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Disposition

Destroy this report when it is no longer needed. Do not return it to
the originator.

Distribution

This document has been approved for public release and sale; its distri-
bution is unlimited.

Discla imer

The findings in this report are not to be construed as an official
Department of the Army position unless so designated by other authorized
documents.

The products and equipment referred to in this report are not to be
cons idered as an endorsement by the author or the Depar tment of the
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solution to prevent foam liner deterioration is to remove the SPH—4 helme t f r o m
the protective bag.
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The United States Army Aeromedical Research Laboratory , through i t s
Life Support Equipment Retrieval Program as directed by Army Regulation
95— 5, constantly evaluates all aspects of life support equipment. The
deterioration of foam lining material of new SPH—4 aviator helmets was
an operational problem identified through the life support equipment
1 rogram. The app lication of advanced biomedical mass spectrograp hic and
gas chromatographic technology provided the identification of two chemi—
.,‘aI compounds causing deterioration of stored SP}l—4 helmets. The
removal or opening of the polyethylene protective bag will allow of f—
gasing of the chemical compounds developed by the curing process occur-
ring during storage. This study and the simple corrective action will
save the United SI~~I:eS Army approximately $122,000 in the salvage of
only 10% of SPH—4 helmet stocks and additional inestimable dollars in
helmet procurement.

ROBERT W. BAR.EY
Colonel , MSC
Command ing



MASS SPECTRO SCC)PIC AN ALYSIS OF POLYETHER AND POLYURETHANE
FOAM PLASTICS DEGENERATION IN THE SPH-4 HELMET

I NTRODUC ’I ’ 1iJ:~

The B i o c hem i s t ry  S ranch  of the A v i a t i o n  Med ic ine  Research D i v i s i on ,
~~~~ Army Acr omedi c ;i l  Research  L a b o r at o r y  (LJ SA A R L ) ,  th roug h c o o r d i n a t i o n
w i t h  the  Bioengineer ing  and L i f e  Support  Equi pment D i v i s i o n , USAARL ,
‘valuated the problem of d e t e r i o r a t i o n  of the SPH — 4 a v i a tor  helme t
(Federal Stock Numbers 8415—00—144—4985 and 8415—00—144—4981) foam
lining material. The Life Support Equipment Branch , through the L ife
Support Equipment P tr “ ‘al i’rogram (AR 95—5) and continuing evaluation
of life support equi pment , had found the foam lining material of new
SPH—4 aviator he~ riots in the original storage condition to be unservice-
able. The SPH— 4 was sea~ t’J in a polyethylene protective bag at the time
of manufacture. To evaluate the possibilit y of liquid or gas solvent
contamination at the time of production , .t mass spectroscopic analysis
of the plastic foam, assoc i,~ted polymers , and contents of p lastic
pro tective bag was undertaken.

MATERIALS AND METHODS

The SPH— 4 contains polyether and po~~’urethane foam in the  helmet
l iner  and ear cups.  The ear cup l i n e r s  are con ta ined  in a pol yv iny l ea r
seal. An unopened SPH — 4 he lmet  was ob ta ined  In i t s  or i g inal  p l a s t i c
protective container , Lot Number 97427 , sealed in ,Iune 1970.

Analysis and identification of major components were accomplished
by use of JEOL DMS 100—231/241 Mass Spectrometer and Hewl ett Packard
5714 Gas Chromatograph (MS—CC). 0.is samples from the protective liner
were withdrawn and injected onto two meter , two mi l lim e t et (mm), OV- I
column isotherma l at 60°C. Helium (He) was util ized as the carrier gas
at 12 milliliters per miaute (mi/mm ). The MS util i zed the following
conditions :

Separator 10001 , two stage ; i o n  chamber  1 20 i;  ionizing
vol tage 7°neV , regulated; ioni zing current 100 0A~ and
mass range 0— 3d0, 10 seconds/d .e,idc .

Data  were an~i lyzed by e l e men t a l  m apj  i ng  and compu t  .‘ r i .‘e’d mass
m a r k i n g .  S pe c t r a l  i n f o r m a t ion was ‘onf i rmed t is t n i ~~ !n0inu.i I in terpretat ion
of a V a r l an  Mass S rt ’ct rom ote ’r it 1 8(Y i, ’ i n l e t  s c a n n i n g  a t  10 A t o m i c  Mass
U n i t s  (A M U ) / m i n u t e  mass 15 t h r o u g h 3S0 .

RESULTS

Samp les were I r u m SPH- ~ he lme t , l o t  Numb er  ~ i~~ ’ 7 , s t a led in  .Iun e
1970.



Cap il l a ry  leak of 200 U liter (~ l) from two liter flask at 20
m ic ron revealed all masses present to be less than 300 on f ive mi nut e
scan from 0—800 at resolutions of greater than 5000.

The total ion c u r r e n t  (TIC)  s tud y d e m o n s t r a te d  t our componen t s  in
addition to norma l atmospheric constituents with retention index (RI)
from 1:12 to 2:29 (Table I).

TABLE I

SUMMARY OF MASS SPECTROGRAPHIC ANALYSIS

COMPONENT PEAK NUMBER RI PARENT MOLECULAR ION

d i—n—buty l phthalate 1 1:12 278

n—b utyl phthalate 2 1:37 160

ethyl—methy l ketone 3 l :~~4 72

n—methy l amino 4 2:29 31

RI = Retention Index

Components 2 and 3 are present in sufficient concentration at the
t ine of sampling to create a decomposition potentia . Peak 4 was at the
limit of flame ionization detectability (FID) at 4x1O~~~

1 .

DISCUSSION

P o t e n t i a l  sources of chemical attack against th e polyether and
polyurethane foam contained in the SPH—4 aviator helme t were considered.
The possibility a solvent present in the storage area penetrated the
plastic liner is considered improbable. The very low gaseous transfer
coefficient ot the polyethylene of the helmet ear cups would require
extremely high l evels of solvents for a prolonged period to attack the
polvether f o a m  ear cup pads which had deteriorated . This would require
an exterior solvent capable of penetrating two dissimilar , low transfer
coefficient polymers.

2



The most probas I e cau~~ was (h a t  the  s olv e n t  was p r e s e n t  in  he lme t
construction at thc ti nt ,,’ ot sealing in the pol yeth ylene protective bag.
Retention of ‘~~ivent or catahst d u r i n g  comp l e t i o n  of c u r i n g  or thermal
cvc lin 5 dun ’i:ig storage could result in extremely hi gh solvent concen-
t r a t i o ns  c i sr u p t  ing the po l ymer structure of the I earn .

.‘oilowing ld iii tft ication ot ’ the major helmet foam components , g~ s
s t n p les f r o m  a s e a l, ’u he lme t w e re  ana l yzed  u s i n g  m u l t i p le ion m a t c h i n g
lass Spec tromett’r (NS) techni ques. Four peaks were d e f i n e d  as shown in

‘ ahle I. Peak I, di—n—bu tyl phthalate , and Peak 4, n—meth yl amino , are
common off—gasing products in p lastic polymerization indicating that
cure was incomp lete at the ’ r ime the  helmets were sealed. Peak 2, n—
buty l phtha1ar~’, ‘ ~~‘~i ,‘. 1ulyvinvl chloride (PVC) plastics such as the
ear seals. •~ ‘a ’.~ 3, ethyl—methy l ketone , is used as a catalyst with
fiberg lass ro’~ i~~ ~t i c h  as rh’ SPH—4 helmet shell. Components 2 and 3
are present in S u t !i c i c n t  c o ’~c. n t r a t i o n  to e f f e c t  d e c o m p o s i t i o n  of the

~cr and polyurethane f o a m  I iq ’rs °f the SPH—4 helme t by containment
within a sealed , extreme ly low gas t~~-nns io r coefficient polyethy lene
protective bag. Additiona l’v. ‘ ‘

~~~‘ effects of heat during storage could
create further off—gasing 01 t ine ~~~~~~~

Solution to the problem is extreme ly simple:

a. Provide holes in the present pol yethylene protective bag to
allow off—gasing of the gaseous products of the curing process.

b. Discont inue  the use of p r o t e c t i v e  bags .

The cost benefits of this technique to the US Army are calculated
as fo l l ows :

7 , 170 SP H—4 he lmets  c u r r e n t l y in stock (Oct  1976) X $170.00 per
helmet  = $1 , 218 , 900 .00 inves tmen t .

The loss of onl y 10% of the helme t stock would cos t :

(10% X 7 , 170 X $170.00) = $121 ,890 .00

E l i m i n a t e  p o l y e t hy l e n e  p r o t e c t i v e  hag (FSN 8105 —OO— 104—98 50’ ,
cost per bag x t o t a l  h e l m e t s :  7 , 170 X $0 .07  per  bag = $504.00
savings.

l’hus , the t ot a l sav ings reaLized  by this evaluation considering
onl y 10% of helmet stock and el imin .tt ion el hag would  equa l $122 ,394.00.



RECOMMENDATIONS

1. All SPP-4 aviator helmets currentl y in stock should be removed

from , or the  sea l broken with numerous holes p laced in a loosely wrapped

j~ol yethv ’Lene protective bag.

2. In future manufacture , the helmet should be placed .n highly

porous , unsealed protective material.

4
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