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vation is accomplished in a closed tank where the soluticn remains until 1
needed. Opening a dis-narge valve on the tank produces instant foam, which
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vapcr pressure of the solvent) drops to atmospheric pressurc. 1

The prototype equipmerc includes an extrusion die with a rectangular opening,
3 which attaches to the tank discuarge valve., The die is fitted with a screen

i which {s necessary to produce slabs of foan. which are rectangilar and at a .
minageable extrusion rate. The prototype equipmeni produces foam panels which
are approximately 3 inches thick by 12 inches wide. The length is determincd

by the capacity of the tank and the length of time the valve remains open,

The prototype equipment produces foam with characterfstics equivalent to more
conventional polystyrene foams. The suitability of the foam as an afrdrop
energy dissipater material was not completely established and remains to

be determined.
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1. INTRCCUCTION

The cbjectives of this progoram were to develop foam SC.iulliclhLs
(or gels) and to design equipment capable of using these solu=-
tions tc mold polystyrene roam into boards or slabs sultable
for use in alrdrop applications. The cveral} final slze (f
molded pcolystyrene was '> be e¢lther 3 incres by 3 feet by

8 feet, cr 3 inches by 1 fcot ty 8 feet.

Qur etfforts proeduced a moidab.e {.am formuiaticn, a methed o
:lab mcld a 3 x 12 x .8 in'h picic, and an extrusion mciding
process capabie of torming 3 X .- inoh tuam becaras or planxs

6 feet long, or of irdetinite liength, depending on the capacie-
ty of the suppiy tank.

Foams prepared by the extrusion mulding techrnique were tested
for energy absorpticn. The toam densities of these materials
were in the 2«10 Ilb.cu ft (pel, range. At these densitles,
Folystyrene fuam impact strengths sere tco high for the load
capacity ¢f the impact tester. Tnis indicated that during &
subsequent gphase of this w.rk, two major gouais would be
better contrel of foan dernsity and imprcved cedl structure,
as a pre-requisite Lo obtain the desired physical properties.

A protctype tuam generator was designed and bullt during

this program. [t was deilvered to the Army at the conciusion
¢f the groject.

2. TECHN.CAL DISCUSSION

2.1 HISTORY OF iNSTANT FCAM AT MCNSANTO

Instant polymeric fcams were [irst deveioped by Monsants
Research Corporation approximate.iy nine years agc. An
instant fcam generally conslsts of a pclymer disscived in
liquefled gas and sclvent cembinallin. instant foams have
been made from nolystyrene, vinyl acetate and other poly-
meri: materials. Foams prepared previcusly lacked the
ability tv be shaped or moided or release to atmospheric
presuures. :

Of tne instant fcams pr.pared, polystyrene has the best
possibllity of meeting the impact absurotion requirements
necessary for an airdrop energy csoioi..g Mmaterial.
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Af. e stlidat il T Tellifwaate 1notant p..y:tyrine was
critlated under Cerntract Neo DAaK 05-74-C=0080. Objectives
wele Yoo deve.,lp a ccntroiled meiding preccess to produce
Dlale wdeludl ad energy absorber: L0 4irdrip appaications
S.. A& 'K was taacd roan rig.onel "standard" formulavion,
we et tn Taboe . The tormais wae moQLi.ed Vo adl o x
oy LU =P OO LOWRLe pi lgrall
Tav .« o
cTeNDabl (NCTOANT oo dSTIRENE BunM FCRMULATICN
T e PR o By We.gnt- FEHE-
Lus*rex HH-.C1" NI, 100.0
Micropal,oone® 3.U i.9
Triton Xe200° .G.0 6.4
Frbon oi® .0 7.6
Dinethyi ether’ (6. U 4y. 6
Welight in grams
2PFHF = parts per hundredp:  oror
‘Polystyrene - Monsanto Company
“IG 10. = giass micr.pbalicens - Emerson
ar.i Jummings
Scalum falt of aikyl ary. Ju.lonate -
r.hm ana Haucs
Tricnlorcfic romethane - _uFont
‘Dimethyt €ther - Mathescrn Products
it la.iy, 2.l toams were prepared in 16 0z glass pregsore
Lo e These iheXpensive pressure vessels are very hiee
DL the stady ol flrimuwia varlavies. The bottles are
'.dﬁ.pq wntoand ‘ne Colvaltion process and viscosity changee
2 Se g sevrved.,  Charging an fnestant toam te a pbottle
et la. LJ Toitlwe lhis 2teuwide provedure?
idence the alnethyl etrner. Trnic is dune by pacsing
the was thr o uph a dry i2e ¢21d tinger condenser and
Satting the condencate Inoa ary ice chilled flask.

o RMULATION AND PREFARATION

Trancler Lo.yutyrene beads v 4 ciean, ry, pre-
acaghed bottle.
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3. Add the glass microballoons, place a stopper (cork or
rubber) in the bottle, and shake to disperse the micro-
balloons.

b, Transfer the surfactant to the bottle. If the sur-
factant 1s a liquid, it can be weighed directly into
the bottle. If 1t 1s a sclid, it can be pre-mixed
with the microballoons and steps 3 and 4 combilned.

5. Add co=-solvent Freon 11, or cther compound.

6. In ~n explosion=-prcof hood, transfer the liquefied
gas (dimethyl ether or other gas) tn the bottle. At
first, the gas willi bcil off, c¢coling the bottle and
its contents. The required amount of gas 1s added hy
weight. A slight excess (1 g) !s added to compenssate
for weight loss (by boil off) during th- capping
operation. Put a cap on the bottle, ana allow it to
warm to room temperature. (Geunerally. sii bottles
were charged at a time.)

7. Dissolve the polymer. Suiv' "ion of the polystyrene
is generally effected at rc¢:* temperature by placing
the bottles on a wheel rotaticug in the vertical plane.

Three modes of agitation were enployed: first, continuous
slow rotation on the wheel; second, intermittent rotation

on the wheel (e.g. 10 minutes stationary to permit drainage,
followed by 15 second rotation tc change position). A

third method was to place the charged bottles in a £0°C

oven and rotate the bottles (end for end) three times a day.

The first two methods required three days to a week for
-omplete solvation. Using the third method, solvation
could be completed ia as little as 24 hours. Solvation
time was markedly iniluenced by the nature of the formu-
lation. '

To assure complete solvation and uniformity, the elapsed
time was arbitrarily set at one week for all foam sovlution
formulations. ¢
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2.3 FORMULA VARIABLES STUDIED"

Several formulation studies were mare employing the bottle
technique. The variables investigated were:

+ Surfactants and combinations.

Solvents (boiling at or above rcoin temperature.

Gaseous solvents (liguefied gas).
+ Combinations of the above.

During these investigations 170 bottle experiments were
made. These experiments involved 81 surfactants or combl=-
naticns of surfactants with other additives (see Table 2
fcr a listing of these materials).

Tc systematically evaluate the surfactants and formula
additives, a simple, effective set of test proceaqures
were developed. These tests are given in Table 3 which
lists the property measured and a descripticn of the
specific test methcd used. The table further separates
these tests into properties measured while the foam solu-
tion was in the bottle (Section A). Secticn B describes

test methods appropriate to the instant foam after relecase
from the storage vessel.

The data for the surfactants which appeared most promising
in the screening tests are presented in Table 4. Proper=-
tles of both the foam soluticn and the foam 1itself are
presented in the table. The data are listed below the
va~iable (surfactant) tested. For example, the foam
solution with Igepal CO-970 required 10 seconds to flow
from one end of the bottle to the other. There was no
free liquid phase, indicating the surfactant was compatible
with polystyrene solution. The foam sclution did not
adhere to the wall of the bottle. This indicated that all
the foam sclutlon would drain cleanly from the supply tank
wall and be available to make foam. Furthermore, cleanup

¢! the tank for reuse would be easier if the walls drained
¢lean.
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Table ¢

L1ST OF SURFACTANTS AND SURFACTANT,ADDITIVE COMBINATICNS

Trade Name Chemical Description

t _nm T
TR

Triton X-200

Dupcnol WAQH
Igepon ACT78

L I B L R Il st S g

; Igepon T=33

% Igepon TC-U2
% Zelec DX*

: Zelec NK

e GAFAC MC-A470

CAFAC RE-870%

GAFAC RA-600

Atlas G 3570
Igepal CO-970%

Igepal C0-630
igepal CO-210
1gepal C0-990

igepal CA--420

Anlonic Surfacrants

Nenlonic

scdium salt of alkylaryl poly-
ether sulfonate

sodium lauryl sulfate

coconut ©l1l acld ester of
sodium isethlionate

sodlum=n=methyi=n=o0loyl-
taurate

sodium=n-methyl-polmitoyl
taurate

alcohol phosphate composition
alcohul phosphate composition

partial sodium salt of a com-
plex organic phosphate ester

free acid complex organic
phosphate egter

free acld complex organic
phosphate ester

Surfactants

cationic polymeric amine

ncnylphenoxypoly(ethyleneoxy)
ethanol

nonylphencxypoly(ethyleneoxy)
ethar.ol

nonylphenoxypoly(ethyleneoxy)
ethanol

nonylphencxypoly(ethylienecxy)
ethanol

octylphencxypoly(ethyleneoxy)
ethanol

o i, WAL SE CMETE Tl 2t 4 s Rl o
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Table 2 (continued)

Trade Name Chemical Description

Nonionic Surfactants

Igepal DM-630 alkylphenoxypoly(ethyleneoxy)
ethanol

Igepal DM-430 alkylphenoxypoly(ethyleneoxy) .
ethanol

Igepal CTA-639 alkylphenoxypoly(ethyleneoxy)
ethanol ¢

Pluronic L-63 polyalkyloxypoly(ethyleneoxy)
ethanol

Pluronic F-68 polyalkyloxypoly(ethyleneoxy)
ethanol

Pluronic F-104 polyalkyloxypoly(ethyleneoxy)
ethanol

Pluracol TP-1540 polyalkyloxypoly(ethyleneoXy)
ethanol

Pluracol GP-3030 polyalkyloxypoly(ethyleneoxy)
ethanol

Pluracol TP-4640 polyalkyloxypoly(ethyleneoxy)
ethanol

Piluracol P-104 polyalkyloxypoly(ethyleneoxy)
ethanol

Thanol SF-6500 polyalkyloxypoly(ethyleneoxy)
ethanol

Merpol HCS poly(ethyleneoxy) ethanol

Renex 20 polyoxyethylene ester of mixed
fatty and resin acids

Atlas 300 mono and diglycerides of fat
forming fatty acids

Atlas G-1096 pPolyoxyethylene sorbitol hexa-
Ocleate

Atlas G=-1441 polyoxyethylene sorbitol lanolin
derivative
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Trade Name

Nor i

(€}

Chemical Descrliption

nic Surlactants

Atlas 1556
Atlas G=1702

Atlas G=-2684

Alcolec powder

polycxyethylene blends of poly-

hydric alcohol fatty esters

polyoxyethylene sorbitol beeswax

derivative

poclyoxyethylene sorbitan monce

oleate with mixed fatty and
resin acids

soy phcsphatides 95%

Surfactants with Additives and/or Combinations

Igepal CC=-970
zinc stearate

Igepal C0-970

Igepal CO=~970

GAFAC MC=-470
water

GAFAC MC-470

Igepal C0=-970
Union Carbide L-534

Igenal CC=-970
Unicn Carbide Y~6202

Igepal C0-970
antimony oxide

lgepal CO=~y/0
antimony oxide

nonylphenoxypoly(ethyleneoxy)
ethanol

50,50 sclution ncnylphenoxy-
poly(ethyleneoxy) ethanol and

water

75/25 solution nonylphenoxy-
poly(ethyleneoxy) ethanol and

water

50/50 sclution of partial
sodium salt of a complex
c¢rganic phosphate ester and

water

75/25 solution of partial
sodium salt of a complex
organic phosphate ester and

water

57/43 mixture of surfactan-
to silicone surfactant

57/43

mixture of surfactant

to sllicecne surfactant

67/33
flame

75725
f'lame

mixture of surfactant
retardant

mixture of surfactant
retardant
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Table 2 (continued)

Surfactants with Additives and/or Combintions

Trade Name

Zelec DX
antimony oxide

Zelec DX
antimony oxide

Duponol WAQ
antimony oxide

Duponol WAQ
antimony oxide

Hycar latex
2200X22

Igepal CO-970

Igepal CO-970
butyl ether

Igepal CO0-970
toluene

Igepal CO-970 tritolyl
tritolyl phosphate

Triton X-200
microballoons

Igepal CO-970
alcolecec powder

Igepal CO-970 anti-
mony oxide

Flameout 5600-B1
antimony oxide

Chemical Descriptlion

67/33 mixture of surfactant to
flame retardant

75/25 mixture of surfactant te
flame retardant

67/33 mixture of surfactant >
flame retardant

75725 mixture of surfactant to
flame retardant

Tested at 10, 20, 30, 40 and 50
parts per 157 parts of Lustrex
HH-101

10 parts of Igepal CO-970 to
12 parts chloroform per 157
parts of Lustrex HH-101

10 parts of Igepal CO-970. to 12
parts butyl ether per 157 parts
cf Lustrex HH-191

J0 parts Igepal C0-~970 “o 12
parts toluene per 157 parts of
Lustrex HH-101

10 parts Igepal CO0=970 to 12
parts tritolyl phosphate per
157 parts of Lustrex HH4=-101

10 parts of alkylaryl sulfonate
to 3.0 parts nucleaticn beads

83/17 mixture of nonionic to
cationic surfactant

83/17 mixture of noni...ic
surfactant to nucleating
agent

87/13 mixture of fire retardant
to nucleating agent

Note: Numerous other combinations were tested but not

listed,
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g Table 2 (eccntinued)
? Trade Name Chem..al Descripiicn
3 Silicone Surfactants
i Dow Ccrning DC-200 sliicone o011 - 500 centipolse
* Dcew Corning DC-200 siliccne ¢il - 1000 centipcise
Dow Corning 190 siiiccne oll
: Dow Ccrning 194 sitlvine vil
;i Dow Corning 1312 siiicune (il
i Dew Corning 11-630 silicone <..
Union Carbide L-520 sillvure Cil
Union Carbide L-534 sllicone olil
Union Carbide L-540 siliccne cil
Union Carbide L-5310 silicone oll
Union Carbide L-5420 silicone oil
Union Carbide Y-6138 siilcone oil
Union Carbide Y-6202 sillecne ©il
S 103 special polyvinyl chloride
cell stabllizer
] Filuorccarbun Surfactants
] FC=-95 perflucrconate organlc cormpound
3 FC=-98 perfluorcnate organic ccmpound
] FC-128 perflucronzate organic compound
i FC=134 perfliucronate organic compcund

Plesticlizers

50,50 mixture diallyl phthalate
and antimcny .xlide
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g Table 2 (continued)
? ! T ade Name Chemical Description
i Flame Retardants
Niax Fire Retardant 3-CF
Flameout 5600-B1
Antfmony oxide ’
Mono (DBP) phosphoric acid !
Bils DBP phosphoric acid )
Tris (DPB) phosphate
‘ Weston CP-1
5 Tetrabromophthalic anhydride
Powdered Nuczleating Agents |
zinc stearate powder t
artimony oxide | |
3 ]
E
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£
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Tabie 3

METHODS OF TESTING FOaM SCIUTICN AND PRCPERTIES

Precperty

__Test Method

A. Physlcal Properties of Sciuticrn In Bottles

Foam sclutlon
viscosirty

Surfave liquid

Bottle condie-
tions

The bcttle Was turned upside
down &and time elapsed fcr the
foam sclution to flow from
the botteom to the tip was
recorded in =econds.

The gquantity ot free ligquia on
1op ¢t the foam scluticn was
recorded.

Whether cr not the foam scCiu=
tion adhered to the bottie
walis was recorded.

B, Physicai Properties of Extruded Fcam

gxtrusion through
1,8 inch diameter

Fiow rate, ft/min

Moldablility, #1
die (Fig. 1)

Cell st ure

e e s e i e et e

Diameter of the extruded foam
was measured.

Length c¢f fcam strand extruded
as a ftunction of time was
measured.

Hew well the fcam was shaped
as 1t passed thru die¢ #1 was
noted.

Cell slze and unifcrmity were
rcted.
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The propertles in section B of Tablie 4 are thuse of

the instant foam after !t was reicased to the atmosphere
threugh a 08 in.h diamete: hLoic. For examp.e, using
lgepal CU-970, the tf'.am diamete: expanded 4,5 times v a
9, .6 1nch diameter foam strana wnen the Soiution ex.ted
chrough « 1/8 in.h dlameter ho.e,

The ficw rate -t Igepa. CU=970 was tar .less than ~“hat -f
other surfactant:, suggesTing ' was LUY a8 goud a s:lp
agent or lubrizant ftor the fiam s_.uticn. However,
lgepal CO=97C ..ade the most mo.dable s_lut..n. Die #l
plctured in Filgure | was used tZ ectabilczsh moidabiliity.
The Cther three dles ch_an acle aic. €vasuated during
this pregram. Tne last test rul sasd ah Lbservav.i.n of
cell structure, and Igepal CO=970 gave the most unifcrm
cell structure.

The origlnal surtactant at the steart of the prcgram was
Triton X-200, a 30% soluticn of a sodium salt of aikyl-
aryipolyether sulfonate. Based on the screening tests
early in the prcgram, this surfactant was replaced with
lgepal CG-970 [nonylphenoxypcly(ethyleneoxyetharcl)] in
the bulk ¢f the later work. This surfactant Imcroved
foam cell unlifcrmity, lowered soiutlon vis.ololty ard
acted as a reas.nably gocd release agent for the fcam
sclutlion frum the pressure vessel walls., Furthermcre, a
recognizable improvement in mcldabllity resulted frum the
use of Igepal C0=970,

With this kn.wledge, nunerous derivatives of nonlcnlic
surfactants based cn phenoxypolyethyle neoxyethanol were
evaluated Igepal CO-970 had the best balance of cverall
properiles of all nonionlcs tested.

Twe surfactants, Duponol WAQ (a water solution of sodium
lauryl sulfate somewhat comparable to Triton X-200) and
Zelec DX (an alcchclic phosphate composition) aiso
improved fcoam prcperties over those obtalned with Tritcn
X-200. Zelec DX in later work ylelded polystyrene fcams
with improved physlica. properties.

2.3.1 Estimated Ccst oif Instant Foam

An estlimate of material ccsts (based con late 1974 prices)
was made. The foam solution material cost 1s $0.556/'1b.
Assuming the solutions are made in large quantity (3000
gal batches) a labor cost wculd be $0.03 per pound.

Bazed on these calcuiatiocns, the fcam scluticn would cust
approximatesy $0.60./ib.  The cest ¢l a cuble fout of

2 lbscu r't foam wouid be ab.ut $i.78.
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Figure 1.

Bottle Dies Used to Extrude Instant Foém
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<.l MOLDED INSTANT FOLiSTYRENE FOAM

Several methods of B d.ng instart polystyrene fcam are
possible. Three O the & awere tr.ed during thic program.
They were:

« Instarns From a 2 inch pipe cylinder into a
Viwztd I
Verticas
Tnrcugh di

LUl SCresn

£¢ within a closed mz.d.

€ r..zzles with and withe

* wyy e F .
. Extrusicn -

instan® moiding method: were in.est.gated first. The moid
Slze sele-ted was 3 x 12 x .8 ir.tes (a Fotential.y usab.e
mcdular parel size) which was larger than any previcus.ly
attempted using the instan- f-am pr>cess. Fcam slabs  his
large wou.d be o!f sufficiest size to permit the determinaticn
of physlcal, 'me. hanical and impact data. The foams mcided
were based on the fcam formulations listed in Table 5.

Table §
TYFICAL INSTANT FOAM MOLDING FCRMULATIONS

T

ingredients A _B c
Lustrex HH-101 100 - 100 100
1 Glass microballoons 1.9 1.9 l.9
3 Surfactant 12.7 6. 6.4
] Freon 11 7.6 15.28 7.6
] Dimethyl ether 44.6 - - .
3 Methyl chloride - 44.6  44.6
| In gereral, these formulas vary in the quantity and type of
7 surfactant, amcunt of Frecon ll, and type ot pneumatogen/scivent
3 (J.e. dimethyl ether or methyl chilcride).
' Preparation of the fcams was acéomplished b, nine n an wme .
3 .t foam s.iuticn, welighing 3..4 times the tourmuia welpht,

Into a 2.0 inth diameter preszure ves

plpe capped on cne ¢nd ana adapted t.
inch bail valve.

i5

et e a3

These pressure vessetls were c.npstrulleda of 2.0 inch steel

sel (see Figure 2).

take a 1i=1,4 ¢gr 2.0
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2.4,1 Charging cf Pipe Pr2ssure Vessels

Several pressuls Vwsicl (harg.ng pro.e3ures were .nvestigated.
in Benerai, the mest i€.iad.e piJ.cdure was 1dentical with
that used r'or :halgllig g.dss pressure vesse's except that,
because o! its mass, the pipe was pre=-cocled in a dry ices
acetcne bath for 30 mirutes pricr te addaing the condensed
dumethy. ether or msthyi .niur:de.

2.4.2 Scivaticn of Folystyrenc

Complete sliution oI the polymer was necessary to ubtain
high quaiity foam. The mest imgurtant varlable ‘n effect=-
ing cumpiete soiutlion was fownd to be the time used in
mixing, and this LCOK Cne week. Alter being charged, the
prescure vessel was placed coni a wheel votating in the
vertical piane and tumbled tor 48 hours at room temperature.
it was then ‘ransierred t¢ a 120-F cven where its position
was changed tnree timgs daily ror five days to assure com=-
plete solvatiun. The efrects ¢t performing soivation at
temperatures other than ambient (75°F) and 120°F have not
been determined. Once s.iutiin hLas been completed, the
charged tanks ot s.luticn can pe stured indefinitely.

It must be puinted cut tha'! the precess described is
appropriate cniy Uor laboratiry work. Alternate methods

of sclutlen should 22 wirked cut for large scale production.
Preiiminary inquiries indicate that the Ross Equipment
Company makes a mixer that .is designed for the preparation
of high viscesity polymer s.iuziuns. The use c¢f such a
plrece of equipment wculd greatiy expedite preparation of
Instant fcam sciutions. Cumparatively large amcunts of

the material cculd be prepared, then transferred to storage
and shipping tanks. Once the sclution i1s in the tanks it
can be used as needed.

2.9.3 Direct Insvant b.am Mc:ding in Mold of
Fixed Dimeng:ons

The pressure vessels .narged witl liam sciution were
attached t° 3 X 12 x i8 in.h piyw.cd mouds . see Figure 3)
with C.i0s2 Dnippies. Attemptls were made t¢ mold instant
pclystyrene woth tae vaive part.iy opened. This slow
method of molding tormed a twisted mass of foam that was
rartly fused t:gether. No reali mouiding was observed.
With the valve approximate.y halt _pen, a partiailly
chaped fuam was tormed- Well turmed molded pleces were
posslbie cnly when the va.ve was tully upen and the moid
ti1led rapidiy with sxpanded foam (Figure 4).
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Figure 3. Plywood Mold Og.a f
(3 x 12 x 18 Inch).
holes in one end of
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Figure 4. Molding Made with Kkully Onened Ball Valve
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The effects of temnerature on molding were studied employ=-
ing foam formulation A given in Table 5, except that the
quantity of surfactant was increased to 12.7 parts per
hundred parts polymer. The mo ing temperatures selectcd
were 60, 80, 100 and 120°F. The results of this work are
shown in Figures 5, 6, 7 and 8. Moldability improved with
each incremental drop in temperature, the best molding
temperature being 60°F. Tnls was attributed toc the slcwer
and mcre controlled rate c¢:i foam formaticn at the lcwer
temperatures. It 1s belleved that this property applied
to ali fermulaticns studled iIn this program. Possibie
golvent pneumatogens which have luwer vapor pressures at
ambient temperatures of 75 to 8U“F probabiy would improve
the meoidability cf instant pciystyrene fcam.

2.u. b Sliding End Mold

A sliding end movld (Figure 9) was designed and built. It
was belleved this mold would offe: one apprcach to forming
roam boards with increased length. The movable end of the
mold furnishes the initlal resistance to form and mold the
tecam. As the mcld fills, the foam pushes through, furnish-
ing lts own back pressure. The mcvabie end of the mold
then moves back and fcam continues to be formed.

For best results, it was necessary tou locate the pressure
vessel in an eslevated position relative to the mold, thru
use of a 90° elbow (Figure 10).

Using these cylinders and a 9 gallon (2100 in.3) cylinder,
a study was made to establish the amount of resistance
required toc shape the 1lnstant foam when released from the
pressure vessel. In practice, the mold was attached to a
pressure vessel with a closed nipple. The mold was mounted
at a 45° angle to the hcrizontal. Five, 15 and 20 pound
lead welghts were used to furnish resistance to the movement
zf the sliding pcrtion of the mold. The valve was opened
t'usrly during the test. The 5 and 15 pound welights did not
_fter sufficlent resistance to f{cam formation to induce
m.iding. The reslistance afforded by the 25 pound welght
dia not prove sufticient to cause the instant fcam to mcld
without formation of knit iines. One cne occassion the
siliding end was forced out past the stop and the weight
drupped back into the foam.
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Figure 5. Molding Temperature 120°F Figure 6. Molding Temperature 100°F

Figure 7. Molding Temperature B80°F Figure 8. Molding Temperature 60°F
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Figure 9. Mold with Sliding End Closure
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The sliding mold was scaled up to a 3 x 12 x 48 inch size.
This mold is shown in use in Figure 11. Figure 12 shows a
foam (176217E) molded in the four foot long mold. The sample
was prepared using the 25 pound welght for resistance to

foam flow and a partially opened 1-1/4 inch ball valve. The
top and bottom of the mold were lined with polyethylene to
act as a slip agent. The foam molded well with no knit
lines, torming a 36 inch long sample after shrinkage. The
problem of shrinkage was believed to be caused by improper
molding techniques.

A second attempt tou mold a slab of tcam in this mold

resulted in the 25 pound weight being tnrown forcefully

from the mold. Work on the sliding end mold was terminated
at this poirt. Feasibility had been shown, but a considerable
amount of design work would have been needed to make this a
dependable, safe method of forming foam moldings. It was
believed that direct extrusion through a die was a more
promising way to produce foam boards and slabs.

2.4.5 Physical Properties of Molded Instant
Polystyrene Foam

Compressive strengths of molded foams wel messured on an
Instron testing machine at a crosshead s1 d of 0.2 inches
per minute. Testing was in compliance wi.. military speci-
fication MIL-P-25514B, with the exceptlon that the foams,
being rigid, were not flexed prior to test. The test ‘
specimens were 2 x 4 x 4 inches and, when required, con-
sisted of one cr more pieces of the same test material.

The fosins tested were selected from the best molded pilece
made with the combination of surfactant and pneumatogen
under investigation (See Table 6).

Four fnams were molded using different amounts of Triton
X-200 as surfactant, different amounts of Freon 11, and
different pneumatogens. The foams tested exhibited no
outstanding properties, and there was no significant
difference in properties between the four combinations,
indicating that the amounts of surfactant and Freon 11
and type of pneumatogen did not greatly affect the foam's
physical properties. There was a drop in compressive
strength with each drop 1n foam density, which was
axpected,
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Figure 11. Molding of Instant Foam Using 2100 Cubic
Inch Tank and 48 Inch Long Sliding Mold
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Figure 12.

Slab of Foam Molded in Sliding Mold,
36 Inches Long
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Foam samples 172389 and 3935 were made with Duponol WAQ and
Zelec DX. Both are anionic surfactants of the same (ype as i
Triton X-200. The Duponol WAQ sample, 172389, caused an
increase in compressive strength over all other variables
investigated. This was at 25 and 50% compression.

Flameout 56C0-Bl, a fire retardant, was effectively used to

mold instant polystyrene foam. The compressive strength of

sample 172382 showed a slight improvement over the control .
samples, 172371 and 387.

TR T

Two test specimens made wlth high levels of Igepal C0-970
contained octobromobiphenyl or water at very high additive
: levels., The compressive strengths of the samples tested

% were average.

An 1nteresting property of these foams was thelr high
: percent reccvery after 65% compression. In general, the
: recovery improved as the density became lower.

2.5 BULK MOLDED INSTANT FOAM (DIRECTJON OF RISE PARALLEL
TO_LENGTH OF MOLD)

Two bulk foams were prepared by transferring foam solution
under pressure to a 5.0 inch dlameter by 5.0 inch high
pressure vessel, Flgure 13 shows thils apparatus. The
pressure vessel was allowed to stand for several hours after
charging. This insured that all the solution had collected
at the bottom of the vessel. At the end of thils time, the
valve in the top of‘:the tank was opened and the solution
foamed and filled the pressure vessel (mold).

i .-Wuﬂ{" TR N e

In the first experiment, 1.7 lbs of foam solution was

e charged to the vessel. This was an excess of material. The

E transfer took 24 hours. On the release of the prescure, foam

filled the vessel, pluggling the vents. 4When the vessel top

. was removed foam expansion continued, producing a mushroom

L shaped plece of Foam (Figure 14). The foam cell structure ‘
was large and irregular.

: The second foam was made using only 0.25 lbs of foam

1 solution. When the gas was released the foam rose and
filled the pot. This sample 1s shown in Filgure 15. The
molding fllled the vessel well, but 1t had an axial hole
approximately 1-1/4 inches in diameter running its length.
The hole was belleved t¢ be caused by insufflclent foam
solution in the mold and trapped gas 1n the plpe coupling
between the valve in the feed line and the bottom of the
.vessel. Thils work demonstrated the feasibllity of producing
foams from a pressurized mold. These foams had cells

? elongated In the directlicn of foam rise.

PO
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Figure 13. Pressure Vessel Belng Charged
with Foam Solutlon

Figure 14, Foam 176272 - Excess Foam Sclution
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Figure 16. T Die Externally Modified to Give
a Slot 1/8 x 1 x 6 Inches Long

Figure 17. T Die Internally Modified to Shape .
Foam Ingredient
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Figure 18. Equal Area Conversion Die, 4 Inches Long.
Poams produced by this die are also shown.
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The rectanpular portion was 4.0 inches long. This

die produced rourhly elliptical-shaped foam boards
(1-7/8 x 3-7/8 inches). The foam density was 6.4 1b/
cu ft. The preliminary work showed the feasibility

of continuously forming foam through a die, and the
need for a more basic study of flow properties through
orifices and tubes. It also indicated the need to do
this work on small scale dies so that many runs could
be made from one tank of sclution.

2.6.2 Tlow Study Through Die Orifices

To direct work on the design of extrusicn type dies, a
program to study the flow of 1instant foam solutior
through orifices of various si‘es and geometries was
initiated. This study included work on flow control,
die geometries, and tank pressure. The design criteria

for equipment used in this work was that the test die
should be:

c Easily mounted on the foam tank.

. Easily cleaned after each run.

. Readily adaptable to orifice of selected
sizes and geometries.

c Should allow a large number of runs to

" ‘be made from a single tank of foam

‘solution., ‘This 1s to6 permit testing
of a large number of orifices.

This versatile die is shown sechematically in Figure 19, and
photopraphically in Figures 20vand 21. Orifices of various
sizes were made, as shown in Figure 22. Thelr diameters and
lengths are given in inches in the following table.

Table 7

CRIFICE SIZLS

Orifice Diameter, in. - Qrifice length, in.
/412 3/0 1 2 2-11/16 2-3/1 6
1/0 % Y ' '
174 Y 4 v/ y Y ' /
/8 ' v
5/8 v ' Y
Tapered 1/4 to 3/U v

All orifices are square edged; thls represents the simplest,
but not necessarily the best, edge condliticn.
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Figure 20.

Figure 21,

Test Die (disassembled)

Test Die (assembled to tank valve)
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2.6.3 Standard Procedure for Testing Extrusion Dles

The followlng procedure was used ln evaluating the extrusion

dles:

. The dle to be tesved was installed on the solution
tank with 1ts valve (Fipure 21).

5 The two=1inch ball valve was fully open during the
extrusion test unless o'herwise noted.

c As the instant foam extruded, the rcam was marked

at 5 or 10 second intervals. Flow rates were all
calculated from 10 second samples.

s From these foam samples the fcam density and
physical propertles were de.ermined.

Initial tests were run on two solutlons which differed
from each other in the surfactant used. One surfactant
was Triton X-200, the other Igepal CO0-970. Both solutions

contalned 6.4 parts surfactant per hundred parts of polymer

(pphp). Because of the improved perfourmance of Igepal
C0-970, the use of Triton X-200 was discontinued in later
work.

2.6.4 Effect of COu1fice Diameter and Length
on Fcam Quality

The results of all tests run on circular sub=scale orifice
dies are summarized in Table 8. General conclusions that
can be drawn from thils work are:

Length to diameter ratio controls flow - e.g. with
1/8 in. diameter orifices, flow varled from 39 to

0 ft/min =2s the length increased from 1/4 in. to

1 in. The length to dlameter ratlo at which flow
stopped was 8:1. With a 1/4 in. dlameter orifice,
flow stopped at 2-3/4 in. length (length:dlameter
ratio in thls case was 11:1). It 1is possicle that
{'low might have stopped at even a shorter length, but
the 1limlted data did not prove this.

5 Increased dle length results 1ln foams of decreased
diameter and hlpgher densities. For example, as the
1/8 in. diameter orifice was increased in length
from 1/4 in. to 1 in., fcam dlameter decreased from
7/16 in. to 3/16 1in.
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opening toward the foam solution imprcved all the prceperties
mentioned above. An unexpected advantage resulting from
reversing the dle was an improvement in cverall appearan-e.
Thls suggested one mold cesign criterion; namely, using an
Inverted taper in the die.

2.65 Rectangular Orifices

Three minlature rectang:’ar crifices were fabricated and
tested. They are shown schematically in Figure 23, which

Zlves the dimensicns and areas of operiings. They are
identified as:

Type ! die - having a straigit through rectanguiar
openling.

Type 2 dle - having a tapered opening which is
rectangular in crcss section.

Type 3 die - a 2-stage dle having a straight
rectangular cpening part way through
the dle, which then flares out to a
larger area opening.

The results of tests made with these dies are given in
Table 9.

The Type 1 die extruded a section of foam 3/16 in. x 5/8
in. at a flow rate of 8.0 feet per minute. These data
support those obtained with & 1/8 inch circular orifice.
The fcam produced had a density of 4.2 pcef, much higher
than for foam previcusly formed with this formulation
(Igepal CO-970). Higher density foams generally are
formed when the die 1s relatively long and narrow.

The Typ= 2 dle has a less restrictive rectangular opening.
The foam product frcem this die (sample 176221A-3, Tabie 9
was 3/4 x 1=-3/4 inches ln cross section. It was produced
at 20 feet per minute. A sample was also made with the

die reversed, “aving the pclymer z.lutlon enter the 3,4 ir .«
opening. Thiz run tormed a fcam 1.0 x 1-3/4 inches In
cress sectlon at 18 feet per minute (sample 176221B-3).

The latter foam had a more rectangular cross section, in=
dicating that. better shaplng was cbtained when the foam

golution passed froum a large area tc a smaller one 1n the
die.
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118" eaoe am e ; | m—
e Area = 0.468 in

1

Type 1 (Straight throuah: rectanguiar die)

" 111/32"

p—1]
D 102

|

yaz'jr:"""" 8"

h--.. .“..

Area 1* 0.2 in? Area 2 « 0,75 In?

Type 2 Flared rectangular opening)

1 15/32"
- 718w _—

' N\
llld' =T 5/8" ]
o gt SN Y E

Area 1 = 0,218 in? Area 2= 1in?

'P""l" -

Type 3 (Two stage die - straight rectangular opening
followed by flared rectangular opening)

Figure 23. Rectangular Digs
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The last two foams listed in Table 9 were made wit.. Type 3
die. Using the die with the small area directed toward the
valve (176237.) did not shape the foam as well as irn the
reverse posi.ion (sample 176237J). This was the best molded
sample prepured up to that time,

2.6.6 Rectangular Orifice, 3creen Backed

A 1/2 inch thick disc of polyethylene was cut to fit the die
holder (Figure 19). The disc had a 9/16 inch x 1.0 inch
rectangular opening in its center. A 16 mesh wire screen
was positioned before the disc and a well formed rectangu-
lar foam board (1-1/4 in. x 2=-1/2 in.) was molded at 12 ft.
per minute flow rate. This 1s fcam 176237F in Table 10.

To show the effectiveness of the wire screen in reducing
flow and improving moldability, a run (176237H) was made
using a 9/16 x 1.0 % 1/2 inch dle without screen. The
valve was fully opened fcr only a second. The resulting
foam was a cylindrlcal log, 5 to 5-3/4 inches in diameter.
There was no evidence of m.lding cr shaping.

Foam No. 176237Q was made using a 24 mesh 0.015 iuch diameter
wire screen which had 41.1% open area. The foam produced at
a rate of 20 ft/min, was 1-1/4 in. thick by 2-1/8 in. wide
and had a rather uniform cell structure.

2.6.7 Effect of Various Size Screens

The early results using screens were suificlently encouraging
to warrant a more systematic study of the effect of screen
size and loca*lon In the die. A number of commercial screens
were purchas.d and tested with the 9/16 x 1.0 x 1/2 inch poly-
ethylene dlie. The screens were pcsitioned before the die.
Table 1% lists these screens. The variations in the number

of openirgs and wire dlameter represent an 11% overall change
in the percent open area for the screens tested. The foams
showed only a slight change in cell structure but, in general,
cell structure improved with the higher mesh screens.

For comparison, sample 176237H was made using no screen. The
cylindrical foam extruded at a rate of 216 feet per minute.
The effect of the screens was to force the instant foam solu-
tlon after partial exransion to take a shar-= by restricted
flow. The compacting or restricting effect increased the
denslity by a factor of 2.0 to almost 2.5 times that of foam
made wlthout a screen. Furthermore, the screen wire cut

the partlally expanded foam. This may have causel some

focam ccllapse and also left knit lines in the foam. These

by
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lines could ‘be seen when the foam was cut. The foam
produced by extrusion through 2 screen had a definite
fibrillar character in the direction of foam propagation
(Figure 24). The fact that some foam collapse occurred
was shown by higher f'oam densities. As the number of
wires increased from 12 to 24, the foam density increased
from 2.48 to 3.1 pecf.

T S

. The compression load properties were determined ipn*

1 accordance with military specification MIL-P-265147 The
§ 4 compressive strength of polystyrene prepared by screen
extrusion 1s higher than for standard polystyrene of
comparable density. This fact 1s borne out by the 25%
& and 65% compressive strength measured parallel to the

4 direction of extrusion (shown in Table 11). Parallel
in the case of both static and impact testing means that
load or impact velocity is applied in the direction ot
foam extrusion. Perpendicular testing means that the
stress 1s applied in a direction perpendicular to the
direction of foam extrusion. Ficure 25 iliustrates
this.
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2.6.8 Effect of Screen Location

An lnvestigation was made to establish the best screen
location in relation to the die. The screen or screens
were positicned before and after the die, as shown in
Table 12 and Figure 26. All other test conditions were
maintained as constants including the foam solution con-
taining Igepal C0-970 and the 9/16 x 1.0 x 1/2 inch dle.
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Sample 176237U, which was made with the screen located
after the dle, showed only slight shaping of the foam,
which was mcre elliptical than rectangular. Sample
17623V was extruded witr the screen before the die
orifice. Thils represents the position of the screen in
earlier tests. Foams prepared witt the screen 1ln this
pcsition extruded well and produced relatively high _
{ density fcvams. Thls screen position apparently causes !
the greatest amcunt of foam collapse, or compaction ot i
the fcam. This densification was possibly caused by the
gscreen cutting the raw expanding foam into strands ana
the subsequent coalescence of these strands btack into
a slab or bcard. These foams, when cut perpendicular
, t¢ the direction of extrusion, had the appearance cof an
expanded grid. :
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. Figure 24. Character of Foam Produced by Generating
' Foam Through a Screen
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Sample 1/6237W, made with the screen located Juat prior to
the holder for the test die, was a lower density foam with
rreater expansion. This foam's flow rate was the highest
of the samples prepared in this serles., With the screen
in thls posltion, the die molded the foam effectively.

Samples 17¢¢37X and 176237Y evaluated the effect of dual
screens in the foam solutlion stream. The first screen

was located prior to the hclder for the die, and the second
was posltioned before the 9/1¢ x 1.0 x 1/2 inch die
crifice, The foam produced in 176237X was a well shaped
rectanpular plece witn irrepgular cell structure. Because
of the cell structure thls run was rgveated in No. 176237Y,
and a scmewhat Imprcoved cell stracture was ohtalned. The
densitles of voth samples remalned lower than for foam
samples prepared with a single screen In front of the poly-
ethylene die. The blg difference was the drop in flow
rate. When the sample was cut perpendlicular to the
direction of extruslion, no impressicn of the screen grid
was observed.

The 16 mesh screen used 1n the 170237 series was replaced
with 24 mesh screen, placed befcre *he 9/16 x 1.0 x 1/2
inch dle, and sample 176221D-1 was made. It was comparable
to sample 176237 V prepared with the 16 mesh screen.

Agaln, the foam denslty was higher and the flow rate
increased to 16.5 feet per minute.

Sample 176221E-1 represents an attempt to evaiuate the
effect of a screen located before the 2.0 inch ball
valve. The initlal flow of foam indlcated that such a
position was feasible. However, shortly after the valve
wag cpened, the screen was forced through the valve and
into the dle. The first cne fcot of foam through the
dle was molded Int¢ a rectangular section. After the
screen was forced out of position, a cylindrical log of
foam was extruded.

The physical properties for these foams are consistent
Wwith those of earlier samples c¢f foam prepared by
extrusion through a screen. The 25% and 65% strength to
denslity ratics are hligher than one would find with a
more conventionai polyctyrene foam. Exceptions are
samples 1762370 and 176237Y tested parallel to the
Alreaction of extrusiocn. “hefp strength to densitv ration
“rroauite low, falling below 10. Screen extrusion in
this application Is too new to actually postulate the
probable cause of these strength effects.
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2.6.9 Effect of Cylinder Pressure on_ Foam Extrusion

The pressure of a gas varies with temperature. A study was
made to detormine the effects of such pressure changes on
extrusion rates, density, and other fcam properties. Th«
pressure of the liquefied gas was supplmented with nitr-gen
1o glve tank pressures of 61, 70, 80, 9C and 100 psig.

The foam solution cerntalned Igepal CO-970., Extrusion was
carried out through the 9/.6 x 1.0 x 1/2 inch rectangular
die. A 24 mesh by 0.01% inch diameter wire screen with
41,1% open area wius used. It was mounted ubnstream fr m

the die. The data for this study are presented in Table
13. Foam 176221D {is ancmalous--1t wes run at a different
time (fcur day. earlier) than were the other foams in the
series. It had an abnormaliy high delivery rate which
cannct be explained.

The latter four fcams are comparable, having been prepared
in sequenze. They show an increase in flow rate with an
increase in pressure. Density remains falrly constant as
pressure changes, but as pressure increases, the cross
sectional arcas of the foam lncrease. The compression
ioads (psil) remain essentially the same except for fcam
i76221H-1. This sample, tested parallel to the direction
cf extrusion, has lcad bearing propertles almost double
those of the other fcams. The results indicate a possible
experimental or mathematlical error in measuring the strength
of this foam.

2.6.10 Molding Instant Foam Through a T Die Fitted
with a Screen

The results of the work on minlature dles and screen
baffles were applied to the T dies described in Section
3.6.1. An exlisting die of this ‘ype was modified by
having a 3/4 inch wide x 6 inch :ong slot cut in its
front face. A 24 mesh 0.015 inch wire screen was
cemented to the Inside of the dle covering the die slot.
Vipure 20 chows this die zchemut loalily, while Figure 28
is a photograph of *he dissasembled dle.

The dle length was controlled with the slant-faced

plugs shown In 7lgure 28, The nven space between the
cutslde diameter of the pluss and the inslde wall of the
die was sea’'ed with Thiokol ruacuum bag sealing compound.
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Figure 27. Schematic Drawing of T Die Slot

55

e o - A% 5 " g L e o o PEET R I i it B s b kRS AR E T8 e s ¢ ki Bl 5.

T R

PR

ga——

s,




-
-,/4/)( &.0 Slet

T g wmﬁW " .WW P2 e g
by i ¥

1 Figure 28. T Die With 3/4 x 6.0 Inch Slot Screen
24 Mesh 0.015 Tnch Wire Diameter

AT T i e
> W T -

56

-

et S P 5




T 2 Tome e g e e e ST UF AT e (YT e T v T, S PV | " BREEN T P T i i
o el
B
L R ) (o e aadiesilY - R R ] e P — s - - E.

e o L 25 PO IS

; § As work progressed, the width of ~he slot was Increased to
] § 1-1/2 inches and finally t< 1-5,8 inches. The final
£ length of (he die slut was 9 inches. The depth of the

ie path was 1,10 inch in aii casss except cne, in which
it was incvreased to 1=-1/10 inches by placing a slotted i
inch thick plece of polyethylene over the dle opening.

r All test runs made with this die are reported in Tabie .14,

bl

i Runs 176237K, M and S were made with progressively longer

slot lengths {(3/4, 1-3/4, and 3 inch), As the slot lenyth
. increased, the density ot the fcam product increased. A

peosibiv explanaticn 'or this increase 1s that as the siot

[ length increases, the open voiume within the die increasec

b and there 1is mcre rocm for soivent lésses 1n the die As

sclvert 1oss Increases, sciutivn viscceslity and peclymer con-

centraticn increase. Intreased viscosity wculd reduce ficw

through the screen, thus providisng mcere time {or the scivent

t5 escupe trom the dle. The reslstance tc flow through the

screen could result in scme ccompactlion of the already :

partially expanded solution in the dle, thus resulting in

higher densitles. The possible increase in polymer con-

centreticn in the sclution, whilie it 1s In the die, would

alsc contribute to the density increase,

TR
Pl 3
s
B et =
s

Test tcam 176237T was similar to¢ 1762378 in all respects
except for the depth ¢f the die cpening. In the first,
the depth was 1.1 Inches; 1In the second it was 0.1 inches.
Lengthening the path through the dle slot results in a
more rap’d extrusion rate (18 versus 6.5 ft/min) and a

F much lower density (2.8 versus 5.8 pef). The data indi-
cate that by varying the depth i the dle opening, contrcl
cver the flow rate and dersity carn be obtalned.

A T

D

The wid+h of the slot in the die was increased tc iI=is2

inches. The slot was covered with 24 nesh screen hoing
0.015 inch wire, Plugs were agaln used t¢ nontrol the !
slot length.

'8 ottt i

o o

i Two experimen.s were run using the l-1/¢ inch si.t width
and 3 irnch length. They are n.ot dlrectly comparablie as ;
. two different soluticns were used, ¢ne having 65 paris ot
solvent/pneumat ogen per hundrsd part: of polymer, and the
cther 70 parts. More.ver, the sciulloun with the lesser
. amount of scivent was uged at higher pressure, 90 psi
rather than 80 psi. However, the resuits suggest that
higher pressure ic¢ more impertant than polyme concentra-
tion (cver the limited range) in promctirng fast flow ot
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the solution through the die. Morecver, the results,
taken aleng with those repcrted in Table 13 and 176237T
of Table 14, strongly sugpeat that rapid extrusion rates
lead to lower densitly !cams.

The remalnder of the tests, except 181311, were run with
5-7/8 or 6 inch long slots. The densitlies of these runs
were in the 5 1o 6.2 p:f range, =xcept for 176295, which
had a density of 8.6 pct. This was a non-standard formula
containing Zelec DX. Extrusicn rates were frcm 5.6 tc

7.5 ft/minute, except tor (81303 which extruded at 4.5
ft/minute. This was the first run made in the flnal type
die (described in Secticn 4.3) which had a 1-5/8 incn wide
slct and cculd acccmmedate a 9 Inch long oper:ing. In
181303 the openirg was partially pic:ked to give only a

6 inch cpening. This may account fur the faster extrusion
rate.

Run 181311 was run with the 1-5/8 irnch wide c¢pening and
the full slot width of 9 inches.

2.6.11 Summary of Extrusicn Studies

As a result of the extrusicn studies it was shown that
"instant" polystyrene could be delivered at a slow, con-
trolled rate and with a rectangular c¢ross secticn.

Characteristics ¢f the prccedure involved, and the foam
produced indicated the fcllowing:

o A slow f'low rate gave long enough dwell times in a
shapling dle to farm the foam intc useful shagpes.

o The flow rate and foam density could be controlied
by verying the ratio of the iength of the fcam pas-
sage -rough the die to the cross-sectional area c¢f
the dic opening. Fcr c(ircular dies it was found

that ficw weculd stcp when the length to dilameter
ratic was between 8 and 1l to L.,

.

c Screens cor batfles, in w.onguncticn with the rectangu~
lar orifice, were necessary to priduce the desired
rectangular cross section fcam.

Fcam extruded at a czntrolied rate could be handled
ana precessed downstream trem the foam generator .
Sulficlent reslduai solvent was left in the toam
immediately after generaticn tu permit stralghtening
and seccndary shaping ¢t tre t_am,
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o Boards of foam could be produced that were 2.5-3.0
inches thick by 12-13 inches wide and of indeflnite
length. Length was determined by how long the valve
was kept open and by the capacity of the supply tank.

. The foam was rifid enough shortly after formation to
be cut.

The foam had no residual tack. This permitted
stacking of the r'oam moldings and boards.

As z result of the formulation work and the extrusion
studies, we were able tou design and build a prototype

foam generator. This work is discussed in a subsequent
section of the report.

2.7 IMPACT TESTING OF FOAMS

Impact tests were run on all large samples prepared by
extrusion through the 2 inch pipe T dle. Two samples
prepared ‘n a wooden mold (Section 3.4.3) were also
tested. Samples were generally 8 irnches square and 3
inches thick. The only exceptions to this were a limlted
numcer of tests run on 6 x 6 x 3 inch and 5 x 5 x 3 inch
samples. These exceptions are noted in the table sum-
marizing the 1impact data.

The impact tecsts were run on a lardigg Impact Tester.

In this apparatus, the sample to be tested 1s 1mpacted

by a flat flaced tup which I« 8 in. ¥ 8 in. in area.

The amount of weight impactiug the sample 1s determined
by the actual weight of the tup and the weights which

can be added to it up to a total of 150 pounds. The
greatest drop heignt with this apparatus is 48 inches.
W-ights are added to the top of the tup and occupy some
of the space that could be used for drop height--thus at

150 pound tup weight the maximum drop height is reduced to
40 inches.

A transducer mounted on the tup measures the deceleration
time history of the impact which is recorded with the aid
of » tracing oscilloscope. The oscilloscope records G's
of deceleration and milliseconds of the first impact only.
Figure 29 is a photograph of the record of oune of the
impact tests (Test No. 11). Deceleration in G's is
measured on the vertical scale (1 cm = 20 G's) and time on
the horizontal scale (1 em = 10 milliseconds).
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Vertical scale measures deceler-
ation

lcem= 204G
Horizontal scale measures time

1l cm - 10 m=sec

Flgure 29. Photo of Oscillcscope Trace Run No. 11
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Some 22 impact tests were run on molded or extruded poly-
styrene foam. The test specimens used were 3 x 8 x 8 inches
in size, except as noted in Table 15.

Table 15 1lists the raw data obtalned from the impact tests.
It wlll be noted that a number of different welghts were
used and, more importantly, several different drop helghts.
The last three columns of the table are derived data. The
potentlal energy 1s the product of the weight of the tup
and the helght 1t was dropved from. To eliminate the veri-
4ble height factor, the potential energy in foot pounds
(which would be equal to the kinetic energy at the time of
impact) was arbitrarily divided by a uniform drop height

(3 ft) vo get a normalized wely..* and a normalized static
load given in pounds/in.?2.

The first four tests in Table 15 were made on relatively

low denslity molded foams. Two tests were made with minimal
loadings (15.) 1d or 6.26% npsd). The recorded G's of decelera-
tion were 51 and 50 for foams 172371 and 172375, respect-
ively. Increasing the static stress to 0.6 psl increased
the G's of deceleration to 58 and T4, indicating the foam
had bottomed out when impacted. Therefore, the peak G's

of deceleration would be attalned at lower statlic loads

than possible with this tester.

The next sample in Table 15 1s 176289A - a sample extruded
froma 1.5 x 3.0 x 0.1 inch T dle. The test sample was
tested parallel to the direction of extrusion with a static
load equivalent to 0.6 psi. Additional tests were conducted
on the same sample using progressively hlgher loads until
no further testing was possible. A second sample from
176289A, with the impact lcad applied perpendicular to
direction of extrusion, was tested at 0.265 psi static
load. The maximum deceleration increased to 100 G's and
the duration of impact dropped to 8 milliseconds. This
indicated that the Imposed static ctress was too low,

The: same sample was retested (Run No. 7) using additional

welghts to produce a static stress of 0.6 psi. The

deceleration drepped to 7€ f's, the same value as was

obtalned In Run 5 which was tested parallel to the

directlon of extrusion. Runs No. 5 and 7 show a duration

of Impact in milliseconds of 11 and 13, respectively. . i
This indicates that some foam flexing or cracking did

cecur, At a statlie load of 1.0 psl applied perpendicular

to sample 176289A, a deceleration of 76 G's was recerded

with a duration of 20 millseconds, indicating further ‘
foam :rushing. After this drop (Run No. 8) the foam thick- |
nesz had decreased to 21% of its oripginal value.
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These runs (5,6,7 and 8) indicate that foam sample
176289a was belng stressed sufficlently to obtain the
minimum deceleraticn (76 G's) attainable with this foam.
increased static load would not decrease the decelera-
tion but would result in an 1increase in the duration of
impact and additional depth of foam crushing.

Of further lnterest were runs Ne. 5 and No. 7, made on
the same foam. As mentioned, one of these samples was
tested parallel to the direction of extrusion, and the
.1ve» perpendicular. Fach sample had a deceleratinn
rate of 76 G's with nniy 2.0 milliseconds diftferciice in
duration ¢f impact. Tuus, the cushioning ability of
this toam would be essentlully the same repardless of
the direction of use,

The remaining rportion of the data complled in Table 15
were cbtalned by esseritlially the same method. For
example, runs G, 10 and 11 were made on a 5.45 pound
per cubic foot sample (Sample 176289B) at 1.0, 1.5 and
2.0 psi static loads. With each incremental increase
of static load there was a proportional decrease in
deceleratiocn. Coupled with an increase in duration of
impact, as well ac an lncrease in percent of the foam
height loss, thls indicated a minimum deceleration
close to 50 G's.

Kuns 13 through 18 were made a. relatively high loadings
and drop helghts of U40-42 inches. This is the maximum
possible height on the test Iinstrument for the welght
used. In the table, samples are arranged in the order of
inrreasineg density.

Figure 30 presents a plot of dezeleration versus normale-
1zed statlc load (psi). An examination cf these curves
indicates that the molded samples (172371 and 172375)
are belng stressed 2t loads higher than that which would
glve minimum deceleraiton. This is inferred from the
slope of the curve, The remainder of the curves, which
are for extruded samples, indicate that because of the
high density of the foam the samples are being stressed
at. lwads too small to plve the minimum deceleration
attainable with that sample.
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There are two possible exceptlons to this. One is foam

No. 176289A which, on the basls of four tests at three
different statie loads, appears to give a minlmum decelera-
+ion at a static load of 1 ps! and 79-76 G's deceleration.
The other exceptlon 1s foam No. 181303. It is possible that
this curve nas a minimum at about 42 3's and 5.9 psi load.
However, this assumption is based on two widely scattered
pcints.

All Impact testing was done at the end ¢’ the contraot
rericd on fcams made during the program. It would have

Leen more meaningful ¢ - have routinely tested foan: samples
for impact response during the progress of the program,
Based on this experience, an iapact tester has been designed
by ensanto Research Corporation and !t will be bullt for
use on subsequent programs on energy management.,

X, PROTOTYPE EQUIPMENT DESIGN "ND FABRICATION

With the «cempletion of the foam moiding and =»xtrusion
studles of this program, the deslien ¢t a prototype foam
generator was undertaken. The prototype egquipment
breaks down 1intec four subunits, as follows:

3 Stand cn which to mount the other subunits and thelir
auxiliiry equipment.

c Tanks *o© hold the foam sclution during storage and
to supply solution to the die at tlme of use.

. A forming die Lc¢ be used 1In extr..iing a foam board.

o Auxiliary cenulpment, including & nitrogen cylinder

aicng with 2 pressure regular, pipe fittings, tubing
and valves.

Overall views of the equlpment are shewn in Figures 31 and
32.

3.1 TANK STAND

The tank stand declpn 1s shown in Flgure 2. It was
fabrlcated from 2 inech pipe and the necessary 2 inch tees,
slbows and nipples. The stand was assombled by threading
the parts tegether and tack welding the connectlons to give
permanence to the assembly.
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The two upright members of the stand were glven lateral
toidity by welding a 4 inh chanrel te them. This chuannel
130 provided o member top securing a8 cylinder Loider Lo
the stand.  The hoider was needea for the nitrigen cyilinaer
used t¢ supply a4 suppimental pressure tu the fcam sciutlicr
tank., “our L-=-shaped hcoks were Installed on the upright
members flr use {n meounting, the gsluticon tanks on the
gtand.

A

A piatl'orm type member was provided as a pert ot the base
te furnich support tL the bage ¢! the vanv when v i3
meunted .n the tank stand. v 1s adjustable in heigh 1.
acoommedatle sha.. varial:.nd in the dimensions f ditfe.cern
*ankos.

+

3.2 FCAM SOLUTION TANEKS

Each tcam s.iuticn tank is a 2i00 cubic inch (9.1 gaiion)
staln.iess creel aircraft type breathing coxygen tark.,
Figure 33 shows - talis of the tank. The pressure islirg
i¢ 400 psi, which 1s well above that used In operating
the tlam syitem 80 to 200 ot 75°F. "One end o! the
tunik (upper end when in use) was ti1tied with a i,4 inch
quick discornnect ritving. This connection atforded a
meang of providing, supp.iementail nltrogen pressure o the
rank. Flpure 31 shows the nitrogen line in place. A
gauge 1n the nitrogen line monitored sclution tank pres-

sure,

The jower end ¢f the tank has a 2 in.h c¢losed nipple
welded in place, “his nipple provides a means ot assemt-
ling « plpe tee te the tark. The 1uwer end ¢t the tee

ls w.used with a nlpe piug and lurnishes a means cf
suppsrting the r1and when it 1s miunted in the stand. The
side evtry 1s provided with a ciese nipple leaaing tc &

¢ 1rh baii valve.

Dach tank was mounted In cguale wooden trames which peomt:
' the tulike Yo be stacved durlng sturage. The frames
v nisies oettlicned 'L t'it the hooks on the stand ac a
Mecane of sUpoo!™ Ing the lanks during lse,
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Boords J=3/74 x 13 inches and 2=-1,2 x 12 inches In c¢ress
E Seoctton were produced. Wipure 36 show- the feam proeduced
F Ly othe die. AUV 7}1{' teaty, ot owar r.und thart the die

Seu st owad e lly caeined Croreclaua §oam. However, the 3
3 oot w8an dITrLoult e e, Meauiriny £ oagine In o sLlivent 3
- coae teands o acetone) and virual checking to be sure that
' L. The Deerhs WS free o oamoalter cLenning i
Thic dle madt be 2un ocontinas .y atier the valve la ltered. .
odes ot have i apabisity o intermitront operationn,
] . bl oW Y YL a St jped, ‘he i must bo risassembica |
] Lt Learoed U e idun, toam. Extra oorvens sore proviaed :
aL b Che DTt tape Al iphent Ut nut Senerad hee Y b )
20 Oy o ol LS
& B L iraT e pilie et 10 L W RELeSd Lt Yhie preselt f
s Lyt Thee poscitility ot oproovidine a cllalne tupe
1.y Lo D MWt ed o the tront L tnee die Lo retain
el foam o slaution in ‘ne diey, was corngldered. 1Y was i
1 1 o ried thut such a pate vaive was a teasible appr.ach to
¢ fntermittent cperation.  However, the desipgn and fabricaticn ]
= 2% DOy I mtelicated vaive was net wlinln the scope of this 3
3 HEE R R

JU———e

Giter et ity the prototype unit was shipped to Hatick i
Latorat Lo, Four tanks were provided, each tc qintaln i

3 T oyaL.oua 2 foam solution.  The tanks were shipped with %
g s.. i, treredients (polysvyrene, ¢Lass mlcecrcballsoeong and f
E s riotuntt charped to the tank. The sclvent/pneumat Cgens i
i w- e zddent at lat ¢ by Monsant ) Resecaren Clrporation
‘ s -l
L ;

-

i oprLedur- was recegsary in ocpder o avcild the sengthny
R.C cxZ LU wotalning Deparment of Transportation approval
* L SRl Chase tanke inder pLreglure,

wiis cnabeed witn the Uariowing ingredlent o

et e i HHe U cB.56 ponands
MLorobaliour s 0.54 pounas -
Igepal TC=970 1.85 peunds
ACCRNISET - ST ST (1L I i.09 pounac
Mt fiy 0 cneh o1 ade 1383 poands
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Flgure 36. Foam Sample 181303 Being Extruded
Through Prototype Die
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The principal emphasis during the program repo.ted
Jnoowas develilving a foaming s oution whioh was
Japatle o6 Lein@ Moaed or extruded Y. pive tlalm
Doards or m.duits, and a protllype plieos o equip-
ment to extrrude such {.am poards. Becuuse o1 Uhe

emphasis j lated on the above work 1t was not pussitie,

within the funds availablie, t¢ determine whether the

feama deve o lped on thils cuntract nad a recvtangular
X

/1 in the range . 5400 t. 7200 pot te al icadt
. N

3
. -~

-

1
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LI LY 12 Known that these f_ame an Le

a
ress straln curve and a dynamic compressive atrength
V

Lame predused durdng this wirk were ahite.  Fron

gigmented. Bialk,inGilgd, bluc, red, and preern inctarn:
Tybe Uoand have been produced duaring cther program:s.

The re yoie capabliity of thic t.am was rnot denm.n-
otrared auring 'hic pregram. However, there iz no
reasin to beLieve these Poame could nct be red:
and uscd Cver agaln.,

The envivonmertas limivati.ong on the foam gyvsteme
rirmance was r.t determined., Fr.m other work, we
Ahiw 'ral “he preschl lowel Uemp-ratUle tor making
toam io =i0-C.  The uagelul lemperature range tor Ur

vl -

S oed

foam 1t8eill nas nnt beern detf'ined. The foam pr.duced

Ly thic system 18 Loiyotyrene, 4s such water would
have ro «Ofect on it

The Lestr po propertics U1 the {Cam have not bLeot.

The che ot it 20 “he toam ¢ Lution has bDeen Qern_f.-
5

srrated L e fnooXoeco LU oLne year., There 15 oo

:
Pefzions L CEie e Uhes! aite g nutodn eX e

Tre o0, rangs LU tempeont rec o and onvipondo ot an
wbln the Uoam an Le prod. €3 has 0Lt Deed del .06 @
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RECOMMENDAT I ONS

:

souatended that the Itoeetipation o torming
cashiioning materiar 'rom polystytene toam be
d,  Thio foam shoula te Cormed by an extrusicn
to pive *he cuapabiiity L making .am boards
JDosp IUIed vrzsza Jevticha, area and orf
Colenth Lo needoa. The ¢ Loaral cowsd Le oout
tlme (U pentratioh, of lately to pmive modular
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I there 1s a need for anisotrople foams with the celils
elomrated 1 the direction of the foam propagaticn, the
desigh ot an extrusion system capatle ot duing this shicuad
be par! of any tuture prigram.  Suoh a system should
vxtrude relativeuy large cross sectivng ot toam that vab
be sllced to glve modular thicknesses.,

More thorougn .mpact testing of the produ.l 1s necessary
in any subseguent prcgram.

A study ¢ a mur: adeguate method for prepacing 1U.am

s.luticns shiuld be a part Jf any future pr.gram. The
method chould be weabie In plant size tanks and mixers.
PUoFhiuld e scdled toe proiduling large batihes of sciu-
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LYy sulbdequent program sheuid be the design ol
¢ that meet the army's reguirements and are in come
nee with the Nepartment of Transpoertation (DOT) regu-
cng. Tark design should start early in the program

~hat DOT approvals on tanks can be cbtalned in time <o
hily the ejuipment at the end O the prigram.
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ALy cubiegennt program stoeuid be aimed at proaucing, !.r
‘he Ay, ~# P! tyle Yoam generater that car be used 1o
gelerate 1oam Lunder Uieid conditions. it shouid meet
any Spe il rejulirements that " he Army might reguest.
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supply coentalner. Just prior to emptying the
solvent contalner, shut of! the vaive. Alluw
the excess tetrach.creethyiene to drain from
the suction line,

Attach the solvent/pneumatogen charge line tc an
inverted methyl chloride tank. Either the methyl
‘hicride supply tank cor the fcam sclution tank
may be placed cn a scale. Transfer 13.83 pcunds
(6.27 kz) ¢r methy: chloride tc tne foam s:luticn
tank. 3hut L't the methyl chicride an't the
Instant r'tam tank vaives. Cautlicn: 3Siowly
release the llne pressure In a wel! venti.ated
area belfire digronne ting the lanks.

RILl the tunk back and torth severa. times on

or oscivating the polystyrene given In Appendix B.
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the ricr while it warms up. Then, folluw procedure
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APPENDIX C

PRCTOTYFE FunM SENERATCR SYSTEM COMPCNENTS

Stand tor tunks.

Four “anke sortaining 5.5 gas.on ¢r fcam solutlicn ea h.

Cne nozr.oe with four soreenc.

Ore oy linaer o nitrogen.

Ol ripr. gen regula® ot with necdle valive, hose and
elAale Juivk O ouplel

Chriee carn ot Fregote 35 telease agent.,

Iogalion o v liuend,

1 sallon ot acetine.

Two [ oayetnyloene &uveZe bitlies.
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APPENDIX D

TR Y Y AR LA me TR N O Y I I N R + ~ayin
PLOTOTY D BCAN SUNERITSH SYSTE INCTRUCRIOND
. ik S RO Ay I L RO O T O

JENERAL
Polystyrenc foam io g slnpie as opening a
: 5 valve., Fregaration Ulr eXtrusicn ang extrus:

‘e cleunulp regulres @M lnstruastions. These are ac

P chonours pelire Loe, stand the tank to be
At h e valve ond downe The tank oo ouid be
toaoed ln Che tand stana.

o Jet up Cthe Syatem 6 Welds vent liated altu.
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VIR

<. ATtach e nirtrogen teFaiat v the nliteopgen oviindoer
At tach Yhe qul ok ocLupeer on Thie BSe to the male Quick
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Screen Plate

M Retsiner Plate

Nozzle Assembly (not to scale)

Figure D1. Extrusion Nozzle
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Assemble the valve ha.dle to the valve and tighten
the nut. The system is ready (¢ make an extrusion.

Two people sheuld be avallable 16 make the extrusion.
dne perscn shiula operate the valve and watch the
time of extrusion, while the other perscun guldes the
eXtrudate away from the die. To obtain a straight
beard, the extruded foam shouid be kept perpendlcular
t2> the die face, Attention should be paid tc the
corners cf the dle as the fcam starts to extrude,
There should he 1o hang up of {.am at the corners.

A slight pull of tne f'cam at the ccorners wi.i free
the foam g¢ that the extrusion 1s unitform across

*he whole board width,

Cpen the valve ftuily and walt for the extrudate Lo
aprear. Once It has cleared the screen, gently
Zulde 1t tcrward away trcm the die.

Fsam extrusion van continue as long as foam is
being produced sm.osthly. When the dlscharge from
the tank becomes gassy (discontinuous foam genera-
ticn) the vaive shculd be shut off Immediately.
ALluw time for sclution too drain off the walls of
the tank befure attempting tc gencerate f'oam again.
£ much f'cam has been gernerated from the tank, the
gaadsy dlscharge could indicate the tank 1s emptry.

7
P

+

LS

>t the foam f'rem the dle, gently press it against
he flozr by hard t2 level 1t out. The foam 1s
:>w ready for use. Shut offt the nitrcgen supply

* the nltrogen cylinder when not in use.

U

WW3iCN NOZZLE TLEANUP

Remoye the nozzle from the 2 inch bail valve and
lean ithe eXxcess foam out of the valve cavity and
threads,

cxoess Puam ot ioaling ut from the threaded end of
Che mourt ing plate.

bLoace the no7zzle wn the work benichh and cut ot{ the
-

ctard the die on the work bench with the screen

A
Jide up, remove Lhe boits and cul away any excess
Porystyrene oam.

:

B At b

A Tl L Tt

2l bt S Sl e

it o bl oins onb it

it

iy

4

UL e il e s SHP W AL

,,_é
1
i
3
i
3
1
1
1




4. To remove the screen plate, wet the foam on the
front face completely with acetone. Continue to
wet the polystyrene foam with acetone until the
Screéen can be easily 1lifted from the nozzie without
excessive force.

5. Place the screen plate in a pan and immerse in
toluene. over the pan tc prevent the toluene
f'rom evaporating.

6. After tre screen has been in the tcoluene for
apprcximately one hour, rirnse the polystyrene from
the s:reen with t:luene. If part of the screen
is riugged with pciymer, take a2 stiff bristle brush
and punch the bristles thrcugh the screen gently
until clean. While still wet with toluene, blow the
screen dry with an air jet,

7. The foam remalining in the nczzle transition piece
and the mcunting plate should be wetted with acetone.
Once the foam softens it can be easily removed.

Rinse the parts with acetone &nd toluene until al}
the polystyrene has been removed. Allow the parts
to dry.

8. Lightly spray all the foam contact surfaces with
the release agents and reassemble the narts as
described in paragraph 5 of the /4 MWD section
of thio aomendix.
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APPENDIX E

TRANSFER OF INSTANT FNAM SOLUT'IN _FROM A_STORAGE TANK
TO A PORTABLE . ANK

instant foam soluticn can be transferred from a storage tank
to a small pertable tank {receiver) using the follcwing pro-
cedure.

1. Connect the portabie tank to the storage tank thrcugh
a plpe cross which ls connected through one arm to a
vacuum llne and thrcueh the other arm tc a methyl chlor-
ide cyliinder. 1If a c¢ross 1s not avallablie, two pipe
tees may be used.

2. Cpen the vaive on the receive, then open the valve on
the vacuum ilne and evacuate the receiver. Close
vacuum line valve.

3. Open valve to methyl chloride cylinder and fi1ll receiver
with methyl chlorlde vapor at amblent temperature. Close
methyl chloride valve.

b, Open valve on stcrage tink and allow instant fcam sclu-
tion to flow to the receiver. Flow may be alded by
gently warming the storage tank (use a heat lamp) to
increase the vapor pressure, or by applying a slight
over pressure of N, to the storage tank. The pressure
differentlal between the supply tank and the receiver
should be 5-10 psi. Either of these expedlents increases
the pressure in the supply tank and causes the solution
to flow into the receaver,

During the program reported on, 5.4 pounds (2460 g) of

instant foam solution could be transferred from a five-
galicn supply tank to a c¢ne-gallon receiver in 30 minutes.
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