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The developed formulation is based on polystyrene dissolved in a liquified 
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vatlon is accomplished in a closed tank where the solution remains until 
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vapor pressure of the solvent) drops to atmospheric pressure. 

The prototype equipment Includes an extrusion die with a rectangular opening, 
which attaches to the tank dlscnarge valve. The die is fitted with a screen 
which is necessary to produce slabs of foan. which are rectangular and at a 
manageable extrusion rate. The prototype equipment produces foam panels which 
are approximately 3 inches thick by 12 inches wide. The length io determined 
by the capacity of the tank and the length of time the valve remains open. 

The prototype equipment produces foam with characteristics equivalent to more 
conventional polystyrene foams. The suitability of the foam as an airdrop 
energy disslpater material was not completely established and remains co 
be determined. 

II SfcCURITv CLASSIFICATION OF THIS PAOfflffMn Dm» K*fn4) 

„jini^^rif 



rgBW VWfc-!,..»>!TOPr mmmmmjgmm J> «.'«*"■'■■ »■■iiMvw.M-'-fi.imy^Bi 

/// 



TABLE OF CONTENTS 

1. INTRODUCTION 

2. TECHNICAL DISCUSSION 

;,'. 

2.1 
2.2 
2.3 

2.1 

3>r 

2.5 

2.6 

HISTORY OP INSTANT FOAM AT MONSANTO 
INSTANT FOAM FORMULATION AND PREPARATION 
FORMULA VARIABLES STUDIED 

2.3.1  Estimated Cost of Instant Foam 

MOLDED INSTANT POLYSTYRENE FOAM 

2.4.1 Charging cf Pipe Pressure Vessels 
2.4.2 Solvation of Polystyrene 
2.4.3 Direct Instant Foam Molding In 

Mold of Fixed Dimensions 
2.4.4 Sliding End Moid 
2.4.5 Physical Properties of Molded 

Instant Polystyrene Foam 

BULK MOLDED INSTANT FOAM (DIRECTION OF RISE 
PARALLEL TO LENGTH OF MOLD) 
EXTRUSION MOLDED POLYSTYRENE POAM 

2.6.1 Preliminary Extrusion Die Molding 
of Foam 

2.6.2 Flow Study Through Die Orifices 
2.6.3 Standard Procedure for Testing 

Extrusion Dies 
2.6.4 Effect of Orifice Diameter ar.1 

Length on Foam Quality 
2.6.5 Rectangular Orifices 
2.6.6 Rectangular Orifice, Screen Backed 
2.6.7 Effect of Various Size Screens 
2.6.8 Effect of Screen Location 
2.6.9 Effect of Cylinder Pressure on 

Foam Extrusion 
2.6.10 Molding Instant Foam Through a 

T Die Fitted with a Screen 
2.6.11 Summary cf Extrusion Studies 

2.7   IMPACT TESTING OF FOAMS 

La.ge 

1 

1 

1 
2 
4 

13 

15 

17 
17 
17 

20 
24 

28 

31 

31 

3^ 
38 

38 

41 
44 
44 
47 
53 

53 

59 

60 

IV 



';MU^G1? COHTEjas   ■ cont'd 

PROTOTYPE  EQU"MPNT DLSICN AND FABRICATION 

3.1  TANK STAND 
1..?  PC AM SOLUTION  TANKS 
1.3 EXTSUSION  DIE 
3.4 TESTING OV  FINAL TYPF. DIE 
;.', FROTOTYPE DLL!VERY 

FnCGRAM SUMMARY 

nECOMIIENDATTONS 

APPENDIX A 

APPENDIX B 

APPENDIX C 

, APPENDIX D 

APPENDIX E 

APPENDIX P 

PrfOCEDURE POL CLAIMING INSTANT FOAM 
INGREDIENTS TO A PRESSURE T*NK 

■ INSTRUCTIONS FOP SOLVATICN CF INSTANT 
FOA!^ INGREDIENTS 

PROTOTYPE FOAM GENERATOR Si STEP 
COMPONENTS 

PROTOTYPE POA" GENERATOR 3YSTEP 
INSTRUCTIONS 

TRANSFER OF INSTANT POA" SOLUTION 
rnor A STORAGE TANK TO A PORTABIE 
TANK 

TABLE "OR CONVERSION FROM ENGLISH 
UNITS TO SI UNITS 

fa."" 

6ü 

lb 
6- 
y 
i 

8? 

66 

3y 

V 

—^  aiBigaaBaiea '"Y^iTiliiMilifrBtirittifmf^^ -"   »■'-*~^J^ - -       - —  MÜMJ 



mmmw&mmjn 

■ 

: 

IV' 

f- 

LJs?l ojLfJQMBM 

1. Bottle Dies Used u Extrude instant Foam 

2. Two Inch Diameter- Pressure Vessels Fitted 
With Bail Valves 

3. Plywood Mold Open for Inspection (3 x 12 
x 18 inch).  Note vent holet in one eud 
cf mold. 

4. Molding Made with Fully Opened Ball Valve 

5. Molding Temperature i20°F 

6. Molding Temperatüre 100:F 

7. Molding Temperature 80°F 

8. Melding Temperature 60CF 

9. Mold with Sliding End Closure 

10. Two Inch Pipe Vessel with 90° Eibow 

11. Molding of Instant Foam Using 2100 Cubic 
Iroh TanK and hQ  Inch Long Sliding Mold 

12. Slab oi' Foam Molded in Siidin« Meld, 
36 inches Long 

13-    Pressure Vessel Being Charged with 
Foam Solution 

14. Foam 176272 - Excess Foam Solution 

15. Bulk Molded Instant Foam 

16. T Die Externally Modined t;: Give a 
Slot 1/8 x i x 6 Inches Long 

17. T Die Internally Modified to Shape 
Foam Ingredient 

18. Equal Area Conversion Die, k  inches Long. 
Foams produced by this die are also shown, 

it 

16 

18 

19 

2i 

21 

2i 

22 

23 

25 

29 

29 

30 

32 

32 

Si 

V/ 



.. 
··. 

: .. - . 

::. ,.· 

..... 

.. . ... 

:·.:·. 

1 

.. 

~ .. 

-··. 

.. · 

,) 

.. -.,.,. ..... 

. . () 

. ... 

•. 

.. . : ... 

. . . , 

~ .. : ... : :: 

..-; 

t:: , ... 

I' 

VI I 

r. r. ~ ' d . 

.. , . 

. .. 
' . 

.t 

·, . ... . 

• 

'} !-: 

GB 

/G 

7? 



-'··· . ' 

., t. ;, 
f\ 

. ' 

....... 

!" •• 

,, 
l' :1 •. 

/" .. 

.. ~ ... . ' .. .......... 

- .... ······ ; ~ ; . :· .... 

.. ' 

.•. 

• ·' i 

. . ~ . . 
• O· I . . ~ ... 

. . 
v ill 

" I'.,,.J 

!·:!. 

~ "· ~ •• t 

... .. ' 

: .... j 

1\ 

I~ 

li..• 

.. ' . . . . 

. .. . .. ' 

i ', :·. ( ~. :· i"~ r:. 'r_;: ':.! 

. t'• 

J'' 

. .. 

,.i 

'··· 
• ...... 



INTRODUCTION 

i 

The cbje'lives of this program were to develop loan» solutions 
(or gels) and to design equipment capable of using these solu- 
tions to mold polystyrene foam into boards or slabs suitable 
for use in airdrop applications.  The overalj. final size of 
melded polystyrene wa& to be either 5  meres by 3 feet by 
8 feet, or 3 inches by 1 fcot cy 8 feet. 

Our efforts produced a moidab^e f'.-am formulationf a method to 
tlab meld a 3 x 12 x A9 inch j.ievc, <»nd an extrusion molding 
process capable of forming 3 x .' in.-h fjam boards or plants 
6 feet long, cr of irdeiinite length, depending on  the capaci- 
ty of the supply tank. 

Foams prepared by the extrusion molding technique were tested 
for energy absorption. The loam densities of these materials 
were In the 2-10 ib.'eu ft (pcTj range.  At these densities, 
polystyrene foam Impact strengths were too high for the load 
capacity of the impact tester-. Tnls indicated that during a 
subsequent phase of this W^TK, two r.ajor goais would be 
better control of foa-n density and improveJ ceil structure, 
as a pre-requlsite to obtain the deä^r-ed physical properties. 

A prototype foam generator was designed and built during 
this program.  It 
of the project. 

was delivered to the Army at the conclusion 

2.   TECHNICAL DISCUSSION 

2.1 HISTORY OF INSTANT FOAM AT MONSANTO 

instant polymeric foams were first developed by Monsantc- 
Research Corporation approximately nine years ago.  An 
instant foam generally consists of a polymer dissolved in 
liquefied gas and solvent combination,  instant foams have 
been made from polystyrene, vinyl acetate and other poly- 
meric materials.  Foams prepared previously lacked the 
ability to te ^hi^ed or molded or, release to atmospheric 
pressures. 

Of the instant fearns pr.pared, polystyrene has the best 
possibility of meeting the impact abs^rotion requirements 
necessary for an airdrop energy acsor-i..g material. 
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At.   .r;.r^,..j4d,.;.i; t. re t i; mu i«t'. v   ir.^;?: 
.r.itiated under Contract No. DAnK O.W*-C-OÖ80.  Objectives 
were t- develop a controlled moiding process to produce 
i . air»:: useful a.-- energy abs^ffcefi. in airdrop applications 
.". . * rk was rased ..r. an -rlginai "standard" formulae I en 
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 -ngrea;ent 

Lustres  HH-.GA ' 
Micr coal .._.:■!. s- 
T: it :r.  X-2005 

Freon   ,lb 

Dime th.vi  et he: ; 

By   height ■ PPHP-' 

D / u iOO.O 
j u 1.9 

1C Ü 6.Ü 
-» c Ü 7.6 
i 0 Ü 4^4.6 

•Weight-   in  grams 
2PPHP   - parts   per-  hundredF   '■•|^!r 
'Polystyrene - Monsanto Company 
"*IU   101 - glass mierubaliocns  - Emerson 

ar. :i C^mrnings 
^Scaiura salt  of   ai^yi  aryA  suiionate  - 

nehm ana  Haac 
ichlorcf '<■■- . roi 

Dlme*hyi ether - Matheson  Prwducts 
^Trichlorofio.romethane - LuPor.1 

Initially,   ail   'earns  were  prepared  in  16 oz glass pressi-re 
t-■■*' ••-.     These   inexpensive  pressure   vessels   are   very  a.ze- 
: ..   in  the  study  r,t   formula  var-iaoies.     The  bottles  are 
': ..r... rarer.*,   and   the   :', -vaio-r  process   and   \iscosity   change; 

an   o-    observed.     Char ging an   instant   loam  to  a  bottle 
g-r.-ra.iy   1 _ -± i. w.:   thit  stepwise  procedure: 

,r.denoe   the  dimethy:   ether.     This   lb  d^ne  by  passing 
the  ga.i  ihr.ugh a dry  ice  cold  linger condenser and 

; .•- ■' ing  'he   condensate   In  a ary   :ce  chilled  flasR. 

'rarster  poiy^tyrene   beadt   tu  a   ci» 
it Ighed   bot t Je . 

•an,   ^ry,  pre- 
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3. 

4. 

5. 

6. 

Add the glass mlcroballoona, place a stopper (cork or 
rubber) in the bottle, and shake to disperse the micro- 
balloons. 

Transfer the surfactant to the bottle.  If the sur- 
factant is a liquid, it can be weighed directly into 
the bottle.  If it is a solid, it can be pre-mixed 
with the microballoons and steps 3 and 4 combined. 

Add co-solvent Freon 11, or other compound. 

In ~.n explosion-proof ho 
gas (dimethyl ether or o 
first, the gas will boil 
its contents. The requi 
weight. A slight excess 
for weight loss (by boll 
operation. Put a cap on 
warm to room temperature 
were charged at a time.) 

>d, transfer the liquefied 
ther gas) to the bottle. At 
off, cooling the bottle and 

red amount of gas is added by 
(1 g) is added to eor^ensate 
off) during th- capping 
the bottle, ana allow it to 

(Generally, six bottles 

Si- 
's-1 

i 
'A 

7. Dissolve the polymer. Soiv 'ion of the polystyrene 
is generally effected at a:' temperature by placing 
the bottles on a wheel rotating in the vertical plane. 

Three modes of agitation were employed: 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 to change position). A 
third method was to place the charged buttles in a 50°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, solvatlon 
could be completed in as little as 24 hours. Solvatlon 
time was markedly influenced 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 solution 
formulations. 

■ ,,,:■■   w-.ii.,^,;--.'- :K^.:M0 
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2.3  FORMULA-VARIABLES STUDIED 

Several formulation studies were ma^.e employing the bottle 
technique.  The variables investigated were: 

• Surfactants and combinations. 

Solvents (boiling at or above room temperature. 

Gaseous solvents (liquefied gas). 

• Combinations of the above. 

During these investigations 170 bottie experiments were 
made. These experiments Involved 8l surfactants or combi- 
nations of surfactants with other additives (see Table 2 
for a listing of these materials). 

To systematically evaluate the surfactants and formula 
additives, a simple, effective set of test procedures I 
were developed. These tests are given in Table 3 which j 
lists the property measured and a description of the 
specific test method used. The table further separates \ 
these tests into properties measured while the foam solu- \ 
tion was in the bottle (Section A). Section B describes 
test methods appropriate to the instant foam after release 1 
from the storage vessel. f 

i I 
The data for the surfactants which appeared most promising | 
in the screening tests are presented in Table 4.  Proper- | 
ties of both the foam solution and the foam itself are 
presented in the table. The data are listed below the | 
variable (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 solution did not | 
adhere to the wall of the bottle.  This indicated that all j 
the foam solution would drain cleanly from the supply tank 1 
wail and be available to make foam.  Furthermore, cleanup            - § 
of the tank for reuse would be easier ii the walls drained 1 
clean. f 

jaMaaa*fcaaaa 
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Table 2 

LIST OF SURFACTANTS AND SURFACTANT/ADDITIVE COMBINATION? 

I 
i 
¥ 

¥; 
is. 

• -1- 

Trade Name Chemical Description 

Triton X-200 

Duponol WAQ« 

Igepon AC78 

Igepon T-33 

Igepon TC-42 

Zelec DX* 

Zelec NK 

GAFAC MC-470 

GAFAC RE-870» 

GAFAC RA-600 

Atlas G 3570 

Jgepal CO-970» 

Anlonlo Surfactants 

sodium salt of alkylaryl poly- 
ether sulfonate 

sodium iauryl sulfate 

coconut oil acid ester of 
sodium isethionate 

sodium-n-rnethyi-n-oloyl- 
taurate 

sodlum-n-methyl-polmltoyl 
taurate 

alcohol phosphate composition 

alcohoi phosphate composition 

partial sodium salt of a com- 
plex organic phosphate ester- 

free acid complex organic 
phosphate ester 

free acid complex organic 
phosphate ester 

Nonlonlc Surfactants 

catlonic polymeric amine 

ncnylphenoxypoly(ethyleneoxy) 
ethanol 

Igepal CO-630 

Igepal CO-210 

Igepal CO-990 

igepal CA--420 

•Surfactant used at several concer.trüticn 

nonylphenoxypoly(ethyleneoxy) 
ethanol 

nonylphenoxypoly(ethyleneoxy) 
ethanol 

nonylpnenoxypoly(ethyleneoxy) 
ethanol 

octylphencxypoly(ethyleneoxy) 
ethanol 



Trade Name 

Table 2 (continued) 

__    Chemical Description 

I^epal DM-63O 

Igepal DNM30 

Igepal CTA-639 

Pluronic L-63 

Pluronic F-68 

Pluronic F-104 

Pluracol TP-15^0 

Pluracol GP-3030 

Pluracol TP-4640 

Pluracol P-104 

Thanol SF-6500 

Merpol HCS 

Renex 20 

Atlas 300 

Atlas G-IO96 

Atlas G-l^l 

Nonlonic Surfactants 

alkylphenoxypoly(ethyleneoxy) 
ethanol 

alkylphenoxypoly(ethyleneoxy) 
ethanol 

alkylphenoxypoly(ethyieneoxy) 
ethanol 

polyalkyloxypoly(ethyIeneoxy) 
ethanol 

polyalkyloxypoly(ethyIeneoxy) 
ethanol 

polyalkyloxypoly(ethyIeneoxy) 
ethanol 

polyalkyloxypoly(ethyIeneoxy) 
ethanol 

polyaikyloxypolyCethyIeneoxy) 
ethanol 

polyalkyloxypoly(ethyIeneoxy) 
ethanol 

polyaikyloxypolyCethyIeneoxy) 
ethanol 

polyalkyloxypoly(ethyleneoxy) 
ethanol 

poly(ethyleneoxy) ethanol 

polyoxyethylene ester of mixed 
fatty and resin acids 

mono and diglycerides of fat 
forming fatty acids 

polyoxyethylene sorbitol hexa- 
oleate 

polyoxyethylene sorbitol lanolin 
derivative 



Trade Name Chemical Description  

Nor ionic Suriactant. s 

Atlas  1556 

Atlas G-1702 

Atlas G-2684 

Alcolec powder 

polyoxyethylene blends of poly- 
hydrlc alcohol fatty esters 

polyoxyethylene sorbltol beeswax 
derivative 

polyoxyethylene sorbitan mono- 
oleate with mixed fatty and 
resin acids 

soy phosphatides 95% 

Surfactants with Additives and/or Combinations 

Igepal CO-970 
zinc stearate 

Igepal CO-970 

Igepal CO-970 

GAFAC MC-470 
water 

GAFAC MC-470 

Igepal CO-970 
Union Carbide L-531* 

IgeoaJ CO-970 
Union Carbide Y-6202 

Igepal CO-970 
antimony oxide 

Igepal CO-^O 
antimony oxide 

nonylphenoxypoly(ethyleneoxy) 
ethanol 

50/50 solution nonylphenoxy- 
poly(ethyleneoxy) ethanol and 
water 

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

50/50 solution of partial 
sodium salt of a complex 
organic phosphate ester and 
water 

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

57/^3 mixture of surfactan* 
to silicone surfactant 

57/43 mixture of surfactant 
to silicone surfactant 

67/33 mixture of surfactant 
flame retardant 

75/25 mixture of surfactant 
flame retardant 

--:      - -MBS 
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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 CO-970 
toluene 

Igepal CO-970 tritolyl 
tritolyl phosphate 

Triton X-200 
microballoons 

Igepal CO-970 
alcolecec powder 

Igepal CO-970 anti- 
mony oxide 

Plameout 5600-B1 
antimony oxide 

 Chemical Description 

67/33 mixture of surfactant 
flame retardant 

to 

75/25 mixture of surfactant to 
flame retardant 

67/33 mixture of surfactant to 
flame retardant 

75/25 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-101 

3 0 parts Igepal CO-970 to 12 
parts toluene per 157 part's of 
Lustrex HH-101 

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

10 parts of alkylaryl sulfonate 
to 3.0 parts nucleation beads 

83/17 mixture of nonionic to 
cationic surfactant 

83/17 mixture of noni~.4j.c 
surfactant to nucleating 
agent 

87/13 mixture of fire retardant 
to nucleating agent 

Note: Numerous other combinations were tesbed but not 
listed. 

jn jMir.li.iir^ 



Trade Name 

Table  2   (continued) 

   Chernov al  Description 

Sllicone Surfactants 

Dow Corning DC-200 

Dow Corning DC-200 

Dow Corning 190 

Dow Corning 19^ 

Dow Corning 1312 

Dow Corning il-630 

Union Carbide L-520 

Union Carbide L-53^ 

Union Carbide L-5^0 

Union Carbide L-5310 

Union Carbide L-5^20 

Union Carbide Y-6138 

Union Carbide Y-6202 

US 103 

sllicone oil - 500 centipolse 

silijcne oil - 1000 centipolse 

sliiccne oil 

si lieone oil 

sllicone i_ii 

sllicone o*i 

sill'one oil 

sllicone oil 

sllicone oil 

sllicone oil 

siiicone oil 

sliicone oil 

sllicone oil 

special polyvlnyl chloride 
ceil stabilizer 

FC-95 

FC-98 

FC-128 

PC-13^ 

Fiuorocai'bon Surfactants 

perfluoronate organic compound 

perfluoronate organic compound 

perfluoronate organic compound 

perfluoronate organic compound 

PlasticIzers 

50/50 mixture dialiyl phthalate 
and antimony ~xide 

KMMftAük ,-r y^--:Jr*li*1*rtttBn 



Table 2 (continued) 

 T ade Name        Chemical Description 

Flame Retardants 

Niax Fire Retardant 3-CF 

Flameout 5600-B1 

Ant?-nony oxide 

Mono (DBP) phosphoric acid 

Bis DBP phosphoric acid 

Tris (DPB) phosphate 

Weston CP-1 

Tetrabromophthalic anhydride 

Powdered Nucleating Agents 

zinc stearate powder 

artimony oxide 
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Tab it- 3 

METHODi OF TEST!No FG«M SOLUTION AND'PROPER!1E3 

Property Test Method 

A.  Physical Properties of Schall zn  in  Bottles 

Foam solution 
viscosity 

2.       Surface liquid 

The bottle Was turned upside 
down and time elapsed for the 
foam solution to flow from 
the bottom to the top was 
recorded in seconds. 

The quantity of free liquid on 
top of the foam solution was 
recorded. 

Bottle condi- 
tions 

Whether or not the foam sciu- 
tion adhered to the bottle 
walis was recorded. 

3- 

«*. 

B.  Physical Propei'tles of Extruded Foam 

1. Extrusion through 
1/8 inch diameter 

2. Flow rate, ft/min 

Moiäability, #1 
die (Fig. 1) 

Cell s; .ure 

Diameter of the extruded foam 
was measured. 

Length of foam strand extruded 
as a function of time was 
measured • 

How well the foam was shaped 
as it passed thru die- #1 was 
noted. 

Cell size and uniformity were 
noted. 
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The properties  in section B of Tab^t*  4 are those  of 
the  instant   foam after  it was  released tu the atmosphere 
through a  i/8  in.h diameter   holt.     F.r txamp..e,  using 
Igepal  Cü-970,  t t:e  foam tiUamettt   ex^-anded  4.5  tia.es  • v,  a 
9, j.6  inch diameter r.am strand wnen  me solution exited 
through o.  i/8  in.h diameter hwie. 

a.   CO-97 0 was  lar   .tss than that   '.: 
*a.;  not   as  gc.wd  a Silp 

m 

r 
• 

The original surfactant at the start of the program was 
Triton X-200, a 30%  solution of a sodium salt of aikyl- 
aryipolyether sulfonate.  Based on the screening tests 
early in the program, this surfactant was replaced with 
igepal CO-970 [nonylphenoxypciy(evhyieneoxyethan^i)j in 
the bulk of the later work.  This surfactant imoreved 
foam cell uniformity, lowered solution viscvvl>..;> and 
acted as a reasonably good release agent for the foam 
solution from the pressure vessel walls. Furthermore, a 
recognizable improvement in mcldablllty resulted from the 
use of Igepal CO-970. 

With this knowledge, numerous derivatives of nonionic 
surfactants based on phenoxypolyethyle neoxyethanol were 
evaluated- Igepal CO-970 had the best balance of overall 
properties of all nonionics tested. 

Two surfactants, Duponol WAQ (a water solution of sodium 
lauryl sulfate somewhat comparable to Triton X-200) and 
Zelec DX (an alcoholic phosphate composition) also 
improved foam properties over those obtained with Triton 
X-200.  Zelec DX in later work yielded polystyrene foams 
with improved physical properties. 

2-3-1  Estimated Cost of Instant Foam 

An estimate of material costs (based on late 1974 prices) 
was made. The foam solution material cost is $0.556/lb. 
Assuming the solutions are made in lax-ge quantity (3000 
ga] batches) a labor cost would be $0.03 per pound. 
Based on these calculations, the loam solution would cost 
approximately $0.60/ib.  The cost of a cubic foot of 
2 lb/'cu ft foam w.uid be ab.ut $1-78. 
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Figure 1„ Bottle Dies Used to Extrude Instant Foam 
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2.4  MOLDED INSTANT POLYSTYRENE FOAM 

Several  methods  of m. .d.:.g ir.ttart   p. iyserene  i cam are 
possible.     Th!?e  oi   thee   *er«   tried during this program. 
They  were: 

i 
l: 

V 
I 

Instüi.t     From a 2 inch pipe cylinder into a 
0 A 0 .- r J 31. 1 Cl 

Bu^K -      Vertical rice within a closed moid. 
Extrusion -  Tnr ough die r.czzies with and with- 

out screens. 

Instant molding method.- were investigated first. The mein 
size seie.-ted was 3 x i* x i8 inches (a potentially usable 
modular panel size) which was larger than an> previously 
attempted using the lnstan: foam process. Foam slabs .his 
large wc-Uid be oi sufficient size to permit ttje determination 
of physical,-mechanical and impact data. The foams'molded 
were based on the foam formulations listed In Table p. 

Table 5 

TYPICAL INSTANT FOAM MOLDING FORMULATIONS 

Ingredients 

Lustrex HH-101 
Glass mlcroballoons 
Surfactant 
Freon 11 
Dimethyl ether 
Methyl chloride 

 A_ B 

100 

C 

100    • 100 
1.9 1.9 1.9 

12.7 6.1 6.4 
7.6 15.28 7.6 

44.6 _ 

44.6  44.6 

In general, these formulas vary in the quantity and type of 
surfactant, amount of Freon 11, and type of pneumatogen/solvent 
(I.e. dimethyl ether or methyl chloride). 

Preparation of the foams was accomplished i>; nlrioni' in amt .-.' 
A  foam solution, weighing 3.i4 times the- formula weight, 
into a 2.0 inch diameter pressure vessel (see Figure 2}. 
These pressure vessels were c.nstruoted of 2.0 inch steel 
pipe capped on one end ana adapted U take a 1-1/4 or' 2.0 
inch bail valve. 
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Figure 2. Two Inch Diameter Pressure Vessels Pitted 
with Ball Valves 
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2.^.1  Charging of Pipe Pressure Vessels 

Several pressure w-&;ei .naig.ng pr ..■•_€ dures were investigated. 
In general, the m.ct itua^c prc-edure was identical with 
that used for charging gxass pressure vessel except that, 
because of its mass, the pipe was pre-eooled in a dry ice/ 
acetone bath fcr 30 minutes pric? u adding the condensed 
d^methy'i. ether ,r methyl :r.ioride. 

2.^.2  Soj.vation of Polystyrene 

Complete solution of the polymer 
high quality f^am.  The most imp 
ing complete solution Was found 
mixing, ana this took one weetc. 
pressure vessel was placed on a 
vertical plane and tumbled lor 4 
It was then transierred to a 120 
was changed three times daiiy f~ 
plete solvation.  The effects of 
temperatures other than ambient 
been determined. Once solution 
charged tanks of solution can oe 

was necessary to obtain 
ortant variable ;n effect - 
to be the time used in 
After being charged, the 
wheel rotating in the 
8 hours at room temperature, 
-P oven where its position 
r five days to assure com- 
performing solvation at 
(75°PJ and 120->F have not 
has been completed, the 
stored indefinitely. 

it must be pointed out that th- process described is 
appropriate only for laboratory work.  Alternate methods 
of solution should be worked out for large scale production, 
Preliminary inquiries indicate that the Ross Equipment 
Company makes a mixer that is designed for the preparation 
of high viscosity polymer solutions. The use of such a 
piece of equipment would greatly expedite preparation of 
instant foam solutions.  Comparatively large amounts of 
the material could be prepared, then transferred to storage 
and shipping tanks. Once the solution is in the tanks it 
can be used as needed. 

2.4.3  Direct Instant fream Mcj.di.ng in Mold of 
Fixed Dimensions 

The pressure vessels ,narged with lcam solution were 
attached t: j' x 12 x 18 in.h plywood mcids '..see Figure 3) 
with cxosc- nippies. Attempts were made to mold instant 
polystyrene wAth tue valve partly opened. This slow- 
method of molding formed a twitted mass of foam that was 
partly fused together.  No real molding was observed. 
With the valve approximately hail „pen, a partially 
shaped f.;am was termed   We".] formed molded pieces were 
possible only when the valve was fully open and the mold 
filled rapidly with expanded foam (Figure <♦). 



Figure 3. Plywood Mold Op.n for Inspection 
(3 x 12 x 18 Inch). Note vent 
holes In one end of mold. 
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Figure 4. Molding Made with Fully Opened Ball Valve 
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The effects of temperature 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 selected 
were 60, 80, 100 and 120°P.  The results of this work are 
shown in Figures 5, 6, 7 and 8. Moldabllity improved with 
each incremental drop in temperature, the best molding I 
temperature being 60°F.  This was attributed to the slower j 
and more controlled rate of foam formation at the lower 
temperatures,  it is believed that this property applied 
to all formulations studied in this program.  Possible 
solvent pneumatogens which have lower vapor pressures at 
ambient temperatures of 75 to 8ül F probably would improve 
the moldabllity ci' instant polystyrene foam. 

2.«*.4  Sliding End Mold 

A sliding end mold (Figure 9) was designed and built,  it 
was believed this mold would offer one approach to forming 
foam boards with increased length.  The movable end of the 
mold furnishes the initial resistance to form and mold the 
loam.  As the moid fills, the foam pushes through, furnish- 
ing its own back pressure.  The movable end of tie mold 
then moves back and foam continues to be formed. 

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

Using these cylinders and a 9 gallon (2100 in.3) cylinder, 
a study was made to establish the amount of resistance 
required to shape the instant foam when released from the j 
pressure vessel.  In practice, the mold was attached to a { 
pressure vessel with a closed nipple. The mold was mounted j 
at a 45° angle to the horizontal. Five, 15 and 20 pound j 
lead weights were used to furnish resistance to the movement J 
ai  the sliding portion of the mold.  The valve was opened j 
fully during the test.  The 5 and 15 pound weights did not I 
:ffer sufficient resistance to foam formation to induce I 
molding.  The resistance afforded by the 25 pound weight j 
did not prove sufficient to cause the instant foam to mold J 
without formation of knit lines.  One one occasslon the             • J 
sliding end was forced out past the stop and the weight I 
dropped back into the foam. j 

20 
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Figure 5.  Molding Temperature 120°F   Figure 6.  Molding Temperature 100°F 

Figure 7. Molding Temperature 80°F    Figure 8. Molding Temperature 60°F 
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r 
1-1/4" Pipe nipple 

Slide end 
closed 

I 

Open position 

Sliding mold side 
in start position 

Mold ends 

Slide stop 

Figure 9. Mold with Sliding End Closure 

I 
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Piguv« 10. Two Inch Pipe Vessel with 90° Elbow 
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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 Phows a 
foam (176217E) molded in the four foot long mold. The sample 
was prepared using the 25 pound weight 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, forming a 36 inch long sample after shrinkage. The 
problem of shrinkage was believed to be caused by improper 
molding techniques. 

A second attempt to mold a slab of foam 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 point. 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 wei  me^ured on an 
Instron testing machine at a crosshead si  d of 0.2 inches 
per minute. Testing was in compliance wi..i military speci- 
fication MIL-P-26514B, with the exception that the foams, 
being rigid, were not flexed prior to test. The test 
specimens were 2x4x4 inches and, when required, con- 
sisted of one or more pieces of the same test material. 

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

Four foams were molded using different amounts of Triton 
X-200 as surfactant, different amounts of F.'eon 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 in foam density, which was 
expected. 
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Figure 11. Molding of Instant Foam Using 2100 Cubic 
Inch Tank and HB  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 393 were made with Duponol WAQ and 
Zelec DX. Both are anionic surfactants of the same type as 
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 56CO-B1, 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. 

Two test specimens made with high levels cf Igepal CO-970 
contained obtobmmobiphenyl or water at very high additive 
levels. The compressive strengths of the samples tested 
were average. 

An interesting property of these foams was their high 
percent recovery after 65% compression.  In general, the 
recovery improved as the density became lower. 

2.5  BULK MOLDED INSTANT FOAM (DIRECTION OF RISE PARALLEL 
TO LENGTH OF MOLD) 

Two bulk foams were prepared by transferring foam solution 
under pressure to a 5.0 inch diameter by 5.0 inch high 
pressure vessel.  Figure 13 shows this 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 this tim«- , the 
valve in the top oP'the tank was opened and the solution 
foamed and filled the pressure vessel (mold). 

in the first experiment, 1.7 lbs of foam solution was 
charged to the vessel. This was an excess of material.  The 
transfer took 2k  hours. On the release of the pressure, foam 
filled the vessel, plugging the vents. When the vessel top 
was removed foam expansion continued, producing a mushroom 
shaped piece of Foam (Figure i*J).  The foam cell structure 
was large and irregular. 

The second foam was made using only 0.25 lbs of foam 
solution. When the gas was released the foam rose and • 1 
filled the pot. This sample is shown in Figure 15. The I 
molding filled the vessel *ell, but it had an axial hole 
approximately 1-1/4 inches in diameter running Its length. 
The hole was believed to be caused by insufficient foam 
solution in the mold and trapped gas in the pipe coupling 
between the valve in the feed line and the bottom of the 
.vessel. This work demonstrated the feasibility of producing 
foams from a pressurized mold. These foams had cells 
elongated in the direction of foam rise. 
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Figure 13. Pressure Vessel Being Charged 
with Foam Solution 

Figure m. Foam 176272 - Excess Foam Solution 
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Figure 15. Bulk Molded Instant Foam 
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Figure lb. 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. 
Foams produced by this die are also shown. 
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The rectangular portion 
die produced roughly el 
(1-7/8 x 3-7/8 Inches), 
cu ft. The preliminary 
of continuously forming 
need for a more basic s 
orifices and tubes. It 
this work on small seal 
be made from one tank o 

was 4.0 inches long. This 
liptical-shaped foam boards 
The foam density was S.h  lb/ 
work showed the feasibility 
foam through a die, and the 

tudy of flow properties through 
also indicated the need to do 

e dies so that many runs could 
f solution. 

2.6.2  Plow Study Through Die Orifices 

To direct work on the design of extrusion type dies, a 
program to study the flow of Instant foam solution 
through orifices of various si/ies 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: 

Easily mounted on the foam tank. 
Easily cleaned after each run. 
Readily adaptable to orifice of selected 

sizes and geometries. 
Should allow a large number of runs to 

be made from a single tank of foam 
'solution. :This is to permit testing 
of a large number of orifices. 

This versatile die is shown sehematically in Figure 19, and 
photographically in Figures 20*and 2.1. Orifices of various 
sizes were made, as shown in Figure 22. Their diameters and 
lengths are given in inches in the following table. 

Orifice Diameter, in. 

Table  7 

ORIFICE SIZES 

Orifice Length, in. 

1/3 
1/4 
3/8 
5/8 

Tapered l/k to 3/'' 

V 
/ 
/ 
/ 

112, 
/ 
/ 

l/k     I    2 
/       / 
/       /     / 

/ 
/ 
/ 

2-11/16 

/ 

2-3/4     t 

/ 

i 

All orifices are square edged; this represents the simplest, 
but not necessarily the best, edge condition. 

3 'I 
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Figure 19.    Test Die Concept 
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Figure 20.  Test Die (disassembled) 

Figure 21. Test Die (assembled to tank valve) 
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Figure 22.    Test Die Orifices 
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2.6.3  Standard Procedure for Testing Extrusion Pies 

The following procedure was used in evaluating the extrusion 
dies: 

The die to be tested was installed on the solution 
tank with its valve (Figure 21). 

The two-inch ball valve was fully open during the 
extrusion test unless otherwise noted. 

As the instant, foam extruded, the foam was marked 
at 5 or 10 second intervals. Flow rates were all 
calculated from 10 second samples. 

From these foam samples the foam density and 
physical properties were determined. 

Initial tests were run on two solutions which differed 
from each other in the surfactant used. One surfactant 
was Triton X-200, the other Igepal CO-970. Both solutions 
contained 6.4 parts surfactant per hundred parts of polymer 
(pphp). Because of the improved performance of Igepal 
CO-970, the use of Triton X-200 was discontinued in later 
work. 

2.6.1*      Effect of Orifice Diameter and Length 
on Foam 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 this work are: 

Length to diameter ratio controls flow - e.g. with 
1/8 in. diameter orifices, flow varied from 39 to 
0 ft/min as the length increased from 1/4 in. to 
1 in.  The length to uiameter ratio at which flow 
stopped was 8:1. With a 1/4 in. diameter orifice, 
flow stopped at 2-3/4 in. length (length:diameter 
ratio in this case was 11:1).  It is possible that 
i'low might have stopped at even a shorter length, but 
the limited data did not prove this. 

Increased die length results in foams of decreased 
diameter and higher densities. For example, as the 
1/8 in. diameter orifice was Increased in length 
from 1/4 In. to 1 in., foam diameter decreased from 
7/16 in. to 3/16 in. 
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opening toward the foam solution improved all the properties 
mentioned above. An unexpected advantage resulting from 
reversing the die was an improvement in overall appearane. 
This suggested one mold design criterion; namely, using an 
inverted taper in the die. 

2.65  Rectangular Orifices 

Three miniature reotangv"" *r orifices were fabricated and 
tested. They are shown schematically in Figure 23, which 
gives the dimensions and areas of openings.  They are 
identified as: 

Type 1 die - having a straight through rectangular 
opening. 

Type 2 die - having a tapered opening which is 
rectangular in cross section. 

Type 3 die - a 2-stage die having a straight 
rectangular opening part way through 
the die, 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 a 1/8 inch circular orifice. 
The foam produced had a density of 4.2 pcf, much higher 
than for foam previously formed with this formulation 
(Igepai CO-970).  Higher density foams generally are 
formed when the die is relatively long and narrow. 

The 
The 
was 
at 2 
die 
open 
cros 
The 
die a 
solu 
die. 

Typ-- 2 die has a less 
foam product from this 
3/4 x 1-3/4 inches in 
0 feet per minute.  A 
reversed, \aving tht: p 
Ing. This run formed 
s section at 18 feet p 
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ting that, better shapl 
tion passed from a lar 

restrictive rectangular opening. 
die (sample 176221A-3, Table 9) 

cross section.  It was produced 
sample was also made with the 
cLymer solution enter the 3/4 In 
a foam 1.0 x 1-3/4 inches in 
er minute (,sample 176221B-JJ. 
rectangular cross section, In— 
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1/8' 
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3/8" 

Area - 0.468 in' Ö 
Type 1 (Straight through rectangular die) 

1«!^ - 111/32" 

Area 2 -0.75 In* 

Type 2 (Flared rectangular opening) 

U        1"   w ■    1" "1 

1/4" 

1 
rea 1 ■ 0.218 in2 

1 15/32" 

1 
5/8" 

Area2-lin2 

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

Figure 23.    Rectangular Dies 
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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 dix*ected toward the 
valve (1762371)  did not shape the foam as well as in the 
reverse position (sample 176237J). This was the best molded 
sample prepared up to that time. 

2.6.6 Rectangular Orifice, 'Screen Backed 

A 1/2 inch thick disc of polyethylene was cut to fit the die 
holder (Figure 19)." "he 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 is 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 be 1/2 inch die without screen.  The 
valve was fully opened for only a second.  Thp resulting 
foam was a cylindrical log, 5 to 5-3/4 inches in diameter. 
There was no evidence of molding or shaping. 

Foam No. 176237Q was made using a 24 mesh 0.015 inch diameter 
wire screen which had 41.13 open area. The foam produced at 
a rate of 20 ft/mln, was 1-1/4 in. thick by 2-1/6 in. wide 
and had a rather uniform cell structure. 

2.6.7 Effect of Various Size Screens 

The early results using screens were sulflciently encouraging 
to warrant a more systematic study of the effect of screen 
size and location in the die. A number of commercial screens j 
were purchased and tested with the 9/16 x 1.0 x 1/2 inch poly- 
ethylene die. The screens were positioned before the die. \ 
Table 11 lists these screens. The variations in the number \ 
of openings and wire diameter 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. _ I 
The effect of the screens was to force the instant foam solu-       ' j 
tion after partial expansion to take a shar^ by restricted f 
flow.  The compacting or restricting effect increased the j 
density by a factor of 2.0 to almost 2.5 times that of foam 
made without a screen. Furthermore, the screen wire cut 
the partially expanded foam. This may have caused some 
foam collapse and also left knit lines in the foam. These 
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lines could-be seen when the foam was cut. The foam 
produced by extrusion through a screen had a definite 
fibrlllar character in the direction of foam propagation 
(Figure 24). The fact that some foam collapse occurred 
was shown by higher foam densities. As the number of 
wires increased from 12 to 24, the foam density increased 
from 2.48 to 3.1 pcf. 

The compression load properties were determined iji ■' 
accordance with military specification MIL-P-2651'i* The 
compressive strength of polystyrene prepared by screen 
extrusion is higher than for standard polystyrene of 
comparable density.  This fact is borne out by the 2556 
and 65% compressive strength measured parallel to the 
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 of 
foam extrusion.  Perpendicular testing means that the 
stress is applied in a direction perpendicular to the 
direction of foam extrusion. Figure 25 illustrates 
this. 

2.6.8  Effect of Screen Location 

An investigation was made to establish the best screen 
location in relation to the die. The screen or screens 
were positioned 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 CO-970 and the 9/16 x 1.0 x 1/2 inch die. 

Sample 176237U, which was made with the screen located 
after the die, showed only slight shaping of the foam, 
which was more elliptical than rectangular. Sample 
17623V was extruded with the screen before the die 
orifice. This represents the position of the screen in 
earlier tests.  Foams prepared with the screen in this 
position extruded well and produced relatively high 
density foams.  This screen position apparently causes 
the greatest amount of foam collapse, or compaction or 
the fcam.  This densification was possibly caused by the 
screen cutting the raw expanding foam into strands ana 
the subsequent coalescence of these strands back into 
a slab or board.  These foams, when cut perpendicular 
to the direction of extrusion, had the appearance of an 
expanded grid. 
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Figure 2k.    Character of Foam Produced by Generating 
Foam Through a Screen 
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Tested Perpendicular to Direction of Foam Propagation 

Foam Board 

Direction of Foam Board Extrusion 

Tested Parallc-i 
to Direction of 
Extrusion 

Figure 25.   Convention for Direction of Test! ng 
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Sample 1/6237W, made with the screen located just prior to 
the holder for the test die, was a lower density foam with 
greater expansion.  This foam's flow rate was the highest 
of the samples prepared in this series.  With the screen 
in this position, the die molded the foam effectively. 

Samples 17<v37X and 176237Y evaluated the effect of dual 
screens in the foam solution stream.  The first screen 
was located prior to the holder for the die, and the second 
was positioned before the 9/16 x 1.0 x 1/? inch die 
orifice.  The foam produced in 176237X was a well shaped 
rectangular piece with irregular cell structure.  Because 
of the cell structure this run was repeated in No. 176237Y, 
and a somewhat improved cell structure wan obtained.  The 
densities of both samples remained lower than for foam 
samples prepared with a single screen in front of the poly- 
ethylene die.  The big difference was the drop in flow 
rate. When the sample was cut perpendicular to the 
direction of extrusion, no impression of the screen grid 
was observed. 

The 16 mesh screen used in the 176237 series was replaced 
with 2^4 mesh screen, placed before the 9/16 x 1.0 x 1/2 
inch die, and sample 176221D-1 was made.  It was comparable 
to sample 176237 V prepared with the 16 mesh screen. 
Again, the foam density was higher and the flow rate 
increased to 16.5 feet per minute. 

Sample 176221E-1 represents an attempt to evaluate the 
effect of a screen located before the 2.0 inch ball 
valve.  The initial flow of foam Indicated that such a 
position was feasible.  However, shortly after the valve 
was opened, the screen was forced through the valve and 
into the die.  The first one foot of foam through the 
die was molded into 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 
with those of earlier samples of foam prepared by 
extrusion through a screen.  The 25%  and 65* strength to 
density ratios are higher than one  would find with a 
more conventional polystyrene foam.  Exceptions are 
samples 176237U and 176237Y tested parallel to the 
r* J ruction of extrusion, Vhoir strength to densitv ratio.-; 
r mite low, falling below 10.  Screen extrusion in 

this application 3s 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 o 
made to det^rm 
extrusion rate 
pressure of th 
to give tank p 
The foam solut 
carried out th 
die. A 2H mes 
^1.1* open are 
the die. 
13 'oam 

The 
1762 

time (four day 
series.  It ha 
cannot be expl 

f a gas varies 
ine the effects 
s, density, and 
e liquefied gas 
ressures of 6^, 
ion contained I 
rough the 9/i6 
h by 0.015 Inch 
a was used.  It 
data for this s 
2ID is anomalou 
s earlier') than 
d an abnormally 
aired. 

with temperature.  A study was 
of such pressure changes on 
other foam properties. Th<- 
was supplmented with nitr-gen 
70, 80, 90 and 100 psig. 

gepal CO-970.  Extrusion was 
x 1.0 x 1/2 inch rectangular 
diameter wire screen with 
was mounted upstream fr ir. 
tudy are presented in Table 
s—it was run at a different 
were the other foams in the 
high delivery rate which 

The latter- four foams are comparable, having been prepared 
in sequence.  They show an increase in flow rate with an 
increase in pressure.  Density remains fairly constant as 
pressure changes, but as pressure Increases, the cross 
sectional areas of the foam increase. The compression 
loads (psi) remain essentially the same except for foam 
176221H-1.  This sample, tested parallel to the direct ion 
of extrusion, has load bearing properties almost double 
those of the other foams. The results indicate a possible 
experimental or mathematical error in measuring the strength 
of this foam. 

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

The results of the work on miniature dies and screen 
baffles were applied to the T dies described in Section 
3.6.1.  An existing die of this *ype was modified by 
having a 3/^ inch wide x 6 inch iong slot cut in its 
front face.  A 24 mesh 0.015 inch wire screen was 
cemented to the inside of the die covering the die slot. 

-o 2.7 shows this di< ;hema 
is a photograph of the dissasembied die. 

tf< gure 28 

The die len-gth was controlled with the slant-faced 
plugs shown in ?igure 28.   The open space between the 
outside diameter of the plu,;s and the inside wall of the 
die was sealed with Thiokol 'acuum bag sealing compound. 
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Figure 27. Schematic Drawing of T Die Slot 

55 

:-.=>„■■ ...^-«■i.-.^.-^.-.^.^va 



r 
■■■'.-!■■■-I-.■ '.;v'* ■■ 

Figure 28. T Die With 3/* x 6.0 Inch Slot Screen 
2« Mesh 0.015 Tnch Wire Diameter 
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AS work progressed, the width of one slot was increased to 
1-1/2 Inches and finally tc 1-5/8 Inches.  The final 
length of the die slot was 9 inches.  The depth of the 
die path was 1/10 inch in ail eases except one, in which 
it was increased to 1-i/iO inches, by placing a slotted i 
inch thick piece of polyethylene over the die opening. 

Ali test runs made with this die are reported in Table ±k, 

Runs 176237K, M and S were made wit 
slot lengths (3/^, 1-3/**, and 3 inc 
increased, the density or the foam 
p^.'sibie explanation for this incre 
length increases, the open vciume w 
and there is mere rocm for solvent 
solvent loss increases, solution v 
centration increase.  Increased vi 
through the screen, thus providing 
to escape from the die.  The resist 
screen could result in some compact 
partially expanded solution in the 
higher densities.  The possible inc 
centration in the solution, while i 
also contribute to the density inor 

h progressively longer 
h).  As the slot length 
product increased.  A 
ase is thai as the slot 
thin the die increases 
sses in the die  As 

scoslty and polymer con- 
cosity would reduce fiow 
mere time for the solvent 
ance tc flow through the 
ion of the already 
die, thus resulting in 
rease in polymer con- 
t is in the die, w^uld 
ea?e. 

Test foam 176237T was similar to 176.- 3?S in all respects 
except for the depth of the die opening.  In the first, 
the depth was 1.1 inches; in the second it was Ü.1 inches. 
Lengthening the path through the die slot results in a 
more rap'd extrusion rate (18 versus 6.5 ft/min) and a 
much lower density (2.8 versus 5-8 pcf).  The data indi- 
cate that by varying the depth of the die opening, control 
ever the flow rate and density can be obtained. 

The width of the slot in the die was Increased tc 1—1/2 
inches.  The slot was covered with 2k  mesh screen having 
0.015 inch wire.  Plugs were again used to control the 
slot length. 

Two experiments were run using the 1-1/2 inch si^t width 
and 3 inch length.  They are not directly comparable as 
two different solutions were used, one having 65 parts of 
solvent/pneumatogen per hundred parts of polymer, and the 
other 70 parts.  Moreover, the solution with the lesser- 
amount of solvent was used at higher pressure, 90 psi 
rather than 80 psi.  However, the results suggest that 
higher pressure is more Important than polyme concentra- 
tion (ever the limited range) in promoting fast flow oi 
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the solution through the die.  Moreover, the results, 
taken along with those reported in Table 13 and 176237T 
of Table 14, strongly suggest tnat rapid extrusion rates 
lead to lower density loams. 

The remainder of the t 
5-7/8 or 6 inch long s 
were in the 5 to 6.2 f 
had a density of 8.6 p 
containing Zelec DX. 
7.5 ft/minute, except 
ft/minute. This was t 
die (described in Sect 
slot and could acccmmo 
l8l303 the opening was 
6 inch opening.  This 
rate . 

ests, except i8l31i 
lots.  The densitle 
21'  range, except fo 
cf,  This was a non 
Extrusion rates wer 
for i8l303 which ex 
he first run made i 
ion b-3)  which had 
date a 9 inch long 
partially Dici-Ked 

may account for the 

, were run with 
s of these runs 
r 176295, which 
-standard formula 
e from 5.6 to 
trcded at. m .5 
n the final type 
a 1-5/8 men wide 
opening.  In 
to give only a 
faster extrusion 
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Run 181311 was run with the 1-5/8 inch vide opening and 
the full slot width of 9 Inches. 

2.6.11  Summary of Extrusion Studies 

As a result of the extrusion studies it was shown that 
"instant" polystyrene could be delivered at a slow, con- 
trolled rate and with a rectangular cross section. 
Characteristics cf the procedure involved, and the foam 
produced indicated the following: 

A slow flow rate gave long enough dwell times in a 
shaping die to form the foam into useful shapes. 

The flow rate and foam density could be controlled 
by vpr-ying the ratio of the length of the foam pas- 
sage -'-trough the die to the cross-sectional area of 
the die opening. For circular dies it was found 
that flow would stop when the length to diameter 
ratio was between 8 and 11 to 1.. 

Screens or baffles, in conjunction with the rectangu- 
lar orifice, were necessary to produce the desired 
rectangular cross section foam. 

Foam extruded at a controlled rate could be handled 
ana processed downstream from the foam generator . 
Sufficient residuai solvent was lelt in the foam 
immediately after generation to permit straightening 
and secondary shaping of the f.am. 
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Boards of foam could be produced that were 2.5-3*0 
Inches thick by 12-13 inches wide and of indefinite 
length.  Length was determined by how long the valve 
was kept open and by the capacity of the supply tank. 

The foam was rir;id enough shortly after formation to 
be cut. 

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

As s rebult of the formulation work and the extrusion 
studies, we were able to design and build a prototype 
foa.T 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 die. Two samples 
prepared f.n  a wooden mold (Section 3.^*3) were also 
tested.  Samples were generally 8 inches square and 3 
inches thick.  The only exceptions to this were a limited 
number of tests run on 6 x 6 x 3 inch and 5x5x3 inch 
samples.  These exceptions are noted in the table sum- 
marizing the impact data. 

The impact tests were run on a Hardigg Impact Tester. 
In this apparatus, the sample to be tested is impacted 
by a flat flaced tup which 1'-- 8 in. x 8 in. in area. 
The amount of weight impacting the sample is 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 height with this apparatus is 48 inches. 
V-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 th'-j 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 one 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 cm ■ 10 milliseconds). 
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Vertical scale measures deceler- 

„ aJlor\ , 1 cm = 20 G 
Horizontal scale measures time  1 cm - 10 m-sec 

Figure 29.  Photo of Oscilloscope Trace Run No. 11 

I 

61 

m*mmä      m -*■!.- ■ I  ■    i-iiTiiii 



mmmmf mmmm miSSm 
tÄWHJBWt-U 'II-UHJIHB 

Some 22 impact tests were run on molded 01 extruded poly- 
styrene foam.  The test specimens used were 3x8x8 inches 
in size, except as noted in Table 15« 

Table 15 lists the raw data obtained from the impact tests. 
It will be noted that a number of different weights were 
used and, more importantly, several different drop heights. 
The last three columns of the table are derived data.  The 
potential energy is the product of the weight of the tup 
and the height it was dropped from.  To eliminate the vari- 
able 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) to get a normalized weig. t and a normalized static 
load given in pounds/in.2. 

The first four tests in Table 15 were made on relatively 
low density molded foams. Two tests were made with minimal 
loadings (1*. ^ lb or O.'1^';, nßi).The recorded G's of decelera- 
tion were 51 and 50 for foams 172371 and 172375, respect- 
ively.  Increasing the static stress x.o  0.6 psi increased 
the G's of deceleration to 58 and 74, indicating the foam 
had bottomed out when impacted. Therefore, the peak G's 
of deceleration would be attained at lower static loads 
than possible with this tester. 

The next sample in Table 15 is 176289A - a sample extruded 
from a 1.5 x 3.0 x 0.1 inch T die. 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 higher loads until 
no further testing was possible.  A second sample from 
176289A, with the impact load 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 stress was too low. 

The same sample was retested (Run No. 7) using additional 
weights to produce a static stress of 0.6 psi.  The 
deceleration dropped to 76 G's, the same value as was 
obtained in Run 5 which was tested parallel to the 
direction of extrusion.  Runs No. 5 and 7 show a duration 
of Impact in milliseconds of 11 and 13, respectively. 
This indicates that some foam flexing or cracking did 
occur.  At a static load of 1.0 psi applied perpendicular 
to sample 176289A, a deceleration of 76 G's was recorded 
with a duration of 20 mlllseconds, indicating further 
foam crushing.  After this drop (Run No. 8) the foam thick- 
ness had decreased to 21!? of its original value. 
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These runs (S»6,7 and 8) indiente that foam sample 
176289a was being stressed sufficiently to obtain the 
minimum deceleration (76 G's) attainable with this foam, 
increased static load would not decrease the decelera- 
tion but would result in an increase in the duration of 
impact and additional depth of foam crushing. 

Of farther Interest were runs No. 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 
■ ;tho" perpendicular.  Each sample had a deceleration 
rate of 76 G's with onii 2.0 milliseconds difference in 
duration of impact.  Thus, the cushioning ability of 
this foam would be essentially the samt- regardless of 
the direction of use. 

emaining portion of the data compiled in Table 15 
obtained by essentially the same method.  For 
le, runs 9, 10 and 11 were made on a 5.^5 pound 
ubic foot sample (Sample 176289B) at 1.0, 1.5 and 
si static loads.  With each incremental increase 
atic load there was a proportional decrease in 
eratlon.  Coupled with an increase in duration of 
t, as well as an increase in percent of the foam 

The r 
were 
ex amp 
per 
2.0 p 
of st 
de eel 
irnpao . ,    __. _.. _   _.. ,._._.... _ ..... . 
height loss, this indicated a minimum deceleration 
close to 50 G's. 

Huns 13 through 18 were made ai relatively high loadings 
and drop heights of 40-^2 inches.  This is the maximum 
possible height on the test instrument for the weight 
used.  In the table, samples are arranged in the order of 
increasing density. 

Figure 30 presents a plot of deceleration 
ized static load (psi). An examination o 
indicates that the molded samples (172371 
are being stressed at loads higher than t 
give minimum deceloraiton. This is infer 
slope of the curve. The remainder of the 
are for extruded samples, indicate that b 
high density of the foam the samples are 
at loads tcj small to give the minimum de 
attainable with that sample. 

versus normal- 
f these curves 
and 172375) 

hat which would 
red from the 
curves, which 

ecause of the 
being stressed 
celeration 
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There are two possible exceptions to this.  One is foam 
No. 176P89A which, on the basis of four test? at three 
different static loads, appears to give a minimum decelera- 

tes deceleration. 
It Is possible that 
and 5.9 psi load. 

5-76 lion at a static load of 1 psi and 
The other exception is foam No. 181303. 
this curve has a minimum at about H2  1* 
However 
points. 

this assumption is based on two widely scattered 

All impact testing was done at the end of the contract 
period on  foams made during the program.  It would have 
bee:, more meaningful '  have routinely tested foaT;i samples 
for impact response during the progress of the program. 
Based on this experience, an i.apact teste..' has been designed 
by Monsanto Research Corporation and it will be built for 
use on subsequent programs on energy management. 

3.   PROTOTYPE EQUIPMENT DESIGN '.ND FABRICATION 

With the 'completion of the foam molding and extrusion 
studies of this program, the design of a prototype foam 
generator war. undertaken.  The prototype equipment 
breaks down into four subunit; follows 

Stand on which to mount the other subunits and their 
auxiliary equipment. 

Tanks *o hold the foam solution during storage and 
to supply solution to the die at time of use. 

A forming die to be used in extr.. iing a foam board. 

Auxiliary equipment, including a nitrogen cylinder 
along with a pressure regular, pipe fittings, tubing 
and valves. 

Overall views of the equipment are shown in Figures 31 and 
32. 

3.1 TANK STAND 

The tank stand design is shown in Figure 32.  It was 
fabricated from 2 inch pipe and the necessary 2 inch tees, 
jlbows and nipples.  Th'c stand was assembled by threading 
the parts together and tack welding tho connections to give 
permanence to the assembly. 

66 



WBWPW"WWH 
. ;.v.|i. WraiMI-- 

^''■°r^*****?i*mg*>*-*em>**-.r*n,. 

Figure 31.  Prototype Foam Generator 
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The two upright members of the stand were Riven lateral 
rigidity by welding a k   In h channel to them.  This channel 
also provided a member 1'cV  s^.-uring a cylinder holder to 
i he stand.  The hoider was r.eedea f or the nitrogen c-yiinaer 
used to supply a suppimental pressure tu the foam solution 
tank.  7our L-shaped hecks were Installed on the upright 
members tor use in rr.ounr irg the solution tanks on tru- 
st und. 

A plat form type member Waf 
tw furnish support to the 
mounted en the tank stand, 
accommodate sn.a.x var:.at;_ 
•anks. 

pre. ideri as a part ol the base 
bat'-.- of the tanK when it is 

It is adjustable in heigh' t „ 
no in the dimensions A   dii f <-. en' 

FOAM SOLUTION TANKS 

Each 1 
s t a 1 n i 
Figure 
is «00 
t he 1 o 
tank l 
quick 
means 
tank. 
gauge 
sure. 

cum solution tanK is a 2i00 cubic inch (9-1 gallon} 
ess steel-,-aircraft type breathing oxygen tank. 
33 sh-^ws ii» rails of the tank.  The pressure rating 
psi, which is well above that used In operating 
am system SO  to .00 j ;, • ■ at 75CF. 'One end of the 
upper end when in use) was fitt >d with a 1/k  inch 
disconnect fitting.  This connection afforded a 
of providing supplemental nitrogen pressure to the 
Figure 31 shows the nitrogen line in place.  A 

in the nitrogen line monitored solution tank pres- 

The lower end of the tank nas a 2  in^h closed nipple 
welded in place.  Vh's nipple provides a means of assemb- 
ling a pipe tee to tht tank.  The lower end of the tec- 
is cxosed with a pipe plug and furnishes a means of 
supporting the \ HV.V.  when it is mounted in the stand.  The 
side entry is provided with a ciosa  nipple leading tc a 
2  in ;h bail valve. 

V.h'h  rank was mounted in square wooden frames which p* m; • 
the t anka to be stacked during storage.  The frames 

r.r.(..- holes f.- sltioned ' . fit the hooks on the stand ac a 
means of supporting the tanks dor ing use. 
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Beards  :-]/*  x   H  inches and  2-1/2 x   1?   Inches  in  ercss 
.v •' ! ,r.   •<•.<•!■>■  produced,     ''if'jt-v   ->6  show-,   the   foam  produced 
by   'tu*   a it-.     At'!».:-  'h<-   tr.it ,■•,   1'    w'n;   : . und   that   the  die 
.'::•'.:'    Was    i-'l;' 1 .y    ,.' i i'lif led    .':'    ."t*c .OUai     I     am.        H OW P Ve I' ,    the 

i t •*♦■ '.   • ii'   ts  rit-an,   r'-.-.iu iritj^  ct   a»<in.r   In   solvent 
.u-r.c  and/'.:.!-  a,-et, no)   ar.d  visual   checking  to  b>-   sure   that. 

• h«-  rr.erh  war   ft*.'«-   , :        am  u It <-i    ■ .»at;'. u,r 

Thii    .»:<•  m.u-t   be   rut.    ■..-••;' in.,   i^i;,   aft- r  t ht-   valve   !-:   :'ter.ed. 
I'   d.<-s  t.   '   have  a     apabiiliy   .•!'   Itit ermi'. t t_nt   opera', ion. 
a       t h-   :' i   w   .:   !'   ..n     '   s*   j|"d,   ' ht.   ;iif  must   t<    :1 sassomb h-a 

•:. :     leaned   . ;'  :•, .-; j,:,,   I .am.     Extra   ovret.ns   wer<-  prcvid'.-d 
J i .[ rv-r.- • na*    se\ -: aj   .-./ n 

j   t 

..: • "i- ■ r.'    i;.-'   a  wi akn«*ss   . n   -tii-  p< resent 

.itllltj   -•!   •• .vidin-.t a   -i^ldlnp; type •.«■■ :r't..  . n-- I 

•.•-»;■.■' , v.. Ct- mount «-a n 'he rr-nt :.!'  t ne die to regain 
. ; ; .; i ''.am s_,iu'Ion In ' hr die, was considered,  it was 
j- 'idea that such a Rate valve was a feasible approach to 
It.- • -rm! * * er.* operation.  However, the design and fabrication 

:' .".. v. i  .tip 11 oated valve was not within the scope of this 

-■-   rRCToTYPE DELIVERY 

•\: • •. r '•.•■.-• ;n£, the prototype unit, was shipped to Nat I ok 
lost : •• ,r;es.  Four tanks were provided, each to -ontain 
r ,-u..:no :f foam solution.  The tanks were shipped with 
■i. . l:y ingredients (polystyrene, trlass microballocns and 
s-..; -1' a -tan* '< ;harp;ed tu t h^ tank.  The solvent/pneumat ogem 
wv re added a1 Na* : k by M nsar.' .; Researcn Corporation 

•dor- Aä.' neaessäiy in order * o avoid the xengthy 
' obtaining Department of Transportation approval 
.• .-■<■• *anko ond^r pressure. 

'ir.i-:   w nar •=>••■■ d  w.l' ' ht i ...wing   Ingredient o : 

1 ..." r- A   HH-.G L 
Mi •:• bai ioor J 
Igepai 00-970 
T-* ra   ti,   r -- ' hy .• n- 
v..* ■hi .a id* 

cfc.5^ pounds 
O.p^ pounds 
1. 8 j p o u t»d s 
i.09 p^undc 

i -j. 83  J■ J <nds 
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Figure 36.  Foam Sample 181303 Being Extruded 
Through Prototype Die 
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jr. -e   .»11   ingred lento  were  charged   to  the   tanks,   the   tanks 
A:te   r;!ated   » r.  a  s /heduiv. ci  bails   t.    insure  that   the 
.: ^; •.!:■!.• .   wt-r-     J.JS..\->J  and   ddt p..a' e ly  mixed.     The 
tt .   •    :'  :"....-' O.-n   d.a  :.,. •        r.'aln   =j t.j   1 . an.e   r,t-tardan* 
a J.i 1t : vet'.      n.    öU-h,   ' ne   l',.arr    is   t lammab It-.     Worn   und» r- 
' ak< r.  Litter   the   ?cmp let : ...ri     f  the  program  using pen'a- 
ft."   ih't.y.a,.;. .   «-'rer   j : . i a   t-d   t   ams   wh:   h   are   seif- 
te •::.!' . l/r. ::.»• 

t.r.r,' .r...'. • vj.'iK.-   ir, J  ! . -t- d; sco .vi! g 
it- ,.m.:'   »*•■:.  mixt art   <e  ;   j'   : 
*i it-   : L.: r.iihv-d   hl» f      :.- 

...    Lire   .:. ■ . udt-d   .r.   ' nlü 

rar:, t o deveir.p  a  fuam p.iast:;-   tor   iirdrop  cushi« 
".;   resulted  in the  following accomplishment s: 

. lasle  polystyrene  f.am s:iuticn was  developed. 
system was  based   ..n hign heat   polystyrene 

••'X  HH-1C1),  g.ass ml >.robai i-ons,  a non-iuni-j 
a  'ant   ut'.L'pru  CO-970;,  and m-'thyi  chloride  and 
a   :. .-.r; »•'hy itTie  a:   ^... t.eti's,     Since   it   is   a 

• •:'.ed gas ,   ' ht; methyl   :hioride also "acts  as  a 
:r. i'.igen  : ,.-r  t h<    polystyrene   f„am.     This   foam 
' i ...r.  is   capable  .jf  firming a polystyrene  foam 
t.   .-an  be  handled   immediately  after  generation. 

am  molding pr;j.:-ss   *as  developed   in  which  the 
,  .:   lation  fi/.w-d   into  a   3 x   12  x   i8  inch wooden 

1;. i   filled   It   t.a  give  t „'am moldings  with 
•;•-..■     :'  a< t :   x .ma- ►•..,   c   it.    a   it. 

!   * rar.:! >-r: ir.g   t .am  solution  undei 
'    :• !»•■■   ' anrt   •      a  n.ula,   and   suf- 

a   !..'. rr.  :/,   r> i <■•■.; \ r;g  thr   pressure, 

.'.':..,   :.   [."..•• s.    f, 1.    a .is..    ;<■'.'• i ...p» ci   a net 
:.•     :!:...   .;,'.■•;!..      ,'v ' h- ds   A-.rt:    devet.[ed 

.   * r.-    : jp! 1   :';.*   ,:   t he  L!'f.a".ouri?.fd  1 .am 
.    0.1   .'.    _..t..'   ; ."rr    i'ui.'.d   fxpar,.: ; ,n   on 
•   .• ' i   /.r..     Tfii..   ; • ; mi' ■ •  i   -on r usi>„!i   .. ! 
:     ■   r . . i< rii ,'     T-   ..;..-..'•.-■'■ ;   r.a 1   area.      Th- ot 
/.•:••   1 1. •  1     :,   rr.a . r.' a . u I ng   t h»-   re    essary 

■."   ...:-..•■   ' '   r.a .   .->:•••;.   1 ,;' 1   .-•    in  J   d o. 
,    . 1      r.   >. r    . . 1. r. r   b a 1 ' i ■ . ■   *      1. i u i u   1 .   A 
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The principal emphasis during the program reported 
.n was devei;r.ing a foaming s.iuti.n which was 
capable -1 tr.ng m..,.ded ur txtruaed t.. give foam 
boards ,,! m .duies. ana a ^:vt:t\pe pieoe of equip- 
ment to extrude such team boards.  Became oi the 
emphasis ^laced on the above work it was not possible, 
within the fundo available, to determine whether the 
i'oam^i developed on this contract nad a rectangular 
stress strain curve and a dynamic compressive strength 
i^vei in *he ran^e oi" 5^00 !j 7200 pel' to at least 
70? st ra::.. 

Thr I varr.c produced during thic *„rk were *hite.  Ft .n 
other w_rk :t is known that th-.se i.ams .an te 
i i gme t.'fd,  Bid.K, inGI gc , b i u«.-, r ed, and green i n s t an ' 
OyP1-- f . arts have been {.reduced during other programs. 

The re y. it ^apabi^itj of this l\.am was not dem.n- 
btrated during this program.  However, there is n- 
reason tu be.ieve these foams c~uld not be redissoived 
and used over again. 

The envlr^nmentai limitations en the foam systems :.-. i- 
formance was no* deter'mined,  Fr.m other wor-K, we 
kr.^w \ r.at *.ne {.resent i^we: temperature tor making 
loam is -i0'"C.  The useful temperature range i..r tn- 
foam Its«-if has not been defined.  The foam p:.-du.:ed 
by this system is polystyrene, as such water would 
have no *,- .n It . 

The is-:'r p;_- ; i _.p<-r* ies _f the foam have not beer. 
det ti mi r.f d . 

The  oh-".:'   ill'-   of the   roam s   .uthn has  bet-n  aem.n- 
s'ra'-.d   *o   be   in  ■■x-.-cc   .. f   .r.e   year.     There-   is  r;_ 
f'-ä. ,r.   «      susp-   '    the   o.neif   . ite   is  nut   in   ex   eu 

''    ' w        ■  . .   . i 

rang-. ana  <.■ r.v ir. r.m- 
■h  «he  f.am   .an  o<- pr_d.  ea has n-.*   De--r.  d~i*nea 

<*••   J'' 

Th-    :   am     a:,   L •    handed   .mm» .: 
i«    i-ii.o . r.o   r . :,u,.-    ■ t.. ugh   '  . 
3d   ;►-.-   reis   al'or  g-,.-h-.-ra' 1 ..n .      1« 
ijuid  as   !",rmeu  • .,  permit   i.i.in 
i rx'--g . .ar  shaped     av IM«-.-. 

«..•ii   a: • <,;i   gen-.-: u; . .r,, 
^nap«:-d al t --r :iti   .* 

; ü  no»   su: ! . . it-re ry 
A   4r.?:l.-a'e, 

HltftrHi.il« 
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') . RECOMMENDATIONS 

rtr 

U   :    .-.:i mended  that   * h<_-   ii.v t -t *. i^at i^n   .1   t .„■rmin^ 
rdi op   .•u.üliio.'iiiig matLi'läi   i*i .,m polystyrene  l„am be 
nt. inued.     Thli*  i'oam  should  be   Termed  by   an  extrusion 

■_  ess   to  give  'ho  .-apabliity   of making  1\ am boards 
} !a!.Ks   -!   4'    ITI'-d   i1: ..5 5   si-rt 1,.,-na.   area  arid   .T 

a't-vt-:-   length   i.i  r.trd-.-a.     Th- .-•-  L.uia:   oouj.d  be  .rat 
'he   lime   . 1'  f^t-nCTtii i ,.n,   ,i    :ater,   to  giv-.-  modular 

:•■  .!   t iv ■•..-;-   f ,.:•      .. h!   !". ing. 

any   ..-.aos-'^.e-r;.   ; ;,^:a;i,,   .*    ;s   o;..--   . ;;:a..y   rec.m- 
. :• :i   that   w.:v.   t<-   d_ne   '.,   ol'a.n   better   • •   r.' :•• .   -I' 

i * r.. - i * >   _.!   '•.••   f.am.      I'    .re, uia  L-C   p.c.. :L.O   t, 
..■■.•    "hi.:    ■:.[:':■   .   by  a m;r... r an. .uni    .:   A. IX  ^ r;   t he 
::. i.a* ;.   r.   and   \x   ''.a,, .:    J.'I, r.*    „■    A .rx   _r.   *. f.-.-   ale 
■ .:'.     I'   h'   te.i-.-Vfd  -ha*   mu  h  better   _•  r,!i..   _:' 
..:;*y     an   :•-     btained   by  t.h'    \.v,],-:   rate,   d'  die 
.*;' h  to     :\..\>.-L' 

it i^iia.   area.     An-th-'f  area  ^t' 
• .' • ip-a' : ./{•,    •   nr.ee.-ted  with   t\,am density   s!,.utd  bt 

:'   .-:■>':.   sine  and   * )■.-■  f->. .uibie   rep la .•emen'    ~:' 
.    Dj   " (:v   ao~   .;:' guide  j la'es   ir;  the  die  both 
A  d   AT:   * h-    t'.w  of   ;---   i.^t. Lr,   and   '      dislributt 
,ss   • h-.    -i:<    : a 

. * . Jy 

—«" -'-g r.iis 
.-.-■. ' iga' • d. 

. der.si'y ■ r;'r.. i, ' he uie c.-i' shop ing 
.»si J . wns' r-.-arr. !'r. m 'he die should 
. be • :'!"»• ' ! V", 'hey A' aid have to lv 
...-h *  * f.- dl'- t . -i ■'  n t h-, f „am 

.::.• A ha" ; ..-..',: . 

«   . . i .. :    c.-n.   •:. ;•      • ■;•;.:..,,    . r.    ..a   L*.   a   (a!"    >,!'   an^ 
K   A    . . i   L •    T      ; ;•   '."; !■    -i   ^a'e   «aive   u I'   d.-fr.e 
A ... i . --  ' h*.    i L«•      -' . • t     r.   * he  d . wr.it ream 
::./;.;;   r.    .:   J. .  t.  a   . aiv    w.-^id  {.^rml*    ir.tt-: 

l   r 

:   ::...'.;.•    .    .v 1   :.     r-' r;-.:   Ir.'. .   t rJt   -Jit 
-. ' .t"i4'   i.      Tfi-    -..-•     .!    .; .   n   rr.a i' 1 {, le   eM r 

:.:.'.   . r.   ' r. 

.     .' . i • 

;'   !     ill,   i'• r.f ra* . .:,   A J.     :!. 

.j" .       Th ; J    A a..    .'Liji'.-d    Wf.' t. 
:     ' h"    '   i!.K    (Uü,V:-J       U' 

i    i r • J : r,    i   AT.   away   :':•...rr, 

t.; . • y     :    .   .r.e  a   :    .,   ,-. .<.. 

i.   A   ' h:    .,'.{.. .- r,   .. .i  t 
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If there is a need for anisotropic foams with the ceils 
elongated in 'hr direction of  the- foam propagation, the 
design of an extrusion system capable of doing this snouj.d 
be par', of ai.j future program.  Su.n a system should 
extrude relatively large cross sections of t .jam that can 
be sliced tu give modular thicknesses. 

More thorough impact testing of the product is necessary 
in any subsequent program. 

A s*udy - f a moi-, adequate method for- preparing i . am 
solutions should be a part _f any future pr.gram.  Tne 
method should be usable in plant size tanks and mixerc. 
IT jh.u.a be scaled u. p: octu. ing large batches ol soiu- 
r i _r; v bC— 100 ga* 1 ins . 

M part .. f -;::y subsequent program should be the design ol 
tar.Kc that meet t h*. Army's requirements and are in com- 
pliance with the O-partrr.ent of Transportation -DOT; regu- 
lations.  Tar.K design should start early in the program 
so that DCT approvals on tanks can be obtained in time * c 
ship the equipment a' the end of the program. 

Any .-ubsequc r;t program should be aimed at producing, i _r 
'he- Army, H  prototype !\am generator that can be used to 
generate 1   am -nder iieid conditions.  it should meet 
any cqe I'l- requirements that 'he Army might request. 
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APPENDIX   A 

•D'.'RK   !•   h   ,-ii»h,. iNd r v .,--, INiihEDIENT. 
TJ   n   i HK...;:;hh  T.-iNK 

IS--'-,   t-u :h   * a.'ik    Is   ' h„r .-ugh iy 

a:.   :!-•'•    ;.•■   :•..'.. 

'. .    -..: . ,y        ;.* n„; 
- I .•-.:   .-:h.;.u ..:   t- 

:    a. .   ' f.e   I   . i. 

i i. ctricd.     I (' t he 
..;.;)•"   '       :   '"i   . t    ..  ■'.i , i. ,   1 .... x Icwed 
h   .. :   : •     • ;c ; .<»' >.■.      if* he   t ank 
! ..-• ;•: t   i    :,::.   ::    ■ .• • . r.,   ' h»    {. „iynK-: 

. i     1     L ,,'     rt .: ,.: f. 1 .'! >T     A' I Mi     '       i Ut.r  " . 
: • .1 Ji.- .-   h-v.»-   U • :.   ;> :;... ,v-j ,   j mse 
i ,<   ,     S'tVt. ft.      "   T.t       '    lt-K     A „ *  ti     dj'.v 

:    . .   A.:.,'   | : .. ■■   i .-•-     . .;    .. •   j   ' i.'ii'iV-'   a   j iv-r.Uiii' 

A . • h   " he   ir.gir'j; -. !,' 3   i .   n.iiK*.-   in.:'an*   :..am:     tne 
* i'I-s  given  art-   tfivct-  ne • <.-.-■ sa:-y   ' -    -hange  a  2100 
r..   i9«i   gallon?   * ari'-c.     ALpr\;r: 1 a *.«    adjustment   in 
tit:«, s  shcuid De n.ad.-   !',.:■  other  siS'-d  tanks. 

"hargt-  ,?8.b   ibs   v.c'.97  kg/   cl polystyrene 
LusM>-x   HH-iOi,   and  0.5^   ab   '.^4.9  gi   glass 

:*.; - r  cui I >,cr.s   ' ■.    tr-.r   tank.     St ..ppt r  the   lank 
and  r   i,   the   tank  en  a  drum  r. lier  u  dlstrlbut.tr 
• h-  mi ":v-oal i„■.nt:   M.r,ugh-u*   the  [dymer.     Add 
..Co  ib   iS^O.i   g>  rfurt'a-.'t.ant   i Igepai  CO-970). 
R..I   on .■>•  rr. .:••    *.   mix   rh"   dry   Ingredients. 

«.'.:'•"! it.'  a   ,: . ü   It. '.n   .-.' !■•'■•;'   ein  w  and  a  2.0   Ln-h 
>■-..■       • -. . •,.   •      > i-..   • -..„• 

.•■ ■»<   'he   " .'ir.K   -l r. J   t'i'tings   .5:1,1'   xOO 
'n-    k   :   r   »eaks   u.. In-   s.aj.   solution, 

f 1{ .■•.-   >.• .r.r.e •* I ';.''.   if   it.-aKo  art   t'^una. 

.y   v-r.*       ! .'   M.-    r..'r    gen.      .f'.''.".-.?Ji--.i_-:i'' :      D' 

.'•-.'    •        raj.: n . ,y   a./   rr.!   r* ,r.ai .',ns   and/ or 
'J   ' !.'.'    r.ay   :•■     arr:fil   ..-'    in   t h>..-   r. It r oger; 

ir.K .     A 1 i 

r<--   * ,  ' h«.   ' ar.K   t hr .ugh  t ht-   2 
Of.t/n   th*    vaiV     ir.d  evaluate 

■a :iium  j   r'   .   h  \,v. 

.'.,'     f.-    va'-u-im   :r.   M>-    ' ur /.,   ..i{h'.r;   ; r,   ^.09 
.r.-j        *'j*.u   r 1    .}'   -.-'r-   -h.-f   '-M.yi.:.'   Ir,t 

.■    •■jr.K.     T,    : ',rr.t. < r,.:a' -    ;'.r   Ji.juld   h-.d;t    in 
•    .  .   ' : -r.   ..:.•,   r j  n urr...   ••>;   ► .;..   t <-■' r t   h i ..:\ • 
:,.,.■!.■    !.'   :r..'::...,   Wt-'gh-.j   in   Mi--   s^iV'-nt 

n>) 

"IT-H 8   —   "**" 



if 

s»nr t^***^i'«iigiil|| 

(7) 

(8; 

supply container. Just prior to emptying the 
solvent container, shut, off the valve.  Allow 
the excess tetraehlcrcethyiene to drain from 
the siii'tnn line. 

Attach the solvent/pneumatogen charge line tc an 
inverted methyl chloride tank.  Either the methyl 

■hlcrlde supply tank or the foam solution tank 
may be placed on a scale. Transfer 13.83 pounds 
(6.27 kg) of methyl chloride to tne foam solution 
tank. Shut .-i'V  the methyl .'hlcrlde arv.i the 
instant foam tunk vaives.  Caution: 
release the- line- pressure In a wel, 
area before dis.-onnc . t ing the tar.Kc. 

Slowly 
vent i iated 

Re 11 the tank back and forth several times on 
the floor while it warms up.  ?hen, follow procedure 
for oo.vating the polystyrene given in Appendix B. 

8J 

LIIIIMH-   -   • 
■ 1-1    " 



r —BW 

APPENDIX  B 

I.WTJYJOTWNV Kh :;,:.v«T;.f; CF INSTANT K„M IN-;RED;ENT. 

••: ..barging '.he IngredientJ t., the tank (Appendix A) 
renewing prct-dure  should  be  used  to elYeoT.   sclvaticr. 

":;•--   j  ,*yrii'.-:'.     ii.vat 1. r.   .ar.  b*-   .a; r'ied  cut   a*    J.^0  F, 
a*   r.-rmai   :•■.. ;.:rr.  ' err.pt- rat u re 0   ' G-7t>' F.      it' elevated 

'•i • ;-a*. 4'f   :.■   :*;-ed   -it    i-.-att    ?   day;-   aft-  netrdt 1   to t-fle   ' 
. .' :   r..     If ' h-   ..'*»-*   ' t.Tj.i x-at urv   i;   uc-ed,   In  di/t: 

..£■*•  :■••■:   1  '     •;:'•••   t   . .'.   n.     hf^arciitc,.-     :   tht- 
,   ■ r.'    :    . i   A i:.;"  ; : :l     . . d   L'.    :    i,.nva, 

la. .;, , 

1' .   :.   ».;.... 1   a . A a,,..   t.■>.■ 
As  t.'.-«-• 1  '. -•   tv   : . ' at - a 

[.»,,   r,     !.   and  • ■.•:.;;,,'    . 

i.-   .,':".-    ;.:-.••• !■ r..      Tt . 

:_   ..»..;. 1   [.•    :.:;■•   .   ! r.   ' n- 

r.- :•   i;..„, .     Tr..-,v   ,'h, - . J «■««■a   ! :   r« ma in 

.; ••   :   !:. 

1. 

1: -,:...    :  <-.;. 

• ■.;./.   .. h , ad  L< 

rr. iK>-   .:.;: •    a . . 

;' 
." ana  a*    • r.:. 

.-»._.i iii   t--   :•:-..•   J 
.:••    ' h'-.y   &:•»•   *      I < 
:•./.   ' emp*Va" ,;•>    na. 
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APPENDIX  C 

PROTOTYPE FOAM JEKERATÜR SYSTEM COMPONENTS 

Stand 1', v  tanks. 

Four  tanks   J„M a ir.ing  5.5  gaij.cn ci'  foam  solution  ea  h 

Ont- nczzifc'  with  i'cur  screens. 

One  oylitnit-r  -. *   nit r ->g<jn. 

One  r.i"r:ger.  regula'.x   with needle   vaive,   hose   ar.d 
I'fitialt1  -luii-K   ..' ■uplt.-J'. 

Grit-   .-an <,f  Fi-trKO-.f   Ki   tt'ii-att-  ag/-nt. 

i   gal lor,  ■. f ♦ - iueru . 

1   gallon  of  aeet ^r.e. 

Two  r   I yet nyH-ne   s-iMt-ezc  bottles. 

0r.<-  d.-r.« r.  * cngur dt-fTtiö-rd. 

id  br-ujh- 
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APPENDIX  D 

I »,fifrr 
L hi. 

uENKRAL 

Extrusisn  of pc lyst yretie   2 earn  is  as  sli:tpie  as   aponing a 
.    Insh bail   valve.     Prerarati   n  :': r exti'usicrv ar.a extrus;  n 
;.■ z   le   sieanup   requires   s ,m<    I rit> *. ru^'t icr.s.     These  ore  as 
:': - L cvws : 

1.     A*    it-ho'.   6 4  n.urs   Dft'jfr   use,  5' and  t he  tank  to be 
vs>-d with -ht-   .ui'.v  •_-1»d ckwn.     The  tank  c.uld b<- 
; .a cd   in  ' he  tank  st ana. 

•'   us   ♦.*>■ s> .n   :  »vii   \»J.' . lated  ar-.u. 

A'ta.-h t h- nitrogen iv^la- ,:■ t „ the nitrogen i.-viinder-, 
Mt'a.-h ' hv qui •* C'/upier* sn tht- hose to the male qui -V. 

up.er V  tht    'ank.     Chevk   the   tank  pressure 
I:'   it   reads  bei^-w 90  r.si,     per,  the r.I* rogen  cylinder 
'.jiVc  ar.a  adjus'   tr>-   regulator  until  x he  pressure   In 
the  tar.K  and   ,r  * he   r'^'i^oi1  read..   90  pounds  rsig. 

Wi*h  the   r.  n ;:!«•-  disassembled  arid    -leaned,   spray  ai 
ir'ernai  .^urfa.v-s  wi'h  the  release agent. 

Assemble   the .27.'-  as  per Fig-re Di   I.e.,  mounting 
.rar.si'Ion pie-.'e,   screen  plate  and 

:■-'alri'-r  pia'",   t h^r.   b; if   ! .gether  with  'he  eight 
i   r.s  supp.ieJ.     Ti^h'-n  * h-   boils   firnwy,  approxi- 
r.a*"iy   .00   • -.   . '■_, ;   Iran  f , sr.as   t!   *   r jue   if a   tcrqu' 
*:■'•»,■*;   Is  aval ^ at i* .      In  »•   asserrx It-d,   i *' an  air   h.s< 
•r.u  r. .;'/.>■   Is   aval.al. .••,   tl'w  the   s-r>-< r-    -l"an  ■ :"' 
any   14u*   jar' 1 ' »♦ s .     Oh ' <i i i   a   . arg-   par * I   !-.•  be   * : at j 
::..;:.!•       t"   • h-    n ■.:•;*.••,   I*    wii.    'aast-   a   h   .»■   *      b-    2'   :•::. 

. i ■     -1 
r t        *   *   . 

K   :.   ?•>■•'   .S'   i,     ; * r.   * r,-    ,-invt   Siirh' 
.•    • :    • . .    s .;•?.• •' an' . '. ••!■   'he   . r • r.I.'., 
;        r.■ i        . •    i . ,• i i     ;.     .'.i. ■   . i,, i , -I. 

•   ' .      .       t      i •'■ 'i : fii'    *  *V       '••(•'      .' *   ' r       i V:" ' v ''< 

xtr . j- . . 

r.i. ,    ;• 
sh   .; i  ' -i/..   ^pf ?■  x irr.c 

■   ,i.  h .*   : us ■   ' h<'  r. .• - 

;    !;.   f.   t a 

assu-r.t. .• -a 
•■   ana  r ,s 

r.   " s 

i is   ar.a   r1' ".   ••;<    a.'. 
;   .-•.■■ 4rc,j   ." :-X< w 
h»j   .:   in  h  ;0. , 

le   .:.-r.f"  axis 

hM 



Mounting Plate 

Nozzle Transition Piece 

Screen Plate 

Retainer Plate 

Nozzle Assembly (not to scale) 

Figure Dl.  Extrusion Nozzle 
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8.  Assemble the valve handle t 
the nut.  The system is ready 

the valve and tighten 
e make an extrusion. 

Two people should be available to make the extrusion. 
One person should operate the valve and watch the 
time of extrusion, while the other person guides the 
extrudate away from the die.  To obtain a straight 
board, the extruded foam shouid be kept perpendicular 
'o the die face.  Attention shouid be paid to the 
corners of the die as the foam starts to extrude. 
There shouid be r.o hang up of i'^am at the corners. 
A slight puii of the foam at the corners wi^i free 
Use t\,am so that the extrusion Is uniform .".cross 
'he whole beard width. 

id 

Open the 
appear. 
guide it- 

valve fuily and wait f~r the extrudate to 
Or.ce it has cleared the screen, gently 
forward away from the die. 

Foam extrusion can continue as long as foam is 
being produced Fnuothly.  When the discharge from 
the tank becomes gassy (discontinuous foam genera- 
tionj the va^vt should be shut off immediately. 
Allow time for solution to drain off the walls of 
tht tank before attempting to generate foam again. 
if much foam has been generated from the tank, the 
gassy discharge could indicate the tank is empty. 

Cut the foam from the die, gently press it against 
the floor by hard to level it out.  The foam is 
row ready for use.  Shut off the nitrogen supply 
at the nitrogen cylinder when not in use. 

EXTRUSION NOZZLE CLEAN!'? 

Remove »he nozzle from the 2 inch ba.il valve and 
■lean the excess foam out of the valve cavity and 
'breads. 

i-.ace the nozzle on the w.-rk bench and cut ofl the 
f x ■■:*.-z A   :" ..am s^L-King out from the threaded end of 
• he rr.oun' Ing pia1 e . 

-.  .Stand the die on the work bench with the screen 
.'. ide up, remove the bolts and cut away any excess 
polystyrene foam. 

B6 
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n. 

5. 

6. 

7. 

8. 

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 
screen can be easily lifted from the nozzle without 
excessive force. 

Place the screen plate in a pan and immerse in 
toluene.  Cover the pan to prevent the toluene 
from evaporating;. 

After the screen has been in the toluene for 
approximately one hour, rinse the polystyrene from 
the screen with toluene.  If part of the screen 
is plugged with polymer, take i stiff bristle brush 
and punch the bristles through the screen gently 
until clean. While still wet with toluene, blow the 
screen dry with an air Jet. 

The foam remaining in the nozzle transition piece 
and the mounting plate should be wetted with acetone. 
Once the foam softens it can be easily removed. 
Rinse the parts with acetone e.ncl toluene until all 
the polystyrene has been removed.  Allow the parts 
to dry. 

Lightly spray all the foam contact surfaces with 
the release agents and reassemble the narts as 
described in paragraph 5 of the r'KS ;ift£>fl section . 
of th':. anpentHx. 

87 
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APPENDIX E 

TRANSFER QF INSTANT FOAM SOLUT'TN FROM A STORAGE TANK 
TO A PORTABLE 1ANK 

instant foam solution can be transferred from a storage tank 
to a small portable tank (receiver) using the following pro- 
cedure. 

I.  Connect the portable tank to the storage tank through 
a pipe cross which Is connected through one arm to a 
vacuum line and through the other arm to a methyl chlor- 
ide cylinder.  If a cross is not available, two pipe 
tees may be used. 

?.  Open the valve on the receive, then open the valve on 
the vacuum line and evacuate the receiver.  Close 
vacuum line valve. 

3-  Open valve to methyl chloride cylinder and fill receiver 
with methyl chloride vapor at ambient temperature. Close 
methyl chloride valve. 

k.    Open valve on storage tank and allow instant foam solu- 
tion to flow to the receiver.  Flow may be aided by 
gently warming the storage tank (use a heat lamp) to 
increase the vapor pressure, or by applying a slight 
over pressure of N2 to the storage tank. The pressure 
differential between the supply tank and the receiver 
should be 5-10 psi.  Either of these expedients increases 
the pressure in the supply tank and causes the solution 
to flow Into the receiver. 

During the program reported on, 5.^ pounds (2460 g) of 
instant foam solution could be transferred from a five- 
gaiicn supply tank to a one-gallon receiver in 30 minutes. 
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