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(54] CORROSION.INHIBITING THERMAL 3,450547 ¢/1969 Samsetal.......... reessssnrease 252/62 X
INSULATEON FOR STAINLESS STEEL 35§Z.OG7 71970  MacArther.. 252i62 X
(72] Inventor:  Arthar P. Muslier, Cincinnati, Ohi 3,523,085 /1970 ShamRROn..........cces cronreiennencnan 252/62
173] Asmignee: Puoacea Cerporatien, Cincinasti, Ohio Primery Examiner—Harold Ansher
122) Fided: Nev. 4, 197 Agsorney —Melville, Strasser, Foser & Hoffmen
121] Appl.No.. 8697¢ {57] ABSTRACT
Retaces #olded thermal insulation material for bee im comtaci writk
US. Appiication Dase swstenitic stainless stool chemical-processing equipment, %0
[63] Continustion-in-part of Scr. No. 846,591, July 31, inlsibit stress corrosion cvaching thereof, commsn of 52 lesst &0
1969, abandoned. percent by weight of cellelar expanded perfite, bonded by &
dried, inorganic, water soluble binder. The binder consists of a
{$2]) US.CL.....irereenns ..282/63, 106/286,161/170, major proportion of a mixture of sodium sfceic and potassi-
1617193, 1617205, 260/29.7 P, 260/29.7 R um ethcstc and 3 minor W of sodium bex-
(31] mtCl......... Co4b 43184, CO4b 35/16,C04b 43/02 , and the molecular ratio of the silicz to e al-
[58) ¥ied of Search................. 252/62; 1061286, 260/29.7 8, kaline oxide is at least 3.6 t0 1.0, The potassium silicste cos-
260/29.7 P, 29.1 R; 161/170, 205, 193 sists of a2 beast about 40 percent, by dry weight, of the tocal sit-
fcate in the dricd binder, and the total binder conetitutes at
136 References Chiod feast about 20 percen, by weight, of the ol insutation coe-
TED TENTS position. In the manufacture of the molded insulstion, the
UNITED STATES PA mixture of periite and the binder, in slightly damp condition, B
2,625,512 1/1953 Powell 252/62 placed in the mold cavity and subjected w hght molding pres-
2,903,409 9/1959 Morse 282/62 X

3,043,790 771962
3,103,25¢  9/1963
3.169.927  2/1965
3,244,632 4/1966
3,383,230 5/1968

sure, sufficicnt 10 compect the material into the exact configu-
tation of the mold cavity without expelling waier from the
mixture. The molded insulation is removed from the mold and
oven dned at 2 temperature of about 250° F.

13 Claimis, No Drawiags
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CORROSIONJNHMNG THERMAL NULAW roR
STAINLESS s'r:n. s :

CROSS-REFERENCE TO RELATED APHJCATKN

)

The composition of the binder maserial which is effective to
produce these highly desirable results consists chiefly of water
sciuble alkali silicae (2 misture of potassium and sodium ),
with 8 minor proportion of water soluble phosphatz. This

This application i a continuation-in-part of a copending sp- 5 three-component binder imparts to the molded periice insula-

plication, Ser. No. 846,591, filed July 31, 1964, now aban-
doned

SUMMARY OF THE INVENTION

This invention relates 1o a2 molded thermal insulation
material generally suitable for use in insulating heated indus-
trial processing equipment, including petroleum-cracking
towers, stills, chemical reaction vessels, boilers, storsge tanks
and piping having surface temperatures as high 2a 1,300° F.
The molded insulation may be in the form of blocks or siabs,
or hemicyhndrical pipe covering sections.

Austenitic stainless steeks are used extensively for the fabrl-
cation of processing equipment in the petroleum, chemical,
and soap and detergent industrics because of their excelieat
resistance to chemical attack. Austenitic stainiess steel i
defined as 2 chromium-iron alloy to which sufficient nickel
has been added to retain the austenitic phase (sobd solution of
the alloying elements in face-centered cubic iron). A typical
analysis of one type of such stainless sieel shows 17% chromi-
um, {2% nickel and 2.5% molybdenum. .

However, austenitic stainiess steel has one serious weak-
ness, in that it is subject to stress corrosion cracking undet oet-
tain conditions; and this has caused many equipment failures
with resultant high cost for equipment repains of replacement,
and for loss of process production It has been well established
that the conditions which tend to induce stress corrosion
cracking are: (1) the presence of stress in the metal, (2) the
presence of moisture on the metal surface, (3 ) the presence of
chiorides in solution, and (4) a temperature range generally of
50° 1o 200° C. (122° to 392° F.)*. Dana, Stress Corrosion
Cracking of Insulated Austenttic Stainless Steel. ASTM Buil-
letin, Oct 1957 ASTM STP No. 284, Stress Corvosion
Cracking of Austenitic Chromium-Nickel Stainless Sieek,
1960 Ashbaugh, External Stress Corrosion Cracking of Stain-
fess Stee! Under Thermal Insulation, Materials Protection,
May 1965.

Thus, thermai tnsulation systems when installed on stainless
steel surfaces exposed 1o environments containing both
chlorides and moisture may act as collecting media, trans-
migrating and concentrating chiorides on the heated metal
surface, thereby inducing stress corrosion cracking.

This invention affords protection against stress corrosion
which has two phases: first, the insulstion itself i inhibited
against the corrosion-inducing effect of any trace amount of
chioride ion which may be present therein as 2 contaminant of
the materials of its composition. Beyond that, the binder used
provides 2 continuing inhibiting effect, aficr the insulstion has
been installed upon a stainless steel surface. that prevenis the
stress-corrosion-inducing effects of any concentration of
chileoride ions from environmental sources which may gain ac-
cess 1o the stainless steel, as from 2 marine atmosphere, or
from chloride-containing chemicals used in the plant
processes.

With the foregoing considerations in mind, it is the principa!
object of this invention 1o provide 3 mokied thermal insuls-
tion, composed predominantly of finely divided, cetlular ex-
panded perlite, bonded into monalithic form of precise dimnen-
sions by an inorganic, water-soluble binder. This binder is of
such composition that the molded insulation is not only scif-
inhibited, but further, makes available to the surface of the
stainiess stecl with which the insulation i in contact, an in-
hibiting film of soluble silicate-phosphate that prevents the
stress corrosion-inducing action of chioride ion from occur-
ring, by transmigration when moisture is present. This new
corrosion-inhibiting imsulation may of course abo be instalied
on heaied metal surfaces other than austenitic stainiess steel
with satisfactory results.

10

s

tion improved properties in certain respects, that are ant ob-
winabie with any single component, but only with the com.
posile mixture in the mnge of proportions herein disclosed.
Ahhough the binder sohstion is a mixture, in terms of its effec.
tive bonding action in the molded perlite insulation, it must be
regarded &s a singlc binder material, specifically & phoaphate-
modified soluble akali silicate, which becomes subsiamtially
ﬁuolubleuponumpk«ymdduuwldedperhtemdm
composition.
Aﬁmherobpcldﬁumventmswpfoducefm-m
expanded perlite and the soluble alkali silicate-phosphate
binder a precision-molded thermal insulation by a simpie,
direct molding process. The method involves pressure com-

20 paction of a loose mixture of the expanded perlite and s minor
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proportion of a selected inocganic fiber, previously moistened
with a predetermined amount of the alkaii silicate-phosphate
solution, without expulsion of water from the mold, followed
by merely drying the molded picce. When the ncw insulstion
is thus produced it is found that the finished, dried, molded
product has subsiantially the exact shape and dimension: of
the moid cavity in which it was formed The shrinkage and
warpage of the molded product dunng drying are neghgible,
therefore the insulation need rot be molded oversize, and can
be used without requiring any machining 1o specified finished
dimensions and provides an exact fit for the piping or other
surface on which it is to be installed. 11 15 a special advantage
of the process that no ceramic firing or high-temperature fur-
nace treatment of the molded product is necded to render the
binder effective, since this is accomphshed by simply
evaporating the water content at relatively jow temperature.

Further objects of this invention are 10 provide a molded
thermal insulation for the temperature range up 10 1,300° F.,
that is hard, strong, and reustant 0 mechanical abrasson
stresses; that is of low density and has high-thermal-insulation
efficiency, that is resistant to deterioration and structural dis-
integration by absorbed water, even at steam temperatures;
and that can be produced at a low cost.

b s a special advantage of this alkah silicate-phosphate
binder composition that it s entirely inorganic, and thus the
perlite-binder combsnation is not appreciably affecied in
strength by deterioration in the temperature range from
250°-400" F., in which range organic binders are largely
destroyed and lose most of their bonding strength.

Expanded perlite has previously been used in the manufac-
ture of preformed (molded) thermal insulanens for indusirial
use on surfaces in the gencral temperature range for which the
product of the present invention is suitable. In particular,
reference is made to U.S Put. No. 2,884,380, issued Apr. 28,
1959 to Cook, Fleming end Heilman, the patented product
having cellular expanded perlite as its major ingredient, with &
composite binder. The primary binder is the inorgsnic
mineral, Bentonite Clay, and the secondary binder is an or-
ganic material selected from the group: emulsified asphait,
polyvinyl acetate, polyvinyl alcohol, acrylic polymers, starch
and carboxymethyl cellulose.

Reference also is made to U.S. Pat. No. 3,408,316, issued

68 Oct. 29, 1968 1o Muclier and Asher, which abo relates to a

perlite insulation made with 8 composite mineral-osganic
binder. The mincral is Bentonite Clay and the organic binder
includes 2 low. and stable.vmcocity modified starch and »
phenol-formaldehyde thermosctting resin. This patent aho
gives detailed information regarding the chemical and physi-
cal characteristics of raw perlite, deposits of perlite ore of
suitable quality in the United States, pulverization of raw per-
lite to proper sicve analysis before expanding treatment, con-
ditions of the expanding process, and the physical charac-

78 teristics of expanded perlite.
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The perite insulanon products of the above-reference
patents have no corrosion-inhibiting effect when instalied on u
stainless steel surface Al thermal insulating materials contain
soluble chlorides in varying amounts, up 1o 1,000 parts per
million, and these patented perlite insulations may contain
trace amounts of chiorides, generally in the range of 50to 170
ppm (parts per million). Further, neither the expunded per-
Iste nor any of the binder matenals disclosed in these patents
has a specific corrosion-inhibiting effect when an excessive
concentration of soluble chloride is present on the stainless
steel surface.

DETAILED DESCRIPTION OF THE INVENTION

This invention will be described by presenting two typical
compositions, one of which (1) contains asbestos fiber and the
other (1) contains no asbestos fiber, but does contain as a
fibrous reinforcement a small amount of fine glass fiber m the
form of chopped, spun glass roving. The various criteria used
i the selection of the ingredients. the method of preparing the
binder solution, the manner of mixing the composition and the
molding of the end product are described in detail Thereafier
the preferred ranges of compositions, both with and without
ashestos, and broad ranges sausfactory for cenamn purposes
will also be set forth Finally, some test results of the typical
examples will be stated,

Generally, 1t has been found desirable, and in some cases es-
sential, to include in the molded perhite nsulution » small
amount, up to about 10 percent by weight of a heat-resistant
inorganic fiber such as abestos or fine fiber glass Asbestos
fiber helps to prevent edge craching of the molded perhie
piece during drying and fine glass fibers have a similar effect.
Fine glass fibers, such as chopped spun roving, add toughness
to the molded insulanon and provide a mechamical reinforce-
ment that tends to prevent the breaking apart of a prece that
has become crached or otherwise damaged in handhing In
some cases 1t may be desirable to produce the new perhite in-
salatuon as units of relatnvely small dimensions tinsulating
brichs) for special condions of installation and where such
smuall picces are to be produced the inorganic fiber may be
omitied

TYPICAL EXAMPLE I—COMPOSITION CONTAINING
ASBESTOS

As u typical example of the practice of this invention. a
molded thermal insulation has been produced having the fol
low ing composttion.

Percent sobuds
Dy weght bases

Eapunded peritte, buth denmty

Idivjou fr LR}
Sardum aiicate stheasoda weight

Ravo 3 7% 0 183
Potasaum slicate, ubica‘potuah

Woeght ratin 2 $/1 0 103
Sewrum Hoxumetaphoaphate « NaPO, 0 41
Shaort amonie ashestos fiber

(W grade) 44
Strene hutadiene potymet lgtex

tNaugatea 2752, N

Towl OO

CRITERIA WITH RESPECT TO THE INGREDIENTS

For the manufacture of the new thermal insulation, an ex-
panded cellular perhite of very low-bulk (loose fill) density, 1n
the range of 1.8 10 3.5 pounds per cubic foot is used The best
combination of properties of the fimished moided insulation is
obtamned when the bulk denmity of the expanded perlite is in
the range of 2.010 2.5 pounds per cubic foot. The bulk density
can be mantained within this desired range by controliing the
sicve analysis of the pulvenzed raw perlite ore and the tem-
perature and rate of heating of the perlite particies in the ex-
Pansion process

4

Expanded perlite within the limits of the following specifica-
tions for sieve analysis has been found entirely suitable for the
manufacture of the new insulation.

5 Percent retaintd by volume
ASTM stundurd meve No Min Mas

20 3 (14

A1) 133 3%

10 s “ “

100 3 ]

Passng No 100 sgve ] is

Thus, the expanded perlite used is characterized by particie
size grading such that from 60 percent to 90 percent by
volume passes the No. 20 test sieve and is retained on the No
50 testsieve

In the composition of the silicate-phosphate binder solution
@ it has been found that it is necessary to use atkali silicates hav-
ing a high-molecular ratio of silica to aikali oxides. This ratio
should be at least 3.6 to 1.0. If the alkali content is greater
than this, it exerts too much fluxing action on the perlite parti-
cles and causes fusion and failure of the molded insulation at
temperatures much below the designed 1,300° F. service himit.
Also, the higher-alkali-content binder remains quite soluble
after drying and the water resistance of the insulation it
greatly reduced. The composition of a typical example, above
set forth, used a commercial sodium silicate solution having 2
weight ratio of $i0,/Na,O of 3.75 (molecular ratio 3.88) The
potassium silicate used had a weight ratio of 2.50 for Si0y/K,O
and a molecular ratio of 3.92,

The waier-soluble phosphate which is usec 1n the composite
binder solution 1s preferably sodium hexametaphosphate.
{NaPO,)6 another phosphate which gives equivalent results i
the so-calied “'glassy phosphate,” a structurally similar
polyphosphate which has up to 21 phosphorus atoms per
mole Other soluble phosphates such as sodwum
pyrophosphate, and phosphoric acid, give unsatisfactory
results

Confirming the advantages of the composite soluble sil-
icate-phosphate binder disclosed heremn, it was found that
when sodium silicate was used alone as the binder for the per-
Ine insulation the molded pieces showed warping and cracking
when dried, and the insulation did not meet the soaking heat
test at 1,200° F. because the perlite fused at 2 temperature of
about 1,100° ¥ Perlite nsulation bonded with a mixture of
sodium and potassium silicates also showed warping and
cracking and was not serviceable at 1.200° F. The combina-
tion of the two alkali silicates plus sodium hex-
ametaphosphate, in the proportions disclosed herein, used as
the perhte binder, produced an insulauon that was free from
warping and cracking had very low shrinkage at 1,200°F. with
no tendency to fusion, and was serviceable up to 1,300°F.

The short asbestos fiber in the composition serves a special
purpose, that of preventing edge cracking of the molded per-
Ite piece during drying. Long asbestos fiber sf included in the
composition has been found objectionable because of its ten-
dency to cause balling of the motstened perlite mixture, so
that it does not compact uniformly in the mold, thus making
the molded insulation weak. An extremely short fiber grade
such as Canadian Grade 7 does not have this objectionable ef-
fect, and does prevent edge cracking and makes the molded
insulation somewhat less brittle.

Any short fiber grade in the 7 Group of the Canadian
(Quebec  Asbestos  Manufacturers”  Association e,
Q.AM.A)) Standard Classification may be used. Generally
the shortest grades, 7T or 7W, will be selected because of their
fow cost and easy workability in the perlite insulation mixture.
Another kind of short asbestos fiber that gives exceptionally
good results is short Amosite asbestos of fiber length
equivalent 1o that of the Canadian 7 grading

While the binder composition for the expanded perlite is
completely inorganic it may be desirgblc to include in the
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composition a very smali amount, in the range of 3 10 5 per-
cent by weight, of an organic materisl as a plasticizer for the
molded insulation. For this purpose a synthetic rubbeslike
latex dispersion such as styrene-butadiens polymer latex is
suitable, and various other rubberlike polymet dispersions
may be used. This very small amount of organic plasticizer
makes the dried molded perlite insulation less brintle, and
more resistant to the disintegrating effects of abrasion stresses,
as in the tumble test. While the new perfiv insulation can be
made completely from mineral and inorgenic materiak, the
preferred compositions with asbestos fiber (Typical composi-
tion 1) contain a1 least about 3 percent by weight of such an
organic plasticizer. The compositions in which chopped spun
glass roving is used instead of asbesios fiber do not require any
organic plasticizer, as in the formula of typical composition li.

TYPICAL EXAMPLE H-COMPOSITION CONTAINING
FINE GLASS FIBER 4

10

As a sccond example of the practice of this invention, using 20

a perlite compasition containing chopped spun glass roving as
the inorganic fiber, 8 moided thermal insulation was produced
having the following compositions:

Parcent scluda.
) Dey weight base
rd

Eunponded perine,
bull deauty 238 jew B " (5]
Sadrem sdcate, sihou/wsda werght

(LS REYIN ] e
POLDMum wicate, wica/polash

weght rptn 2.8/10 "ns
Sadwmem her apbunphuie ¢ NePO, Yo - 498
Chopped spus glan roving 4" eagth 4.

(Y]
W lengih 20
Towsd 1000

28

1t will be noted that this composition contains no asbexloe 44

snd no organic plasticizer material and is 100-percent inor-
ganic.

When fine glass (ibers are included the composition 23 2
heat-resistant, inorganic reinforcement for the molded perlite

insulation, chopped spun glass roving is selecied as the most 43

suitable form of glass fiber for this purpose. The individual
fibers of the roving are of very small diameter, in the renge of
about 0.00036 to sbout 0.00039 inches, and bave been spun
together into a roving and then chopped to a specified length.
5t has been found sdvantageous to use a mixture of fiber
tengths, generally in the range of % to %-inch length. Some
chopped roving as short as one-eighth inch may be included,
but it 15 less effective as mechanical reinforcement than fibers
the % to -inch range. Some Jonger fibers, up to | inch in
length, may also be included, but fibers longer than one-half
inch sre more difficult to mix uniformly with the perlite and
binder and they tend to ball up and cause the mixture to com-
pact unevenly so that the product is less uniform in density
and strength.

HEALTH HAZARDS OF ASBESTOS-CONTAINING
PRODUCTS

During the past 10 years there has developed much new
knowledge and. consequently, greadly increased concern re-
garding the heaith hazards to workers in the asbestos-produc-
ing and consuming industrics and to those who install or use
ashestos-containing products, that may result from the inhals.
tion of fine asbestos fibers into the lungs. Preventive measures
such as increased ventilation, dust suppression and removal
from the working srea, and the wearing of face mask respirs-
tors while fabricating and installing asbestos products such as
thermai insulations have substantially reduced this hazard.

The individual erystalline fibrils of chrysolite asbestos are

65

6

emsily sirborne and thus carmed inw the lungs and there
become permanently embedded in the alvelar regions Withia
the human lung tissue, asdestos fibers are virtually indestructi-
bic snd are not expelled or sbsorbed. The result in many cases
is the lung discasc termed “asbestosss,” which often develops
eventually into lung cancer. Asbestos is is a special type of
pheumoconiosis (dust disease of the lung) and has ofien been
confused with silicosis. The effect of the efobedded asbestos
fibers is t0 produce pulmonery fibrosis—scarring of the lung
tissue —and progressive deterioration of the Jung funcuon.
Many organizations are attacking the ssbestosis probiem,
including the U.S. Public Health Service (HEW), Mount Sinai
School of Medicine (New York City), London School of Hy-
giene and Tropical Medicing, American Medical Association,
British Medical Research Council, New York Academy of
Sciences, American Cancer Society, several State Depart-
ments of Heaith, the International Association of Heat and
Frost insulators and Asbestos Workers, and several manufec-
turers of asbestos-contaning insulation products. In Grest
Britain, asbestosis has been cstablished as a compensable in-
dustnal disease. Very recently, the Environmental Protection
Administration of New York City has set restrictive rules for
the safe spray application of any asbesios-Cootaining insule-
tion at construction sites, nopnmummluooabybe
asbestos fibers.
k‘«nng:oﬂnmdwpedmpkldwm
perlite insulation, the asbestos fiber content is very smafl, only
4.4 percent by weight, so that the hazard of fine airboree
asbestos fibers being inhaled by insulation workmes i
minimal. With the composition of typical example I, which
contains no asbestos, this harard is completely eliminated.
The fibers of chopped spun glass roving are of much larger

3$S diameter than asbestos fibrils and while they may cause tem-

porary irritation of the respiratory membeanes if inhaled, they
do not induce a pneumoconiosis nor cause permanent Jung
damage The other ingredients of the new perlite insulation—
celiular expanded perine, sodm and potsssium silicates, and
sodium hexametaphosphate —are likewise nontnjutious to the
human lung if fine particles of dust from the molded insulation
are inhaled.

PREPARATION OF THE PRODUCT
The preparation of the new modified silicate binder sotution
is quite simple. The quantity of sodium hexametaphosphate 1o

provide the specified proportion in the binder formula is dis-
solved in water. To this solution is added, with agitation for

50 about 15 minutes. the specified quantity of sodium silicate, as

solution. Then the specified quantity of potassium silicate, as
solution, is added with further agitation for about § minutes. If
an organic plasticizer is 1o be included, as 1n example 1, there
is then added to this mixture of soluble silicates 2nd phosphate

35 the specified quantity for a styrene-butadiene polymet latex,

with further agitation for another S minutes. More water is
sdded 10 adjust the concentration of the binder solution for
spraying, and the binder mixture is agitated for another 10
minutes, and is then ready for use.

In producing typical exampie | the short asbextos fiber and
the expanded perlite were weighed and then thoroughly
blended dry. This dry mixture was then sprayed with a mea-
sured quantity of the binder solution, separatcly prepared,
containing the specified amounts of sodium silicate, potassium
silicate and sodium hexametaphosphate. The styrene-bu-
tadiene polymer latex was also included in the binder colution
for convenience in application. The moistened mixiure of per-
lite, asbestos and binder was than further agitated and blended

70 to compicte the distribution of the binder solution over the

surfaces of the perlite particles and fibers. The completed mix-
ture, ready for molding, was a loose, bulky, granuiar mass that
appeared to be slightly damp, but not visibly wet, The
morsture content was about 90 percent of the weight of dry

extsemely fine, about | millionth of an inch in diameter, are 75 solds,
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Typical exampic 1l was produced in exactly the same way,

except that the asbestos fiber was omitted and the chopped
spun glass roving was blended dry with the expanded periste;
also, the styrene-butadiene polymer lutex was omitted from
the binder solution,

in making the molded insulation the water content of the
moistened perlite mixture (1o be later removed by drying the
molded piece) will be in the range of 0.8 10 1.! times the
wenghtotthedrysohdsmdmuallynbemo’b £.0 times
the weight of dry solids.

A weighed qummy of the slightly damp mixmn was placed
in a mold cavity and subjected to light molding pressure, suffi-
cient to compact the loose material into a monalithic molded
mass having the exact configuration of the mold cavity, but
without expelling any water from the mold. The molded piece
wat then removed from the mold, dricd in an oven at a tem-
perature of about 250° F., and tested. The dried molded insu-
lation showed no shrinkage or warpage and had the exact
dimensions of the mold cavity in which it was formed.

S

8
Min. Moz
Expanded perisie. bull donsiey
20w 2SS B . (2] »n
Sadwm Jhcote ] 52
POtmansm silicate ] 12
Sods hezam ctaphoaphase L 2 é
Chopped wpua glam roving.
" 0 4 length . [
THE BROAD RANGES

ln-duuedtoptoduceamo&dpcdiumhmhavq
escellent  stress-corvosion-inhidbiting properties, but  sot

!Srqumumhnwwwmrmum

GENERAL CONSIDERATIONS  © - - °

it has been found that pamcnhriy good results are obtained
when the potassium silicate is at least half (50 percent) of the
total soluble silicate in the binder composition. The sodium
hexametaphosphate shoukd be at feast 20 percent by weight of
the total silicates in the composite binder and may range from
20 1o 40 percent, but preferably from 20 to 30 percent. To ob-
tain the optimum physical properties of the moided perlite in-
sulation the total amoun! of the composite silicate-phosphate
binder should be at least 20 percent by weight of the insulation
composition.

The dry solids content of the combined soluble silicate and
phosphate binder materials in the binder solution is usually
about 20 percent by weight The water-dispersed styrene-bu-
tadiene polymer latex, if used, is not included in this figure
since this material does not function as a binder in the molded
perlite insulation product.

Prefcrably the new molded perlite insulaton 1 produced at
a density in the range of 10 to 12 pounds per cubic foot. It can
be molded at higher density up 1o 14 pounds with some sacri-
fice of thermal insulating efficiency, or as low as 9 pounds with
somewhat lower mechanical strength,

THE PREFERRED RANGES

Referring to the composition of the above typical example |
of the new perlite insulativn, some variation in the proportions
of each of the components 15 permissible Optimum results are
obtained within the following preferred ranges:

Preferred compusston
cange,
Dry weight Percent
Sm. Mo,
Exvpanded perinte, bulk denmty

20028 b.sce N [ ”»
Suctium s ute [} 2]
Potarsium sibwcate ] [} ]
Sodium hersmetaphuomphaee 4 s
Shuwt ashenios frher 4 ]
Sty scac-hutudwene polymes lates 3 L)

The potassium silicate is preferably at least 40 percent of
the total weight of silicates in the binder composition.

It is of course to be understood that within the above per-
cent ranges, if one ingredient is at the minimum or maximum
of the range. then the percentages of the other ingredients
must be adjusted accordingly to total 100 percent.

Referring to the compasition of the above typical example I}
(containing fine glass fibers instead of ssbestos), optimum
results are obtained within the following preferred ranges foc
each of the ingredients.

Preferrcd compusition sange.
Ory weght Percem

28

30
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45

30
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ummmmuh@spmwﬂnmhmd&e
preferred

compositions, this can be accomplished using
ssbestos-containing compositions withie a somewhat brosder
range, as follows:

Broad compuiticn rasge,

Dy weyght Percent
Min Aoy
Expunded purtce, bulk dvnsy
18w ishic A o0 ”
Sodwen sl e $ %
Potmanm sbicuic ¢ ‘3
Sodw he Anphmpl 3 ¢
Ebuwt gabentos fider ° [
Styrens -buradicnc polymer latex 1] s

A molded perlite insulation having excellent stress-corro-
sion-inhibiting properties, but with somewha! lower capsbili-
ties a8 10 waler resistance, mechanical strength and service
temperatures than posseszed by the insufation products of the
preferred compositions, can be made using glass-fiber-rein-
forced compositions within & broader range, as foliows.

Broed compoation reage.
Dry wewght Petcent
Mm. Mas
Expanded pering. bulk demty
18wISisie R «0 k{J
Sondosm vilac sie H 11
Puionasem wivcate 3 18
Sodeurn heasmetapiunphate 3 ]
Cinpped spun 'L-— rnang,
T 1 engih o L

TESTDATA

When the moided perlite insulation products of the above
typical examples | and i were tested, in comparison with the
requirements of U.S. Milntary Specification MIL-§-2781E for
Insulating Block, the following physical properties were
shown:

uiresoents of
3 3t 13-1-2781R
Denaity, tbe.fcu. fi.. ceecereen- LG LS 349 mazimum.
Flezaral surength " (transverse
modulus): .
Dry, los. peeog.in........ ..... 740 823 3 U density.
Wet, dos. persg- mceeee cceveo. M6 WD (Nnnq;ln-
lﬂme;mklmbﬂiw.humu
Lot in weight, peroent........... | %] 28 126 maximim.
mmrmk‘uv, peroent [N L1 20 nl;u-um
Restatance 10 sheasion (tambie test),
'mlomimm ceoranseniece oo W0 .0 M mazimum.
ARer D minugee ....... .... ... .0 N6 ! maximum.
Water almorption, sfter M hours im- ¢ 285 (No require.
mergion, percent by g, ment.)
Waler slworption, after 3 bolle V20 1308 o.
fng water lmmenkm percent.
‘ The st spwcimen showed 1o structurel dfudo: stion or physieal

Islttingration of the molded Mlﬂhﬂ m l.lll
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Thermal conductivity measurements of the insulation
product of the above typical example | gave the following
values, in B.t.u. per hour per square foot per degree F. per
inch of thickness.

Conductn gy at 300° £ meas temp. O © 048
s X a3t
. A : ) o8

* A< would be expected from the fact that the ksulation
products of example 1 and example Il sre closely similar in
composition and nearly of the same density, the thermal con-
ductivity values for exampie 11 are substantially identical with
thoae of exampie 1, within the normal plus or minus S percent
eeproducibility vanation of thermal conductivity measure-
ments on insulation materials for high-temperature service.

The new perhite insulation of the above typical exsmples
was 2lso tested for its corrosion-inducing potential by the test
methods of Military Specification MIL-§-24224 (Nava! Ships
Enginecring Command of the Department of Defense) for
thermal insulations to be applied on stainless steel. The test
results showed that the new perlite insulation ks fully inhibited
sgainst inducing corrosion and meets all requirements of the
above specification, with an ample margin of safety. The test
method involves “‘wicking™ (transmigrating) of distilied.
deionized water through the insulation specimen in contact
with & stressed, heated specimen of austenitic stainless steel
for a penod of 28 days, to concentrate any soluble sahs at the
surface of the metal that could thereby induct cracking.

From the above results it is apparent that the new perite in-
sulation has very low density; high-thermak-insulaton efficien-
cy: adequate strength for handling and installation, whether
dry or wet; good resistance to abrasion; high resistance to
structural disintegration when subjected to boiling water im-
mersion, and has negligible corrosion potential when applied
on stainless steel.

Referring to the above “corrosion-potential” test of the in-
sulation, it has been proposed 1o accelerate this test and also
simulate the conditions under which chloride jons from exter-
nal sources, as well as from the substance of the insulation,
concentrate on the surface of the metal. This is donc by using
23 the wicking test solution a positive, corrosion-inducing ion,
namely, 1500 p.p.m. of sodium chloride, in the place of
deionized water. This test is run for 6 days and determines the
extent of any inhibiting effect against stress corrosion afforded

by the insulation. When tested in this way, the new perlite in- -

sulation showed that it afforded complete protection against
corrosion induced by the chloride ion under such conditions.

It will of course be understood that in order 1o be effective
as a corrosion inhibitor the insulation must be installed so that
it 15 actually in contact with the stainless steel. Transmigration
of moisture will then supply sufficient soluble silicate and
phousphate from the insulation to the metal surface to produce
a protective film; but if the configuration of the insulation is
such that there are large voids with no contact, as with some
fitings, this may not occur,’

THEORY OF OPERATION

The results above described were unexpected and not fully
understood. Presumably there may be some reaction between
the soluble silicates and the surfaces of the perlite particles
forming an insoluble or difficuky soluble compound, o
depositing a silica film at the interface, during the drying of
the moided insulation. Another possible explanstion might be
the reaction between the metaphosphate and part of the sodi-
um oxide in the silicate solution to form an orthophosphate,
thereby increasing the silica/soda ratio and making the film
less easily soluble. Regardiess of the validity of any such ex-
planations the actual behavior of the molded periite insulation
confirms the superior results of the composite silicate-
phosphate binder.

The mechanism of the formation and maintenance of the

ey st inhihitine nroterties filen o the yuafers oF he st
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the perlitc insulation redissoives or colloidally disperses an ex-
tremely small amount of the excess Sried silicate -phsosphate
binder between the perlite particles and deposits & microscop-
ically thin protective fili on the surface of the metal. This fiks
contains the alkaline cations, Sodium, (Na*), Potessium, {(K*)
and the anions $i0,.._and PO, _, plus the dispersed silica of the
soiuble silicates (Sié0,). The excess binder maintains a reser.
voir, end the minute amounts withdravn do not affect the
bond strength of the msulation.

ADD!'DONAL PROPERTIES

The new perlite insulation of this invenuon has uite es-
Wympemmmwmmmrmw
presence of mossture or liquid water. Thus, it i not water-
repelient and water is readily absorbed and transmigrated
within the molded insulation. Yet even after 24-hours immer-
sion and when fully saturated with water the molded insulation
retains almost two-thirds of its original dry flexural strength,
cven soaking wet the flexural streagth still exceeds the
requirements of MIL-J1-2781E. Even more remarkable is its
behzvioc when immersed in boiling water. Thua, afier more
than 100 hours of such immersion, the test specimen was still
intact, showed no evidence of structural disintegration, and
after drying to remove the absorbed water, was capable of giv-
ing satisfactory service as thermal insulation. Although all the
ingredients of the composite silicate-phosphate binder solu-
tion were waler soluble when applied to the perlite before
molding, the binder after drying has become highly water-re-
sistant and retains a strong and persistent bond between the
perlite particles under severe water exposure,

From the viewpoint of the effectivencss of the new perlite
insulation, is exerting a positive corrosion-inhibiting effect on
stainless steel, the fact that ® readily absorbs and trams-
migrates mosture is considered advantageous. This ensurcs
that when excessive moisture is present, as from spillage of
water on the outer surface of the insulation or from steam
Jeaks, the transmigration of moisture through the insulaton
will dissolve a sufficient amount of the excess soluble silicate -
and phosphate of the binder content, and transmit it to the
metal surface to form the protective silicate-phosphate film
thereon that will inhibit the corrosive effects of any chloride
#on concentration.

The invention having now been described in detail, and the
ranges of composition within which the improved corrosion-
inhibiting thermal insulation may be made having also been
set forth, the limitations intended are only those set forth in
the following claims.

The embodiments of the invention in which an exclusive
property ot privilege is claimed are defined as follows:

1. A molded thermal insulation consisting of at least 60 to
sbout 73 percent by weight of finely divided, cellular ex-
panded periite having a bulk density in the range of about 1.8
80 about 3.3 tb./cu. A, bonded into a monohthic mass by a
dried, inorganic, water-soluble binder consisting of a major
proportion of a mixture of sodium silicate and potassium sil-
icate and a lesser proportion of sodium hexametaphosphate,
s&id sodium hexametaphosphate being from about 20 to about
40 percent by weight of the 1otal silicates in said binder com-
paition, said soluble silicates each having a molecular ratio of
silica to atkaline oxide of &1 least 3.6 10 1.0, wdpousnumul-
icate being st least 40 percent by dry weight of the total eil-
icate in the dried binder, s2id composite binder being at least
about 20 percent by weight of he total insulation composition,
said deied composite binder constituting » reservoir of stress-
corrosion-inhibiting compounds for an austenitic stainiess
steel surface on which said insulstion is installed, whereby
Boiture transmigrated through ssid insulation 10 said seee)
susface deposits thereon a film containing K* and Na* cations,
$i0y. .and PO, anions and dispersed silica, $i0;, which is ef-
fective to inhibit stress-cotrosion cracking of said stainies
steel.

1 A m-comm-hhibmng molded tbemm! mmlx&m '
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from about 5 io about 14 percest of zodium silicaie kaving 2
molecular ratio of sllica to sodium oxide of 8¢ least 3.6 %0 3.0,
from about 6 to about 15 percent of potzmium silicate having
s molecular ratio of silica to potassium oxide of o least 3.6 t0
1.0, from about 3 to about 6 percent of sodium bkex-
ametaphosphate, from sbout 3 10 sbout € percont, by weigist
of short asbesios fiber hm‘-p&mmb
Group 7 of the Canadian Standerd Fiber Clamsification
(QAM.A), and up 10 § percent of & styrepe-butadiere
polymer latex as a plasticizer, sald mixture of silicates and
sodium hexametaphosphate constituting a composits binder
for ssid expanded perfite 10 bond the particies and fiders into 3
monolithic molded mass, said thermal imsulsting material
showing no significant change from mold dimenslons, having
fow density and high-thermal-insulating efficiancy in the tom-
perature range from about 100* F. up 10 sbout 1,300°F ., hav-

. ing high fiexural streagth both dry and wet, and belng highty

resistant to structurai deterioration by boiling water.

3. A stress-corrosion-inhibiting molded thermal nsulation
for sustenitic stainlews steel, consisting of from about 65 w0
about 70 percent by weight of cellular expanded perlite having
& bulk density in the range of about 2.0 tc 2.5 b jeu. fi,, from
sbout 8 to about 12 percent of sodivm silicste having a
molecular ratio of silica to sodium oxide of at least 3.6 0 1.0,
from about 8 to ebout 12 percent of potassium silicate kaving
a molecuizr ratio of silica to potassium oxide of at least 3.6 to
1.0, from about 4 to sbout § percent of sodium hex-
smetaphosphate, from about 4 to about S percent of short
2sbestos fiber having a gradation conforming to Group 7 of
the Canadian Standard Fiber Classification (Q.A.M.A.), and
from about 3 to sbout 4 percent of a styrene-butadicne
polymer latex as a plasticizer, said mixture of silicates and
sodium hexametaphosphate being at least about 20 percent by
weight of the otel composition and constituting a composite
binder for said caipsnded perlite to bond the particles and
fibers into & menohthic molded mass, s2id thermal insulating
material showing no significant change from mold dimensions,
having & density in the range of 10 to 12 ib./cu. ft. and high-
thermal-insulation efficiency in the tempersture range from
about 100° F. up to sbout 1,300" F., having high flexurul
strength both dry and wet, and being highly resistant to struc.
tural deterioration by boiling water,

4. A siress-corrosion-inhibiting molded thermal insulation
for susicenitic stainless sieel consisting of about 67.8 percent
by weight of fincly divided, cellular, expanded periite having a
bulk density in the range of about 2.0 10 2.5 pounds per cubic
foot, about 10.3 percent of sodium silicate binder having a sil-
ica/soda weight ratio of about 3.7$ to0 1.0, sbout §0.3 percent

of potassium silicate binder having a silica/potash weight retio,

of about 2.50 10 1.0, about 4.1 percent of sodium hex-
ametaphotphate, sbout 4.4 percent of 7W Grade shont
amosite asbestos fiber, equivalent in gradation to Group 7 of
the Candian Standard Fiber Clsssification (Q.AM.A), and
zbout 3,1 percent of a styrenc-butadiene polymer latex as &
plasticizer, ssid composition being bonded into & monolithic
mas, said therma! insulation showing no significant

from modd dimensions, having a density of about 1.6 pounds
per cubic foot, having high-thermal-insulating efficiency in the
temperature range from about 100° F. up to about 1,300° I,
having high flexural strength, both dry and wet, and being
highly resistant to structural deterioration by bolling water,

$. A binder composition for a pressure-moided ma of fine-

ly divided, cellular, expanded perlite thermal insulating
material, w:n;dlnqp(pmpordondlwhmdnﬂ-
um sificate and potxssium silicate in water solutioa, and »
lesser proportion of sodium hexametaphosphate dissolved in
said silicate solution, said sodium hexametaphosphate being
sbout 20 10 about 40 percent by weight of the total silicates in
said binder composition, said soluble silicates each haviag »
molecular ratic of silics so alkaline oxide of st loast 3.6 10 1.0,

e 3659,276
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glication to said expanded pe e, mdmdbhduw.pon-

§. A biader composition for 8 pressure-molded mam of fine- .
Vy divided, cellular, expanded j )
seatorisi, consisting of & water solution of & mixture of sodivm

and potassium silicates, said silicates each having s molecular
ratio of sitica to alkaline oxide of at lcast 3.6 (o 1.0, and s0di-

wm hexametaphosphate dissolved in said mixed silicate sobu- .

tion, said potassium silicste being in the range of sbowt 40 w0
sbout 60 percent of the wts! weight of soluble silicates ia the
binder composition, said sodium hexametaphosphaie being s
a smaller proportioa thas the soluble silicates, in the raage of
shout 20 1o 30 percent of the total weight of said silicstes, said
bimder solution containing sbout 20 percest by weight of dis-
sotvod solids, axid binder solution being of free flowing coa-
sisteacy and readily sprayable for spplication 10 seid expanded
pesiite, and 32id binder composition being & corrosion inhibi-

tor for sustenitic stainless stecl surfaces on whick the perlite -

"~ imsulation bonded therewith is inatalled.
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said potassium silicate beleg nf bemsr 68 uoi i o Suo mipben

7. Ahndermpoumlo:Amm-oldedmd'

fiacly divided, ccllular, expanded pertite thermal iasulsting
material, consisting of a water solution of ¢ mixture containing
oqual amounts by weight of sodium and potasiure silicaws,
said sodium silicate having a silica/soda weight ratio of about
3.75 w0 1.0, said potassium silicate heving s silica/potash
weight ratio of about 2.50 w0 10, and sodium hex-
amctaphosphate dissolved in said mixed silicate soiwtion in &
minoe proportion of sbout 20 percent of the total dry weight
of said silicstes, seid binder solution containing about 20 per-
cent by weight of dissolved aolids, said binder solutios being of
frec lowing consistency and readily speayabie for application
10 20id expanded perlite, and said bindes composition being a
corvoson inhibitor for susienitic stainless stee! surfaces oo
which the perlite insulation bonded therewith is installed,

8. A molded thermal insulation according 10 cluim 3, con-
teiming s mechanical reinforcement for the monolithic mass
olcxpnded periite and binder a minor proportion of a hest.
resistant, inorganic fiber, selected from the class consisting of
short asbestos fiber and chopped spun glass fiber roving.

9. A moided thermal insulation scoording to claim 8, in
which said heat-resistant inorganic fiber consists of up to 6
percent by weight of short ssbestos fiber having a gradation
coafarming o Group 7 of the Canadian Standard Fiver Clas-
sification (Q.A M.A).

10. A moided thermal insulation sccording to claim 8, in
which sald hest-resistant inorganic fiber consists of up to 10
percent by weight of chopped spun glass roving of from one-
eighth inch 10 1 inch length.

11. A stress-corrosion-inhibiting molded thermal insulstion
for sustenitic stainless sieel, consisting of from sbout 60 to
about 75 percent by weight of cellular expanded perfive having
8 butk density in the range of about 1.2 to about 3.5 Ib /eu. ft.,
from about § to about 18 percent by dry weight of sodium sil-
fcate having a molecular ratio of sifica 10 sodium oxwde of at
leant 3.6 10 1.0, from sbout 5 to about 1§ percent by dry
.welght of potassium silicate having 2 molecular ritio of silica
10 potassium coxide of at iesst 3.6 10 1.0, from about 3 10 about
8 percent of sodium hexametaphosphate, and up to 10 percent
of chopped spun glass roving of %-inch to 1-inch length m 8
heat-resistant, inorganic fibrous reinforcement, said mixture
of silicates and sodiumn hexametaphosphate constituting
compasite binder for said expanded perlite 10 bond the parti-
cles and fibers into & monolithic molded mass, said molded
thermal iasulation showing no significant change from mold
dimension, having low density and high-thermal-insulating ef-
ficlency in the temperature range from about 100° F. up to
about 1,300° F., having high flexural strength both dry and
wet, and being highly resistant 10 structural detenucation by
bo“fng wnrer,

thermal jasulating
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about 70 percent by weight of cellular expanded perlite, hav-
ing a bulk density in the range of about 2.0 to 2.5 fb.jcu. fi.,
from about 8 to about 12 percent of sodium silicate having 2
molecular ratio of silica to sodium oxide of at iesst 3.6 10 1.0,
from about 8 to about 12 percent of potassium silicaie having
a molecular ratio of silica to potassium oxide of at leest 3.6 1o
1.0, from shout 4 1o about 6 percent of sodium hex-
ametaphosphate, and from about 4 to about 8§ percent of
chopped spun glass roving of %-inch to %-inch length as a
heat.resistant, inorgenic fibrous reinforcement, sald mixtse
of silicates and sodium hexametaphosphate being at least
about 20 percent by weight of the total composition and con-
stituting a composite binder for said expanded perlite to bond
the particies and fibers into 2 monolithic molded mass, said
molded thermal insulanon showing no significant change from
mold dimensions, having & density in the range of 10 to 12
ib.jcu. ft. and high therma! insulating efficiency in the tem-
perature range from about 100° F. up 1o about 1,300* F., hav-
ing high flexural strength both dry and wet, and being highly
resistant to structural deterioration by boiling water.
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13. A stress-corrosion-inhibiting molded thermal insulation
for ausienitic stainless steel comisting of about 67.5 percenat
by weight of finely divided, cellular, expanded pertite having a
bulk density in the range of about 2.0 10 2.5 pounds per cubic
foot, about 1.0 percent of sodium silicate binder having a sil-
ica/sods weight ratio of about 3.75 o 1.0, sbout 11.0 percent
of potmsium silicate binder having a silica/potash weight ratic
of sbout 2.50 10 1.0, about 4.5 percent of sodium hes-
ametaphosphate, about 4.0 percent of chopped spun glass rov-
ing of Ye-inch length and about 2.0 percent of chopped spun
giass roving of %-inch length as heai-resistant, inorganic
fidrous reinforcement, said compaosition being bonded into 8
monolithic mass by said compasite sificate binder. said
molded thermal insulation showing no significant change from
mold dimensions, having a density of about 11.8 pounds pet
cubic foot, having high thermal insulating efficiency in the
temperature range from about 100° F. up 1o about 1,300° F.,
having high flexural strength both dry and wet, and being
highly resistant to structural deterioration by boiling water.
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