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1 . INTRODUCTION 

The purpose of this study was to develop plastic foams of rubidium compounds, 
niobium metal and niobium compounds. The following tasks were to be performed, 
according to the i n i t i a l technical scope of work of the contract (5/2/78). 

Task 1. Best efforts to develop plastic foams containing rubidium compounds 
to the following specifications: 

a. The foam should be in rods, as straight as possible, which are 
* 2mm in diameter and 10 cm in length. 

b. The overall foam density should be * 0.1 g/cm3 or less. 

c. Rubidium compound content should be -v 0.05 g/cm3 of Rb. 

d. Foam cel l size should be less than 0.2mm. 

Task 2. Best efforts to develop plastic foams containing niobium metal or 
niobium compounds to the following specifications: 

a. The foam should be in sheets 15- to 20-cm square and ^ 2mm thick. 

b. The overall foam density should be % 0.12 g/cm3 or less. 

c. Niobium content should be ^ 0.06 g/cm3. 

d. Foam cell size should be as small as possible. 

k le t ter from Lawrence Livermore Laboratory (LLL) of 5/12/78 amended the above 
scope of work as follows: 

Task 1. Best efforts to develop plastic foams containing rubidium compounds to 
the following specifications: 

a. The foam should be in rods, as straight as possible, which are 
'v- 2 mm in cross section (square or round) and 16.5 cm in length. 

b. The overall foam density should be ̂  0.1 g/cm3 or less. 

c. Rubidium compound content should be ^ 0.05 g/cm3 of Rb. 

d. Foam cell size should be less than 0.2 mm. 

e. In addition the following Rb and total densities are also 
desired: 

Total density, .g/cm3 Rb density, g/cm3 

0.05 to 0.1 0.025 to 0.02 
0.1 0.005 

Task 2 remained as given above. 
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Accordingly, all project efforts were focused on the preparation of foams to 
meet the above specifications (original and amended). The two primary foam 
systems investigated were (1) hydrophilic polyurethanes and (2) polyimides. 
The former was chosen for use with the rubidium compounds and the latter for 
both niobium metal and rubidium compounds. A brief overall summary of the 
results obtained with these systems will be followed by a more detailed dis
cussion of the experimental methods and results. Foam preparation details are 
contained in an appendix. 
2. SUMMARY OF PROJECT RESULTS 
Rubidium fluoride and niobium metal-containing foam samples (rods and sheets) 
were prepared using two foam systems: (1) hydrophilic polyurethanes prepared 
from H. R. Grace Co.'s Hypol prepolymers and (2) polyimides prepared from 
Monsanto Company's Skybond polyimide resin, The f i r s t system was used only 
for preparation of rubidium fluoride-containing foams while the second was 
used for both rubidium fluoride and niobium-containing foams. The niobium 
metal could readily be incorporated into the polyimide foam during molding, 
to produce foam sheets of the required dimensions and density. The rubidium 
fluoride-containing polyimide foams were preferably prepared by f i r s t render
ing the molded polyimide foam hydrophilic with a postcuring treatment, then 
absorbing thf* rubidium fluoride from water solution. Similar ly, rubidium 
fluoride was absorbed into the hydrophilic polyurethanes from water solution. 
Since the high reactive rubidium metal could not be employed, rubidium fluoride, 
which is very hygroscopic, was used instead, primarily because of i t s high 
rubidium content (^ 82 weight percent). This was important in view of the low 
total densities and the high weight percentage rubidium required in the foam 
samples. 

In addit ion, at the later request of LLL, a block of r ig id Hypol hydrophilic 
polyurethane foam (with a density of * 0.04 g/cm3 and cell sizes <_ 0.2 mm) 
was prepared without any metal or metal compounds in i t . Two shipments of 
foam samples, which met or closely approximated the project specif ications, 
were submitted to LLL during the course of this project. Information on these 
samples is contained in Table 1 . A complete description of thei r preparation 
is given in the Experimental Results and Discussion Section. 

3. EXPERIMENTAL RESULTS AND DISCUSSION 

This discussion of the experimental results w i l l follow the order of the assigned 
tasks: (1) preparation of foams containing rubidium compounds and (2) prepar
ation of foams containing niobium. Since the preparation of the rubidium-con
taining foams was verbally given the highest pr ior i ty by LLL, the major part 
of the work effort was directed toward accomplishing this task. Also, the 
specifications for the rubidium foams were considerably more stringent and 
hence required much more investigative e f fo r t . 

3.1 Task 1 - Rubidium Compound Containing Foams 

Three major foam systems were investigated for preparation of rubidium con
taining foams. Two of the foam systems investigated were water-based, since 
many rubidium compounds are highly water soluble and hence could be incorpor
ated as the foam is prepared or alternately, taken up from water solution 
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Table 1 
Rubidium Fluoride( RbF) and Niobium (Mb) Containing Foam Samples 

S u b m i t t e d t o LLL 

Q u a n t i t y Foam Approx imate D e n s i t i e s , q / c m 3 

Sample No. & C o n f i g u r a t i o n 

5 Rods 

Dimensions Type T o t a l RbF Nb 

1 2 1 2 0 2 6 - 2 

& C o n f i g u r a t i o n 

5 Rods 2 mm2 x 10 cm Hypol P o l y u r e t h a n e 0 . 0 6 0 . 0 3 _— 

1212027-2A 5 Rods 2 mm2 x 10 cm Hypol P o l y u r e t h a n e 0 . 0 9 0 . 0 6 — 
1212027 -2B 5 Rods 2 mm2 x 10 cm Hypol P o l y u r e t h a n e 0 . 0 8 5 0 . 0 5 5 — 
2 0 7 8 6 3 - 3 foam b l o c k 0 . 8 r . u . f t . Hypol P o l y u r e t h a n e 0 . 0 4 _ — 
2 0 7 8 5 8 - 4 B 7 Rods 2 mm2 x 17 cm P o l y i m i d e 0 . 0 6 0 . 0 2 
2 0 7 8 5 8 - 2 3 s h e e t s ( 2 mm x 20 c m 2 ) 

I 2 mm x 18 cm 2 J 
( 2 ran x 17 cm 2 J 

P o l y i m i d e 0 . 1 2 0 . 0 6 

2 0 7 8 5 9 - 2 2 s h e e t s i 19 cm 2 x 2 mm I 
116 cm 2 x 2 mm J 

P o l y t m i de 0 . 1 2 __ 0 . 0 6 i 19 cm 2 x 2 mm I 
116 cm 2 x 2 mm J 

207861 -4C 1 s h e e t 20 cm x 4 cm x 2 ran P o l y i m i d e 0 . 0 4 6 0 . 0 1 2 — 
2 0 7 8 6 1 - 4 E 1 s h e e t 20 cm x 4 cm x 2 mm P o l y i m i d e 0 . 0 6 5 0 . 0 2 7 
2 0 7 8 6 3 - 1 1 s h e e t 20 cm x 4 cm x 2 mm P o l y i m i d e 0 . 0 9 6 0 . 0 0 2 — 



by a hydrophilic foam. The th i rd system (polyimide), though not water-based, 
gives a foam which can be rendered hydrophilic. These three foam systems are: 

1. Aropol Mater-Extended-Polyester (WEP) foams 

1. Grace Hypol hydrophilic polyurethane foams 

3. Skybond polyimide foams 

They w i l l be discussed in the ordep given. 

3.1.1. Aropol HEP Foams 

Aropol WEP resins (Ashland Chemical Company) are polyester resins which form 
an emulsion with water to extend the polyester and can be thought of as water-
f i l l e d foams. Aropol D-123 produces an open cell foam, with the water in the 
cell being replaced by a i r as i t is dried. 

In i n i t i a l experiments, the Aropol D-123 was extended to 70% water and cast
ings of l-2mm x 10 cm rods or 2mm x 15-20 cm sheets prepared. Although foam 
cell si2es were small, the density of the rods was * 15 pounds/cu. f t , (pcf) 
(0.2 g/cm3), far greater than the desired •>. 3 pcf (0.04 g/cm3). Attempts 
were made to prepare lower density foams using WEP 661-P (which produces a 
closed cell foam), and substituting toluene for part (2.5 - 7.5%) of the poly
ester, in an 80% water extended foam. In other experiments Freon 11 or methan
ol was added to lower the foam density. None of these variations were success
f u l ; foam collapse or shrinkage occurred, resulting in much higher densities 
than desired. Therefore, efforts to prepare low density, small cel l size foams 
with the Aropol WEP resins were discontinued. 

Additional details on the preparation of Aropol WEP foams are contained in 
Appendix A. 

3.1.2. Grace Hypol Polyurethane Foams 

A number of commercial polyurethane foam samples from W. R. Grace Company and 
Scott Paper Company were i n i t i a l l y evaluated for cell size and density and 
ab i l i t y to absorb a salt from water solution. The results, for those foams 
considered to be of primary interest for this project, are given in Table Z. 
(Additional information on the evaluation of a Scott conipeny foam, which was 
not one of those chosen, is contained in Appendix A). Photomicrographs of 
two of these foams are shown in Figure 1. I t should be noted from Table 2 that 
none of these commercial foam samples would exactly meet the project require
ments; the f i r s t two have densities about twice that desired, while the th i rd 
has cell sizes that are too large (although the density being too low, makes 
cell size reduction a good possib i l i ty) . Thus, none could be used "as i s " , 
but had to be modified to meet the project's requirements for this application. 
Nevertheless, these foams were considered to have the most potential of any 
polyurethane foams that were examined. 

Al l of the foams l isted in Table 2 were prepared from W. R. Grace's Hypol pre-
polytners. The trade name "Hypol" refers to a hydrophilic polyurethane pre-
polymer, which foams with only the addition of water (and surfactant), 35 to 
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(a) Grace Hypo! Foam #1 - Non-rigid, prepared 
from FHP-30OO prepolynsr 

(b) Grace Hypol Foam #9656-49-5 - Rigid, 
prepared from FHP-6000 Prepolymer 

Figure 1. Photomicrographs of Grace Hypol Foams considered potentially 
useful for preparation of Rubidium-containing foam rods. 
lOOx magnification. 
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§ Table 2 
z 
US 
5 Grace Hypol Foams Considered P o t e n t i a l l y Useful f o r Prepara t ion of Rubidium Fluoride-Containing Rods 
-* . . . 
o 
2 Manufacturer 's Information HRC Measurements 
in — ' • • i . i i. - • H ^ _ ^ _ ^ _ _ _ v _ ^ ^ ^ ^ ^ _ ^ . ^ ^ ^ _ ^ ^ ^ 
w 
> -, Foam Hypol Foam Density Cell Size Range 
3 No. Ty je -
o 
§ 1 N o n - r i g i d FHP 3000 -v. 0 .08 ^ 0.05 - 0.25 
o 
? 8 N o n - r i g i d FHP 3000 -\. 0 .08 <v- 0.03 - 0 .2 

g 9656 Rigid FHP 6000 ^ 0 .03 -x. 0.1 - 0.35 
. -49-E 

Hypol 
Prepolymer 

Foam Density 
q/cm3 

FHP 3000 a. 0.08 
FHP 3000 •v. 0.08 
FHP 6000 -v. 0.03 



200 parts of water being used per 100 parts of pre-polymer. Foaming is rapid, 
with cure times of 3-6 minutes. Cell structure can vary from open cell to 
fully reticulated, and densities from 2 pcf to 20 pcf obtainsd, according to 
Grace's literature, Further, the foams can absorb 10-30 times their weight of 
water. 

In order to modify the f i rs t two foams listed in Table I, to meet project re
quirements, a large number of variations (in water content, surfactant concen
tration, etc.) of the basic foam formulations, aimed at lowering density while 
retaining small cell size, were made. Also, rubidium fluoride (RbF) contain
ing rods were prepared by absorbing RbF into cast rods from a saturated H20 
solution. The rod densities tended to be higher than the bulk foam densities, 
however, and the best ones produced had final densities (foam + RbF) about 
twice that desired. Attempts to lower densities s t i l l further (e.g. by use of 
Freon 11, etc.) produced rods with large voids in them, which would not be 
acceptable. More details on these foam preparation attempts are contained in 
Appendix A. 

Since the Hypo! foams do readily absorb water, one other Hypol foam, a rigid 
one with a density somewhat lower than that required (1.9 pcf vs. 3 pcf cr 
i/ 0.03 vs. 0.04 g/cm3) (also listed in Table 2), was examined for its abil
i ty to absorb a salt from water solution. I t was found to pick up 65£ of its 
weight of sodium bromide in an ini t ial experiment. Thus, this rigid Hypol 
foam appeared to be a prime candidate for preparing RbF-containing foam rods. 
The reason for this choice was that foam rods could readily be cut from this 
rigid foam avoiding the need to "cast" the rods, and also i f its density could 
be increased to that required, the cell sizes would p"obably be reduced 
sufficiently to meet the project specifications. 

In order to verify that RbF-containing rods could be prepared in this manner,, 
and to prepare evaluation samples for LLL, rods and sheets cut from this 
foam were soaked in RbF solutions of various concentrations. 

Table | gives the ini t ia l RbF solution concentrations, the foam sheet sample 
sizes and the results obtained with this method of RbF incorporation. This 
foam, being rigid, could be cut readily even into thin (2 mm) sheets or rods, 
either before cr after RbF absorption, which was a definite advantage for 
this application. 

The results given in Table 3_are for the foam sheet samples only, as the rods 
were not weighed individually prior to soaking in the RbF solution. In gen
eral, i t was concluded that use of precut rods was not as satisfactory as using 
foam sheets to absorb the RbF from H20 and cutting them into rods after dry
ing. The main reason for this was that the rods tended to "curl", especially 
on drying (no attempt was made to restrain them), whereas the sheets in general 
did not. Thus, "straighter" rods were obtained in this manner. 

A comparison given in Table 3, of the amount of RbF solution absorbed depending 
on thickness of the foam sheet (e.g. 2 cm vs. I mm) shows that a higher weight 
percentage is absorbed by the thinner sheets. Increasing RbF solution con
centration beyond * 5-6 g of RbF/100 ml apparently does not significantly in
crease the amount of RbF absorbed (although incomplete submersion of the sheet 
may also be a factor). The amounts of RbF absorbed (and resultant densities) 
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Table 3 

Absorption o f RbF from H?0 Solut ion in to Grace Rig id Hypol Foam* 

Sample Concentration Dimensions Increase in 
No. of RbF/H 2 0 o f Foam Weight o f 

So lu t ion . Sheets Foam Sheets 
g/100 raj % 

I?12026 
-1 

1212026 
- 2 

12720X6 
-3 

1212027 
-1 -A.B 

1212027 
-2 -A ,B 

3 2 cm x 4 cm x 10 cm 63 

6 2 on x * cm x '.0 C!r.b 108 

9 2 cm x 4 cm x 10 cm S3C 

5 2 ram x 4 cm x 10 cm 165 
(2 sheets) 200 

12.5 2 mm x 4 cm x 10 cm" 180, 
190 

Calculated 
RbF Density 

in Foam 
g/cm 3 

0.019 

0.032 

0.025 

0 . 0 5 , 
0.06 

0.05S, 
0.06 

Calculated 
Rb Density 

1n Foam 
g/cm3 

0.015 

0.026 

0.0Z0 

0 . 0 4 , 
0.05 

0 .045 , 
0 .05 

Final 
Total Foam 

Density 
g/cm* 

Measured 
Weight 
Percent 

Rbf in FoaireP 

0.049 

0.0ft2 

0.055 

0 .08 , 
0.09 

C.085, 
0.09 

43 .4 

3 9 . 8 , 
38.1 

a Grace Hypol Foam, #9656-49-5 , i n i t i a l density = 0 .03 g/cm J ( 1 . 9 p c f ) 

b 2 ram2 x 10 cm rods cut from these sheets ( a f t e r RbF absorption) and submitted 
to LLL for eva luat ion (see TABLE 1 ) . 

c Sheet not completely subrerged ( i f two shown, top one) in RbF s o l u t i o n 

RbF contents were determined by f l u o r i d e ion analys is by i o n - s p e c i f i c e lectrode - see Appendix B 
fo r d e t a i l s . 

Procedure: Soak weighed foam sheets i n RbF/H 20 so lu t ion 16 h r . / 2 4 " C ; dry to constant weight a t 
50-60°C iri vacuum oven (dess-tcate samples to minimize any moisture absorption before and a f t e r 
weigning) . ^ _ 



were determined from weight increases of the dried foams. These values were 
considered approximate, due to the very hygroscopic nature of these RbF con
taining foams, even though care was exercised to prevent moisture absorption. 
Therefore, more exact analyses of RbF content were obtained on some of the 
foam samples and these results are given in Table 3, also. The RbF contents, 
by analysis, were somewhat lower than those that were original ly calculated, 
which had been anticipated. 

Two of these foam sheets containing RbF approached the required Rb density 
specifications closely enough that rods were cut from them and submitted to 
LLL for internal evaluation (#1212026-2, with % 0.026 g/cm3 Rb and #1212027-2-A 
X 6 with ^ 0.05 g/cm3 Recalculated values). Use of this Grace r ig id Hypol 
foam for the RbF containing rods thus enabled much of the total specified 
density range (e.g. «- 0.05 to 0.10 g/cm3) of RbF containing foams to be 
covered. 

No additional attempts were made to prepare RbF containing rods, using th is 
Grace r ig id Hypol foam. Instead, at the written request of LLL (6/12/78) 
additional project efforts were focused on preparing the r ig id foam i t se l f at 
a higher density, namely 0.04 g/cm3 (^ 3 pcf) with reduced cell sizes {_< 0.2 mm). 
Details of th is ef fort are contained in Appendix A. 

To summarize b r ie f l y , due to l imitations of t ine and amounts of the required 
FHP 6000 prepolymer available, the Plastics Technology Company of Breton 
Woods, New Jersey (a licensee of W. R. Grace) was requested to prepare both 
the prepolymer and the 0.04 g/cm3 foam from i t (by machine in % 1 cu. f t . 
sizel MRC provided formulation guidance in the foam preparation work, based 
on results of small laboratory Litch mixes made here (see Appendix A). 

The resulting r ig id Hypol foam block (^ 0.8 cu. f t . in size) shipped wet from 
Plastics Technology, was dried in a circulating a i r oven at 50.63QC, to give 
a f inal density of ^ 3 pcf (0.04 g/cm3), as had been specified. Cell sizes 
were _< 0.2 mm. However, there were obvious voids and irregular i t ies present 
in the block of foam. The foam was shipped to LLL intact (Table ]_), so that 
i t could be cut there as desired. Further work in order to produce a more 
uniform foam block of this density and cell size from the Hypol 6000 pre
polymer would be required. 

3.1,3. Polyimide Foams Containing RbF 

Polyimide (PI) foams were prepared from Monsanto Company's Skybond Resin 
RI-7271-01, which expands in volume as much as 20 times when foamed, to give 
a largely open-cell foam. Details of the PI foam preparation methods are 
given in Appendix A. I n i t i a l l y , a polyimide (only) foam was prepared at 
O.05 g/cm3 density having cel l sizes of o 0.08 - 0.25 mm. 

Two methods of incorporating rubidium into PI foam [as rubidium fluoride (KflF), 
which is -u %2% by weight Rb] were attempted: (1) direct incorporation of 
RbF into the PI foam as i t is prepared and (2) absorption of RbF from H20 
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solution into a postcured hydrophilic PI foam. The la t te r method proved to be 
the preferred one. 

3.1.3.1 Incorporation of RbF into Polyimide Foam during Holding 

An attempt was made to prepare polyimide foam with RbF incorporated during 
molding, since RbF's melting point of 760°C is much higher than the PI foam 
molding temperature (630°F, 332°C). Because RbF is very hygroscopic, i t was 
f i r s t vacuum dried at 100°C, then ground into f ine particles in a N, atmos
phere. The ground-up RbF was then mixed with the polyimide powder (under N2) 
and molded 5 hr./630°F to form a sheet * 40 cm2 x 2 mm, which had a PI den
s i ty of * 0.04 g/cm3 and a RbF density of ^0.06 g/cm3. However, a number of 
problems were encountered with th is method which made i t undesirable overal l : 
(1) the RbF could not be ground up f inely enough (by hand); (2) The RbF-
containing foam was extremely fragi le and broke into a number of pieces dur
ing demolding so that no rods 16.5 cm long could be cut from i t ; (3) RbF 
grains were on the foam surface, indicating lack of uniform dispersion; and (4) 
the chrome-plated mold surface i t se l f was adversely affected by the corrosive 
RbF. In view of these adverse results, no additional attempts were made to 
prepare PI foams with RbF added in the molding step. Instead, absorption of 
RbF from H20 solution into a postcurud hydrophilic PI foam was investigated 
as an alternate method. 

3.1.3.2 Absorption of RbF by Postcured Hydrophilic Polyimide Foam 

The second, and preferred, method for incorporating RbF into a PI foam was to 
postcure a PI foam to render i t hydrophilic, then absorb the RbF into i t from 
a water solution. To do t h i s , a 2 mm x 40 cm2 PI foam sheet was molded 
(5 hr./630°F) which had a density of 0.042 g/cc and cel l sizes % <_ 0.2 ran. 
I t was cut into 20 cm long pieces (including a number of 2 mm2 x 20 cm rods). 
These foam pieces were "postcured" by heating in an 800°F (427°C) oven for 
periods of either 2 hours or 3 1/2 hours. They were then soaked overnight in 
a RbF solution (25g RbF/100 ml H 20), and vacuum dried to constant weight (the 
dried ôara samples had to be kept in a dessicator or under vacuum to avoid 
moisture pick-up due to the hygroscopic nature of RbF). The following i n 
creases in sample weights (and hence approximate RbF contents) were obtained 
for these dried, postcured PI foams, (Analytical results later showed these 
calculated RbF contents to be high, as anticipated): 

Postcure 
time, 

hr. 
Height 
Increase, 

% 
Final measured 
Foam Density 

(g/W) 

0.048 

Calculated RbF 
Density 
(g/cm3) 

0.0075 

Calculated Rb, 
Density 
(g/rai3) 

0.006 

Weight 
Percentage Rb 
by Analysis 

2 19 

Final measured 
Foam Density 

(g/W) 

0.048 

Calculated RbF 
Density 
(g/cm3) 

0.0075 

Calculated Rb, 
Density 
(g/rai3) 

0.006 w. 
Ik 56 0.06 0.021 0.018 11.9 

aSee Appendix B for analytical method used. 
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Since the calculated amount of RbF incorporated into the second, (3 1/2 hour) 
postcured foam approached the requirements specified for one of the Rb-con-
taining foams, 2 mm 2 x 17 cm rods cut from it were sent to ILL (#207B58-4B in 
Table i ) for evaluation. The precut rods also soaked in RbF solution were 
still intact after drying, but appeared more fragile. The RbF (white) appeared 
well dispersed throughout the polyimide foam (colored) when viewed microscopically. 
Although these initial results were encouraging, it was apparent that larger 
quantities of RbF would have to be absorbed into the PI foam, to meet the pro
ject specifications. Since the hydrophilicity of the starting PI foam 
appeared to be a function of postcure time, a series of increasing postcure 
times (on the same starting PI foam) was obtained, and amounts of RbF which 
could then be absorbed from H 20 by these postcured foams determined. 
Table 4 gives the results obtained when 2 mm thick PI foam sheets, having 
initial densities of * 0.04 g/cm3, were postcured at 800°F for 1 to 7 1/2 
hour periods, then RbF absorbed into then from a solution of 25 g RbF/100 ml H 20. First, it should be noted that there is definite shrinkage and a decrease in 
density of the postcured PI foams, ranging from ̂  2 to * 10%, with increasing 
postcure time. Also, the foams become more fragile as postcure time is in
creased. What is particularly striking, however, is the 10-fold increase in 
amount of RbF absorbed and retained by the foam, as postcure time is in
creased from 2 to 3 hours. This trend continued, until a M50 fold increase in 
RBF absorbed was reached with the 7 1/2 hour postcured sample. 
These results must be considered only very approximate however, in view of the 
hygroscopic nature of RbF, and hence the difficulty in obtaining accurate 
weights (even though samples were kept under vacuum or in dessicators). 
With increasing amounts of RbF absorbed, the more approximate the values nay 
be, No exact analytical data was obtained on any of the samples listed in 
Table £, since they were not considered close enough to project specifications 
to be useful (most being too high in RbF content). 
Therefore, some of the remaining postcured PI foam sheets (listed in Tabled), 
along with another higher density (i/UO g/cm3) postcured PI foam sheet, were 
soaked in less concentrated RbF solutions and RbF absorption measured. Results 
are given in Table 5. 
Considerably less RbF was absorbed and retained by the same postcured PI sheets 
as listed in Table 4_ when the RbF solution concentration was reduced by one 
half, and differences in amounts absorbed vs. postcure times were not as pro
nounced. Two of these PI foam sheets (calculated to contain % 0.012 and 0.027 
g/cm3 RbF) approached project specifications and were sent to 1.LL. Also sub
mitted was a much higher density PI foam sheet (0.094 g/cm3 initially with 0.002 
g/cm3 RbF) which approached another specified Rb/foam density (Table 1). It 
had betn prepared from a 2 hour 800°F postcured PI foam sheet, soaked~in an RbF 
solution of 1.5 g/100 ml. Previously, soaking an identical foam sheet in the 
12.5 g/400 ml RbF solution had resulted in excess RbF absorption (to give 
M).04 g/cm3 RbF). Again, all RbF contents of these foams are approximate due 
to their hygroscopic nature. 

It is apparent from the variations obtained in final RbF contents of these 
11 
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Table 4 

E f f e c t o f BOO^F Postcur lng Time on Absorption o f RbF from H 2 0 Solut ion In to Hydrophl l lc Polyfmlde Foam Sheets 

PI Fowl Measurements Before Post-Cure 
800°F 
Pos t -
Cure 
Time 

Hr . 

Foan Measurements 
a f t e r Post-Cure 

Post-Cured Foaii H-sasui-aments 
Before RbF Absorption • 

Foam Measurements 
a f t e r RbF M s n r n M n n 

Dimension 
(mm) 

Volume 
(cm 3 ) 

31 .4 

I n i t i a l 
Height 

I n i t i a l 
Density 

q/cro3 

800°F 
Pos t -
Cure 
Time 

Hr . 

F ina l 
Weight 

F i n a l 
Densi ty 

a /cm ' 

0.039« 

I Oec. In 
Density 

2 . 5 

Olmenslcns Volume 
firm) (cm 3 ) 

40x195x2 15.6 

I n i t i a l I n i t i a l 
Weight Density 

q q/cm 3 

Fina l 
Height 

F ina l 
Density 

H / o " l . 
0.046 

Calcu la ted 

Sample 1 
207859-3 

Dimension 
(mm) 

Volume 
(cm 3 ) 

31 .4 

I n i t i a l 
Height 

I n i t i a l 
Density 

q/cro3 

800°F 
Pos t -
Cure 
Time 

Hr . 

F ina l 
Weight 

F i n a l 
Densi ty 

a /cm ' 

0.039« 

I Oec. In 
Density 

2 . 5 

Olmenslcns Volume 
firm) (cm 3 ) 

40x195x2 15.6 

I n i t i a l I n i t i a l 
Weight Density 

q q/cm 3 

Fina l 
Height 

F ina l 
Density 

H / o " l . 
0.046 

RbF 
Density 

q/cm 3 

0.006 

Kb 
Density 

a/cm3 

- A 80x196x2 

Volume 
(cm 3 ) 

31 .4 1.2511 0.040 1 1.2100 

F i n a l 
Densi ty 

a /cm ' 

0.039« 

I Oec. In 
Density 

2 . 5 

Olmenslcns Volume 
firm) (cm 3 ) 

40x195x2 15.6 0 .6219 0.041) 0.72D7 

F ina l 
Density 

H / o " l . 
0.046 

RbF 
Density 

q/cm 3 

0.006 0.005 
- a 80x196x2 31.4 1.J956 0 .038 ? 1.1321 0 . 0 3 7 * 2 .6 41x195x2 1G.0 0.5741 0.036 0 .7018 0 .044 0 .008 0.007 

- c 80x185x2 29 .6 1.1148 0.038 3 1.Q189 0 . 0 3 6 * 5 . 3 40x184x2 14 .7 0 .5339 0.037 1.8731 0.127 0.090 0 .07 

- 0 80x184x2 29.4 1 .1090 0.030 4 1.039S 0 . 0 3 6 * S.3 40x183x2 14.6 0 .5598 0 .033 3.2146 0 .220 0.182 0 .15 

- E 80x185x2 29 .6 1.1728 0.042 S 1.0701 0 . 0 3 8 * * 9 .5 40x183x2 14.6 0 .5676 0.039 3.5377 0.242 0 .203 0 .16 

• F 77x185x2 28 .5 1.2835 0.045 7.5 0 . 0 4 1 * * 8 .9 30x181x2 10,9 0 .4566 0.042 4 .3677 0 .447 0.405 0 . 3 3 

•Based on w id th and length ^ 1 ran smal ler 

" B a s e d on w id th and length ^ 3 mm smal ler 

• Postcured 2 rai th ick PI foam sheets soaked 16 hours I n so lu t ion o f 25 g RbF/100 ml H 2 0» then d r ied 1n a 50°C vacuum qvftn. 



Table 5, 
Absorption of RbF from H?0 Solution into Postcured (800°F) Hydrophilic Polyimide Foams^ 

800°F 
Post -
Cure 
Time 

Post-Cured 
Foam's 
I n i t i a l 

Dens i ty q /cm 3 

RbF/H 20 
S o l u t i o n 

Cone. 
q/100 ml 

Foam a f t e r RbF Absorp t ion 800°F 
Post -
Cure 
Time 

Post-Cured 
Foam's 
I n i t i a l 

Dens i ty q /cm 3 

RbF/H 20 
S o l u t i o n 

Cone. 
q/100 ml 

Measured 
t o t a l 

Oenst ty q /cm 3 

Calcu la ted 

Foam Sample # 

800°F 
Post -
Cure 
Time 

Post-Cured 
Foam's 
I n i t i a l 

Dens i ty q /cm 3 

RbF/H 20 
S o l u t i o n 

Cone. 
q/100 ml 

Measured 
t o t a l 

Oenst ty q /cm 3 
RbF Kb Densi ty 

Dens i ty q /cm 3 q /cm 3 

207859-4C^ b ' 3 h r s . 0.034 12.5 0.046 0.012 0.010 

207859-4D 4 h r s . 0.036 12.5 0.052 0.016 0.013 

207859-4E^ b ^ 5 h r s . 0.038 12.5 0.065 0.027 0.022 

207861-3B 2 h r s . 0.101 12.5 0.143 0.042 0.034 

2 0 7 8 6 3 - 1 * b J 2 h r s . 0.094 1.5 0.096 0.002 0.0016 

TiT 
(b) 

Procedure: Post-cured -v 2 mm PI foam sheets soaked 16 hours in RbF/H20 solution, then dried In a 
50°C vacuum oven 

These PI foam sheets ft ̂ G x 4 x 0.2 cm) containing RbF were shipped to LLL. 



hydrophilic PI foams that all the variables involved ( in i t ia l PI foam density, 
aostcuring time, RbF solution concentrations, etc.) affect the results. Thus, 
the optimum parameters to use would have to be determined for each metal-foam 
system (e.g. desired Rb and total densities) by itself. 

3.2. Task 2 - Niobium Metal Containing Foams 

Since neither niobium (Nb) metal nor its compounds are water soluble, there 
was no particular advantage in using water-based foams with them. Therefore, 
niobium metal was incorporated only into poiyimide (PI) foams, which could 
readily be prepared in the required density. The same Monsanto Company poiyimide 
resin, Skybond RI-7271-01, as described previously (and in Appendix A) was 
used for preparation of the niobium-containing foams. 

First, a PI foam containing finely divided nickel Ni powder {as a "prototype" 
for Nb) was prepared with a combined final density of 0.12 g/cm3 and 1-0.80 -
0.250 mm cell sizes. The Ni powder remained well dispersed throughout the 
foam sample on curing. This procedure thus offered a'potentially very useful 
method for the preparation of the Nb-containing foams. Next, a one-inch thick 
cylinder of poiyimide foam containing niobium powder (-325 mesh) was prepared 
by addition of niobium to the poiyimide foam powder prior to the final curing 
step (3 hour/630°F). The total foam density was 0.12 g/cm3 and Nb density 
was 0.06 g/cm3, as required in the specifications. The cell sizes were 
•w 0.2 mm and theNb powder was well-dispersed throughout the foam as shown 
by~microscopic examination (the slightly larger particle size (-v 10-40 n) of 
the Nb powder also resulted in even better retention within the foam than had 
been the case with the more finely divided nickel powder used as a prototype). 

With the successful incorporation of Nb into the (PI) foam, the next step was 
to produce sheets of the required dimensions, i .e. , 2 mm x 15-20 cm2. This 
was done f irst using the prototype nickel powder, and a sheet containing i t 
of -o 40 cm2 x 2 mm size was molded (3 hr./630°F). I t was completely self-
supporting, and its only disadvantage was non-uniformity, indicating an obvious 
need for reduction of the starting poiyimide powder particle size-. A sim
i lar poiyimide foam sheet containing the Nb powder was molded next (4 hr./ 
630°F), with a resultant overall density of 0.117 g/cm3 and a Nb density of 
0.06 g/cm3 (values obtained by weight/dimension measurements). Additional 
grinding of the polyimide powder prior to mixing with Nb had improved this 
sample's uniformity, but i t was felt that in future work, even better uniformity 
could be achieved by a sifting of the PI powder prior to molding and this was 
done in all subsequent sample preparations. This foam sheet (#207858-2) was 
then cut into the three Nb-containing foam sheet samples which were submitted 
to LLL (Table 1) for evaluation. 

Another Nb-containing poiyimide foam sheet was later prepared (using sifted PI 
powder and molding 5 hr./630°F) from which two foam sheets, 2 mm x 16 cm2 were 
cut. The total sample density averaged 0.117 g/cm3 (0.06 g/cm3 Nb) and cell 
sizes were ^^,0.2 mm. Overall sample uniformity again appeared improved, and 
again the Nb powder remained well dispersed through the foam. These Nb-con
taining poiyimide foam sheets (#207859-2) were also submitted to LLL (Table!). 

14 
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This then concluded the Nb-containing foam preparation work, as project speci
fications were met with the above poly1mide-Nb containing foam sheets. Prepar
ation of these Nb-containing polyimide foams in the specified configuration/ 
density, and cell size range was considerably simpler and more straight-forward 
than preparation of the RbF-containing foam rods. This was partly due to the 
nature of the metals (and compounds) themselves and partly to the more stringent 
requirements for the Rb-containing foams. 

Acknowledgment: The technical assistance of R. C. Gable in foam preparation 
and B. 0. Warner in analytical work is acknowledged. 
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APPENDIX A 

Foam Preparation and Evaluation 

1 . Aropol WEP Foams 

I n i t i a l l y , the Ashland Chemical Company's water-extended polyester (WEP) resins 
were investigated. The Aropol 123 (sample 1211310, Table 1A was water-extended) 
to 101 water using a Premier Dispersator. In general, the method of prepar
ation was as follows: 

. To a 400 ml Tri-Pour polyethylene beaker add the Aropol WEP resin (30% 
of to ta l ) . 

. To a 250 ml Tri-Pour beaker add deionized water (total water content = 
7035). 

. To a 100 ml Tri-Pour beaker add 35? hydrogen peroxide diluted with water. 
(See Table 1 for concentrations). 

. Attach the 400 ml beaker with WEP to dispersator. 

. Agitate very slowly and add water slowly to the WEP with a 5 ml syringe. 

. When a l l the water has been added, the catalyst is added. 

. St i r 30 seconds and prepare samples. 

In this case, 1-2 mm x 10 cm rods were prepared. Also, a 2 mm thick x IS to 
20 en sheet was made with a draw-down blade set at 0.100 to 0.110 inch. 

Samples 1211310 and 311 (Table 1-A) of Aropol WEP 123 were prepared at 70 and 
80 percent water to determine i f lower density could be prepared with i t than 
with Aropol WEP 661P (which had been used in prior work). This material 
accepted the water very similarly to Aropol HEP-661. All further work was 
done using Aropol WEP 661P because of prior experience with i t . 

Rods prepared of WEP 123 had a dry density of 15.92 pcf. For the present 
application, the desired density was 3 pcf (or o, 0.04 g/cm 3). Cell sizes of 
these foams were very pen smaller than required, indicating further reduct
ion of density by decreasing the WEP concentration (which would increase cell 
size).should be feasible. 

To lower the density by reducing the WEP 661P in the formulas (#1211312, 313 
and 314, Table 1-A,toluene was substituted for part of the polyester in an 
8Q% water foam. The toluene was substituted at 2.5, 5.0 and 7-5% of the 
WEP foam. Two rods and a sheet of the sizes indicated above, were prepared 
of these foams. A thick dark film formed on the surface of each sheet. The 
thickness of the films seemed to increase with the increased quantity of t o l 
uene. Furthermore, the f lex ib i l i ty of the fi lm increased as the quantity of 
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Table 1-A 

AROPOL WEP FOAM FORMULATIONS 

Formula No. 11211- 310 311 312 313 314 315 317 316 316 

Inqredients 

Aropol WEP 123 1 30 20 

Aropol WEP 661P 1 - - 12,5 15.0 12.5 30 20 20 20 

Water 67.5 77.5 79.0 79.0 79.0 67.5 79.0 79.0 79.0 

To!uene - - 2.5 5.0 7.5 - - - -
Freon 11 - - - - - 4.0 15.0 - -
Methanol - - - - - - - 10.0 -
Water f o r Cata lyst 2.5 2.5 1.0 1.0 1.0 2.5 1.0 1.0 1.0 

Hydrogen peroxide (3530 0.15 0.15 0.1 0.1 0.1 0.3 0.1 0.1 0.1 

Water, % 70 80 80 80 80 70 80 80 80 

1Aropol WEP Resins - Ashland Chemical Company, Columbus, Ohio 



toluene increased. Later on, blisters formed between the film and the surface 
skin separating the two in spots. This phenomena indicates the loss of gas 
and foam collapse. On standing the film became hard as the toluene evaporated. 
Freon 11 was added to lower the foam density using the same concept to expand 
a WEP foam as is employed with urethane foams. Two attempt were made. In 
the initial experiments (1121315, Table l-A) four parts of Freon was added to 
the formula just prior to catalyst addition. In this case the draw down was 
made on a 45 to 50°C heated glass plate covered with Teflon film. The in
creased temperature was to insure gasification of the Freon 11. Two rods and 
one 2 mm thick sheet were prepared. The rod and sheet densities were 31.2 
and 20-85 pcf, respectively, still approximately 10 times that desired. 
Next, the maximum quantity of Freon 11 (15 parts) was added to the foam just 
prior to the catalyst addition. This time the draw down was made on a piece 
of glass held at R.T. The resulting rods and sheet foam shrank, leaving 
wrinkled rods and a collapsed foam sheet with large fish eyes, all obviously 
unsatisfactory. 
Two attempts were made to reduce the percent of WEP by the addition of 10 parts 
methanol to the formula. In the initial attempt (#1211318, Table l-A) methanol 
addition was made just prior to the catalyst addition. The emulsion partially 
reverted causing large holes in the draw down film. In the second attempt, 
methanol was placed in the water and added as a solution. This time, the 
emulsion did not break but the foam collapsed resulting in a very high density 
foam. 
It was concluded, therefore, that the density of Aropol WEP foams could not 
be satisfactorily reduced by any of the methods employed. Therefore, other 
foam systems had to be considered. The W. R. Grace Hypo! foams and reticu
lated Scott foams (polyurethane-based) were evaluated next. 

2. Scott Polyurethane Foams 
The Foam Division, Scott Paper Company, manufactures Scott industrial foam, 
a reticulated, fully "open-cell" flexible polyurethane foam. It is char
acterized by a, %% open cells, having a three-dimensional skeletal structure. 
During standard operation, the pore size can be controlled over a wide range 
of 10 to 100 ppi (pores per linear inch). The texture ranges from coarse and 
abrasive at 10 ppi to soft and downy at 100 ppi. Density over the entire 10 
to 100 ppi does not change appreciably from a nominal 1.75 pcf. These foams 
can be compressed. This does not change their general appearance or cell 
structure. However, compression does increase the density and the number of 
cells or pores per linear inch (ppi). 

A sample was ordered having a density of 3 pcf and 250 ppi. The sample re
ceived had a 4.00 to 4.27 pcf density and approximately 250 ppi. The cell 
sizes varied from <100 u (0.1 mm) to -v. 250 y (0.25 mm) as shown in Figure A-l. 
This foam was used along with sodium bromide to simulate the final salt-
filled product. Rubidium fluoride (the actual salt to be used) has a specific 
gravity of 2.88 g/cc and an: H 20 solubility of 131 g/100 ml (18°C) compared to 
sodium bromide with sp. gr. 3.20 g/cc and solubility 116g/100 ml (50°C). Sodium 
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Figure A-1. Photomicrograph of Scott Paper Company 
Foam #3 (-4 pcf density and 250 ppi). 
lOOx magnification 
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bromide therefore was used to simulate salt f i l l i n g of the foams in prelimin
ary experiments. The foam received from Scott was cut into 3"xl" foam samples. 
Foam sample #1211322A (Table 2-A) was saturated with 50 ml of 25% sodium bromide 
solution (see Table 2 ) . This foam sample was worked to force the solution 
into the foam. I t was then air-dried at 45°C overnight in an a i r circulating 
oven. On re-weighing, the salt retention was 10.7 pcf. 

Sample #12113228 (Table 2-A) was treated with 25 ml of a 12% sodium bromide 
solution using similar saturation techniques. I t was dried along with sample 
#1211322A, gaining only 2.7 pcf of salt (nearly the quantity of salt required). 
The third sample, #1211323, was treated in the same manner as sample #1211322B 
except vacuum dried overnight at 60°C. This foam sample retained 2.4 pcf salt . 

The remaining three samples #1211324, -325, and -326 were suspended in a i r to 
dry after various treatments. Sample #1211324 was treated with 14 ml of 20.5? 
salt solution then hung up to dry. I ts salt retention was 2.8 pcf with high
er concentration at the lower edges. A 33 percent (30 ml) salt solution was 
used to treat sample #1211325. This sample was partially squeezed dry before 
hanging up. I t retained 1.4 pcf of sal t . Sample #1211326 (a Hypol foam from 
W. R. Grace) was cut to size, treated in the same manner as 1211325 and retained 
2.98 pcf of salt. 

This preliminary work indicated a method could readily be developed to satur
ate a polyurethane foam with the desired 0,3 pcf of salt (RbF). 

3. W. R. Grace Hypol 3000 and 2000-Based Polyurethane Foams 

Based on data supplied by U. R. Grace and microscopic examination of foam 
structure, either Hypol foam sample #1 or #8 appeared to almost meet the 
requirements and i t was fe l t that with some modification they could be made 
to meet the foam specifications. Foam #1 was in i t i a l l y selected over foam 
#8 because i t was higher load bearing and not as soft as foam #8. The basic 
formulation for this foam is shown in Table 3-A as formulation #1211328. 
These Hypol 3000 based foams were prepared as follows: 

. To a 400 ml Tri-pour beaker transfer 50 g of Hypol 3000. 

. Transfer to the Hypol 3000 the desired quantity of silicone oi l L-520 

. Heat to 50°C in a hot water bath. 

. To a 250 ml T ri-pour beaker add water. 

. Cool the water to 4°C in an ice bath. 

. When both components have come to temperature, start mixing the 
urethane prepolymer, Hypol 3000, with a laboratory mixer equipped 
with a marine blade. 

. Add water and mix for 15 seconds. 

. Set aside and allow foam to rise. 
20 
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Tab le 2-A 

SALT SATURATION OF SCOTT FOAM #3 

Foam 
Sample 

No. 

O r i g i n a l 
Dens i ty 

( p c f ) 

4 . 3 0 

Sodium Bromide 
S a l t S o l u t i o n 

Cone, wt.% ml 

1211322A 

O r i g i n a l 
Dens i ty 

( p c f ) 

4 . 3 0 25 50 

1211322B 4 .27 12 25 

1211323 4.26 12 25 

~ 1211324 3.90 28.5 14 

1211325 4.00 33 30 

1211326 4 . 9 9 * 33 30 

Method o f Dry ing Foam 

F ina l 
Foam 

Densi t y 
( p c f ) 

Overn ight i n 45°C a i r c i r c u 
l a t i n g oven 

Overn ight i n 45^Cai r c i r c u 
l a t i n g oven 

Vacuum oven overnight at 60°C 

A i r - d r i e d 96 hours 

A i r - d r i e d 96 hours 

A i r - d r i e d 96 hours 

15.0 

7.1 

Dens i t y 
Of 

S a l t i n 
Foam 
( p c f ) 

10.7 

2.7 

6 .7 2 .4 

6 .7 2 .8 

5.4 1.4 

8.0 3.0 

W. R. Grace Hypo! Foam Sample #1 



Table 3.A 

Hypol 3000-based Polyurethane Foams 

Formula No. 1211- 327 328 329 330 

Ingrediyits 

Hypol 30001 at 50°C 
Silicone Oil L-5202 

50 50 50 
0.5 0.5 1.0 

50 
2.0 

Water (deionized) at 4°C 100 50 50 50 

Mix time, sec. 15 15 15 15 

Rise time, minutes 2.0 2.0 2.0 2.0 

Density, pcf 
Cells/linear inch, 

estimate 

8.1 4.8 4.5 
50 100 180 

3.4 
250 

1Hypol 3000 - a product of W. R. Grace & Company, Lexington, Massachusetts 
Silicone Oil L-520 - a product of Union Carbide Corporation, Chemical 

Division, New York, New York 
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Sample #1211327, Table 3-A, a high water at lower surfactant formulation, pro
duced a higher density foam with medium cell size. Samples #1211328, -329 and 
-330 (Table 3-A) were all lower water formulas with increasing concentrations 
of surfactant. These were lower density, smaller cell size foams with in
creased cells per linear inch and lower densities as the siliconeoil L-520 
concentration was increased. Sample #1211330 approaches the foam requirements, 
having 3.4 pcf density and approximately 250 cells per linear inch. 
Hypo! FHP 2000 (which has a viscosity of 10,000-15,000 cps and an NCO content 
of 1.95-2.20meq/g compared to 15,000-20,000 cps and 2.2-2.5 meq/g,, respective
ly, for the Hypol 3000) was also investigated briefly. Typical foam formu
lations used for the two are as follows: 

Ingredients 
Hypol FHP 3000 
Hypol FHP 2000 

Water 
Nucleating Agent 

100 
- 100 

25.0 to 100 50 to 100 
0.5 to 10 1.0 to 4.0 

Studying the effect of varying the amount of water used, it was discovered that at 
50 pph water higher density foams are formed when the nucleating agent is 
Silicone L-520. 
Varying the nucleating agent used changes the flexibility of the foam as well 
as its density. Silicone L-520 produced the "firmest" flexible foam. Some 
other agents tested were Brij.-52, 72 and 92, and the Pluronics L-62,L-64 and 
P-75. 
Using the prepolymer Hypol FHP 3000 at 100 parts, Silicone L-520 at 4.0 parts 
and 50 parts water, 2 m diameter by 15 cm long foam rods; were prepared by 
vacuum pulling of the rising foam into a release-coated glass tube. 
Some of these rods were first saturated with sodium bromide (to simulate the 
absorption of rubidium fluoride) and then later others with rubidium fluoride 
itself. However, final rod densities were about two times that desired, (at 
the required RbF concentration levels). Efforts to further reduce foam 
densities resulted in rods containing large voids, also undesirable. This 
approach was therefore discontinued in favor of a more promising one, using 
a rigid Hypol foam based on Hypol FHP 6000 prepolymer. 

4. Hypol 6000-based Pplyurethane Foams 
In preliminary work W. R. Grace Company's Hypol FHP 6000 based foam, a rigid 
hydrophilic polyurethane, was examined and showed promise- (Sec.3.1.2). 
To continue the investigation of it, a supply of ̂  2 pcf (0.03 g/cm3and ^3 pcf 
(0.04 g/cm 3) foam was required. (Ordinarily, it is supplied as a 1.9 pcf foam). 
W. R. Grace could supply only a limited quantity of the 1.9 pcf foam. The 
0.04 g/cm3 (3 pcf) rigid foam would have to be especially formulated and made. 
In addition, the FHP 6000 prepolymer used was an experimental (pilot plant 

23 

• MONSANTO RESEARCH CORPORATION t 



scale but not commercial,)one and would have to be specially prepared by Grace 
also. 

After several contacts with Grace, they decided that they would not make the 
foam.or the prepolymer, as a considerable development effort would be re
quired on their part. They did suggest that we contact a Dr. F. Hostettler 
of Plastic Technology, Inc. (Breton Woods, N. J.) (a consultant of Grace's 
and a licensee to use their process) for possible assistance in machine-pro
ducing the ^ 3 pcf (0.04 g/cm3) foam and the prepolymer for i t . Dr. Hostettler 
agreed to prepare the propolymer and attempt to make * 1 cu. f t . of this 
foam, at the required density, provided HRC would furnish guidance in the 
form of batch-mixed formulas we had developed in this project. 

For laboratory-batch Hypol 6000 foams, silicone L-5Z0 was selected as the 
emulsifier in this preparation. A typical formulation is given below: 

Material Parts 

Hypol FHP 6000 100 
Silicone L-520 1 to 10 
water (Deionized) 50 to 100 

The catalyst was already incorporated into the formulation by the manufacturer, 
so none was added. Varying amounts of Silicone L-520 and water were investi
gated. The level of silicone and water found to produce the required density of 
<3 pcf (0.04 g/cm3) was 2.0 parts Silicone and 100 parts of water for 100 parts 
of prepolymer. 

To improve on hand-mixing of this Hypol 6000 foam formulation, three laboratory 
size agitators were used during this work. They were: (1) a G. H. Keller 
laboratory stirring motor f i t ted with a 1 1/2 inch marine blade; (2) a 
Haimilton Beach drink mixer; and (3) a Premier Dispersator. Each foam was 
prepared as follows: 

1. Weigh the prepolymer into a 400 ml Tri-Pour beaker. 

2. Add the Silicone (by weight) to the prepolymer. 

3. Into a separate container, weigh out the water. 

4. Hold or attach the prepolymer vessel to the mixer. 

5. Start the stirrer and blend the prepolymer plus Silicone for 2.0 minutes. 
The high shear mixing wil l heat up the prepolymer, thereby lowering i ts 
viscosity. 

6. Add water, and mix for twenty seconds. 

7. Pour into a container and allow foam to rise. 

Foam density and cell size were determined on the dried foam. There were 
t 3 pcf density and ^ 150 - 200 pores per inch. 
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Using the information developed during the batch mixing of foam, Plastic Tech
nology, Inc. was given the optimum starting formulations to guide them in their 
30 lb./minutes machine preparation of this foam. 

The Hypol 6000 based foam thus produced (and ultimately shipped to LLL) was in 
an 0.8 cu. f t . block and had an overall density of ^ 3.3 pcf after drying. 
While the basic foam cell size was <200 p (0.2mm), there were a number of 
irregularit ies or voids in the foam. I t had been hoped that these would be 
avoided in the machine-produced foam, but this was not the case. Further 
experimentation and optimization would obviously be required in order to 
produce a more regular foam of the specified density and cell size from the 
Hypol 6000 prepolymer. 

5. Preparation of the Polyimide Foam Moldings 

HRC scientists developed a moldable, resi l ient polyimide foam for NASA, under 
Contract NAS-9-12246. This foam is tougher and more usable than prior poly
imide systems, which were either non-homogeneous or f r iable or both. These 
foams were prepared from a commercially available polyimide foamable powder 
(Monsanto Skybond RI - 7271-01), primarily through physical modification 
to produce a bulk molding compound. 

The molding compound is prepared from the commercial low density polyimide 
powder (RI-7271-01) which is f i r s t foamed to ca. 0.013 g/cm3 (1 l b . / f t . 3 ) 
density at 170°C (340°F) and then cured at 300°C (570°F). This foam is than 
shredded (not ground) into approximately 1/4" chunks having a bulk density 
of about 0.007 g/cm3 (0.5 l b . / f t . 3 ) . The resulting raw material is thermo
plast ic, deformable, and fusable at temperatures in the range of 322°C (610°F). 
The preparation of the foam molding compound is shown in Figure A-2. The 
molding technique involves the compaction of this bulky, shredded, 3-staged foam 
product into a mold, followed by fusion at 322°C (610°F), cooling, and removal 
of the part. Precompressing the shredded foam in the mold is shown in Figure A-2 
The foam is then fused in a hot air circulating oven and removed as shown in 
Figure A-3. Slabs of molded resi l ient polyimide foam are produced in this 
way ranging in densities from 0.026 g/cm3 to 0.106 g/cm3 (2-8 l b . / f t . 3 ) . 

This process for molding the polyimide foam can be used to produce a resi l ient 
fine-textured, open-celled product in any density in the range between 0.026 
and 0.130 g/cm3 (2-10 l b . / f t . 3 ) . The polyimide foam in this range of densities 
has a tough skin imparted during the molding process. Foam slabs or contoured 
parts can be produced readily with this process, provided that an appropriate 
mold (e.g. chrome-plated steel) which w i l l take the heat and modest pressure 
encountered during the curing operation is used. Obviously, the density is 
direct ly controlled by the amount of foam charged to the mold and the com
pression rat io . 
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(a) Foamina and curing of 
RI-7271-01 Powder 

(b) Shredded foam in mold (c) Predensified shredded foam 

Figure A-2. Preparation of polyimide foam molding compound 
from Monsanto Skybond RI-7271-01 powder 
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(a) Final closing and detisifying 
of sfcreddal foam 

{b} Fusion of shredded foam in omit (c) Molded resilient potyiraide 
foam part 

F i p r e A-3. Fusion of polyimide foam molding coiipoand 
into molded potyiroide foam par t . 
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APPENDIX B 

Analysis of RbF-Containing Foams 

Concentration of Fluoride in fibF Foams 

Four foams, identified as #1212026-2; #1212027-2A; #1212027-2B; and 
#207858-4B, were analyzed for fluoride content to determine the amount of 
rubidium fluoride in each foam. The foams were dried at 110°C overnight, 
weighed and extracted with boiling d ist i l led water. The extracts were f i l 
tered, diluted to a known volume, and analyzed for fluoride by ion-specific 
electrode. Tine following results were obtained; 

FLUORIDE CONTENT IN FOAMS 

SAMPLE I.D. #q EXTRACTED ftng IN EXTRACT #mg_ F ' / q 5AM"LE 

1212026-2 0.2910 22.95 78.9 

1212027-2A 0.1417 10.25 72.3 

1212027-2B 0.1494 10.35 69.3 

207858-4B 0.2925 6.35 21.7 

The fluoride concentration can then be converted to rubidium fluo; ide to give 
the following results: 

SAMPLE I.D. 

RUBIDIUM aUORIDE CONTENT OF FOAMS 

mgF'/g SAMPLE nig RbF/q SAMPLE % RbF in FOAMS 

1212026-2 78.9 434 43.3% 

1212027-2A 72.3 398 39.82 

12J2027-2B 69.3 381 M.1% 

207858-4B 21.7 119 11.9? 
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