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Substitution of glass microspheres for particulate fibers 

in the silica fiber-reinforced luminum phosphate laminates 
results in low viscosity binder. For the most part laminates 
are weak. Little or no improvement in electrical properties 
is observed. Two formulations, however, do appear to have 

qualities worthy of investigation. 

Based on the improved flexural strength obtained in 
previous experiments by substituting asbestos in formulations 

containing particulate fibers, asbestos was added to glass 
microsphere formulations. No marked increase in strength was 

noted. The lower strength may be due to the chrysotile type 

asbestos reacting with the aluminum phosphate to a lesser 

extent in the presence of the microspheres. 

Substitution of silica microspheres for particulate fillers 

results in much lower viscosity, probably due to the fact that 
the silica does not react in the formulation. The laminates 
appeared tough, but since the molds were not filled with the 
lower viscosity binder, more silica must be used to fill molds 

to obtain valid data for future tests. 

Improved laminate modulus and strength using palygorskite 

or palygorskite paper as filler is indicated. Baymal colloidal 
alumina appears to be the aluminum hydroxide material suitable 

for use with palygorskite. 
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The main objective of this program of investigation has 

been to obtain further electrical and physical data on inorganic 
laminates developed during work performed by the Plastic Engi¬ 
neering Laboratory for the Bureau of Weapons, Department of the 
Navy. During this investigation, two materials were found to 

have promise as 1000 F radome material, one General Electric 
proprietary mica laminate XS-1342 and the other a silica fiber- 
reinforced aluminum phosphate developed on the contract. In 
addition to having high temperature capabilities, both these 
materials appeared to have easy processing parameters, there¬ 
fore lending themselves to the formation of radome shapes of 
large size with varied cross-section and rather intricate shape. 

Investigation was planned to determine whether or not a real 
radome material was at hand and to determine the electrical and 
physical stability of these materials upon aging for 100 hours 
at 1000 F. The work documented in the first two Interim Engi¬ 
neering Reports essentially accomplished this objective. 

The electrical properties of both the inorganic mica mater¬ 

ial and the' silica fiber reinforced aluminum phosphate were 
strikingly good. The G-E proprietary mica laminate also had 
good physical stability. It maintains 27,000 to 28,000 psi 
flexural strength at room temperature and at 800 F, as well as 
after aging at 800 F for over 100 hours. Its 1000 F physical 
properties surpass known plastic and semi-organic systems. The 
silica fiber-reinforced aluminum phosphate laminates start with 
room temperature strength in the range of 10,000 to 15,000 psi 

and 1000 F temperature strengths in the range of 20,000 to 
25,000 psi, but they lose their strength after 100 hours aging 
at 1000 F. It was therefore felt that the remaining time and 
finances could be best devoted to improving the strength of the 
silica fiber-reinforced aluminum phosphate as well as its thermal 

stability. This meant an about face in most of our efforts. 

Originally the program was predominately a test program on 

existing materials. It was now necessary, in effect, to start 
a materials development program or materials improvement program. 
With a limited amount of remaining time and finances remaining, 

it was felt that we might only be able to make a few shotgun 
approaches at improving the strengths of these materials because 

a step by step materials development program certainly could not 
be engaged in. This report, therefore, contains the initial steps 

toward reorienting our efforts in the direction of obtaining 
higher strength and better thermal stability, as well as finishing 

some minor phases of endeavor such as improving the electrical 

properties by the inclusion of microspheres. 
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SUMMARY OF CONCLUSIONS 

Substitution of glass microspheres for the particulate 

fillers or the removal of water in glass microsphere formu¬ 

lations does not improve laminates. The phosphoric acid re¬ 

acts with the glass. Silica microspheres may not have this 

reaction and therefore they should be investigated. 

Palygorskite paper as a filler incorporated with alumi¬ 

num hydroxide such as fibrous Baymal appears to be a suitable 

combination for improving the laminates. This binder would 

also have good flowing and binding characteristics. 

A laboratory method for making paper based on palygorskite 

fibers has been developed. 
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FUTURE WORK 

Up to the present time all of the ceramic laminates have 
been made at a test sample size of approximately lx4xl/8 inches. 
It appears desirable to learn how the material can be fabri¬ 
cated and how it will perform in larger masses. For this pur¬ 
pose a 9-inch diameter x 14-inch long mandrel has been built 

to filament wind a large size cylinder using silica fiber 
roving reinforced with aluminum phosphate Formulation 3 binder. 

Further investigation of the use of silica microspheres 
in the binder will be made. Since the silica does not appear 
to react with the phosphate, the binder will be less viscous 
and will therefore permit more fiber to be put into the lami¬ 
nate. This should contribute to higher strengths. 

Laminates using palygorskite paper will be made to de¬ 
termine the strength, aging and electrical characteristics 

that can be obtained. 

To attempt improving the silica reinforcing fiber itself, 

laminates will be covered with a protective coating of magnesium 
oxide which in turn will be covered with a silicone resin to 
protect the magnesium oxide from reaction with the phosphoric 

acid. 
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BINDERS CONTAINING MICROSPHERES — 
î 

Glass Microspheres 

.. 

One of the pioneer efforts of the testing program was an 
attempt to improve the 950 megacycle electrical characteristics 
of the silica-fiber reinforced aluminum phosphate laminates. 

To lower both dielectric constant and the loss tangent, glass 
microspheres were included in the binder. It was believed that 
this low density filler, substituted for some of the higher 
density fillers in the binder, would lead to better electrical 
properties. Time and experimentation showed that the elec¬ 
trical properties of the existing binders were sufficient with¬ 
out further improvement. However, the inclusion of glass micro¬ 
spheres in the binder presented rather interesting discoveries 
that led to a further investigation of this binder system. 
Some of our very first attempts showed that the inclusion of 
glass microspheres lowered the viscosity of the binder to the 
extent that it was possible to remove water from the binder 
formulation. This was something we attempted to do in the past 
without success. We believed that the removal of water from 
the formulation would lead to a less porous material and, hope¬ 
fully, a stronger one. Our initial attempts in the direction 
of including microspheres in the formulation were the most 

encouraging. The substitution for only the alumina by glass 
microspheres and the removal of 25% to 50% of the water in the 
formulation resulted in very good laminate strength. We con¬ 
cluded that if a little bit of a good thing is good, more should 
be better; we were disappointed in the results. We explored all 
the formulation possibilities based on these good laminates - 
such as removing more water, removing more of the particulate 
fillers and substituting more microspheres, etc. None led to 
laminates of any consequence. Usually the binders were extremely 

weak. We also theorized that the fillers might be acting as 
small abrasive particles thereby weakening the fiber. So we 
explored the removal of all fillers as well as their replacement 
with microspheres. This led to extremely low viscosity. Hence, 
we also investigated the possibility of removing water from this 
fillerless material. All the results were disappointing; our 
initial results were still the best. Table I, Page A1 describes 
all the formulations made for this series and the results. 

It is indeed unfortunate that the first few experiments 
were so successful as it more or less led us down a rosy path 
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TABLE II 
FLEXURAL STRENGTH OF LAMINATES 

BASED ON BINDERS CONTAINING GLASS MICROSPHERES 
REINFORCED WITH 150 4/3 SILICA FIBER YARN 

Binder Formulation 

3GMB3.3 - 10 H2O HI 
Av 
Lo 

3GMB3.3 - 20 H2O Hi 
Av 
Lo 

Flexural Strength PSI* 

Room Temp. 1000 F 

11,000 15,200 
10,600 13,000 
9,900 11,800 

14,400 20,000 
13,500 17,300 
12,200 15,900 

3 Av 10,700 15,200 

ZGMB8.4 - 20 H2O Hi 
Av 
Lo 

3,500 

3,200 
2,700 

6,200 
5,000 
3,400 

1 — 4 to 5 samples tested. 



of making many, many other similar binder formulations without 

success. Table II, Page la shows the strengths of the various 
formulations that led to laminates deemed worthy of test. 
They are compared with our standard Formulation 3. Two formu¬ 
lations appear to be worthy of some notice. It was shown in 
Interim Engineering Report No. 2 that formulations containing 
microspheres led to little or no improvement in the existing 

electrical properties or water absorption. However, those 
two formulations that were good might be used as base formu¬ 

lations, and improvements made upon them. 

Glass Microspheres Plus Asbestos 

Since the inclusion of glass microspheres led to some 
encouraging results, it was hoped that it would be possible 
to upgrade these formulations by the inclusion of asbestos 
in the binders containing glass microspheres. The addition 
of asbestos to formulations containing the solid particulate 

fillers - such as Formulation 3 - led to a striking increase 
in flexural strength. It was hoped that the same might be 
accomplished in the formulations containing the glass micro¬ 

spheres. The formulations for the binders containing both 
asbestos and glass microspheres are tabulated in Table III, 
Page 2a. Comments concerning the handling characteristics 
and resulting laminates are also there. It is evident that 
formulations containing both the microspheres and the asbestos, 
which were worthy of testing, did not show any marked increase 

in strength over laminates that did not contain asbestos. We 
are at a loss to explain why asbestos has such a good effect in 
one formulation but not in another. There is the possibility 
that, since the asbestos used is a chrysotile type and there¬ 
fore is reactive with phosphoric acid, its effect is based on 
its reactivity with the aluminum phosphate or the phosphoric 
acid. However, since the glass microspheres also appear to 
be reactive with the aluminum phosphate and/or phosphoric acid, 

it could be that insufficient reaction with the asbestos or no 
reaction with the asbestos leads to lower laminate strength. 
At this point, this is pure supposition. (Table 4, Page 2b) 

Silica Microspheres 

Now that it was established that good but not outstanding 
laminates could be made with binders containing glass micro¬ 
spheres, the next step was to use silica microspheres with 
higher temperature capabilities. Our initial experiments — 
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TABLE IV 
FLEXURAL STRENGTH OF LAMINATES 

BASED ON BINDERS CONTAINING GLASS MICROSPHERES AND 
ASBESTOS REINFORCED WITH 150 4/3 SILICA FIBER YARN 

Binder Formulation 

ZGMB3.3 A15.6 - 10 H.O HI 
2 AV 

Lo 

Flexural Strength PSI 
Room Temp. 1000 F 

13,500 
12,100 

10,700 

ZGMB8.4 A15.6 Hi 9,200 
Av 6,000 
Lo 4,400 

8,000 
6,900 
5,800 

ZGMB8.4 A15.6 
(Batch II) 

Hi 5,400 
Av 4,700 
Lo 4,400 

10,900 
8,600 
6,400 

ZGMB8.4 A15.6 - 10 H20 Hi 

Av 

L0 

11,700 
6,800 
3,900 

13,700 

11,100 

8,900 



using silica microspheres in place of some of the particulate 

fillers — have shown that they result in very low viscosity, 
even lower than those binders containing a similar amount of 
glass microspheres. While the glass microsphere-containing 
binders tend to increase rather rapidly in viscosity, ostensibly 
due to the reaction of the phosphoric gases in the glass, there 
is no similar increase in viscosity with the binders containing 
the silica microspheres. The inactivity of the silica micro- 
spheres apparently allows the binder to retain its low viscosity. 
The viscosity of these binders is so low that when using the 
138 strands of reinforcement commonly employed, the mold was 
not filled. As a result, an undersized laminate of very rough 
surface finish was obtained. The sample was so irregular that 
no tests were performed other than a hand evaluation. It 
appeared to be extremely tough, and it also was exceptionally 
pliable. Since these experiments were preliminary with very 

little data resulting, we have not tabulated their results. 
The silica containing micro-balloons might be worthy of some 
more investigation. Due to the low viscosity, we should be 
able to incorporate additional reinforcing fiber and reduce the 
water content of the binder. Because the inactive silica will 
not rob phosphoric acid from the aluminum hydroxide, perhaps a 
stronger bond will result than those experienced with the glass 

microspheres. 

Conclusion 

Substitution of glass microspheres in the aluminum phosphate 
binder does not significantly improve the electrical properties 
of the already sufficient aluminum phosphate laminates. Removal 
of water does not appear to reduce the porosity to any signifi¬ 
cant extent.1 Partial substitution of the particulate fillers 
with microspheres and removal of part of the water does produce 
good, but not outstanding, laminates. Removal of all the fillers 
and the substitution of glass microspheres results in very weak 
binders. Phosphoric acid or aluminum phosphate apparently reacts 
with glass microspheres. Particulate fillers apparently add 
strength to the aluminum phosphate binders. The inclusion of 
asbestos floats to binders containing microspheres does not result 
in increased strength that is experienced with binders containing 
particulate fillers. Binders containing silica microspheres are 

deemed worthy of some additional investigation. 

1 - Interim Engineering Report No. 2, pp. la-2a. 
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PHOTO I - RAW PALYGORSKITE 
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LAMINATES CONTAINING PALYGORSKITE 

It has been our contention that increased strength as 
well as thermal stability could be obtained by the use of 

other high strength, high modulus, high temperature fibers. 
Initially, the only material that fitted this category was 
silica fibers. Other types of fibers were not available. 

Even the silica fiber has a relatively low modulus (10 million 
psi). Asbestos with twice this modulus (24 million psi) has 
only low temperature capabilities, and therefore, was not in¬ 
vestigated. For some time, there has been a concerted effort 
on the part of many laboratories to make high strength, high 
temperature, high modulus fibers. There has been a parallel 

effort on our part to obtain sufficient quantities of these 
fibers to evaluate their use in inorganic laminates. Thus 
far, all those laboratories participating in this investi¬ 
gation have not had sufficient quantities to enable us to 
evaluate them. Subsequently, we sought to find other natural 

fibers but they, too, have rather low temperature capabilities. 

Palvcorskite 

One material that came to our attention seemed to show 
promise. It was reported to have ability to maintain its 

strength at higher temperatures than asbestos. This material 
is called palygorskite. (Photo I , Page 3a). It is a tan 
colored inorganic mineral of minute fibril structure capable 

of being heated to temperatures in the order of 500 to 600 C 
without obvious mechanical degradation. When found in its 
original state, it resembles a chunk of leather from which it 
derives its more common name, Mountain Leather. 

Chemically, palygorskite is hydrous magnesium aluminum 
silicate having an undefined esçact composition and crystal 
structure, which is typical of many complex silicates. It 
is chemically similar to asbestos since both are silicates, 
but the two are not closely related, nor is palygorskite 
another "form" of asbestos. The known impurities in paly¬ 
gorskite are principally calcium and iron that can be re¬ 
moved by high temperature heating and acid treatment. Paly¬ 

gorskite is not reactive with strong mineral acid except with 
some of the "impurities" such as iron and calcium (Table v 
Page 4a . The purified material is bleached pure white in 
color and remains white even after heating to 600 C. 
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TABLE V 
REACTION OF PALYGORSKITE WITH VARIOUS CHEMICALS 

Color Changed From 

Tan to White 

Hydrochloric Acid 

Sulphuric Acid 

Nitric Acid 

Phosphoric Acid 

Oxalic Acid 

Ammonium Phosphate 

Color Changed From 

Tan to Red_ 

Chromic Acid 

Mo Color Change 

Lactic Acid 

Acetic Acid 

Boric Acid 

Tartaric Acid 

Formic Acid 

Phenol 

Formaldehyde 

Sodium Chloride 

Sodium Oxylate 

Hydrogen Peroxide (30%) 

Sodium Hydroxide (20%) 

Q 
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TABLE VI 
PALYGORSKITE BINDER FORMULATION 

Hydrated Alumina 40 g 

(C-730 Alcoa) 

H20 40 cc 

Ortho Phosphoric Acid 60 cc 

85% 

Milled Zircon 325 mesh 80 g 

(Titanium Alloy Mfg. Div.) 

National Lead Company 

Palygorskite Pulp (dried) 15.6 g 
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TABLE VII 

FLEXURAL STRENGTH OF LAMINATES BASED ON 
BINDER 3-61 REINFORCED WITH SILICA FIBER 

ROVING AND PALYGORSKITE 2 

Number of 12 End 

Rovings per Laminate 

138 HI 
Av 
Lo 

112 HI 
Av 

Lo 

100 Hi 
Av 
Lo 

Flexural Strength3 
_PSI 

Room Temperature 

16,900 
15.800 
14.800 

6.500 
5.500 
4.500 

7,200 
6,400 
5,600 

1 — Hydrated Alumina 40 g 
85% Ortho Phosphoric Acid 60 cc 
H2O 40 cc 
Milled Zircon 80 g 
Asbestos Floats 15.6 g 

2 — 9% Palygorskite based on weight of roving. 

3 — Only 2 samples. 
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Electrically, palygorskite possesses exceptionally lower 

loss characteristics than asbestos. For example, a refined 

specimen of palygorskite had a measured power factor of less 

than 0.5% at 200C while asbestos measures 10-15% at room 

temperature. The dielectric breakdown of handsheets of paly¬ 

gorskite ranges from 500 to 900 volts per mil at 60 cycles. 

Palygorskite in Aluminum Phosphate Binder 

We decided to follow our previous experiments in which 

we added asbestos to aluminum phosphate binder and obtained 

rather good increase in strength. Here, we simply attempted 

to substitute palygorskite in the binder. It was first neces¬ 

sary to convert the material into a form that could be dispersed 

in the binder. It could not be added directly because it is an 

extremely tough laminated material, resembling leather. It was 

therefore necessary to cut the palygorskite into small pieces, 

then put in a large excess of water and allow it to soak. This 

was then pulped in a Waring blender. The pulp was placed on 

trays and put in the oven to dry. It was added to the alumi¬ 

num phosphate formulation described in Table VI. Viscosity was 

so high that it was impossible to make laminates. The affinity 

of the palygorskite for liquids appears to be enormous. In 

order to make a workable binder, it was necessary to add 100 

grams of water to the basic formulation. This in turn resulted 

in a binder that was so dilute that it was doubtful that any 

laminates made from it would have very much strength. In spite 

of this, laminates were made so that we might gain some ex¬ 

perience using palygorskite and, as predicted, the laminates 

turned out very weak and unworthy of testing. 

Palygorskite on Silica Roving 

Since it appeared impossible to add eve 6% palygorskite 

to the binder without having a binder of unduly high viscosity, 

the question now remained: how can we get palygorskite into 

the laminate by some practical means? We reasoned that if the 

palygorskite could stay out of the binder until the last moment, 

we might be all right. Therefore, why not use the silica fiber 

itself as the carrier for the palygorskite? The silica fiber 

containing the palygorskite could be run through the binder 

formulation and the laminates made in the usual manner. An 

attempt was made to coat 150 4/3 silica fiber yarn by passing 

it through a slurry of palygorskite. This was not successful 

at all, as the tightly wound 150 4/3 yarn picked up very little 

palygorskite. We then turned to silica fiber roving, which is 
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not tightly wound. This was used as the carrier for the paly- 

gorskite. By running the silica roving through a slurry of 
palygorskite, it was possible to pick up 9% weight palygorskite 

on the weight of silica. We attempted to run a silica roving 
through the palygorskite slurry, through a drying column and 
then through the binder slurry and wind the laminate. This 
continuous operation proved to be a failure. A schematic, 
Diagram I, Page 5a , shows this setup. We encountered compli¬ 
cations - such as too much heat being applied during the drying 
of the palygorskite because the tubular furnace was quite short 
and required high temperatures in order to obtain a dry sampl®. 

This would weaken the silica fiber. We also ran into.the 
difficulty that when the silica fiber is wet with either the 
palygorskite slurry or the binder slurry, it is weak and too 
much tension would tend to break it. We also had sticking of 
the coated fiber while it moved through the tubular furnace 
which would tend to break the yarn. This processing system 
was not worth the effort for the small amount of sample that 
we wished to make. It was, therefore, abandoned in favor of 
a batch method, which is described in schematic Diagram II, 
Page 5a . Here, the silica roving was simply run through a 
pulp of palygorskite. It was then wound wet on drums made of 
galvanized stove pipe. A heat gun was applied to remove excess 

moisture. The material was then allowed to dry at room temper¬ 
ature for 24 hours. The palygorskite treated silica roving was 

then unwound from the drums and passed through the Formulation 
3-6 binder slurry and wound on the H-shaped mandrels using the 
standard drying and curing procedure. Up to this point, the 
process proceeded quite well. However, difficulties were en¬ 
countered when attempting to clamp these samples in the molds. 
Because of the great affinity that palygorskite appears to have 
for liquids, it has a tendency to swell the laminate in the molds 

Using the standard 138 strands of reinforcement, we overfilled 
the mold. It required considerable pressure to close the mold. 

During this process of squeezing the fibers much of the binder 
was forced out of the mold and we feared that much fiber was 
broken by this unusual pressure. Even if the number of strands 
were reduced to 112, the mold appeared overfilled. 100 turns 
made for normal closing of the mold. At this point, we were 
rather discouraged, so only a few samples of each type were 

made. 

Further difficulties were encountered on attempting to 
remove the cured samples from the mold. The swelling tendencies 
of the palygorskite apparently results in very little shrinkage 
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PHOTO II - LAMINATES MADE WITH PALYGORSKITE 

FIBERS AFTER BREAKING DURING FLEXURAL TESTS 

6a 



for some reason or other during the cure and every laminate was 

squeezed into the mold extremely tight and many broke on at¬ 
tempted removal. As a result, we salvaged only two samples 
of each laminate type. However, this was enough to show some 
marked differences in the results. In Table VII,Page 4c , 
we can see that those first laminates which were made contain¬ 
ing 138 strands of reinforcement, are at least twice as good 
in flexural strength as those using 112 and 100 turns, although 
some of the low strength values of the latter might be explained 
as simply handling damage in the removal from the mold. Never¬ 
theless, room temperature flexural strengths in the 14,000 to 
16,000 psi range are quite good. In spite of the difficulties 
that we have encountered in processing laminates containing 

palygorskite, it shows that they might be well worth the effort. 
More samples must be made to determine the properties at ele¬ 
vated temperatures as well as long term aging properties, which 
after all is the final goal. 

We will make one final observation concerning the manner 
in which the palygorskite containing laminates break. As we 
have reported many times, the silica fiber reinforced aluminum 
phosphate laminates break in a manner similar to reinforced 
plastic and not like ceramic materials. In general, there are 
no clean breaks? many of the fibers appeared to stay intact. 
This characteristic is even more striking in the case of the 

palygorskite containing laminates. For all intents and purposes, 
they appeared to break like wood and even sounded like wood 
breaking. A so-called broken sample could be reloaded to almost 
the maximum breaking load. Apparently, hardly any of the fibers 
were broken. (Photo No.II , Page 6a.) 

Palygorskite Paper 

Pulp for making the palygorskite paper was prepared by 
tearing the raw mineral in small pieces and then dispersing 
in water with the aid of a high speed shear type mixer or 

blendero The mixture of 500 ml of distilled water plus four 
drops of Tergetol #7 wetting agent for 3.75 grams of palygorskite 
was stirred for ten minutes in the blender,. Five different pulps 
were made for test. (Table VIII, Page 8a ). 

Ten grades of paper were made from the pulp prepared 
(Table IX, Page 9a , and Photo III,Page 7a). The pulp letters 
(Table VIII) were used to identify the sheets which were made 
in two thicknesses, (3-4 mils) and (9-12 mils) in the following 
manner: Sheets in the 3-4 mil range were made by adding 50 ml 
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Photo III Photo V 

Palygorskite Paper Cylindrical Wire Mesh Filter 

Photo IV - Laboratory Equipment Used to 
Manufacture Palygorskite Paper 
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of the stock pulp to 150-200 ml of water and formed into a sheet 
by suction-draining through a piece of rayon cloth laid oyer a 

fine wire mesh screen in a laboratory made deckle box mold. 
(Photo IV, Page 7a). The thicker sheets were made by using 
150 ml of the stock pulp. After removing the free water by 
suction, the rayon cloth containing the wet pulp was trans¬ 
ferred to a clean chrome-plated metal plate (pulp side on the 
plate) and allowed to air dry. The sheet of palygorskite could 

then be easily separated from the plate and the cloth. 

The "B" pulp had a tendency to stick to the cloth. This 
was caused by the presence of iron oxide (formed by burning 
the iron impurities) which was in the form of a finely divided 
powder and settled out of suspension to fill the openings in 
the rayon. To overcome this effect and to remove the sheet 
intact from the rayon, the cloth containing the formed sheet 
of palygorskite was placed in a 600 C air oven for ¾ to 1 hour 

which burned off the rayon and freed the specimen. 

The iron oxide can be largely removed by diluting the 
stock pulp with several volumes of water and allowing the oxide 

to settle to the bottom, as in pulps C and D. The pulp was 
removed by the use of a cylindrical wire mesh filter and re¬ 

pulped. (Photo V, Page 7a). 

The sheets made from pulp E, which consisted of a 50/50 
by weight mixture of palygorskite and Baymal , air dried con¬ 
siderably faster and appeared to have better uniformity of 
density than the plain palygorskite sheets. The use of Baymal, 
however, presented the problem of increased viscosity of the 
pulp and lengthening time to filter out the water with the 
suction pump. A pressure plate was used on the deckle box to 
hasten removal of the water. Where a sheet of plain palygorskite 

can be formed in minutes, it required 1-3 hours to make a sheet 
containing 50% Baymal. After drying, the sheets were very soft, 

flexible and had the feel of kid leather. 

To develop the technique of making laminate test samples, 
three sets of molds were prepared using palygorskite paper A50, 
A150, and C200. Approximately 35 turns of 150 4/3 silica fiber 
yarn was layer wound on the mold; with Formulation 3 binder, 

a 1 X 4-inch piece of the paper was then laid in place until 
three layers of paper and four layers of yarn were in place. 
The mold covers were then pressed into place. After the 8ÖC 
and 150C drying cycle, the mold covers were removed without 

difficulty. However, the laminates could not be re- 

1 - Use of Baymal is discussed on pp. 9-10. 
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TABLE VIII 

PALYGORSKITE PAPER TYPES PREPARED 

Pulp A (3.75 g/500 ml water) 

Palygorskite ore In the "as received" condition but 

filter washed by sucking distilled water through the 

(as received) wet pulp on a wire screen and then re-pulping to the 

original volume. The color was light tan. 

Pulp B (3.75 g/500 ml water) 

Palygorskite ore previously heated in an air oven 

for 16 hours/500C plus 2 hours/600C before making 

(baked) into pulp. Filter washed as in pulp A. The color 

was brick-red due to the formation of iron oxides. 

Pulp C (3.75 g/500 ml water) 

Palygorskite as in pulp "A" plus 100 ml hydrochloric 

acid (cone.) heated to 95-97C, stirred until the 

color changed from tan to gray-white (about Jj hr.), 

(acid treated) The pulp was then filter washed to remove all traces 

of acid and re-pulped to the original volume. The 

color was white. 

Pulp D (3.75 g/500 ml water) 

Palygorskite ore which had been heated to 500-600C 

as in pulp "B" plus the acid treatment as in pulp 

(baked & acid "C". In this case the pulp changed from brick-red 

treated) to lemon yellow while heating with the acid. The 

pulp was filter washed and re-pulped to the original 

volume. The color was white. 

Pulp E (3.75 g/500 ml water plus 34 ml Baymal (10%) 

Palygorskite pulp "A" (as received) plus an amount 

(as received of 10% Baymal sol equivalent to 50% by weight of 

plus 50% the solid Baymal to the solid palygorskite. This 

Baymal) pulp mixture was not filter washed due to its high 

viscosity. The color was tan. 
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moved from the mold without sticking and splitting. This may be 
due to either of two reasons: 1) The high temperature silicone 
wax mold release (RAM 225) may have been absorbed into the paly- 
gorskite, thereby causing the phosphate binder to react with the 
steel mold which results in sticiking? or 2) Since the mole was 
very full and there is little or no shrinkage of the palygorsklte, 

the laminates may remain wedged into the mold. Tests must be 
made using other mold releases to determine the cause and so¬ 

lution in order to obtain useable test samples. 

Binders Based on Fibrous Hvdrated Alumina 

From what little we know about palygorsklte and papers made 

from palygorsklte, we certainly know that it is quite weak when 
wet. Moreover, when using palygorsklte as a primary reinforce¬ 

ment, it will be necessary to apply many binders to the PaJ-Y" 
gorskite paper. These water-based binders will certainly lead 

to some difficulties in handling the palygorsklte paper - 
especially if the binders are particularly viscous. And, since 
some of our best binders are viscous, we must foresee the possi¬ 
bility of using them. These viscous binders will also probably 
have poor penetration of the palygorsklte paper. The liquid 
portions will undoubtedly penetrate well, but will tend to leave 
the fillers in the binder behind, leading to an inhomogeneous 
binder material. It was believed that some of these difficulties 
could be overcome by incorporating some of the binder constituents 

that make for the high viscosity directly in the palygorsklte 

paper as it is being made. Because high viscosity in most of 
the binders is primarily due to the reaction of the aluminum 
hydroxide with the phosphoric acid, it was held that if the 
aluminum hydroxide could be incorporated in the palygorsklte 
paper, the remaining binder constituents - namely the phosphoric 

acid, water, and fillers - would be of relatively low viscosity, 
therefore obtaining good penetration of the palygorsklte as well 

as preventing undue attrition on the palygorsklte paper. 

To accomplish this, paper sheets were made from a mixture 

of palygorsklte plus Baymal (DuPont) (Table VIII, Page 8a, 
pulp E) and Table IX, Page 9a, (Sheets E50 and E150). Baymal 
is a white powdered material consisting of clusters of minute 
fibrils of boehmite (A100H). It is called a colloidal alumina 

by DuPont, but strictly speaking it is aluminum hydroxide and 
only forms alumina (aluminum oxide) through the action of heat¬ 

ing at high temperature as follows: 

-9rr 
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Below 250C 
250-350C 

350-450C 

450-900C 

lOOOC 

1000-1100C 

1300C 

1500-1600C 

Dispersible boehmite fibrils 
Nondispersible boehmite fibrils 

Gamma alumina fibrils 

Gamma alumina rods 

Theta alumina 
Alpha alumina 
Porous alpha alumina 
Dense sintered alpha alumina 

Baymal disperses in water to form s^^tly acidic (pH-4) 
rolloidal sols. The powder contains about 1096 acetic acid and 
Î « ¿0 ™e lt easily di.per.ibl. in water. acetic 
Mid can be removed by heating to 300C. One of the charactMi.tic. 

of iavmal is the formation of high viscosity mixtures with wa 
which^ange from fluids to extremely viscous thixotropic so . 

The electrical properties of Baymal (boehmite) that "ot 
been inverted to alumina by heating is not very good when con¬ 
sidered Is a dielectric. For example, the following results are 

reported by DuPont in their bulletin A-18211: 

Films baked 30 minutes at 300C 
to remove acetic acid and water 
with crystal structure still 

boehmite (A100H) g v ,, . 
Resistivity - 2 x 10 (at 170C) (d.c.) 
Dielectric! Constant - 10 (at 170C) (1000 cps.) 
Dissipation Factor - 0.2 (20«) (at 170C) (1000 cps.) 

It is expected, however, that burning out the aci 
and conversion of the boehmite to aluminum oxide would result 

in improved electrical properties. 

The percentage of Baymal retained in the sheets made with 

pulp E was determined by weight difference by compar 
sheets made with the same volume of plain palygor.hite pulp. 

These values agreed very well with the «£“Ja“dt™0“^rsklte 
Bavmal sol (10%) used based on the dry weight of the p yg Till pulp áis indicates that the Baymal was completely 
retained by the palygorskite and did not pass through the wet 

pulp with the water.. 
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DIAGRAM III 

DEHYDRATION CURVE FOR PALYGORSKITE 

(MOUNTAIN LEATHER FROM MONTANA) 

SOURCE OF DATA: P.G. NUTTING -U.S. GÈOL. SURVEY 
PROFESS. PAPER 
197E, pp 197-216 (1943) 

CLAY MINEROLOGY- R.E. GRIM, PAGE 192, McGRAW-HILL (1953) 

TEMPERATURE 



Conclusion 

While the investigation of the use of palygorskite in 

silica fiber-reinforced aluminum phosphate laminates has 

presented difficulties and has not had a very ostentations 

start, a few results obtained have led to some encouraging 

possibilities. More work is needed in this area. 

By using palygorskite paper as a filler, a greater quantity 

than 9% can be put into the laminate binder. Thus, it is possible 

that higher modulus and strength may result. 

Palygorskite paper absorbs the water based binders, but 

the binder constituents do not penetrate well. If the alumi¬ 

num hydroxide could be incorporated in the palygorskite Pa?«' 

the remaining binder constituents, namely the phosphoric aci , 

water, and fillers, would be^of low viscosity and permit good 

penetration. 

Baymal (DuPont) appears to be the aluminum hydroxide 

material suitable for this because of its fibrous nature and 

good flowing and binding characteristics. 
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