F for 65 hours. The dats were taken
after allowing at least four hours heating tims on the side of the tunk

in order to attainm equilibriwum econditions. At least ten readings were them




taken over a period of sbout one hour. These were averaged. The largest
probable error was caleulatsd to be 0.3°F. # surmary of the resulte

obtained is as follows:

Helative
rature Temperature Thermal

Treatment Hot Face Cold Faoce Difference Rosistanee
As Reoceived 197,.20F 86.4°F 142.9°F 1.000
2000°F 30 min. 190.8 86.1 137.7 <988
2100 " 191.3 90.2 133 .65 .918
2200 e 192.9 91 .4 183.7 917
2300 " 188.8 87.8 182.8 +909
2400 " 186.0 88.2 126.8 874
2500 86 hours 1868.7 88.9 128.7 871

The data indioate that at the comnletion of the heating cycles the
insuleting propsrties were decreased by about 18X. A deerease in weipht
of the batts of from three to five peroeamt was found. The material was kept
in a desiccator cver-night before eash weighing. No visible differences
were noted upon microscopic exsmination after heating; however, sonsideradble
bleaehing oeocurred.

The ohysical sroperties of the insulation suffered from the heating.
Considerable s:rinking and sagging were noted, even at 2000°F. After all the
tests were completed, the insuletion had shrunk %o a pieee 6 1/8 x 8 imshes
with & total tiickmess of about 3/¢ inch. The sagging had eaused s msehamieal
interloeking so that the pleces of the blenket ceuld me lemger de seprrated.

The most disturbing sonsequenee of the high temperature was the brittlemsss




indueed in the meterial. As reecived, the batts eould be bemt 180° witheut
any broakiag or tearing. After heating to 2000°F and ocooling tc room
tomperature, such a bend oaused some separation v/ the fibers on the oute
side of tho bemnd. After heating to 2200°F, such a bend caused a complete
separation of fibers, and considersble breakage. After heating to 2400°F,
any bending ssused wealage of the fibers. The material crumbled easily

after being heated to 2400°r.
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APPERDIX A

INFORXATION AND DATA OBTAINED FROK CARBORUNDUM COMPANY
LITRRATURE CONCEPNING FINGUFRAX

WHAT "FIBERFRAX" FIBER IS

Fiberfrax fiber is a new man-made ceramic fiber that offers industry
ar unusual end interesting combination of properties.

This new material is an aluminuwesilicate fiber, made by melting sluminum
oxide and silica in an elesetric furnece, ther subjectins & molten stream of
the material to an alr blast. The stream is blown intc a fluffy mass of
fibers whioch is collected with speeial squipment.

SHYSICAL. ™0 "ERTIZES

8 blown, Fiberfrax fiber iz a white, cotton=like mess rade u> of
randon arrangemsnts of extremely fine fibers. The individual fibers are
up to three inches in lengti., and have an averags diameter of about four
mierons, or shout one-fourth that of fine pllk, one-twenty-rifith that of a
humer heir. 3ange in diameters is fron 12 mieorons down to iess than 1 mieron.

ielght, as blown, 1s twe pounds ;er subic foot. The material can
readily be compressed; a pressurs of two pounds ver square insh ocomrresoces
it to & density of 12 pounds er oubic frot.

The material is resilient, wnish property is retainsd even after being
sublnoted to high temperatures for long veriods. Individual fibers appear
to have sufficient strength and hardness to satisfy many sapplication re-
@linmts.

ts mnufactured at present, there i3 a pereemtage of very fine shot
found in the mass of fibers. ith certain menufucturing teehnicues that
are being improved rapidly, snot content is contimually bdeinr rvduced. The
data given here, however, vertains to the mass as blown, inelvuiing the psllets.

THERMAL PROCERTIES

Righ refractoriness is one of the outstanding characteristios of
Fiberfrax ceramio fiber. It does not lowe any of its pro srties to any
aopreeiable degree at temperatures up to 2300 F, and it will not melt under




30 F. Thees temperatures are far higher than mimeral woels and glass
fibers will stand. Unlike ashestos, these fibers do met disintegrate ut
elevated bemperatures sustaimed for leagthy time periods.

The I foetor (imsulating value) for Piberfrax fiber at the optimwm
density of eix pounds per subde foot, is showmn by Pigure 1. This is about
tho sams as for roek or zlass wools within the range of temperatures that
these other materials will stand. It should be noted partieularly that the
eurve is based on mean tomperature whieh is the average of hot and eold
fuee temperatures. This means, for example, that with & hot face of 2300 P
ané a eold faee cf 200 F, the mean temperature is 1250 F.

CHREICAL STABILITY OF "PIBERFRAX™ FIBER

The chemical compesition of Piberfrax fiber is approximately 60%
elumina (<luminum oxide) and 50% siliea. Like other ceramic materials, it
is highly resistant to most acids. The fullowing tabla shows the stubility
of Fiberfrax fiber in various aeid solutions:

% loss 1a weight when
lesched for 1 hour

Normal Conecntrated
Hydroshlorie acid D34 0.28
Sulphuris aecid 0.31 0.85
Phosphorio aeld 0.28 0.60
'1%’10 aeoid 0.!5 3.0
Aoetie meid 0.18 0.27

‘Y IBERFRAX" FIBER Af A PILTR

The high efficieney of Fiberfrax fiber as a filter results from the
extrems finenes:, range of dismetors, end the remdom arramgemsnt. Filter-
ing propertics are retained even when the flber {s proeessed inmto paper.

A simple eigaritte test, in whieh beth cottom amd Fiberfrax fidber are
used as filters, will demomstrate the effeetivenmsss of this nee seramie
mterial. If the eotten is plased ahwed of the Plderfrax fiber, smeke will
stain the eotton, but will stain the fiber evem mere. I the peeition is
reversed, and the Fiderfrex filter plesed aheed of She sstten, thea smshe
will stafn the fiber ksavily and the eettem will shew me stain &% all.




A Fibertrax filtsr oan handle either liquid or gaseous filtrates,
regardless o7 temperature. It ocan &lso be purified or eleaned by baking
or burning, sinee teaperatures below about 3300 F do not affeet its
filtering charesteristies. It carn haadle most aecides beeauss of its
exeollent chemiocal stability.

BLECTRICAL CHARACTERISTICS

The electrieal properties of Fiberfrax fiber seem to be exceptional.
Alumimm silioate is inhereatly an exoellent insulator at all tempsretures,
and tests on paper made of Fiberfrex fiber indieate that not only is its
high dieleotrie strength retained in paper form, but its electriocal losses
are sorw four times legs than those of a good Kraft paper.

a) & o:rclss 1.08
ieleotric Constanat b) 1000 oyoles 1.08
o) 10 ko 1.08
a) 60 eycles 0.02
“ower Faotor (%) b) 1000 cyeles 0.02
e) 10 ke 0.02
a) 80 eyoles 0.0002
Nieleet:ric .oss FPastor b) 1000 cyolews 0,0002
e) 10 ko 0.0002
AIFE Insulation "lass c

AVAILARILITY

resent piloteplant produstion I Fiberfrax fiber is adequate to
supoly all known experimsntal needs and to leave a substantial volume over
for commercial appliocations.

£t the ourrent stage of develoepment, Fiberfrex fider is availadle
only in the bulk form. Zxperimentally, it has been made imto felted
blankwt rolls, firmly boaded batta, and papers. Work is uader way to
produee it in thees forms commsreially. It ie antieipated that fider will
sosn be availalle in a form suitadlc for spimning into yaras and fadrios
posssssing execellent dieleetrie pruperties and abilixy te withstemd
temperatures up to 230077,




S A PILTERING MATHHIAL

Fiberfrax fiber as now produeod oxn compete direetly with extremely
fine glass fibers in applications such as filters. It has sueeecssfully
and economicelly replacsed diatommceous earth in an olilefiltering applieation.
Special Fiberfrax fiber scompositions oontaining & minimm c¢f neutron-
trapping materiala zan va produced.

Beoause of its high resistance to most corrosive liquids and gases, it
can be used as a filtering medium for aeids, or as a diffusing wmedium,
Resause of its refrectoriness, it has possille uses as a fleme arrestor, or
as ¢ {lame i ter ts remove ash, &3 in gas turtines.

AS & TINRVAL IHSULATION

insuletion tests mhow that iberfrax fiber, as compared to high-quslity
irsuleting bricr, can make impressive savings. The followins tatle shows
ocomparative furnace efficiencios and weights in a test ocordusted with small
furnaces at 26M T,

‘verage
i verage watts att input
irs to watts required Shell % ratio
1y reach used to at equi- temp. Liaing ocerented
LINIXG ou ft 2800 * hest librium ¥ wt, 1bs. briek = 100
“FIBRK FHAYT
FIB® 8 5 735) 4188 410 37.2 69.8
pAaE 65 RS &
TRUR i? 2 3/4 7677 2231 347 Td.4 55.0
HIGE T8v K¢
TURE 44.2 & 1/3 820 5969 U8 £71.0 190
DEATLATED
BRICF -
C ¥ENTED

The thermal properties have le! to flelc tessts of the material in dlankst
foer= as high-temperature imsulatior iz combustiom amd exhksaat systems of
Jot onzimes, where iight weight and low thermal ecamduetivity are disSinot
sdvantages.




Fiberfrax fiber might also have epplieations in firepreofimg saiss amd
ocontainers; as s pasking for expansion joints; as a eushion or suppert
for materials beingz fired or heat treated &t high temperatures; and im the
form of paper, as fire curtains, firepreof records and similar spplications.

AS A REPLACEMENT, STRENQTHENING
OR REINFORCING MATERIAL

Fiberfrax fiber, since it is made from alumina and silioca, both of whieh
sre plentiful, may find use as &« replacemert in whole or in part for matursl
asbestos = or for cther fibers whioh require oritioal materials in their
manu’ecture,

Fiberfrax fiber oan be used in oormnination with muny materisis, with an
improvement in over-all characteristiocs. As an examole, it quites conoeivably
gouls be used to strengthen eleotriocal insulators, to reinforee battery
plates, or as a replacement for asbestos in brake linings. It has interest-
iny nossibilities as &« filler in nlastio molding compounds to inoreese
dimensional stability and dieleetric stranmgth. It is expeeted that flters
of ferinr advantages as a reinforcing agent for leminated plasgtios will soon
be avatlable. It might heeoms the foundation for spreyed-on eeramic films
or coatings, which would be bLaked at temperatures highsr thar men-cersaics
cen stand. Or it might be the Lase for sprayed or eleetrolytioally denosited
meta's, rarticularly where & porous structure is desired. It would seez to
have uses as a catalyst carrler or support for catalysts, particularl~ whers
ocorrosive 1iq: ids or rases are present or whare high tempereatures are involved.

10




THeRmAL CoNOLLTIVITY | BTU W/HR /50 FT./Dec F

20

0 +

ad

THE RMAL CONQUCTMTY OF
BuLk FiBERFRAX  CERAMIC FIBER
AT € Lps PeER Cusic FooT DENSITY

/

v

20 A0 [V

FIGURE

800

000
MEAN TEMPERATURE - °F

1200

1400




f_anvaCE Tewpamatuae °C

FURNACE ~EAT UP TiME
(CONSTANT POWER INOUT)

1400
1260°Cs| 2800°F
[
1200 7
,
/4/
18020 o
800
o0 S
i Bucx FRERFAAL 8RR @ Y FTT |
-------- - @ 2%Fr?
—— —— FRFILAY INSULAT.AG BRICK
- ‘FiseRFRan “ FIBER Bonpes Block
200
} 2 k] + S o T

Time  (rouas)

o ° | ]
& (omt Foq FotAraas FBER Bondtd BLOCK Samt Ay ? /'r'."&.u

FIGURE 2




THERMAL INSULATION DAYA

"Finer=RAX" CERAMIC FIBER BONDED BLocK

2400
/ // ( /
2000 /
4.57 )0 INSULATION —= 4 /
1600 = /
" 3" 0f ln;mmm———[*-
L / /—Z'OF INSULATION
"
1200
: /
ré 1.5 |OF INSULATION
Ny
0 100 200 300 40Q

Coro_Face °F

FIG

URE 3




DEC...'F. IeH

-2

FT.

THERMAL (ONDUCTIVITY - BTU. HR

?
H
i
THERMAL CONDUCTWITY OF "FIBERFRAX CERAMIC FIBER DONDED BLOCK
2.4
20
e
""/
/ ¥
1.6 —a
g
v
.
L~
-
12+ —*
o
ol
-
/ =
47"
A = e
o - 10.3 Les/Fr3
’,,,/,—' i —_——— l3.O_LBs/F1'3
< T T T 15.7 Les/Fr>
A —— -
..:-'/"
ozoo 400 [¥Y) 800 KOO 1200 1400 1600 1800 2000
MeAN TEMPERAYURE °F

FIGURE 4

i o

i
3




