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At Oxygen difluoride (O-)I currenWtly being inveotigetd as a prime

fluorinatinag agnt,, both for the preparation of 3-7 otainting anomd d for

the preparation of other fluorinating agent. cogotainlas the 0-7 linkagai, Thenm'--

drunLe calculsti±as hme Ludicatad th at such"' (*.So may~

*wzibit umusually high speelfic impulsaee (efenece 1).

Bo In anattempt to> prepare li-P 4V4tinu SWmOde(fl ow 4ne). the

ac~tioa of oxygen difIluoride on the following nitrogen crw~cmd~s has bee investi-

gated:, di~mthylaune tetrwmsthyltetrazmn,j 9-dc1orthyleniine, Wn inhl

nitroesam.u No fl 1, im -g has as yet been isolatd rm i of these xeetions

co in an atto~t to prepare 0-F cotaining co~omds (hypofluorites)

ac tion of oyMs difluoride on twbutyL atoobol and on t-butyl. peroxide has

beov lnvwetigated. It vwa founid that t-biityl al.oo Igavo little or no of the

desixei t4.sbtty1 hypofluovite,, ideree t-butyl parculde was usaresctiv. toward

mye difti wvi±e under the ~eprimseta1 conditiogs a*oyed,

D. Expavimets des WwWe for the selection of suitable solventt media.
for ozy~pa difIluoride Iodlicated that Freom 113 (L,1, 2-trichlorvo 1,2,t2- trifluro-

othine) a" Spectro-grade cathon tetzdihlord* caw b* use". In pwcxticu1 ar, no

reactive. IV WzERVd1 beweenm oxgn difluorie &W Spectrowgre" cambon tetra-

ohloftdw *xft2g 25 Umwx at s1oen tserat-w.

to it W" 6MMInaed that ozaze diflmiwd c.- be ertocod in dry glass
wseol# *t amitat t: mpecati" for aeee wks; witwot 0"soapoet~o or with-*

lftclzatLw Am that adoLm hy0Me~LA. rgetomiHab , top&he

witk A ltqwL Iddim', is V4*sl* -Sal.rtany) of yLoldu*ee~~ciw~

Vo" at A" 2$0 1Ybi $04U #t tA& Pe~awe Of IM0 Psa#

CONPID&iNTIA~L
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Report No. I"8

I10 ThCWACAL DI=SCSSICIN

A. PREPARATION OF N-F COIMOUNDS

1. Introduction

a. Interest in the use of Mygfm difluoride as a fluorinating
agent for the present program has stenned mainly from the work of 1eorge

Wright, who reported the isolation of dibutyl fluoramine from oxygen difluoride

and dibutylamine., and from the fact that chlorine dioxide (OC1 2 ) can be used to

pre",are chlorumines so that presumably oxygen diflTuoride might be similarly

used-to prepare fluorumines. Of further interest to the present program is the
possible use of hypofluorites as fluorinating agents for the preparations of

fluoramines, by analogy with the standard method for preparing chloradnes,

involving the use of a hypochlorite. However,, the known hypofluorites (CFI0F,

SP SOF, CF3002 E etc.) are not. readily obtainable., so ^A~ttezition, has been
directed rather toward the preparation of unknown hypotsuorites (as t-butylhypo-

fluorite) from oxygen dLfluoride.

b. Although it"may be possible to prepare fluoramines by

using oxygen difluoride or hypofluorites, several observations have recently

come to light whlich indicate that the synthesis of a fluormuine in this manner

may not be realized except in 4 small number of isolated cases (see pararaphs

IIA,2•,). In the first place, there is reason for believing that

Wright's material is not dibutylfluorza•nei , Also, it appears that there may be

a fundamental difference in the chkmistry of the reactions of oxygen dif- 416-ide

and the hypofluorites. as compared with that of the other halogen oxides and

hypohalites. These matters are dlscussed more fully in a later p&rt rf the

report (pragraph tI,B3,l and B,3).

C. The use of other types of fluorinating agents (Frt Ro,
.AgF, A&?, CiF 3 , etc. ) for the preparation of. fluirsei.a does not appear
4'prousing sixce all suh watorials presumably react by a fre radical mechadem

* iwnyolvig± fluoriuation of etxbm 4w wel as of nitrogeno trom the stsaoint of
selectivity, oxygma Oifl1oridt and the hypofluorit appear to be the m t

Useful*

CONFIDENTIAL
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11 Tochi-4:al &Wcusoop A (aCMt.) Rapar.t Moe, 12B

d* Anotber possible metbod, l the uomtiou of nitril..

vttb wcwcftuorie,* is camru~ty ýbetug iuveetated Im Ca, ract £3'

).9(638)a-25.v Project So. Y7O (*aMo 2).

as Sal am o 02±ee and bypoailtes attaw tban bypofluoritwo

ar incom to react with =Lo to prodmo. t~w (-v~._MTS0di3g U-haloaia by

RL0X+ m- g 0 4 +

R.H, alkali metal S ta-butyl., or X

R2 and 23 =U9OTalkylgoi

X = CI, Br'vor I

Fro PwAuiIg's "Table of El.to S td1t±sS (hfeom~e 3)v it my be obewd

that, in all cases iw dIzeasst=,a4 X in leer lalletrzai than oxy

(CI., 3*0; Br, 2.8; 1, 2.*5; 0, 3.5)l w ha the recm may be Logically

cooid~dto iiwo-Lve aw rcleophilic diapl~t by th* amdiu or alg as

oho beiw.

+ R23 B Lz."O..' + 11

iioesv, u the emo -of mzys difluorida or bzypofuiuiortw the -section uy be

expcted to follcv a differet coat" as g reoult of the fact that fltKzIna is

nae eL~ctZ0%&tLV* (S4.) thM 03WSM In5) thix cam me mould exect tbo

mucleoph±Jic disLuplvua to ocem no axyg', as follomo

CONFIDENTIAL
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II Technical Disculssim, & (cont.) Report %o, Io.

If this distimtion in nechmiam is real, it will mot be possible to prepare a

fluormine from an amine, and oxygen difluoride, or a hypofluorite. T&is point

im now being investigated.

b It is of interest that according to the 4v ie,

the reaction between oxygen difluoride and an amine would be expected to yield an

O-fluorohydroxyl~ain of the type R4043-OF, which may be n-re valuable as a

wcnopropellant t the ecorrepding fluormin, R2 '?F.

c. There is now indirect evidence which uld at that

Wright'sa material may herve been inpvwe NIN-dibutylainehydroperoxide., (C )2MW.:

I9
4 N-OH + F1.0-F V9 , *in +HI

co / l

C1H9 149

N-F+ H2O-00- + HP

C HU
4 9 %V 9

For exple, Wright's analysis for fluorine was based on the ability of bhi

material to oxidize acidified potassium iodide. with the liberated iodine then

being titrated with standard thiosulfate to the starch aedpoiut. Howeverl when

the vork was repeated in this laboratory,, it was found that the oxidi•ing

product contained no fluorLne, as datermined from a standard volu.mtric method

of awalysis. Wright's workup procedure consisted of tzeating VIth. aqueous

acetic acid, a m=dium which has been shown in this Laboratory to result in the

destruction of the 0-7 bond (see below). Finally, t-butTUWy peoxid& has bow

found to liberate iodine from cidified potassiu iodide; thus N-,dibbutylamlne-

hydropucrxadd might b* expected to iAdegao this reaction. Wkr1)t's elmtal

nalysis does not correspond with the NTuzarmiAL the 0-fluoro-bydrmyline, or

By bet J~am lob~upnjxi uder Contract AF 49(63814.256

CONFIDEapIA
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I- Teciinlc:a fLscussioa, A (IcICt,) 7po*rt TO. 12,38

tbe bydroperioxtde; trefore, bis product was presmbly isre. Altbough there

is still som doubt ccwice*rn the nature of Vightts reaction pro Ic, the

fact that so fluorine was foumd 4r atu tha it co•dld not beve e the

expected dibylutfloor•l.

3. •.ac-•m •of 2MM DLjLUor • S.ith AJde hl-

tetzmand M-4MIO mhyainie

a. when Ite rea.ci- of oxgm diluoTide vith d y ine

vas carried out by Wright's mtdv, the nixure did Dot oidize aeidified potas-

sirw iodide. It is not clear viy dibutylaminm yieded .Ac dizing prod..t

whereas di--thylai•- did not. The omly product isolated frw-the df-thy.i•--i-e

reactiou (in sdditiEon to di..thyl---ne itself) v acetom, in vemy vunll Tield.

bo. Tetimh yltetza zm mu -wa si1er as a possible Pre-

curser to an YI-F Ty" cmpouwd, evm thou& the reaction proceeded by a nucleo-

philic disp ton :

Alternatively, the x'eaction -rcih not be intztolecular, in di•ich case ft vould

be ud11iLemly that an -I-F c•omd would fore:

C73, .1o'-P fM Cý0-P

,'N 37 4\

H

/' /
fin

Wen this reaction vs carried out on a stall scale, slightly more tam I mole

of ac.d (prewmably hydro• e fluoride) vs foumd per mole of my dLfljoride

CONFIDENTIAL
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II Technical Discussion, A (cont.) Report Noo. 1288

employed. In mixing the reactants, copious evolution of a gas (probably nitrogen)

occurred and the reaction mixture did not oxidize acidified potassium iodide, No

attempt was made to isolate the reaction product from this run.

Co Since nitrogen and chlorine are equally electronegative

(with values of 3.0 each), there was some question as to which of these elements

in, eogo, N-chloroethylenimine, would act as the displacing agent toward oxygen

difluoride. If chlorine were the displacing agent., an N-P comound might be

formed, as shown below.

CR'2

However, it appears that nitrogenwith an electronegativity of 3.O,4s a better

nucleophile than even the more electronegative oxygen (3.5). This is apparent

in displacements on hydrogen, since amoniumn salts are formed more readily than

oxoniun salts. It is also true in displacements on carbon, as shown by the

formation of N-trimethyl-o-methylhydroxonium iodide from N, N-dimethyl-O-methyl"-

hydroxylat ne and methyl iodide. That the nitrogen does the displacing was

shown by Lynthesizing the sme hydrozonium iodide from trimethylamine oxide and

methyl iodide (Reference 4):

3,,,,. +
' .- 11 - 0 - /+ I C I + 0 -

/"1 LCR3 3

If nutalophilic dcsplac.ment on oxygen E*1eowa the same pattern as that on

hydrogen and on carbon, then no N-P comound would be obtaiued from oxygen di-

fluoride And HwchlorothyIenimine:

CONFIDENTIAL
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IT Technical Dic•ussion, A (coat.) Report No. 1238

r-0-¥

1fC, **ot- -F-~ - Cuoi+ 1w
~~1 .00

The reaction of N-chloroethyleninmne with oxygen dUiE Troide was carried out on a
small scale, but unfortunately the reaction medium [Heptane - Cao (sat.) -
H.,0 was subsequently shown to rAT~y- auoride (see Sec-
tion IV). The reaction mixture contained chloride ion to the extnt of about
10% of that available ia N-chloroethylealimne, but no further analysis of the
reaction mixture was attempted. It is intended to repeat this experiment, with
the exception that H-chioropiperidine or dibutylchloramine will be used, instead
of JI-chloroethyleaimine, to avoid possible diffimclties due to ring opening.

40 eatiUon of doxt•• luorid- i .-- ,tIni.tosamine

a. Although displacement reactimon involving oxyg n di.-
fluorid•e may not lead to aluorinine as disexsed above, the possibility exists
that the addition of oxygen difluoride to an unsaturated n.trogen linkage may

result in such a con~ound. For this purpose, it would appear that the nitrogen
should be bound to a more electronegatlv elamet (oxygen is the only possibility),

so that the fluorine would tend to beme attached to nitrogen:

-N=0 +F- 0-F N -- O- - -F
kjN

I t 4: - f iaci-n- t tha thie only repefted reaction of oxygen difluoride in which
an N-F linkags is formd is ore of this type (Refoxcime 5):

2S 0 + 0 F2 N

b. bxperiments were carried cut with dimethylnt,'c=a&

and oxygen diifluoride in an effort to deterine whether the above reaction could
be generalized. If the reaction of oxyen difloride with. the nitrosmmine were
similar to that with nitrosylfluoride. the product would be If Nu-dimthyl-N),

N-difluorohydrazire.-

C N DT 7
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II Technical Discussion, A (cont.) Report No. 1288

OH, \ F
CH 3\N - H = 0 + OF2 C-3. NNP + 02

CH3 CH P

Although the products of this reaction have not yet been characterized, it has

been determined that when carbon tetrachloride is used as a solvent, a product

is formed which is capable of oxidizing acidified potassium iodide. When water

is used as the solvent, this product is rot obtained. Work is now in progress

to isolate and identify the oxidizing material.

5. Reention.of Zen Difluozride vilth t-but 1 Alcohol and

Di-t-butyl Peroxide

a. Some effort has been directed toward the preparation of

hypofluorites, since it was originally believed that such compounds might be

more valuable than oxygen difluoride as fluorineiting agents. In the unknown

t-butylhypofluorite, (al3 )3 COP, for example, the oxygen atom is in a more

reduced state than the oxygen atom in oxygen difluoride, so that side reactions

involving oxidation (ats opposed to fluorination) might be less likely with the

t-butyl compound. In addition, t-butyl-hypofluorite may be a liquid at ambient

temperature. and thus more readily handled th;an oxygea difluoride. If, however,

the arguments relative to displacement reactions in hypohalates which were

presented in paragraph II,A.2 are valid, hypofluorites cannot be expected to

yield the N-F linkage (except possibly in their reactions with tetramethyltet-

razene and a few related coiounds):

R 0- F t

where

I = t-C 1 19 , CY3, SF 5 , C3 CO etc

B = nucleophyle

Page 8
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II Technical Discussion, A (cont.) Report Do. 12C8

bo Attawqts weme made to prepare t-butylhypofluorite from

t-butyl alcohol and oxygen difluoride in the alcohol, as solvent. liobutylene

was isolated from this reaction, and it was also noted that 2 nol of an acid

(probably hydrogen fluoride) were formed per mole of oxygen difluoride employed.

These results can be interpreted as follows:

r - 0 -o F + (Coi 3)3 c - o- H F + (CH3 )3 C 0 0 F

(ca3) 3 oC o - o - (CH3 )3 C - F + 0 2

CH 3 M 2

C"3 C-3

Alternatively., the isobutylene may have been forued by the acid catalyzed dehiy-

dration of the alcohol:

3 li7-c-cu - 4 , -- cH 20
"./ /

C03 c013

The reaction mixture was found to contain a product which slowly oxidizes acidified

potassium iodide, but the separation of this =ateial from the solvent alcobol

was nor. accomplished. It was suspected that this snhstc might be dL-t-butyl-
peroxide, but it was subsequently found that the latter conpound is inert to

acidified potassium iodide under the sa reaction conditions.

C. No reaction occurred duriug several weeks, when t-butyl

alcohol ad oxygen difluoride ware mixed in the gas phase at bient taperature.

page 9
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II Technical Discw• LA , A (cont.) Roport No. 'I

d. An attept was =e to prapSat t-butylrbypotlurLt* fCCi

di-t-butyl p rxde and oxygen difluorlM in carbon tettachlorlde solutiom:

"" ( )3 C 0 -o -i + (c )3 C-..O-
(Ca) 3 c.-b-o-c (cH5)3

CCU 3)3 c W o -fo F - C - ( C) c 2 + H +2

Hiowver, no appreciable reaction occurred during 25 hours at ailat t~Mrature.

6.v The SellttU, of Sut tablo Solvent Hsdia fon Oxyam Zif11orde.

The reactivity of ozygen difluor.i tv.,, c&veral selected

solvent media is shown in Table 1, in wich the percent recovezy of oxygen

difluoride is given for various contact ti4es with the solvents. It 4ears that

oxygen difluoride is reasonably unreactive toward water, but La d by

both aqueous acids and bases. The high reactivity of m and heptme msy be

attributed to the presence of isomeric hyd tding te tiary carbon

at . Such hydrocarbons my not be copletely revsd by naal purification

procedursw involving washing with sulfuric acid, drying over sodium or sodium

hydride, and distillation,

7. graw Stabilit of Oxza DfrMrd

Oxygen difluoride of 88.4 percent purity was found to undergo
no change in coo" ition when stored for 6 weeks In a dry fter bulb. as deter
niwad by tho reductioa of oxygen dflmu do with acidified potassium iodidemd

by infrared data (quantitative deter.Ination).

3. ~ERD0•1'TAL

10 mnaawad MNAEAAUleto -of jktIEL&'2ts

a. With the emmeption of the experint toIing diathyl-
&ine (set belov), all per t vet e carried out wt•h 0.5 to 3 aillimole of
oxygen difluoride, in the follwing ia. OxyV* WSfluocide was a tted into

an evocuted Pyr bulb (c ONacity IOD l) quipped A ith aococks at eit

CONFIDENTIA
kicir
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11 Tecbeideml I~s~,3 (cost,) Re~port 1:0. !'2S3

end*, Th. ftxwal prmwow vas aLways 1.., theni I 2choe *theeo~w rmtait

vat tbaie modAl WithU in souinor in an exces of the rmmtas solvety

through one of the stopcocks., and. tle bulb was shaken at sablit eatr

f=r a spr-iiied time At thetw~hiu of the stakiua period,. me of two
procevzrew was follow"; (1) poaaImodide roagest (~s below) was added
to eb bulb., tb* bulb again was dzakma for 10 ni, md the Lierted fodino wa
titrated with stmidard dzih ul Wt to W Sthe~ sc!aa"dntv or (2) the liquild
portion of the 4Laction mziw was wdithftsm mid the lU*"ad Se gmi 1uao ww*
uua~a~ye sepratly MM this secd roeI&-e, i. th SA was yei.ther by
aMtit~in of dhie potassium iodide reaget or ft, 4 infrwmod neptrim of the,
9w That liUid portlion. of the reactio was fractionated imier thL

yIn&U, d- RPc a ot sL± of cold- tr#; t%,! the csotu of eac trw vi

imelyzed by uftunfrand by reduction mitt addif L--2 tn~midie

be * in AUl Instuacesv tý potasLs z=Iodide resagamax prem-

pared by (1) adding 2.5 z of naaLy cAd-SM5ra patasi~u Iodide to 10 ul of l-M
su~hwcodcd mid (2) d±utli the remuicvu solutiou (with vater) to 25 nLw

2. lqMi4a of MMns RMii~i with SI. iz

The panratis for tbe ml CMi of MoM3 a M dila Idewtt

dithylimine va a N00-id, -dire-www die*d, atiM- I -taqlm&%r -3wi-'Lbttined flask
fitted with, a gas inlet tube., a Mistr a cod(-W0C) ftiWw, and se

Lficuittrappng system located &iinitreau of tt oold. fiqgr. Ma. fLaskwa
ise in VLu bc-au ath, and the oCutents wW stirred ~e4V

Dtyl~ mid axygen difluerid. were aatted through a calibzrted i~
into the ration mixum In tie flask-

Gaveous - " A -us 7 didayzmin {i19 .*2 mwe) paaeed
throuth ti. sm inlet tubie Into a stirrod L ut~e of 6 S (100 =wJ*) of glacial
waetic acid In 150D aL of homie, at O*'C. ovw a parlod of 30 zmm. The box=e had
bowprvoul purifiLed by scrbbiitg vith *estmatied- aafxd-c aeld, drybW

avr oftum b~ftde, zv~ finally distilUng frcu sm~m byd*ides

Piss U~
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Upon addit'on of the amine to the bweous b•m*-*cetic acid uture, a

secoad layer fomd a a h""y oil. Oxyge n diuorid of 88.5% purity Ua0 W
added (25.0 =le, calculated as pure OXygen difluoride) over a period of 80 dui.

This was accomlish•d by evacuatin the system sufficiently (76 =) to permi&t the

oxygen difluoride to flow from the stojrag bulb, IA ddt to the -WO°C colA

flng•rp three cold traps were used in the Aere it. T e traps we d

tained at -80 °C, Y-lO°c, and -19 0 C durin'g", the first part of the experiet.

It was fourA tbAt the O- C trap Contained 0.623 mole

of oxygi difluoride (2.," recovery) and 0.166 mle of carbon tetrafluorw e

(identified by infrared). Because the orgin&al oxygen difluoride conat-ned

carbon tetrafluoride (in unknn wmoumt) as an ipzrity. it is not cgrtain

whether mny carbo tetrafluoride was prod•uced in the oxygen difluoride-di=thyl.-

mine reaction. The -16D0 c trap contained 0.433 mole or a easo iroduct wiid

was not identified, together with 0.134' le of hexam; the -80 0C trap coanutned

0.021 mole of the stoe unidentified materiazl -: 0.141 mole of mem&e. Subs*-

quent experiments indicated that the material in the -lec 0 C trap was uon-

oxidizing toward acidified potassium iodide and that it gave no acid reaction

with water, as deterzaned by shaking the 4as with water &a titrating the

solution with intmdard tenth-norml sodium hydroxide to the phemolphthalen

endpoint. he material in the .800C trap was also u-oxidizin .

Distilled. water (1oo ml) MWas ed dro ise to the

two-phase reaction mixtue (upper layar, colorles; lower l , elo) over a

period of 2 hours. * ring this operation, the prea~e in the sstm was main-

tLned at 76 =; the three cold traps, at -8G, -112 (ethmnl), ad -10°C; mud
the cold finger, at -0°C.

The -196oC trap contaiued 0.372 mole of actone ideti-
fUed by its infrared spectrum and by coVersio to the 2, •-dinicrphuylhy-

drazine; the -112 C trap contained 0.11.5 =010 of acetw wan 0,43kW. ole of

hamo- sud the -80C t"a 00tia 0*488 mola of pure hexue. The wetone

fxvm the -Ile0 trap v*@ &Igo t-mw red to th& 2o, jjdiit 1bmi~y*3290. vbichj,
when recrystallixM f ro 50% &*m setha , slt"d at t!i*-5* (Ut. 1269 Co,
maea 6).

PAWD 12
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Thae beam 1*7w -w A~rse from the squomm layw,

'Fahbd with aqueu. sdbxuwic addA, 2% aqiemn sodiLm by*droxd, odvom

m dvItea dried over mydvow msimilm sLfar". Thi ogtersdid ý o

owIdiz* oaid~fa &&- otaseim UX~dft =W2 I c m aby, C3tsaIned no dimthy1f1ucat-

~mdn F1.sh distilUati of the hex= left 0'ý8I g -of aye1 YoAlo 7 %*Id

was not Identifed* An I.{I~ftrwro apse== of this Uqhid UILcatmd Iht Ut

Ile An *L6,ym asd up U, d~awtizy~swtmd~a ft:0i tfrcw 1 thy nm mod mAcl±c add)

T aue lays cmtE 195M2 mo of umtwiai capable

of a4izfrzig acidifie pos~ odide. - t 1y tP 0xdzn 1.iu

M~ot tba deuixvd C-11- a 2. IW4*b voul ba.' b~m zecte A PSW ft ti

bmwow ayerIy. %1m = SwrI~ tbade with 50% aquomm oodium b7ftr ori&a. the

aijlay= LqrYield 18.w6 mie -of &dithyiwdm an n ota product. M"s

x"=08at* a &wuuy of 37.*8%,of tte d&natmUylLai =Lgna12-y aped (Do.6 mmis

of dmthymdm used up) and a&- that ILin tia 1.25Ie fV ac

perRo of oxzyg difiwiride uwed me actma Al t ryL~z~ j be clwmw to

1* 1 ratio, AinC Wvt All Of the MAdB aindA be isol~e fr"M th eolbion.

. -T oltrt I1hy1ttazmm

TINU ylt' wa Pe'4 ard as Ipmewomay fledb

(le-Fmm. c7). A aouiuof 0.*3 at of thraMme, in &.0 =I of &%- o.

-g ed* b tettracoIde ma oi to 0057k 1=10 of OM732s diflzxcide. A

'vip~omw --- ti~ ~tS hcn,. mi&& fpiobay it-romm) w wau

*WVIldo Diwing the reactic, * aelo YCLl Oa w d as an Ba I a I

tbe W118 (If thet Xrati*m luuSesel At tacW a ihaizg palod of 1W min,, tta Czbuel

-So~1od ~aWit hdr& Uld Wtw V" ded to tak Up the 4d. Bolth tb

tabE 4 trhride aid aquwm sutm MGM SL*gemqImtly Mi1yad.4

7h Eftad sm mm fomad to be 2Km0xdAfimzi nd,-

Couqmt~ tsiad nsitba a=mutel oxygm difl. ,rixzAside otb w

PVDuct* eqid1b of oxdi zing aciiid Poti~ iodide. 3oth tte eatba

tetracblod'v and aqmn .outm fomid to be aom.&zng b C3b

tetachovids mmuto almo ueom-We, but the avqioo 00~t~x Mc~ain -

161$ Of tte 2 Sol* of Acid m~et@d U a&U of tthMe rlim i in the aq~ dinuoi
iUe Mloyei bad bw NE 'o vwt 0@ &a ~ fh-ftwou

foom 1
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C. N-Chloroethyleniv~nes

N-chloroethylenaine was prepired as previously described

(Reference 8). A blank experiment was, cmnducted in order to test the reactivity

of W-chloroethylenimine with the system heptane-water-cealcium oxide (sat.).

Heptane was employed as part of tho solvent, system so that both N-chloroethyleni-

mine and any N-fluoroethyleaniine formed would be protected, to some extent, from

&A-I &56i~u ,aw uteauw /L 4 ~1 *# "a~ WW_ -% Ia~ it &.- 'L.- 5 -L - U .8A

solution, and (2) N-chlormaLtum zre miscible with organic solvents, but imiscible

with water. Aqueous calcium oxide (i.e. calcium hydrcadde)was em loyed to

neutralize any hydrogen fluoride formed, becaie ethyleniaLn derivatives, in

general, undergo ring opening in acid solution. Calci•m oxide (or hydroxide) was

preferable to soditm hydroxide. since a saturated solution of the formw cmpod

contains only 0.2 percent of the hydroxide (cf. above remark relative. to the

stability of N-chlorwmines to aqueous base).

When 3 ul (42.6 mole) of if-chloroethylealmlue in 25 .1

of n-hextane (Phillip's A.S.T.M. grade) was added to a suspension of 3.3 g

(50 =ole) of calcium oxide in 50 ml of distilled water, and the tmo-phase system

was shaken for 5.5 hours at ambient temperature, 96% of the *-4iloroethyleciim

was recovered as determined by oxidation of acidified potassium iodide. After

acidification, the aqueous layer gave no precipitate of silver chloride with

aqueous silver nitrate. The distribution of the N-chloroethylenialue was deter-

mined to be 65.5% in the hexane layer, and 35.5% in the aqueos layer.

A suspetsion of 0,28 X (5.0 mole) of reagent-grade

calciua oxide in 4 al of water ad a solution of 0.30 al (0.33g = 4.0 mole) of

N-chloroethylenimin in 2 l of haptane we successvely added to 2.19 mole of

oxygen difluoride, and the reaction vessel was shakan for 15 min at abient

temperatur* until the athanmic raction ceased. The suspension was withdram

and centrifuged.

An infrared xaalysis of the gas pbase indicated that all

of the oxygen difluoride had reacted, When the ,queouscentrifuged layer was

acidified withi acetic acid and titrated with aud aqeos silver nitrate,

CONFIDENTI AL
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0 .5T 1e1 of cho Ide vat fOUM It waw equint y abw that both beptae
and c~aciu oxide-watew destoy xg ifmu rmpdl~y (see Toble 1), Umen,

the Pailtial recoem y of --cbiot as lor ide -0io in the Prmint cQ*P mr ar showd
that IRANM-N 1008 of oxge difluoridle With N-d21ojvethyjeeij.a. had Oc c murred to

NOW exmtt,

4.Diusthyla c nsidnew in Amqueous Solution

DimethyuLutrassii mmd fry.matbytinine md
mitrcma scid. by steiderd tscbniques (lfROMM. 9). A solarioc of 0*60 ml
(8,1. mole) of the nmitroeo Inim L 1.0 1L. of d1i~tifld w as w added to
L.39 mole of oxygm diftuoride, md the mLxt~zr *hak for me hour at soimt

mat~eure. The reaction Vw only .Ildly mthermic. Th ell m colorluss

14~quiLd was vitdrom, ad both liquid an aSm wm 0iieunlywli
Becamse of the PC~ of waei a, Cratm spectza could not be taken directly.

**Ae Sa Phasewe mmractionated 1t~u -430 and -196 0C
"tap. The -L96'~C trp mitaned 0.13 =mole of utia", an 133 infrar

M=aalyiA sho~ de tbm ab#A of oxYsm di f]x l wdo mk the prsm* of an aidear
tifted MtarI -- al dwrbIni at 1t.3, k.,w% 12 M.55 microns. Thi muaIajI did not
o3d-L ze adidi f ied potassium iodide -p cotad~ no byrkome fluorideasew%
minied by titration of its aqueous soLutica vitM stdad bae. Th 08c

cotaiae4l a liquid with a vapor prmsimwe of abouat 15 am at 18,5PC; it we
(probably) mostly watr., Th -- t tali nths trap m neither o~dI ing nor

acidic.

The liquid phaoe, mm not, further treated mb it mas
found to contain 2,54f mmole of acid (probably hydwrogm fluoride),, repsomaIntg
91.11$ Of the 2 mole of acid .P,~eed e mole of oxgndifluoride, mipoy". if

All of the flrori 0e in the =Yg hi urd ad beuconver te o hdo

fluiride.

00 Detyntrui in Carbon Tetr~d4arLd& Soution

Asolution of 0.6D =I. (8.1 mole) of -2- -%-Iynto i

itt 10 RL of Opectro-grads cacto tatacioids was addd to 1.~36 mwl* of oxyge

?plO 5
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difluoride, and the mixture was shaken for 3 hours at Mbient tmperature. During

the mildly exothermic reaction. a yellow oil separated in small amount. The

liquid (excluding the yellov oil) was withdrwn and both liTqid and gas were

subsequently analyzed.

An infrared spectrum of the gas phase reveale4 the

absence of oxygen difluoride, as well as the presence of at least tw MW
v~~~-t.- A--- At• as -I AAf the 0% the 280- as thatt obtai-ne X the Sqao•

-- ~~~~~ Som %P rr-'' A. UI..a-w W 4 U 5 13L

reactions (see above) =d showed absorption maxima at 4.3 5od 4.5 uicrons;
absorption at 12.55 2dcrons was ma" by carbon tetrachloride. The other

material'showed a absorption at 506 icronns* The gas phase was fraction-

ated through the -80 and -16 taadte-9f" %.a uw fo-n to

both of the new materials. This fraction was fo-und to be both oddizing and

acidic., and since the material absorbing at 4.3 microns was sham in the e3per-

iment (in aqueous solution) to be both non-onxddian nd nom-acidic (see above),

it may be concluded that the material that was absorbing at 5.5 microw was

responsible for these observations. The -.80C trap contained nealy pure carbon

tetrachloride. as determined qusntitatively frou its infrared spectrum. The

yellow oil which h&A separated during the reaction appeared as a semisolid oss

having essentially no vapor pressure after the removal, by fractionation. of the

gas phase from the reaction vessel. This residue was not ezined further.

When the liquid portion of the reaction mixture was

fractionated through the -30, -80, and -196DC traps, an additional quantity of

the oxidizing material appeared in the -1 C trap. -e coined yield of the

two products ,,hich were absorbing at 41.3 and 5-5 microns was about 20 mole 4,

based on the oxygen cifluoride. The -W 0 C trap coained the bulk of the carbon

tetrachloride solventl the -0300 C trap ontained reacted dimethylnitro5sne,,

and the non-volatile residue (about 0.15 =I) was Whwn to cc~rise a solution

of KeIC- grease (which had been used to lubricate the stopcocks of the oacdton

vessel) in carbon tetrachloride. All of thei identifications were bassd •n

infrared spectra., with spectra of the pure materials being avajsbi for com-

parison. The total of the acid produced in both the liquid =-d Vw pbases,

durl=, the rnsm_ amoumtod to 24 of theoretical. 2 mole of Wen fl-or

CO FIDE 16
CONFIDENIiA[



CONFIDENTIAL

I1 TetmhnUcal W.SMusriit B (fcot.) Report No I'8

(ef pricedng However, ScUM readily hydrolyzable to
"rydogen floride N& have ben formed In thits Gapor t (and, indeed, in all
of the other C-4 asts), it is Wot imamu to *tat "~tent I!yIrft , fhw 2-

was formed as sch during ther a proper.
3. kI9,1_...-2 .Of 2M L iM_,•g with •Se.lected Ozy_ __nrm

0 Tne-ary-butyL Alohol

la thisa Mer-imit t-butyl alcaiml waos empoyee, tbo,
A the rewtmit aid -the solvent. To 3.6 mle of =Ygeft difLhKride was added
7.5 aL of the redstifled alcohol, and th muituro mw shaken at miwat t:

poraturre of 7-112 hours. Previous onrvato wih thi s.yst hadinctd
tI e rea a to be relatively si., and that a ton time of AWir ey
7 hows was xequirved for the cplaec cnvn.-Pin of the ocysg di lmride. The
liqrid was viwthdr at the I u -imio of the run.

An L-afrared, a aly of the gm phawsh towed only t-butyl
alcol and carboan tersfluoi&, lAe latter being an I -wity in the ozyMen
di liorlde. The sm flaw i- di .

The liquid phase vw found to contalit 90 of the. 2 male
of acid expeited if all of the fl• n in the oxygen had beeu con-
verted to 1 fdrmde. The quid v fractiae thZgh the 0, .-4
-80, andtz-10(;C trw, aid the mutsequmat uwku of the txvp yielde the f oflwing
results: 7h& -19C tr • ntaed 1.6 mle of isobut•ylm (i__e by
CoW Of dhe infrart dpec:rV with that of pure isaeltyle), and 0.81
mmol of Uni *adfi~ mterial, This fration wu: both non-aifte and non-
oxidixing. The -80 0 C trap 1.25 nm l. of t-butyl alcohol am 1.7
mol of ,,-dai,,fd u.meal. This n&noxidig f rMoIn ained 0.40

m-Le of acid. The -4O°C tra contained the bulk of the alcohol, and an
infrarad .e of the tti 4 showedm only the lcohol. The ra con-
tained 3.87 mole of acid and slowly oxi3dd acidified potssim iodideo. h

wthi -__.di zing powe vw not due to dF'-t-butylir pr 't ie, (ubich has about the
ame volatlity at low torat 6 as the al8 1) Was S when a sale of

CONFIDENTIAL
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t-butyl peroxide (assay 97%) falled to oxidize under the sme conditions.

Attempts to separate the oxidizing material from the alcohol were unsucessful.

The OC trap contained nothing. and the rm.idue (0.095 g) was not treated

further.

When oxyn difluoride (41 rmi) and t-butyl alcohol (39 m)

were stored in a l-liter bulb for 6 weelks no charge was observed in the infrared

spectrum. It was also noted that the raole ratio of the two rctats r ed

constant during the storage period.

b. Di-t-butyl Peroxide

A solution of 0.3 g (2.1 1aole) of di-t-butyl peroxide

(assay 97%) in 2 ml of Spectro-grade carbon tetrachloride was added to 0.634

!le of oxyge -dIfluo•ide. After a shaking period of 25 hours, apprcimately

90% of the oxygen difluoride was recoered. Since the peroxide was not comletely

pure, it is zteertain as to whether the oxygen difluoride reacted with the perox-

ide to a small extent during the allowed reaction time.

. .Solvent Media. for Oxvna Difluoride

Various solvent media were examined for reactivity with oxygen

difluoride. In each instance, the solvent was added to trhe oxygen difluoride,

the mixture was shaken for an allotted time, and finally potassium iodide reagent

was added without the prior rwmoval of the solvent. The results of these

experluments are given in Table 1. Essmttially, complete recovery was obtained

from water, carbon tetrachloride. Freon 113• and the carbon tetrachloride&acetic

acid mixture.

C. X1IWDS PIOPOSED FOR P-PARAII( OF LIQUID FUELS COiNIT l
ALUMINU HYDROIDE

1.9 Igitroduction

The encouraging results obtained by the use of aluznmim matal

-t Sol•d properiants has led to the consideration of comounds of aluminrn or

other metals that might be soluble in high-energy fuels for liquid bipropellants.,

Page 18
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sc asydraine or dinethyl 1ihytazine. In the f•oloWig sectious, theoretical

calculatioa are presented for one possble -andidate, litm !ydride, for

poustble use in liquid-bipropellant system or in hybrid rockets.

2. P-azatong qd er of Alinum drde

AiLmim hydrLde vex discovered, by E. Wiberg aA 0. Stecher

in 192, as a product of the r.,taon caused by passing an ect c et

throug a mizture of trIxPar y! ,. h, d • eu (RetWe 10, 11M Ao 12).

It is fond an a higb-aoleauLar-ieisht polynew of the seseral Position

(AkI3 1 4~ A nore covnvuiet nethod, of P&eaaiu is that discovered by A. E.

Finhblt and cosme (efer e i) tch cnsists of adding e eal

alMIIx Ch de to finely powdered 1Uthiin hydride. The soluble lithium

alr m hydride firxt for; hcA.ever 0n, frther addition of altum chloride,
a solution of motric ati hydride is obtafted:

1; + AVCI., M+N"' EV

3 UAU,~ +MCI 3 ether,

The latter solution is not stable; it soon deposits a whte solid in wich the

atnic. ratio of a, And= to hydrogen still is 3:1., but fr- which the ethe

cot be completely rved. without loss of hydrogen. The precipitation of the

aluIuiMi hydride as a high-molecular-weight polymer ca be prevented or reversed

by adding aldmnu chioride to the system., or by employing tecraby, Vnofuras

solvent. Another technique Which has be enployed rcenwtly (aefeream 14) f.V)

preve-ting polyrisation employs the raid filtration of the atheres solution,

as prepared by the ebwd of FPichlt, int viorLusly stirred pentae or licroc

nei of which is a solvent for al•ixzu hydride. Tbh product obtaind 1a this

amer can be freed from the last trace of hII, thout 1co• ,
by vaum dying.

Depeninig an ths degree of polynsvixstion., the oc" owmd (Ain-)

"" stable in high vacuta to abov* lO0°C. Above thaw ira•e, it dc'om

rapidly and qutitatively into silveyma,•bit.•i tali Alinaim plus hydzsose:

NO 19
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It reacts vigorously with water, evolving bvdro2en.

AM + 3H2 Al (06) 3 + 3

In the preceding quarterly report is presented the posSibility

of utilizing alunim= in liquid fuels. The basis of the utilization of alLmizm

is that one may formulate propellant systems to obtain the high heat of for-

matton of A12 031 which is solid or liquid at chamber temp:at~res, and still

produce large amomnts of gas for propulsion. This is posible because the

equilibrium

A293() + = + '0

is far to the left below 35000 K. This allows formulations to be fade in which

•,,," L the metal U xwbon are oxidized (the • oly e o to CO OJaa

to give overall lov=molecular-weight products. A r dm ic analysis of other

metal oxides indicates that only alwninuu and beryllium vil not react with

hydrogen at high temperatures so as to allow this type of formulation. The

toicity and scarcity of berylliun precludes ilt use; therefore, al-mium is

found to be the best metal for use in rocket ftels.

When considering the various formlaticns, it bt=os izediately

obvious that aluminwi hydride, AIR-, will be even better than alZmn metals an

a fuel. For 27 g of aluwL=m, the hydride has only 3 addtional gra of

hydrogen, but this 3 g produces 1.5 male of gas. The hydride., a1eue- zela-

tively reactive, could probably be protected by imorporating it in a polymer

such as polyethylene or rubber. This solid fuel could then be used in a hybrid

system in which the solid is cast in the cher and a liquid oxidizer is intro-

duced as needed

T2%l f 0- VthiW# n #-U re U - %.P Callcaulations m ad M et s

containing AMit3 waom=P in a polymer., with the oxidizexs WIMAy 90% H2 02 ,0 and

CI0 . All three fouitions assmed a solid phase omaisting of
3

Page 20
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formed wre 00 ad A12 03 . The seot 'uteresting result of the cal-4410M is

that dogai pehy g is the best o0idzw 7Wis is due to the am* feor-1bie

setio nmtry, of the system, i.e., to the greater io rato in the ox z
The heat of t of A1,2 3 is so large that it ov p r- a1
in heats of f of the onodizers; thas, the best i=zulze is obtained frrm

the system thtpoduce the beat A2342ratio. regagule", of. die poor 51 of
omsation of Moe oxidizer. It is aso interestin o note that Vith C=07 as

the~~ ~~ am y!AV ish** 314%OK- for the 9C)% perxde system;
yet, the specific ±Uuls is 2 mits Lo than that of the p'd ste It
is a •aeeral n t i, of system cowtaining lazWe iits of I

that om obtains 1rp cdib-er tHealowms for a given spcfic iLuplse., becwms.
of the very L~are heat capacity of bydoe qw. It is 5 ttfotte that

"R202 Yildcs tba best cacuae cfie izyulse, becaue cht I h oii
with which the ,swt t~erl Ce ihybripd rocketshas been gi aadto

clezilation, the results of 4ich are also pr wtd in Tlae 2, u-ada %M the

systm AIR --D H2 02., iwitvot by , 0o a biner, as go ,mow e of tbe lIiti ng

case utierein the pre ducts are only Al 23 and a2

The calcuIawtions sbowm above were was xsdea bme
press-e of 1000 psi&. Uneafy, Y1o calculates solLd-propellaat system at
dpressures of 10 pel an d lqidA p ellant system at .00 p"t&; ie
to best opsate a hybrid would depel on a - Wlet analysis of idle s3nmem.
Table 3 preseths te remults of clcult•• made on I- hybrid iqstAw at
chab pesse of 300 and 1000 pila. The relative itauzlsw baicnled e
is geerai for ,ost "stem - that at 300 Psi& is 0.87 tim that at 1000 psi..
Other relative values are O•.k at 500 pial and 0.98 at 750 Pli~a,

Table r P-r s altumxa with AIR. in a yj perodide

hybrid syste..

The 1,~dni~ ealatulatlons given above, Wa zmtbiN; aboaxo
the ph) __ca cb-- 216 tiso h ulste te(Cý sdi h

calultinscould be a liquid hydrocarboa., as weilla a solid polyaw of
twdyethfiee cr rubber., go that slurry fuels haviug these high MpecifL- ispulses
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are possible. In making slurry fuels of reactive sterials such as AIR- the

biggest problem will be that of obtaining pure hydrocarbons that are free of

water end dissolved oxygen. atperience has show that with slurries of alal.i

Metals Preprxed during various additive prosra, they tend to react with the

unsaturated compounds in JP-,l to give colored precipitates which prevent flow

into the reaction chamber (Rteferece 15).

Thie enthalpy of fomation of A•() was estimated to be

-2.*,6 k0al/ole, by siuply SubWtracting the enthalpy of fom=ation of L(c)"

-21.6 kcal/mole, froz that of LWA1,(H). -2*.2 kcaliole. This calculation

is equivalent to assuming that the heat of reaction of LaR with AlI[ to £f ra

LiAM11 is zero. Generally, the heat of formation of the propelLtmt madnly

affects the calculated iipulse so that accuracy of data is quite iWortant;

however, in the systems AlcuLt•ed here, the heata of reactions are qpte high',

2.0 or more kcalig, and the heats of formation are overshadowed by the lazge

heat of formation of A1 20l Before much work is done wLth propllant foruc-

lations, an acc=urate value for the heat of formatLon of lE Ust, of course,'

be determined experimmtally.

Occasionally, an application calls for a chemical system

that will produce large ammats of gas at modexate temeratures, say in the

range of 1000--•15 K. A system that appears to have a Wod potential here in

AM 3 and aqueous MM.nia solutions. Iiith for lations in Which only the Al is

o~idized to p!r-ame Al20 Y 11, =d N2, it is possible to Produce 7.0 mole of

gsa per 100 g of maerials in the system at tecnperates in the desired range.

The liquid could be dripped onto a bed of the hydride and the systea so designed

that the solid Al 2 03 would remain in the Eenerat . s AIR- in the SgFeratr=

would ensure that the reaction produced the desired products. The gases WMold

also have a reasonable heat of cmbustion with air; thus, o diton energy

could be obtained ttz t way. In fact, the system might be used as a cobstible

gas-generator system. One caiculation, is presented in Tabl* 5.

AfL £M50UJ6C N DETAL&-%MU M4 ULSV LJM 1WLL &
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CON, Furuw E.wcuxA 1l

A* in the 'inewdL~ futtwel = att~t vill be d~ to isolate ad

cha~tractwe the podc fmnd in the reaction, Of OZYSM Mftluoida

vith dinotylnitrox*amin. Atztntiom will A~s be diriected to a fortbhw invew-

tiaiosof the oamygý d~uaL rmtion, wyttx it the use of a

aqu~eous uorkqi prog A-hwe, In an attewt to 1isIou (CH rr P's rdut

3. TheamcmdinLai a culadtions CIE possible k&&-pwft~zue rystmo

wiUL be cwxtiujed,.

C. Elbcow-awto tests wil by& imitlatM on--- i~zectst b1lI faUel with

percbloryl fluoride.,
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solvw~t .-- z~e ____

n-Hfeptane (ThllUp'sASH305

n-Hezane (Nri.fied) 10.5

Carboctraclwd (Spectro Grade) 991

Carbcw etablrd (spectro Grade) 9

Carbmx retrachioride (Spectro Grade)985

Pre= -113, =g1~ - C ?10a

water 991

Saturjt~ed calciumabdrzd (0#2 Cas:))

Water/acjetic acid 5:1) lw7

Carboo teMr 1oride/acetic aCid (5:1.)

'Table
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TABLE 2

COID4GPAMO OF VARI0OS "XIDIZEU S IN A HYBRID

SYSTEM USIN Ala, AS SOLID FUEL

Oxidizer IWliA 51H ~ 90% H20

Emoellant COUOSn1O

Al VM, S w% 37. o3.0 41,.5 53.9

Binder, wt % 9.3 7.0 1o.9 0.0

Oxidizer, wt % 53.4 65.0 48. 46,

Specific IUulse, lbf-sec/lbm

(1000/l1-.7 psia) 299 289 39 31.2

Chamber Teggerature, 0K 1 ,W W21. 3:-L64 3533

Exhaust TLhi:v&F e, tK 2387 2B19 2026 2562

mole/10Q g Al203 (I) o.0179 0o000 o.646 0.596

A1 03 * )0142 0.467 0.046 0.302

H 2 .861 19120 4*28 4.oo7

H 0.199 0.413 o.,146 o.033

co o.664 o.499 o.7To

HCl 0.511

C1 0.124

So .63 4

N 2  0 -3

Total mole of gasl100 g 4.299 5.768 5.21, 4.64

•Recently published data show that Al 0 does not ist as a vaorp but dLssoc-
£ates to A1O and AlQ. These data afetbUins evaluated and will be usej, uf
necessary, to corrfcU the calculated impul,5 valu. Preliinwry calculations
"with thzse now data indicate an I theoretical value because of the
greater number of woles of gas that are fo=sd in the dissociation process than
are fo=ed in thes ve•-*dzatio. proce.,.

C NF I D E N T I A L TaZw2
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Report 40 ?b.Iv

IWFET OF CWIMM MISVURE Off MME CWU IA1

Bin~derTO

Olddze= 65.o

Gh~ber preasure, psia 1000 300
M md,,r 58ea u a O 0 k3 3"1

Exhems~t temeatmaj 0 219 M90

Specific imuluse, Ib~f-iw*4T 28 25D

0M~ber coupouiticu~

mole/IOOg AlO-jv .47O46

H 2  1 A 1079

co 0,8~ 499 Ag

UCI 0.5i 1. OIDw79,

cl e2ý 0J21 .4,h1555

HF o.6Yi k.3

Total gas 3*83,W
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CO0`N F I t N T'sAt

Repczt No. IWO

GOPARICSOU 0 Ul AMI AlM AS SOLID FUELS IN

mmRI SYSTMt USING 'V~2 AS OMh)IZR

solid fuel At 4li1

At %solid fun? 2610 1#

Wt % binder, (al) x5 i7.04

Wt % oxid'zer,? 90% ii2O2 51,548eI

Specific impulse,? lbfewsecllbm

(loooIU.y psis) A3031

Chaikei taveratureOlt 2-9606 N

&mt tawperatwze, OR 1650 21026

Ghbcor ccnwposL"t~on

M01ln4lOOf Al 0 {e) G;08ýc 0"A6

Alh~)0412 ox01 6

H0.00W otc;* 46

Total, tlwtnf gms 4*592 50205

lOAITfbc wi&u":ionA vat Opci~itr4 20r tbs p*cticuln CoMionnts: but Wth4 cc
"etire t a to W* newa optita.
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