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Scientific American, September 1973

What old jobs, odd jobs, new jobs await
billion-bubble foams?

|t started at Monsanto as purely investigative contract research. |t
wound up as a body of original, broad-spectrumtechnol ogy: FOAMS —
hi gh expansi on aqueous types and polyner foans. The varieties
possible turned out to be alnost [imtless; the performance, literally
fl abbergasting. Foam —it appears —m ght solve dozens of still
unlicked problens in fields as dissimlar as agriculture, stock

br eedi ng, housi ng, national defense, product packagi ng, dust control
and safety devices. Wth sone innovative thinking, foamtechnol ogy
can underpin sone brand new products and service busi nesses!

High Expansion Aqueous Foams

Few t echnol ogi sts who wet their noses in the collar on a cold
beer or squirt an extinguisher on a | ab bench bl aze give nore than a
passi ng thought to the foam But Mnsanto researchers were handed a
contract research problem The culprit was coal dust. The client
wanted it trapped and contained —as it billowed out fromthe cutting
bits of continuous mners that chewed tons-per-mnute bites froma
coal seam An atom zed water spray didn't trap enough; too much
dangerous mcroni zed coal dust escaped. A far better way was needed
to suppress the 5 mcron and smaller particles.

Monsanto researchers opted for foam Their nmain objective:
devel op hi gh expansion foam naterials, sinulate application, and
eval uate effectiveness. This started a programthat created a w de
and beguiling variety of aqueous foans. One of them a polyner-
augnent ed wat er-base foam did the entrapnent job on coal dust. Dd

it very well indeed. The parent liquid contained 990 parts water, 5
parts detergent, 5 parts polyelectrolyte resin. |Its expansion ratio
was 200:1. In the coal-cutting |aboratory set-up, dust-|laden air
containing 70 mllion particles per cubic foot was 99%clarified —

down to 0.5 nppcf. And small anpbunts of the foammaking liquid went a
surprisingly long way. Just 35 m per mnute foanmed over the cutting
head of the | aboratory "m ner" suppressed 84% of the coal dust.

| ncreased rates brought the clarification up to the 95-99% range. The
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stability of the foamwas adjusted to entrap the dust, then coll apse
and drain away —to avoid flooding the working face. And the

pol yel ectrol yte cenented the dust particles together, preventing re-
aerosol i zation.

Coal dust studies hei ghtened Monsanto researchers' fascination
wi th foans, foam naking fornmulations, and ways to froth them A bevy
of intriguing possibilities surfaced. Along wth recipes, a nunber of
I ngeni ous nmechani cal systens for turning liquids to foamwere
devel oped, including portable carry-anywhere devices. The conbination
of formul ation and foam nmaki ng hardware sparked a ganut of why-didn't-
we-t hi nk- of -t hat - bef ore-i deas for foans.

Pursuing their unique utility, Monsanto researchers expl ored
foans down three avenues: "tenporary disposable,"” "long-lasting" and
"permanent" foans. Fromthe accunul ated know how a remnar kabl e range
of foans can now spew forth to do an incredible range of jobs.

Wth only air as the bl ow ng agent, polyner-augnented aqueous
foam sol uti ons can be nmade that possess an expansion ratio as high as
1000:1 or as low as 50:1. Formulation controls the strength of the
tiny bubbles, their wetting power, and the pernanence of the foam
Wat er - based foans could be made to di sappear with scarcely a trace in
m nutes, an hour or a day; others, under the proper conditions, could
| ast for six nonths.

Specul ati on on possi ble commercial uses (the arbiter of both
formul ati ons and application devices) grew apace with the grow ng foam
technol ogy. Wuld not a foamfornulated to |last a few days be an
excell ent insulator to protect crops against frost? O a weather-
protecting coating for haystacks? Loaded with fire retardant —foam
m ght be a way to lay down a fire break in the path of forest fires.
Wiy not use foam bl ankets —tailored for particle entrapnent —to halt
wi nd erosion of outside-stored sulfur, to stabilize fly ash piles, or
as a fast-di sappearing cover to suppress dust fly-away from
particul ates noved by belts, chutes or conveyors. A foam bl anket
containing polyelectroly[t]e ought to stabilize raw soil shoul ders of
hi ghways and runways. The ideas grew wilder. A spew of foamfrom a
burglar-foiling "Sprinkler System could bl anket an entry, a vault,
even a shop. It would deny visibility and frustrate novenent. A
burglar woul d becone | ost in the foan
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More intriguing application ideas were sparked by "carrier
foans."” Such foans coul d di sperse powders or |iquids and nmake visible
the area covered. They could be made with predeterm ned degrees of
per manence, fornulated to carry insectides, plant growh regul ators,
mticides, pest repellants. A long-lasting carrier mght be the nost
practical way to conbat dust filmthat frustrates herbicide contact in
roadsi de weed control —or —the easiest-applied barrier on peach tree
trunks against borers. An insecticidal carrier foammght be ideal to
hold the toxicant to the bodies of hard-to-spray pests like
gr asshoppers.

The Wide, Wide World of Polymer Foams

The inquiry spill-over fromaqueous to polyner foans was a
natural progression. These were permanent structures —essentially
gases immobilized as cells in plastic web. Study in depth showed
these, too, were alnost infinitely versatile. Commercial polystyrene
and pol yur et hane foans, although maj or Monsant o- devel opnents, hardly
scratched the surface. Experinental work on new foans discl osed, for
exanpl e, that a pol yurethane bl ock
co-polynmer flexible foamcould be nmade with ultra-high energy
absorption power. This structure took repeated knock-out punches, as
paddi ng for air drops and protective packaging for rough freight
handl i ng. Rapi d-foam ng, pouch-packed Iiquids could be hand-m xed in
their container and foaned in seconds —to nmake customfitted crash
hel mets, fill alife raft, or to "set" rigidly around a fractured |inb
for a field-applied i mobilizing splint.

But nore pioneering study soon devel oped a whol e range of other
“gl amour” foanms with unique properties: instant foans, "trowell abl e"
air-frothed epoxy, fire resistant ureafornal dehyde and pol ym de
foans. The polyner, its nodification, cell shape, entrapped gas, etc.
gave hundreds of structures. Wth various "tailorings," these foans'
potential utility appears to be limtless.

“Instant foans" (made of polystyrene, SAN, PVAc, or other
t hernopl astics) are in essence "foans-that-shoot-froma-bottle."
Li quefied gas and | ow boiling solvents are the key. The liquid
formul ati on under nom nal pressure is uncorked (or val ve-rel eased).

Instantly! it spews out as dry, solid foam... with choice of density
from0.8 to 3 Ibs./cu. ft. No mxing, no chemcal reaction, no
foam ng machine —literally, instant foam—rigid or flexible —in

liquid form Here, certainly is Step 1 in creating encapsul ating
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packagi ng-portable for field use or nozzl e-di spensed over fragile
products on the production line. The instant foans can inflate a
punctured tire; formbig, big |ight noldings; make instant pontoons
and |ife rafts; create containment barriers around oil spills or nake
triggered flotation devices against boat hull puncture.

“"Trowel | abl e" air-frothed epoxies were investigated that offered
new virtues to construction. These foans, made with a standard
commercial resin plus a specially devel oped am ne curing agent, could
be frothed with air in kitched blender to make rigid 20-30 I b./cu. ft.
foam or under 200 psi pressure to densities as light as 4 Ib./cu. ft.
The foans coul d be shovel ed, squeegeed, pressure-fed. They supported
t hensel ves on vertical surfaces.

For structural uses, these epoxy foans —aside from handling ease
and hi gh support strength —also offered great durability, high
noi sture resistance, high tenperature endurance, and better aging.
They appear to be a nost practical material for "quick-built"
shelters, roofing for dwellings in devel oping countries, even conplete
structural nenbers for basic housing. The high strength of these air-
frothed epoxi es solved a tough packagi ng problem the shipping of
| ar ge danmage-prone itens like aircraft wing tanks 20" x 3' dianeter.

The air-frothing techni que worked, too, with concentrated aqueous
sol utions of urea-formal dehyde —to produce certainly the world's
| onest cost, |ightest weight, fire-resistant rigid foam It could
weigh as little as 0.6 Ib./cu. ft.

Wth heat resistance and flane retardance as a goal, Mnsanto
Research next turned to polymm des as the polyner. The result was a
process and fornul ati ons that produce a series of new resilient foans,
readi |y nol dabl e, that possess tough non-abradi ng skins. These range
from2 to 8 Ibs./cu. ft.; they are fire resistant (even in O, enriched

at nosphere) and will w thstand tenperatures of 600Q*****x**xx*x*xp fgr
up to 100 hours. Here possibly is the ultimate in foans for aircraft
cabins and material for high tenperature insulation.

Monsant o researchers are convinced that foans nerited the years
of study, nuch of it contract research on designing foans for specific
applications. They are certain of two things: there are |ots of jobs
for foans and they have a head-start on the know how to nake a foam
for any job.
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For further details, request a copy of:
FOAMS, Types, Characteristics,
Appl i cati ons.

Address inquiries to:
Dr. lval O Salyer
Monsant o Research Corporation
Station B, Box 8
Dayt on, Ohi o 45407
Tel .: (513) 268-3411

M onsanto - the science company.
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