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PREFACE 

The study reported herein was conducted by the Southwest Research 
Institute (Sw RI), San Antonio, Texas, under Con tract no. DA2 7-021-AMC-
34(X) with the U. S. Army Col d Regions Research and Engineering Lab
oratory (USA CRREL). Mr. J. M. Dale was the SwRI Project Manager 
and Messrs. A. C. Ludwig and E. 0. Ott contributed to th e study. 

During the course of this program, three invention disclosures were 
filed and assigned Southwest Research Institute Docket Nos. 694, 695 and 
713. 

The study was a project of the Construction Engineering Branch (Mr. 
E. F. Lobacz, Chief} of the E xperimental Engineering Division (Mr. K. A. 
Linell, Chief}, USA CRREL. Mr. F. L . Russell of the Construction Eng
ineering Branch was the USA CRREL Project Officer. Lieutenant Colonel 
John E. Wagner was the C omm anding Offic e r / Director of the U. S. Army 
Cold Regions Research and Engineering Laboratory during the publication 
of this report and Mr. W. K. Boyd was Chief Engineer. 

USA CRREL is an Army Materiel Command laboratory. 

Citation of trade names is for information only and does not constitute 
official endorsement or approval. 
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SUMMARY 

Work performed under this contract w as directed to the developmen t 
in the laboratory of low density, rigid sulfur foam having acceptable ther
mal and permeation characteristics and sufficient structural strength for 
use in construction applications in the cold re g ions. This study involved 
the selection and screening of various additives, as w ell as the development 
of a process, techniques, and procedures whic h when applied to sulfur in 
a molten state in a pressurized vesse l permit the extrusion of a mo lten 
froth which on cooling solidifies to a rig id l ow density foam. 

The most impor tant single achievement in t his program was the reduction 
in the density of sulfur foam from 25 lb/ft3 t o 10 lb / ft3 , which constitutes 
an improvement in the expansion ratio based on elemental sulfur from 1 :5 
to 1:12, while, at the same time, main taining a uniform material having 
essentially a closed cell structure. The low density sulfur foam has proved 
to have attractive stress-s t rain, thermal cond u c t ivity , moisture absorpt ion, 
and permeability characteristics. By reduc ing the dens i ty, the unit volum e 
cost of the foam has been significantly reduc e d , f urther adding to t he ec o
nomic attractiveness of this material. 

This work represents a sizable advance i n t he state-of-the-art of pro
ducing rigid sulfur foams which are in themse l ves a unique and new material. 
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by 

John M. Dale and Allen C. Ludwig 

INTRODUCTION 

Rigid sulfur foam is composed primarily of elemental sulfur, which has a 
density of approximately 120 lb/ft3 and, as bought commercially, is unusually 
pure, analyzing 99. So/o sulfur. Elemental sulfur has a viscosity and surface 
tension immediately above its melting poin t very close to that of distilled water. 
Like other pure liquids, molten element al sulfur has no tende ncy to form a froth 
or foam when mixed with a gas. However, by altering the viscosity and surface 
tension, and adding mechanical stabilizing agents, Southwest Research Institute 
has developed a process wherein a froth of molten elemental sulfur can be pre
pared. This froth has sufficient stability to main~ain its cell structure until the 
mass of the material cool s below the melting point of sulfur, forming a rigid 
foamed sulfur of uniform density. 

Prior state-of-the-art in the production of rigid sulfur foam as developed 
at Southwes t Research Institute, for shock isolation applications, allowed pro
duction of rigid sulfur foam having a densi ty as low as 25 lb/ft3. For cold re
gions applications it was recognized that for logistics reasons the density of 
this foam would have to be lowered and the engineering properties relating to 
these applications investigated. These properties includ ed stress-strain char
acteristics, thermal conductivity, moisture absorption, and permeability. 

Production of sulfur foam is l argely insensitive to normal ambient temper
atures, but is favored by low temperature conditions in that it depends upon the 
loss of heat to convert from a froth to a rigid foam. Sulfur foam does not re
quire special temperature controlled molds or cur ing. One of its more attrac
tive features is that it consists primarily of elemental sulfur which costs 
approximately 1 . 2 cents per pound. 

The concept of producing a rigid sulfur foam was conceived at Southwest 
Research Institute in 19 63. A laboratory investigation to de te rmine if rigid sul
fur foam could be produced was undertaken under the sponsorship of the Air 
Force Special Weapons Laboratory (administered b y the U. S. Army Engineer 
Waterways Expe riment Station under Contract No. DA-22-079 -ENG-374), which 
was in teres ted in a shock isolation material for large under ground structures. 
Under this program, rigid sulfur foam of essentially a clos ed cell r:tature, having 
good stress-strain characteristics for shock isolation applications, was pro
duced. This initial study was followed by a second contract from the Air Force 
Special Weapons Laboratory [Contract No. AF 29{601)-6408] wherein attention 
was directed to scaling-up the laboratory process. Its field application was 
demonstrated by the foaming in place of a 30-ft3 specimen of sulfur foam at a 
remote field site in New Mexico. 

The lowest density foam having a closed cell structure and acceptable uni
formity developed under these programs had a density of approximately 25lb/ft3. 
While this density was acceptable for applications envisioned by the Air Force, 
it was considered too great for other structural applications. Furthermore, the 
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thermal conductivity and other physical properties had never been determined. 
Thus, a major portion of the USA CRREL-sponsored program was devoted to 
exploratory research into the development of low density sulfur foam with the 
remainder of the program being devoted to studying the physical properties of 
the developed materials. 

PROCESS DEVELOPMENT OF LOW DENSITY FOAM 

Equipment and procedures 

Soon after the initiation of this program it was recognized that, to deter
mine the effectiveness of the many materials to be investigated and the optimum 
amounts of the various additives required to produce low density foam, it would 
be necessary to prepare a large number of batches of foam. To alleviate this 
situation and to gain a better insight into the film forming characteristics im ..,; 
parted by the various additives, a simpler technique was developed. A number 
of small wire rings were prepared with the largest ring having a diameter of 
1 inch. These rings (Fig. 1) were submerged into the various foam formulations 
and slowly lifted out. The ability of each formulation to cling as a continuous 
film across the face of the ring and the height to which a cylindrical film of the 
formulation could be pulled out of the parent body and its stability with time were 
observed. It was possible to determine the contribution of those additives being 

Figure 1. Ri?g for studying film forming characteristics. 
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studied which in turn proved to be an aid in the selection of other additives. 
This further eliminated the need for preparing one or more batches of foam in 
order to study each new additive. The laboratory data obtained using this ap
paratus are given in Table I. 

Table I. Effect of additives in sulfur upon the film height 
using the wire ring apparatus. 

Film height 
Percent Temperature before rupture 

Additive by: weight {o C) {in. ) 

None 145 o. 261 

None 150 0.258 

None 180 0.270 

PzSs 3 150 0.234 

PzSs 3 180 0.276 

Styrene 3 150 0.291 

TCP o. 01 150 o. 18 

TCP o. 01 180 0.282 

TCP 0. 25 150 o. 177 

Dimethyl 
polys il oxane 0. 01 150 o. 15 

Dimethyl 
polysiloxane 0.25 150 0. 135 

Talc 5 150 0.435 

PzSs 3 150 0.384 
Styrene 3 
Talc 5 
CaC03 2 

PzSs 3 150 o. 315 
Styrene 3 
Talc 5 
CaC03 2 

PzSs 3 150 0.30 
Styrene 3 
Talc 5 
CaC03 2 
Dimethyl 

polysiloxane 0.25 
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Figure 2. Pressurized laboratory s ul
f u r foam generator. 

Following preliminary screening 
of materials from the standpoint of 
their film forming characteristics, 
small batches of foam were prepared 
in conventional laboratory glassware 
at atmospheric pressure. The more 
promising additives were then pro
duced in large quantities from a small 
pressurized laboratory foam genera
tor (Fig. 2) which was fabricated at 
Southwest Research Institute. This 
generator consists of a 6-in. bull plug 
and companion flange. mounted on legs 
and set in a 4 liter capacity electric 
heating mantle. The temperature of 
the contents of the vessel was con
trolled by a l 0-amp autotransformer 
operating on 11 0 volts. A heavy duty 
blind flange with a rubber "0 11 ring 
seal w as ern ployed as a top to the ve s
sel and allowed easy access for charg
ing formulation and cleaning out be
tween runs. All communicating lines 
and shafts to the vessel were installed 
through the blind flange. These in
eluded a safety valve for releasing 
excessive pressures, a vane mixer 
shaft driven by a drill motor, a gas 
pressure inlet line with regulator and 
pressure gage, and a discharge line. 
The discharge line was wrapped with 
electric heating tape and insulated to 
prevent any solidification of the foam 
formulation. 

Foam prepared in the generator w as discharged into 2 in. x 12 in. x 12 in. 
steel molds. Upon solidification of the foam the molds were opened and the 
specimens removed (Fig. 3). To facilitate removal of the specimen from the 
mold, a thin film of lightweight motor oil was applied to the inner surface of the 
mold before specimen preparation. 

Expl oratory investigations 

The formulation for the 25 lb/ft3 foam which constituted the starting point 
for this program was as follows: 

C ornponent 

Sulfur 
P 2S 5 (Phosphorous penta-

sulfide) 
Styrene 
Talc (6 micron) 

Parts by weight 

100 

3 
3 

1 0 
CaC03 (Calcium carbonate) 
H 3 P04 (Phosphoric acid 85o/o) 

2 
1.7 
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Figure 3. Sulfur foam mold and foam specimen. 

Careful examination of this foam indicated substantial solid material in the 
junctures between adjoinin g ce ll s. It was reasoned that by reducin g the cell 
size while at the same time g reatly increasin g t he number of cells a marked re
duction in the density shou ld result. With this in mind, a revie w of t he pre v ious 
sulfur foam project not e book s w as u n dertake n w ith par t icular a t ten t ion bei ng 
g iven to those formula tions w hi ch prod uced small c ell f oams. 

Basic a lly , t h e additives w h i c h one m u st ad d t o elemental su l f ur to p roduce 
a c e ll u l ar mat e r ia l f a ll i nto t h ree categor i e s; f i lm formin g m a t er i a l s, s tabi li z 
ers, and b lowin g a gents . In the basic formulation shown on p. 4 th e p h os pho r ou s 
p en tas ulfide and styrene are the film forming materials, the talc is the s t a b i liz 
er, and the calcium carbonate and phosphoric acid are the blowing agents. By 
thus definin g the specific fun ct ions of the va rious components in the foam sys
tern, a systemat ic investigation of various new addit ives and proce dures w as 
under taken in each of these areas. 

Film forming additives. The following film forming additives were selected 
a nd investig a ted separate ly and in combination wi th phosphorus pen tas ulfide and 
styrene to d e t e rmine their effectiveness in producing lowe r density foams ; 

5 
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tricresyl phosphate 
triall yl phosphate 
cresyl diphenyl phosphate 
Silicones: 

General Electric SF-1034, SF-1055, and SF-1079 
Union Carbide Y- 43 4 7 
Dow Corning XF-1-1522, 200, 500, 1107 

1, 5, 9-cyclododecatriene 
dipentene 
dipentene dimercaptan 
dicyclopentadiene 
ethyl cyclohexyl dimercaptan 
tertiary dodecyl mercaptan 
tertiary tetradecyl mercaptan 
tertiary hexadecyl mercaptan 
gum spirits of turpentine 
beta -pinene 
alpha-pinene 

Initial success was achieved by the addition of 0. 25 parts by weight of tri
cresyl phosphate to the original foam formulation. This produced foam having 
a density in the range of 15 lb /ft3. Further experiments employing dipentene 
in place of styrene in conjunction with tricresyl phosphate further lowered the 
density to 12 to 13 lb/ft3. However, this foam had a strong initial odor. Sub
stituting dipentene dimercaptan for styrene in conjunction with tricresyl phos
phate produced foam having a density as low as 1 0 lb /ft3. An unexpected side 
advantage from the use of this combination was little initial odor and excellent 
physical properties. Furthermore, formulations containing these additives 
readily produced foam in the pressurized laboratory foam generator. 

To determine how formulations substituting the dipentene and dipentene 
dimercaptan additives in place of the styrene would react in the presence of 
finely divided metal powders experiments were conducted using iron powder and 
powdered iron disulfide. While they did not prove to offer any advantages in 
the formulations containing the dipentene dimercaptan, these materials appeared 
to aid in producing a more uniform cell size and inhibiting the formation of large 
cells in th~ formulations containing the dipentene. 

Another group of materials investigated as film forming agents were the 
derivatives of gum spirits of turpentine, namely the pinenes. Of these materi
als, alpha-pinene was found useful when used in place of the styrene and in con
junction with tricresyl phosphate, producing a foam with a density as low as 6 
to 8 lb /ft3. Production of this very low density foam was achieved in laboratory 
glassware at atmospheric pressure but could not be achieved in the pressurized 
laboratory foam generator. - It is interesting to note that improvements expected 
from film forming materials such as the silicones, which are widely used in 
conventional foam systems, were not achieved. 

Stabilizers. In the original formulation, talc is the stabilizer material that 
distributes itself in the cell film walls and joint area$, adding strength and im
parting stability to the formulation. One of the basic facts known regarding the 
action of stabilizers in sulfur foam is that their contribution is basically physi
cal or mechanical rather than chemical, and that this physical action is largely 
a function of the plate -like shape of the particles. A variety of stabilizers were 
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investigated, including different gradations of talc, aluminum flake, mica, ti
tanium dioxide, and certain dyes such as permanent yellow. Of these materi
als, talc was consistently superior, yielding foams with the most uniform small 
cells and lowest density. The talc that was used almost exclusively is referred 
to as Mistron Vapor* and is composed essentially of 6-micron and smaller 
diameter particles. To evaluate the effect of particle size, several experiments 
were conducted using a 325-mesh talc from which the Mistron Vapors are re
covered as a finer gradation. From these experiments, it was concluded that 
the cell size increases as the particle size increases, and that the most prom
ising particle size is in the range of 6 microns and smaller. 

Aluminum flake proved to be the second most promising stabilizer materi
al. Several experiments were conducted using aluminum flake alone and in 
combination with talc. Foam produced using a combination of aluminum flake 
and talc at a weight ratio of one to one had a much smaller cell size and uni
formity than when aluminum flake was used alone. When, after a number of 
experiments, the minimum density using aluminum flake was determined to be 
approximately 19 1b/ft3 , further experimentation with aluminum flake was dis
continued. The compressive strength of the 19 lb/ft3 foam produced from 
aluminum flake was 130 psi as compared to 80 psi for the same density styrene 
based foam; thus it appears that aluminum is a good stabilizer for improv ing the 
strength of the foams where low density is not a controlling factor. 

Blowing agents. The blowing agents in the first foam formulation were cal
cium carbonate and phosphoric acid. Previous to this study, various commer
cial blowing agents had been evaluated. The two major disadvantages of the 
commercial agents were 1) high cost and 2) thermal decomposition over an ex
tended period of time which resulted in the creation of voids within the foam. 
The acid-carbonate system is inexpensive and relatively insensitive to tempera
ture. Once the densi~y had been lowered to 10 lb/ft3 by the use of film forming 
additives, it was decided to reevaluate some of the commercial blowing agents 
such as Celogen-OT and Celogen-AZ in these new formulations; again they 
were found to be unattractive. An investigation of water alone as the blowing 
agent revealed that water caused a great deal of collapse in the foam by flashing 
into steam when the foam was discharged from the pressurized generator to 
atmospheric pressure. Thus, the use of calcium carbonate and phosphoric acid 
continues to be the most promising expansion system. Systems involving phase 
changes in organic compounds and mechanical gasification were purposely 
avoided because of the necessity for employing operating pressures in excess 
of 100 psi. 

Formulations for producing low density sulfur foam 

During the course of this study, some 368 separate experiments were con
ducted to reduce the density of sulfur foam. After the various additive materi
als had been investigated from the standpoint of their film forming character
istics and the ability to produce them in laboratory glassware at atmospheric 
pressure, the ability to produce them in the pressurized laboratory foam gen
erator was examined. Some of the more promising of the additives, namely 
the pinenes, which produced the lowest density foam achieved at atmospheric 

* Product of United Sierra, Division of Cyprus Mines Corporation. 
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pressure, did not lend themselves to the production of equally low density foam . 
in the pressurized foam generator. It is possible that these lower densities 
could be achieved with further investigation, since production of foam is critical 
in the interaction of many variables. For example, in a previous investigation 
it was found that an increase of 5000 ft in the elevation at which t he foam was 
produced resulted in a reduction in foam quality, due to the decrease in pres
sure. Minor alterations in the formulation and production procedures were re
qui red to regain the same quality . 

As a result of this study, two low density sulfur foam formulations have 
emerged. Materials made from these form ulati ons were given physical prop
erty evaluations because of differences in physical properties as well as differ
ences in cost of the two materials. The two foam formulations are as follows: 

Styrene based formulation 

Dens ity: 1 2 to 1 4 1 b / £t3 

Component Parts by weight 

Sulfur 
PzSs 
Styrene 
Tricresyl 

phosphate 
Talc 
CaC03 
H 3P04 

100 
3 
3 

0.25 
7. 5 
3 
2.55 

Dipentene dimercaptan based formulation 

Density_: 10 lb/ft3 

Component 

Sulfur 
PzSs 
Dipentene 

dimercaptan 
Tricresyl phosphate 
Talc 
CaC03 
H 3 P04 

Parts by weight 

100 
3 

3 
. o. 25 
7.5 
3 
2.55 

Figure 4 shows specimens of sulfur foam of different densities produced 
in the pressurized sulfur foam generator. Specimen densities decrease from 
left to right. The specimen in the upper left-hand corner is representative of 
the original foam which has a density of 25 lb/ft3 • The specimen in the lower 
right is adipen.tene dimercaptain-tricresyl phosphate foam having a density of 
10 lb/ft3 • Differences in cell structure are evident. 

Figure 4. Specimens of sulfur foam of different densities. 
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Procedure for low density foam preparation 

The procedure for producing sulfur foam is an important consideration and 
was the subject of special study which included the following: 

{1) The mixing time of the formulation in the generator be.fore and after 
the addition of the blowing agent; 

(2) The temperature of the formulation during reaction and expansion; 

(3) The pres sure on the system during mixing; 

{4) The purging and pressurization of the generator with carbon dioxide, 
water vapor, and air; and 

(5) The order in which the components are added to the molten sulfur. 

It was found that the optimum procedure consists of heating elemental sulfur t o 
160C (well above its melting point of 115C ). A t this point, the fi l m forming 
additives, stabilizer, and blowing agent, with the exception of the tricresyl 
phosphat e and the phosphoric acid, are added and thoroughly mix ed. When 
these components are added, the temperature of the sulfur drops · to approxi
mately 150 to 155C. The additives are reacted with the sulfur by agitation for 
a period of not less than 10 minutes, during which t ime the temperatu re is not 
all owed t o go above 155C. The tricresyl phosphate and phosphoric acid are then 
a dded to t he formulation. The vessel is closed and pressurized t o 80 psi with 
air, a nd the f ormulation is agitated for approx imatel y 5 minutes to thoroughly 
dispe rs e the acid and tricresyl phosphate. The foam can then be discharged 
into appr op riate molds or held in the foam generator and discharged as desired. 

PHYSICAL PROPERTIES OF LOW DENSITY FOAM 

The four physical properties determined for low density sulfur foam were 
stress -strain, thermal conductivity, moisture absorption, and water vapor per
meability. 

Stress -strain characteristics 

9 

The stress-strain characteristics were determined by forcing a i in. diam 
flat ended steel rod into the specimens at a loading rate of 0. 2 in. /min. The 
specimens were constr-ained to insure a constant loading area at all times. 
Several unconfined specimens were tested and yielded compressive strengths 
comparable to those of the confined specimens. An Instron testing machine was 
used for evaluations, and the compressive stress !- strain curves for the dipentene 
dimercaptan and the styrene based foams were reconstructed directly from the 
load deformation curves as plotted by the machine. The curves (Fig. 5) main
tain the horizontal tendency which is highly desirable for shock isolation appli
cations. The laboratory data for the specific formulations are given in Table II. 

. For the denser sulfur foams, compaction began to occur at a stress defor-
mation level between 50 and 70o/o, whereas in the newly developed low density 
foam materials, compaction did not occur until a stress deformation level be
tween 80 and 90o/o was obtained. Figure 6 shows the relationship between the 
compressive yield stress and the density for the dipentene dimercaptan base 
and the styrene base foams. Prior to the initiation of this program, the highest 
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strength-to-weight ratios for any sulfur foams developed had been achieved 

100 

with the styrene base formulation. The dipentene dimercaptan base foam shows 
a definite improvement in its strength-to -weight ratio over the styre r: e base foam. 

Th~ strength. of the low density sulfur foam is sufficient for most structural 
applications. If, through additional research, the density of sulfur foam can be 
further reduced, indications are that its p hysical properties w ill still be suffi
cient for it to be used in structural applications. Unl ike many; of the plastic 
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resin-based foam materials whi ch are essentially supercooled liquids, the sulfur 
based foams are composed largely of crystalline allotropic modifications of sul
fur, and, therefore, indications are that these materials should have good per
manence and resistance to creep. As discussed earlier, substitution of aluminum 
flake for the talc improved the compressive strength of the foam, although it 
resulted in an increase in density. Specimens containing milled and chopped 
strands of glass fibers were also prepared but these additives did not offer any 
significant improvements in strength. 

Table II. Stress-strain data for sulfur based fe>am. 

Stabi l izer 

Dipentene 
Sample Stabi l izer PzSs Styrene dimercaptan Stress Strain Density 

no. talc { 'fo} i& { ''/r;} {%} {psi} _i1L (1 b I ft3 } 

I 7. 5 3 3 71 67 11. 5 

2 7.5 3 3 61 84 12. 1 
2A 7.5 3 3 92 80 12. 1 

3 7.5 3 3 ll 2 76 19 0 1 
3A 7.5 3 3 153 60 l 9 0 1 

4 7 0 5 3 3 51 83 11. 5 
... 

5 7 0 5 3 3 41 88 12. 7. 
SA 7. 5 3 3 41 85 12. 7 

6 7. 5 3 3 41 86 13. 5 
6A 7.5 3 3 26 86 13. 5 

7 7.5 3 3 67 82 16. 5 
7A 7.5 3 3 61 80 16. 5 

8 7.5 3 3 92 76 21. 0 
BA 7.5 3 3 92 62 21. 0 

9 3.75 3 3 133 73 1 9. l 
(+3. 75 Aluminum pigmen t ) 

9A 3.75 3 3 158 73 19. l 
{+3. 75 Aluminum pigment) 

./ 

Thermal conductivity 

The thermal conductivity of the sulfur foams was determined in accordance 
with ASTM C 177-63 (Thermal Conductivity of Materials by Means of the Guarded 
Hot Plate). This procedure requires two specimens for each test. Four tests 
were conducted involving eight separate specimens. The test specimens were 
run with a cold side temperature of -BC, a hot side temperature of t l 7C and an 
average mean temperature of t 4. 5C. Thermal conductivity is close l y related 
to density and the closed cell character of insu lation materials. Since the di
pentene dimercaptan base foams had a better closed cell structure than the sty
rene base foams, their thermal conductivities at various densities were investi
gated. Two styrene based specimens were tested, and their thermal conduc
tivities were found to be very close to those of the dipentene dimercaptan base 
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Figure 7 . Thermal conductivity, as a function of density for sulfur and other 
thermal insul ators. 

foam. The data on the thermal conductivity of the dipentene dimercaptan base 
foam are plotted versus densit y in Figure 7; the relationship was essentially 
l inear. For comparative purposes, the thermal conductivity of various well
known thermal insulating materials is also shown, and the thermal conductivity 
of the sulfur foam compares quite favor.ably . It iq not only a good insu lation but 
one which can be prepared at a re1note field site and applied during low tempera
ture environmental extremes. Indications are that further reduction in the den
sity of the sulfur foam should further improve the thermal conductivity. 

Moisture absorpt ion 

The water absorption of the sulfur foams w as de termined by submerging the 
specimens ander a 1O-ft head of wate r (4. 33 psig) for 48 hours. The specimens 
were weighed dry and after being submer g ed. When sulfur foam is poured in 
place, a smooth wall or skin always forms 0.1 the outer surface, and this sur
face is less absorbent than foam cut from a section exposing the cell s t ructure. 
Specimens of dipentene dimercaptan base and styrene base foams wer e tested 
for water absorption with and without surface skins, with the followin g results: 

Di pentene dimercaptan base 
Styrene base 

Permeability 

Water absorption, lb/ftZ 
With skin Without skin 

0 . 16 
0 . 35 

0 . 50 
0 . 55 

The water vapor transmission, permeance, and permeability were deter
mined in accordance with ASTM C-355-64 {Water Vapor Transmission of Thick 
Materials). These tests were conducted at an average room tem perature of 
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24C and an average relative humidity of 531o for a duration of 14 days. The sul
fur foam specimens were affixed to a vessel containing a dessicant and seal ed 
wi th paraffin wax. Each specimen had an exposed surface area 5. 69 in. in diam
eter. The dipentene dimercaptan base foam with the skin did not gain any weight 
during the 14-day test. The w ater vapor t ransm i ssion, permeance, and perme
ability of the two foam formu l ations are as follows: 

Water vapor transmission 
(grains /ft2 -h r) 

Permeance (perms) 
Permeabi lity (perm -in . ) 

Dipentene dimercaptan 
base -----

With 
skin 

0 
0 
0 

Without 
skin 

1.3 
2.83 
4.25 

CONCLUSIONS AND RECOMMENDATIONS 

Styrene base 
With Without 
skin 

1.3 
2.83 
5. 66 

skin 

3. 0 
6.54 
9.82 

It has been demonstrated that it is possible to lower the density of rigid s ul
fur foam to as low as 10 lb/ft3 in continuous pressurized process equipment and 
as low as 6 lb/ft3 in laboratory glass ware at atmospheric pressure . Based on 
past experience, each reduction of foam density becomes progress ively more 
difficult to achieve. However, indications are that with further research the 
densities might be further reduced, lowering the unit volume cost of the materi
a l and improving the thermal conductivity of the foam. Because of the low cost 
of the sulfur based foam formulation, the unit cost of the resultant low density 
foam qualifies it as bein g one of the lowe st cost rigid f oam materials available. 
The 10 lb/ft3 foam has a variety of attractive features as a structural material 
which include : 

(1) Stress-strain characteristics which should allow use in a variety of 
structural applications; 

{2) L ow thermal conductivity, making it a good thermal insulation mate rial; 

(3) Low moisture absorption; 

(4) L::>w water vapor permeation; 

(5) L::>w cost; 

(6) Insensitivity to ambient temperature conditions but favored by low tem
peratures; and 

(7) Capability of being produced at a r emote field site. 

This work represents a sizable advance in the sta te-of-the-art of producing 
rigid sulfur foam which is in itself a unique and new material. It is recommended 
that, to fully realize the potentials of these materials, the following areas should 
be investigated: 

(I) Development of equipment to produce sufficient quantities of sulfur foam 
to conduct application studies; 
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{2) Studies of sulfur foam as a surface insulation and roadway subbase 
material; · 

(3) Investigation of sulfur foam for use in foam core panels; 

{4) Investigation and use of sulfur foam for construction of foamed-in-place 
shelters; and 

{5) Further study directed to the lowering of the density of the sulfur foam. 
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