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- 8ix p-formylidene a.nd 8ix p- fmfuryhdenea,mmea wera synthesmed and theff ignition delay with
red fuming nitric acid (RFNA) were measured by cup test method using a high speed camera. Structure—
hypergolicity correlation revealod that a p-methyl group inhibits hypergolicity whereas a p-methoxy

 group accelarates it.  Similarly oxidizable non-conjugatetbenzene rings increase .hypergolicity whereas

_conjugated benzene rings decrease it. On compacting, the pformyhdene &msxdme was found to be

- hypergohe w1th an 1gn1t10n delay less than 100 milliseconds. .

o

Some of the formvhdenﬂ and furfuryhdeneammes areknown hybrid rocket fuels whichare self—1gn1table
(hypergohc) with the most commonly used oxidizer, red fuming nitric acid (RFNA)L2. Ttis believed that
like amines- these Schiff’s bdses undergo salt formation, nitration and oxidation with RFNA in the pre-
ignition stage 13. However no comparative study estabhshlng structure and hypergolicity correlation has
appeared in literature for Schiff’sbase—RFNA systems This prompted us to synthesize several formylidene-
and furfurylideneamines and study their hypergolicity Wlth RFNA to arrive at certain mtérestmg
structure—hypergolicity correlations.  : - . e

3 ' S ) N

METHODS AND MATERIALS
Pwepamtwn of Formylidene and Furfwyl@deneammes k

The amines used to synthesize the Schiff’s bases were either 11qu1d hke amhne or solids like p- anmdme
p-toluidine, benzidine, diaminodiphenylmethane and p- -phenylenediamine. = While using aniline to
make Schiff’s bases following. procedule of D’Alelio? was used. 3

Aniline (0-1M) was added slowly with stirring to fomaldehyde (0- 1M, 379, Formalin). Mixture was
allowed to stand and stirring was continued till the reaction produced a solid material. The precipitate was
filtered, washed with water and dried in oven at 75°C. The product wasrecrystallised from ethanol. While
making the fu1fury11denea.nﬂme by the-aboveprocedure, solid did not separate readily from the reaction
mixture when formaldehyde wasreplaced by furfuryaldehyde, However the whole reaction mixture solidi-
fied after keeping for a week. The solid was washed with dilute ethanol dried and used w1th0u’c further

‘ purlﬁca,tlon

. Schiff’s bases staxting from, solid amines were yrepared by the method described by Hanumanthu and
Ratnamd for benzidine-benzaldehyde anil, replacing benzaldehyde with’ formaldehyde or furfuraldehyde
and using different amines. For example, p-amsuime (0-05M) was dicsolved in methanol (€0 ml) and to the
clear solution, forma.ldehyde or furfuraldehyde (0-05M) was added dropwise with stirring. The precipitate
was filtered and washed with methanol and dried in oven. These Schiff’s bases, however, could be recrys-
tallised from ethanol. When diamines were used to make the Schiff’s bases, 1: 2 molar proportion.of the

amines and the aldehydes was employed. The Schiff’s bases were characterised by their melting points
and TR spectra taken for the mullsin nujolin a Perkm—Elmer No 457 double beam spectrometer The

* characteristic data are given in Tables 1 and 2. o

—

‘ Measurement of Ignition Delay

- The ignition delays (LD.) of dlfferent Schiff’s bases (partlcle dia, 223.6u; passmg throfagh a ‘7 2’ mesh
sieve) with RENA (HN Oy, 76%, N20,, 21%; H3PO,, 1.0%; HF, 0.3—0.5%; H,0, 1.7%)were measured
by the ‘cuptests™® method at theToom temperature and pressure... The weighed quantity of fuel (075 gm)
was taken in a cylindrical glass dish (dia 5 cm) and the requisite quant1ty of RFNA was added to this with
the help of a graduated-dropping tube (inner dia, 0-2 cm) by releasing the vacuum applied to the tube t6
- suck the acid in. Ignition delay was measured as the difference in time between, the acid touching the fuel and
the appearance of a flame using a stopwatch where the I.D. values are more than 0-1 sec. For L. D values
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less than O 1 sec, an. Acmade high speed camera (500 frames per second) was used. Better records were:
obtained by photographing the shadows obtained by selectively illuminating the graduated dropping tube:
- and the cup beneathl it againgt a Whate screen in a dark background The results are given in Tables 1

and 2. N

o

TABLE 1 S . ‘ -~ ~
PHYSICAL AND' comﬁsmog CEARACTERISTICS or FORMYLIDENEAMINES &
Compounds -~ =~ ™ . M:P. v0U=N* . p==CH**  Fuel/ ID. - . Natureof the flame
o ‘ ‘ , Oxidi- . * " ¢aver-- . .. S :
- ser, by Yage,)» S ) -
. . -weight sl ] - s
e : ... (ophi ‘ e ‘
‘ C)  A(em7) . (em™) mum). . (sm) P e
1. Formylideneaniline ° - 152 1610(s) - 975(s) 1:1 - 015 Good ﬂame, no residue lef
2.. . p-Formylidenetoluidine T 116 -1640(s) - 972(s) 1:1 .0 45 Good ﬂame, o residue left
3. pFormylidenesnisidine - . 126 1605(s) 972(s) l:1  0:04¢ Verygood flame, no residue left .
4. 4 4'-Dif@ylid9nebenz‘idine . 218‘—223' 1625(s) 972(s) | F: 2. 0 -76 Weak flame, small’ residue left .
5. s p'—biforﬁylideneaﬁdmdiphmyf- . o : , S . -
: methane 158-160 ~ 1625(8) ~ 972(s) 1:2 . 045 Good flame, small residue left °
6. 1,4-Diformylidenephenylaminoben- AT D ‘: ) : »
zene 192-193 1620(s) 972(s) 122 0-10 Very good flame, no residue leftr
A - i - K - - N
* Agsignment has been done after Nakanishit®. B e
** Agsignment has beeri done after Bellamy?. , - . -
» : . . /
Y TasLE 2

- . \

PHYSIOAL AND COMBUSTION cnwmmmsmx’csﬂo;r rvnﬂukmmngimmms :

M.P.. =N v=CH— +Fuan* Fuél/.  LD. - Natureofthe

C und . . . Py AR
e ' ) R Oxidl- - (average)  flame
. zer, by - ‘ .
- A weight .
0) (om™1) (cm 1) {em™) . (optimum) - . (sec)
1. Furfurylideneaniline - 58, 1650(w) 962w) 890()  L:l 010 YVery good flame,
' ’ ' B T ’ o ) no 'tesidue left
» lidenetoluidine 4 1620(s) 962(2) 890() 1:1 030"  Very good flame !
2. pFurfur;t deneto e ’ 4 b vestdue s )
3. pPurforylideneanisidine . 52 1625(s)  965(s)  890(s) 1:1 0-046 Very good  flame, ’
) g - o ’ . . resmous residue’
4 4 4».])ifurfurylidenebenzidine . 212-213 1640(s) 962(s) 890(s) 1:2 060 Good _flame, smalf
T : ‘ ' : _ residie left
. fi hdeneammodl he- ’ - o :
5. " p pr-Difurfury P 85-87 1630(sh) 965(s)  890() 1:2 045  Good flame, smalf

nylmethane = residue left

. . (’
- D:.ﬂxrf ld e hen lamlno- b : i )
& I’btrnze'ne “Fy! e 164-165 1640(sh) = 946(s) 880(s) . 1:2, 0:30 Very good  flame,
S e ' e small residue left

* Awgn.ment has beeu done after Nakamshlu S : " ’
**I,D. values for the resinous solids melted and cooled to get flat Burfaces S . )
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RESTLTS AND DISCUSSION.

Ttis well known that in the pre-ignition stage the amines ind the Schiff's bases, hypergolic with RENA’
undergo several comsecutive reactions invelving salt formation as the first step followed by nitration. and:
- oxidation. This results in the production of gases which are raised to their ignition temperature by the heat
of pre-ignitien reactions minus the radiative and conductive loses, signalled by the appearance of 2 flame.
If we assume the heat of salt formation is comparable for compounds, 1, 2 and 3 of Table 1 (Fig. 1), it looks
that the heat of nitration and the rate at which it is produced is the deciding factor in fixing the.I.D; values
of these compounds. The oxidisability of these compeunds containing one benzene ring may be asstmed not; to.
vary much from each other. The rate of nitration of the phenylnucleusis expected, to be higher for compound
3 containing the o-p orienting—OCH, group than that for compound 1. In case. of compound 2, it seems that
—CH, group gets easily oxidised to —COOQH group which deactivates the phenyl uncleus resulting in a
decrease of rate of nitration. This is reflected in a higher I.D. value. Similar effect has been. observed by us
in case of p-methyl furfurylideneacetophenone’. Our argumentis alsoin line with Urbanski® whe desgribes the.
oxidiation of the —CH, group to —COOH group under nitration by concentrated nitric acid. In case of
compounds 4, 5,6, in Table 1 where two—N=CH, groups occur, thetheats, of salt formation also are expected

N A * N N s
Q=17
o W
: qp) ‘ . N !
—- P © Y o u,cu=cn—ﬂ OU
o H~3cN=CHz @
Lo 2) , ' usco—©-N=CH-‘[ ]
N o
\ : ~ - (3)
H3c0 @ N==CHz .~ E_/ﬂ o ‘ | ‘ I
. o )HC=NN‘:=CH o
Gy . \ ; R

”ZC:"””"Z @“‘::":jmﬂw'

4) | .

n2c=N CHy N=CH2 3]

(5) : Fig. 2—Structural formulae of compounds in Table 2.

Y

. © % In the literature® Compornd 1 has been described to

i be & trimer having a formula (CH;N = ¢F, s); Or probably
Mo C o= N==CH ‘ a cyolic structure analogous to thsp of the trialkyl -
Hp C==N FN==Lra trimethylenetriamine. This comipound, when heated to its
- ~ melting point, iy converted to a fusible and goluble polymer1®,
{6)

) (CiE,,N’.'a_ OH,)s. The cyclic formula does not explain
. polymerizatinn Our results are explained ‘on the basis of the:
hypothetical Schiff’s base structure.

Fig. 1~Struetural formulae of compounds in Table 1.
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to be @ompa,ra.bleL I—Iere the oxidisabilities of 'rhe backbone structures have been . purposefully
maintained different. . The highest ignition delay relates to the maximum stability of the two
con]ugated benzene rings of compound 4. In:compound 5 -this conjugation of the two benzene-
* ringsis broken by an intervening —CH,— group. Hence, ox1dlsab111ty of the compound with REFNA. goes up
lowermg the I.D. wvalue.In compound 6 only one benzene. ring js involved which provides comparatively
_less resistance to oxidation. This may be a possible explanation for its lower I.D. value. In Table 2 (Fig. 2)-.
" the corresponding furfurylidene derivatives of the compounds listed in Table 1 have been described: The
. pattern of variation of their I.D. values is exactly same as that in case of the compounds in Table 1. 'fhere-
fore we assume that similar explanations are likely to Lold good for the variation of their ID. values.
However it may be highlighted that the furan ring may undergo polymerization through an oxonium salt; -
formation, followed by the ring opening in the pre-ignition stage with RFNA. This has been indicated by
usin case of the hypergolic burning of the furfurylidene ketones with RFNA?. Polymerization as a
* pre-ignition reaction has been mentloned by Trent & Zugrowls, Whﬂe studymg the hypergohclty of
cyclopentadiene with WFNA

The fuel is pressed or cast into gralns from its powders to be used in the hybrid rockets. ThlS decreases»‘
the surface areg considerably. It is well estabhshed that I.D. values vary directly to the square root of the
diameter of the fuel particles®. Therefore the I.D. values reported in Tables 1 and 2; though provide a
qualitative indication of higher or lower hypergolicity, may not be directly usefulin actual firing. We
- therefore pressed all the solids into small eylindrical grains (flat surface area, 7-938 cm?; height, 0-239 em;
density, 1-082) and measured the ignition delay by dropping the acid on the flat surfaces of the grains. The
least I.D. value was obtained, for p-formyhdeneams1d1ne (nearly 100 m sec). This value could be further
decreased by using various soluble catalysts like potassium dlchromate with RFNA. Perhaps a p-me hoxy
group madp the benzene ring highly oxidizable. /
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