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This technical report presents the results of research conducted by
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Air Force Ex ploratory Development Project 50660101 .
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SECT

I NTPO [JUCT I 1)N

The object ive of this study was to examine the 1ow _ r~e lecu 1ur ’_ we ig h t
by—products resulting front the def lagrat ion of the tria m inoguanidin e
n itrate (TAGN)-based gun propellant , Rocketd yne ’s RGP-150 . For con i;arative
pur poses , several standard propellant formulations not ef ploy ing TAGN ,.ere
also exam i ned.

RGP— l 50 propellant is unique in that it contain s TA ’~’~ as the tiaj or
component. Incorporation of this compound into a nitroce ll ul ose (Nc ’ )-
cyc lotetramethylenetetranitramine ( HMX) —base resul ts in reduced flame
temperature and hi gher mass impetus (Reference 1). Propellant fo rn~~la t icns
using TAGN have recently been proposed for use in weapon systems ei’rp~oi~ng
hig h density , armor-pierc i ng penetra tors , such as the depleted uran iut —
projectile used in the GAU-8 gun .

Recent toxicity studies have shown that severa l currently used
propellant constituents , namely HMX and cyclotrimethylenetrinitramine (RD’j,
are potentially hazardous if inhaled or ingested (Reference 2). Exposure
hazards are particularly evident during the manufacture and de rn i l i t a riz i -
tion of these substances. Pr esently, no information is available tc
adequatel y assess the environmental lC~ act of TAGN . It is for this ‘eason
that TAGN and all propellants employ ing this substance have been under
investigation by the Air Force Armament Labora tory (ACA TL ) and the
Aerospace Medical Research Laboratory (NIRL), Uright—Patte rson Ai r  rori ,i
Base , Ohio.

In keeping with the Air Force Armament Laboratory ’s environmental
protection policy , this study was nececs~irv in order to:

1 . Deteri’ ;ine accurately the co li position and quantit y (I~ t~~e
by-products generated from the def la qration of TAGN -based pr op ell ants ,

2. Investigate the potential Uazards to pers onnel rout ed 1
exposed to these by-products during testing and actual firin g cor :- d i t i o n s .

3. Examine whether open — air burning consti tutes an env i I’ ( I f l tCPt ’ dl T y
safe method for the disposal  of obsolete munit i~~ns which contain thi s ~~~~~
of propel lant.

- I 
~ ~~~~~~~~ ,I - ,’.r ur.lri ~~~~~ oo,,,- - - - .
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SECTION II

MATERIAL S AND METHODS

P ~
)i I [ , LA N 5-

The pr inc ipal  propel lant  under examination in this stud y was Rocket -
2 , 11 1 5  f~~

_
~ 50. Iii addit ion , the following four NC-based propellants were

1s ~ d f nr co r l l parat ive purposes: Hercules ’ GAU-0 Extract , M - l O , WC—870 ,
.1 I r i p lI ‘Ua ’ -~” . These latter t ol l ’ propel lants are standard f or m ulat ions

-.iht ch contai n no TAG . The composition of these pro pellan ts is presented
in Tab le  1.

~T M 5 ’HE~ I C- RESSURE, ULELAGRA I ON

Low-pressure propel lant hi rn in g was accomplished in a Parr Adiabatic
Calor i meter employ i n g  a No. 1 104 U igh—pr essure honil The propel hint
(d pproxi lCdtel y 0 .2  — 0.5 g) was i gni ted under a t  I’ at one atlnosc herf pressure
Ny a Nn . dbt , 10 f~ ze wir e (1.3 1 ol /criI )

H IGH-P RES SU RL OL LAf lP~ T J ) N

I I ’ Ul e l  1 ant s i t i : - l  - - w ee ’ l i r I l e d  i n a Techr ioproducts ~1odel 601 Impulse
- 1,1 .11 e I p lu~ 1 I g  a ~- cuh ic - i nch s ta in less  steel cylinder w i th  hoste 1lo~ head
and l iner ‘ i’ c - f e n 11 CC 3 ) .  inni ~or was d c C p l i s h e d  y i t h  a M52 — A3 e l ec t r i c
C1~rI ln’ . p r i er ’ Sam pi 1- press J re ’ . were !1 tlaSul’ed with a Ki sstler 60713

‘ ‘~,~~!C 
• P’ ’j ti ~ .1111 1 1 i sp la .e d  on a standard cathode—ra y t~d c fo r

- I C i ,’~ ’ l i C (1 4 11 ,d t i u n .

~~ qa s ’ou’~ s a m ples i’e~re co l lec ted in pre-ev Icu1Ited ( 1O 3 To r r )  s ta in-
, is  s t e . I  sat ~ip 1” cy l  i rider’ w i th  an internal vol use of 360 ml . - nn e t ion

1, ’ ~~1in0nr’ to tro . gas cnroI ;:atoqralh was a~ compl ished thl ’ o uJ b ~ipro stain-
I - 

~ 1 4 ~‘1 vj  1 ~es

o,i ’. l r I 1 ySCU ‘:f re carried i ll t with a Hewl e t t— Pa eka rd Model 5700
CI  ti ’ I 1 ~ ( JS U r E a  tn y ’ati h w ith thermal cond uctiv i lv detector . The
de~ ec V r I. r l n’ r ’ Il t ire and curren t wer e / 001 and 125 mi 111 amperes,

r ’ i v l y .  ~“ ~t i i f l 1 c ’,s steel co l - ~’ 11 .  1(1 feet Ny 1/4 inch , co nta in inn
I — (~ ) l ’ C~~t I 1’ I d ;Ea I ~ ~!d5 ‘SI- /I l ~ l . The car r ie r  gds was u l t ra—pure

I n o , m d  t he IC. -. ‘ate . -m s ~d it I/~ in at 50 p si . Init ial col li r l tel p l e m a —

~ 1 ji~
t - C .i’ ’i Wa’; Sd 1 J ii ~~ f II 4 Ill nu t c’s toll ow i ng injection. The

I ia t1~~~r - ‘sq rair ~ned a ~~~~~~. 
I II .~ t 

- t u d Cr1 I II I LIIII temperature of 200°C.
I I  V I ll- ra t l I t ’  ~~ Hf~1d f C I ’ 8 ) I 1t ( :’ , t 1 1 1 1 : 1 1 - complete passage ot

_  _ _  _ _  -~~~~~
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sample through the column pac~ i ng ‘a te r ’ i l . Pea k i ‘It i grat ion was dCCOIII-

plished w i th  either a H e w l e t t - i a c k a ” d  3370 or 3380 Electronic Integrator.

TABLE 1. FORMULA TIONS OF THE VARIOUS PROPELL T-NTS ED IN THIS STU lY

Propel lan t  I h e t n i c a l  Com pusit ion * I ( , r c e I l t  o f  ‘l ot a l

h e rcules  ‘ ( AU— S Lxt  r ac t  n i t  r’occ 1 h i lo se  ( N I  ) . 5( 1
ni t  r ( p i v c e r i n l -  NL) 9. 5”
d i - - E i t V l ~ i t h a l a t e  ( 1 1 1 31’) -1 ,1
di  r l lcnv l i i i  no (I ( 1 - \ 1 U. ,- I
1)Ot iS” tlIi r i it i~it e  (~~~~,I) -~~) ( i i

I l e r c o t e  ‘
~ I L  ~~~~ ~i . s’;-s i S u n

R ock ’t d v l I e  ~ u; i ’ — so n i t  roce 111! lose I N C )  I 0 ,  III)

t r i  Inn i n i~c i i a n  i d i  It’ n i t  rate I I ‘ I N  I — Ill

eye lo t  et n i n i c t  1 l~~u e t  et ran  t r a m i r i t ’  H’ \ )  5fl~ 0 1

i s o d e c y l  pe1 :rri~IIrla t e ( fl iP) 5.00
resorc i no I 1 .111 1

n i t r o c e l l u l o s e  ‘s )  57 . j I ~
di pheny la m in c  (lII’ .-\ ) 1 .‘)O
grap h i t e  g l a : t ’  1 . 1 1 1
ca n on (h ack 0. .01

pot as s i u m  su l  t a t e  I ~SO ) 1 .0(1

Tr ip le R N 1 ’ n i t  rocel  lu 1o sc  ( N C )
n i t r o g l y c e r i n e  ( N ; )  20 .12
et h y l  ce 1 1 1 1 1  usc ’  ( ( ( 1  1
l I l t : i c s jt x r n  SI l l t I t l ’  f~ 

.
~~ I 0.-a’

li t  roguan I di  tie N ) )  (1 . ‘5

I~(
’- S ’ I n i t  roce 11 I l lOs t’  ( ‘ 1 ’) 5 0 .

n i t  rog l y c e r i n c  ( ‘~C )  0 , 1
d i ph e n v i  a m i n e  I ~~i 1 1 10

pot ass  i tim n i t  r a t  I’ ( fNI  I ) ‘ .

d i l l u t v  lp h t  ha l a t e  I I F ’
po tass ium st i l  (‘ it c I ,N Il I , S

di n i t r o t o l ij e n e  (Pc I’) 11 , 52
e a t  c i  rim ca r l i on , i t  (I  i l l  I -, 1) . :
sod i urI s t i l  f ate  ( ‘ I ‘It ) II . 12
g r a p h  i ti’ II . II)

*Amofl g p i o d i t u t i o n  h a t c h e s , i t  j S  C0fl ’~~f lfl I I ~ m i  o r  v - i n  i a t  11111 - I n
con s t i t u e n t  p e r c e n t a c e s .
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SECTION III

R E S U L T S  A N D  D I s C U S S I O N

[leflag ’ati or l cf  propel lants  t - esu l ts in the re lease of numerous gaseous
by -products.  The ’ typ es and quant i t ies  ot gases produced are dependent upon
(1)  toe i r io red ients co m pr is ing each propel lant mixture and (2)  the condi-
ti I~n iS pre- i a iii t u  dun rg actual burning , such as tempera ture , pressure , and
the av a il a b i lity - f  atmospheric uxyyen .

The I , - 1 r d t ~~ts generated row the def lagrat ion of Rocketdvne s RGP-l 50
prope l lan t . are de’ ;c nibed under vary ing pressure conditions. A comparison
~ 4 these results - ‘ as  made to tU~~e ohtai ne t  frui t tOi :  but ’n i ny of standard
NC —hosed 1-onel 1 nit ’ ; conta in i ng nt T A G N

In te is stuuj cact i propellant w a s def lagrated at three di f ferent
pres sures . H ig h ’o re ss ure burns (appr oxi iiia tely 12 ,000 psi and 28 ,000 p s i )
were conducted in an impulse cio~ibe ~ w hich appr o>. mated conditi on ’; cii-
coon tI red du l ln~j f i  r ing of an actual  weapon. -‘Iti osp neri c defla yrations
(one atmosph e re pr ’essur c ’ ) were ( e r f o rt l t ed under laborato ry condi t ions
s iso la t ing  open — a r L r r i ng . wa s an t i c i p a ted  that Lh i s  1 -a t t ( I ’ procedure
would pro - u i t  m i  ) r I l d t i ni concer n i r u  product formation d’;”i ng the burning
0’ ;CuPi t L I f l 5  05 o ii ,t;O fl S of aet i ii tat - iza t  n ( r i .

The i- c it -  of ‘; I j 5  study d O  t i l ven  in Table 2. EacU va lc L i n  this
V i l e  is tee a-;OI ye of dupl ic te sample determination ’ ;.

11 ’t yt- - pr -essure def lagration of ~l l five prope llants resulted in the
abunda nt t O r I - a l 105 ( uI~ to Cl percent ,) of carbon monoxide (CO). This sub—
n 1

~~’e e Is a c r 5 0”  less , odorless gas which is formed during the incomplete
L O i ’ u I j r  o~ ca r ’bo naceco - materials in the absence of adequate oxy gen.
Cach on !I1I-fl(. A I Ii. mp et o ’ ;  w i th molecular oxygen for ac t i ve  s i tes  on the

- ro q i 1—i’ ~ r - c  )e~ in the Hood . and if present in s i g n i t i c a n t  concentra-
io ns , ~ . ‘ higH e I~- i c .  i .o, i.en~ rat ions o~ ~ ,000 opl i or snore 4 1 1 ’

4J~~~ I O ’ 1 5 U i  ~~~~ t~i1i ( I I  I I I  C i t  p rove  lethal (Reference 4 ) .  w h i l e  d i s —
n r t i t  ‘II i l ,~ ’ b 1  d i st ee~ s cd l Ii , I LIlue lered at con centr ati on ’ ; as l~ i- as
l u  CI . ( t Y ’ t T h I t i L i n ux i l  s C t - ~~i r1  t O  con s i d ered s i - a n i f : c a n ’ ; l  F azardous

‘. 1 ( 1 ( 1 ’ COn l’, t r d t l O r t c  o~ it ) ppm - ‘‘ dt t dn n e d for periods up t’ - 8 ‘1501 S - - r
lOS  e ~~~~~~~~ ~~n~~’’ 

~.

‘tI t h a r  ( t .’ ;~ e d ’ ;  ~lsn proo~~e 0  in appreciable amounts (up to 10
0 - ‘c e n t )  - tu rj n’ S e ’1,ir~~~~~i r . (- I a l l  f i v e ; rop e ]ldnt S at hi a it pre ssures.
Th i s m S .  a l so  ( n IQ r I ’;s ~ r I  -- 5 orlp~s , is toxic at a tb ,’e-~Io 1 d  )f d pp tix i —

i l t’ ; l11 , lu,00fi e- - - ( ~~~~ en P C ) .  0 1 1  km bE’ ‘;yI; (EtO llid tiC at lower concentra-
1 .15 . m Y  m oon le v e l s  s a y  ‘0SU 1~ ‘I: 1 1 4 l l a ’ ; E l’J f~ i lum I and t ’ v mnttiul

I ~~~~~~~ in (1111 ’ l Itici d Od ’; ‘~~t.fl ina de~ uatr vent i l a t t ot
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In all cases, atmospheric (low-pressure ) Jel iagration resulted in
less c a n ’bon ntionto~ ide production (r :iaxi m u ril of 5.8 percent) and only trace
methane fo rmat ion ot t e n compared to h igh-pressure burning. These reductions
can  be d t t r ’i L A t c ” i  to an adequa te ;t io : i r ier ic  oxygen supp ly, thereby
fo c i  Ii t d t i  ny mu t o  comp lete combust i o n  (ox i  dat i on )  of propel 1 ant ingredients.

~l l other ga e; deti cted durin g this S t u y ,  w i t h  the e x c e p t i o n  of
nitrous oxide (N i) w t i i c t  wa s present in trace amounts in one sample only,
are co ns ide red -L~la t i v 11y  harmless to an i i ia l  and p lant l i fe and should be
of no o t t  .‘i ronment, i 1 con sequence.

The use cit T1’ I, N as a Is ij o r  cur ls ti tient in a IC -u n ~-based p ropellant
had l i t t le  inf lu e nce on by- product , formation t-ihen compare- to the four
standard NC-based propellan t ’; . t

~ua li tati ,e1 y, all prope llants tested
produced ident ic a l  de f l  ;iilr’ t it ia t :  hy_ p ro l lets , H th the Cx o p t i o n  of T r ip le
Base  1~h ici i  produced add i t iona l l y sm a l l  amounts of eta . lene (C2H4) and
nitrous Q X 1JI’ (N5u). iu a nt i t oti vel y, however , cons i erahie variation of
by — ~iruduct cj r rt iat  I D e  was app at unit. As an exa ittple , rh e levels of t; , t i t
me th ane (

~ H~~) a n i t  n i t rogen gaS (N~ ) i-ter n general I , ele -ste l i  in the
RGP— 1 50 satin 1 es , wh i l e  ca ‘ t i~~n d iox id e (C 02 ) and carbon son oxi de (CU)
p r o d u c t i o n  mere- s t i t i e w l a t  l ome r ec t  . his i s- c t  - as e  i t’ n itrogen gas (N 2)
formation can ‘i-aH ly be e xp l a  nod t ’ ; II co lb : .equI ner 01 tee hi g h e r  ni  t r oc 4 I-~n
content c-f 1G11 _ l 50 ace to toe pr ’e - Y ence i tt  T i- ( 1N . I t  a s ~t n i lan manner ,
t h e  el e’iat~d r io tf are (004) 1 e~ei s and r’e pee t r  ye (j 4 :c reases in carbon
diox ide (no2 ) and c— a”hot . m u o n  i - ,lm ( iO) ‘o s ’ - a t i o n  con Os ’ at t rThu i ’ ed t I  d
iuw~~r net ox - / no n  - ‘ ;O ri m,i. t t .  As d unreal a C .  t t IOI ’e f c ) P’e , it - c rea s ed  n i t rogen
cu r - te n t Ut t l l i -  p roo e l lan t  proi: - tt ’ I, nl i t b .eni 505 ( N y)  f o r -  a t i o r , l’dnile
1 irnil t ed r x — -:4e 5 d v- I  i l a bi l ity so u l  ts in ~

j i ’od uc t io nt ut yredter i luont i t i e s  of
reduced carbon cu -spLi ln i’; Such i5 et Cu t , ( 01 14) a n d  pt ’op cr t i on ate l y less
i w c > i n t s  af  H-:~ ox id~ cea H I ’ ’ , v i ,~. , ~ iI’0Qn1 d i - .,ide (Hr) and carb on

S I f l O X  i l~ ( i i ’.
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SL C T IJN IV

~ i ~~~~~ I CINS

This report provides a detailed analysis of the def layration pr oducts
of four currently used and one proposed Air Force propellant . Two
~~tent iall y hazardous gases——ca rbon monoxide (CU) and methane (CH 1 )-- have
been identified under conditi ons rese ir i c ling those encountered dur ’ ing norisal
test and evaluation procedures. Both gases should be considered nazardous
(1) in confined areas lacking adequate ventilation such that dissi pation
to permissible levels is not achieved , or (2) wherever relativel y chronic
levels are attained fc r prolonged periods , thus ‘iaximiz ing the dangers
associated with lony-terni intolerance to these substances .

Upon burning , kocketd yn&s RGP- 150 p r op ellant produced the same
gaseous by-products , althoug h quantitatively different , as did the four
NC-based prope llants tested . The use of TAG N in this proposed prope llar t t
did not significan tly alter typical by-product formation nor di n it
appreciably increase the potential hazards associa ted with the use o~
prope llants .

Open-air burning in restricted areas should be considered an e r vi ‘00-
mentally safe mean s for the disposal of the propellants studied for this
report as long as adequate measures are taken to insure the safety of
personnel in the imm ediate area.
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I N I T I A L  D I S T R I B U T I O N

DDC 12
AUL (AUL /LSE—70—239) 1
ASD/ENFEA 1
TAWC /TRA DOCL O 1
USAF (AF/SAMI ) 1
AFATL /DL 1
AFATL /DLOSL 9
Ogden ALC/MMWM 2
AFIS / INTA 1
Veg Con Div(SAREA _ CL_ ,) 1
DDR&E/Tech Lib 1
USAFA /DFCBS 1
AFLC / DS 1
Deseret Test Center/Tech Lib 1
AFLC /MMNO 1
SAAMA/SFQT 1
NW C /Tech Li b 1
NWL /Tech Li b 1
USDA/Pesticide Coordinator
USDA /Agr Env Qua l Ins t 1
AFSC /SDW 1
DDR&E/Env & Life Sciences 1
Edgewood Arsen al/SAMUEA-SA 1
AF SC /DEV 1
AEDC /DEE 1

j Edgewood Arsenal/SAREA -TS-L 1
Edgewood Arsen al/SAREA-CL -V 1
CINCPAC (J3A1 ) 1
USAF Env  H e a l t h Lab 1
AMRL/THE 1
AFCEC /EQ 1
AMRL /THT 1
ADTC /DEN 1
ADTC/SGPE 1
NASA Miss Test Facility
ADTC /CSV 1
ADTC/ DLV 10
NWC Env Eng 1
AMD/RD 1
(iSA Natick Lab 1
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