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EFFECT OF IRON OXIOE ON COMBUSTION
RATE OF MIXTURES WITH OIFFERENT
PERCHLORATES ¥

{Mosccw Tnstitute of Chemical
Technology im, D. I. Mendeleyev)

V. I. Avdyunin, N. N. Bakhman,
V., 3. Nikiforov, A. Ye. Fogel'zang,
and Yu. S. Kichin

In this work we étudy the effect of the nature of a fuel and
an oxidizer on the catalytic activity of Fe203.

The first series of experiments was conducted with mixtures
of ammonium perchlorate (PKhA) [MXA] with fuels of very different
compositions: polymethylmethacrylate (PMMA) [MMMA]J, polystyrene
(pS) [NC], carbon black, sulfur, and guanidine nitrate (NG) [H].
The second seriles of tests was conducted with different per-
chlorates: of ammonium, potassium (PKhK) [MXK], formamidine
(PKhF) [NX®], and tetramethyl ammonium(PKhTMA) [MXTHMA]J.

The grades of these substances: PKhA - technically pure,
PKhK - pure, PMMA - technically pure, carbon black - technically
pure, sulfur - sublimed sulfur, NG - analytically pure, Fe203 -
analytically pure, PKhF and PKhTMA - syntheslzed and recrystallized
from alcohol and water, respectively. All substances were
desiccated; PKhA, FKhK, PKhTMA, and NG were ground in a vibration
mill. By means of the P3Kh-2 device SyA was determined and the

average particle dimension @ was calculated, which for PKhA ~ ¢ um,

FTD-HT-23-934-72 1
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PkhK ~ 10 pm, PKnTMA ~ 10 pm, FMMA ~ 3 um, PS ~ 20 pm, carbon
black ~ 3 um, aulfur ~ 15 pm, NG ~ 10 .um, and Fe203 ~ 1.8 um,

The components were mixed on tracing paper with a rubber cork
and were pressed into brass cylinders with an inner diameter of
8 mm to a relative density of 0.92-1.0. The charges were combusted
in a constant-pressure bomb in nitrogen at a pressure of 70 atm.
A plezoelectric crystal pressure sensor was used to measure com-
bustion time, and the average combustion rate was calculated. The
effectiveness.of the catalyst 1s described by the value z = u/u

where u and ug 1s the combustion rate of & composition with and
without a catalyst.

]

I'ﬂ !“""‘I-.H‘ﬂ-—*
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% Fe,0y

Fig. 1. Dependence of combustion rate (a) and
effectiveness of catalyst (b) on per cent of iron
oxide in mixture of PKhA + fuel (a = 0.6 P = 70 atm).
1 - 3ulfur; 2 - Carbon black; 2 - PMMA; 4 - NG.

In the first series of experiments we took curves v - % Fe203
and z - % Fe203 (see Filg. 1). The overall shape of the curves for
all mixtures is the same, although on some curves there 1s a
definite maximum (PKhA without fuel, all mixtures when a = 2, and
all mixtures with sulfur when a = 1 and o = 0.6)}, while in other

curves this shape represents a plateau (a mixture with carbon

lg - the stolchiometric ccefficient: o = —™M __  yhere

’
(malime)emex

Mgy M, (mo)cmex’ (mz)cnex - are the parts by weight of the oxidant

and the fuel in the given and the stoichiometric mixtures, re-
spectively.
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black, @ = 1;.a mixture with NG, & = O. 6). The increase in z with

an increase in the % of Fe 1is steep, while the decline (to the

2%3
right of 7 ) 15 sloping. A catalyst effectiveness close to
maximal (z = 0 9 zmax) was reached at 1-5% Fe2 3 and was maintained

right up to concentration of Fe203 equal to 20-35%. However,
vaiues of Znax for mixtures with the studied fuels differ greatly.
It seems t! at here the nature of the fuel does influence the
effectiveness of the catalyst. Yet, if we plot the data for the
different miztures in coordinates 2nax~0 (see_Fig.‘2),_aii:of

the points are grouped,aroundﬁone curyel. In ¢his case the higher
the combustion rate of the inifial (withodt catalyst) nixture, the
lower will be the effectiveness of the catalyst?. This means that
the effect of the nature of the fuel is not specifice: if we
equalize values Uy (for example, because of the oxidizer content)
then the effectiveness of Fe, 0, in mixtures with the fuels which

2.3
we have studied is the same.

Fig. 2. Decline in effectiveness of Fe203

with an increase in the combustion rate of
the original mixtures: 1 - P£LhA + carbon
g i black, o = 2.0; 2 - 77% (30% PKhA + 70%
PKhTMA) + 23% PMMA; 3 - PKhA + NG, ¢ = 0.6
4 - PKhA + carbon black, a = 1.0; 5 - PKnA
+ PMMA, a = 0.6; 6 - PKhA + PMMA, a = 2.0;
7 - PKhA + carbon black, @ = 0.6; 8 - PKhA
+ PS, a = 0.15; 9 - PKhA {(withouvt fuel);
10 - PKXhA + PS, a = 2.1; 11 - 77% (50% PKhA
+ 50% PKhTMA) + 23% PMMA; 12 - (10% PKhK
+ 00% PKhA) + PMMA, a = 0.6; 13 - PKhA
+ PMMA, a = 1.0; 14 (50% PKhK + 50% PKhA)
+ PMMA, o = 0.6; 15 - PHhA + PS, a = 0.3;
16 - PKhA 4 sulfur, a = 1.0; 17 - PKhA
+ sulfgr, @ = 0.6; 18 - PKhK + PMMA,
& a = 0.

|
1In Pig. 2 the curve corresponds to the dependence Zmax~ "—;53{—
G
2'I‘he value of z #l50 dexlines with an increase in uo due to an increase in the
max .
initial temperature To (for example, for a mixture of PXhA/PMMA wheng = 1 at 20° C we have
= o
= 2 . = 1.05; = 20 5, L w 1.50). The position of
Y 12.2 mm/s 2"t B5; and at 150° ¢ U mm/’ i 50} p
z has a relatively weak dependence on TO' yet with a decline in the combustion rate to
max

the right of z 1t becoras more sloping with an increase in T° {Fig. 3).
max

FTD-HT-23-934-72 3
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Nevertheless, here we have a complicating factor:
mixture based on PKhA the "total"

fuel (for ‘example,

could be explained by -the fact.that

oxidizer.

We studied the effect of Fe203

and the mixture PKhK + NG (pure and
In all of these cases Te 0 was not

» s

in any'

fuel @ Siia mixturc of the "basic"

PS) and the ammonia , where the molecular
fraction of the ammonia 1s very significant
absence ofl H specific effect in the

Therefore, the
nature of the

"basic" Culel

Fe2Q3_acts on the ammonia !

on the mixture NHu NO
diluted NHMCI and NHuHCO b
effective (see Table 1).

3+ ‘charcoal

Table 1. Effect of Fe203 on the combustion of mixtures whose
gas 1ficat10n products contain ammonia but deo not contain perchloric
acid
u, mn/s
Mixture without
Fe203 1% Fe203 5% Fe203 ) |

NHuNO3 + charccal, a = 1 2.8 2.4 2.4
PKhK + NG, o = 0.6 19.4 18.8 17.5
85% (PKhK + NG, o = 0.6)

+ 15% NHQCI . 6.9 5.2 3B
80% (PKhK + NG, a = 0.6) ;

+ 20% NHuHCO3 : 10.0 9.8 8.5 | !

Hence it follows that Fe,0, either does not speed the =

oxidation of ammonia during combustion at all or speeds 1t, but
only when the oxidizer is perchloric acid or its decay products.

This 1s a problen whieh requires further study.

In the second series of experiments we tested the hypothesis
that the effect of the catalysts on thormal decomposition and,
possibly, on combustion of the perchlorates was related to the

+ HClOu

FTD-HT-23-934-72
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accelerated decomposition of perchloric acid [1 4]. From this
| standpoint Fe203 should be effective in compositions with °KhA

A i ot

and PKhF and should not be effective in compositions with PKhK and
PKhTMA. Actually, Fe 03 substantially‘accelerated the combustion

P of PKhF (without fuel; plexiglass shell withd . =8 mm):

3 . .

PRR . % Fe,0, 0 1 6 9.1 16.8 | 28.6
u, mm/s 13.5 | 26.4 27.7 26.0 24,0 ! 19.9

e M G

The 1ron oxlde had almost no effect on compositions with
PKhK and PKhTMA, which, it seems, 1s 1In total agreement with the
hypvothesls concerning the role of the catalyst on the decomposition
uf HClOu. Yet the combustlon rate of these compositions 1s high,
and judging from Flg. 2, this could be the reason for the low
effectlveness of Pe203 Actually, when the value of u, for
mixtures based on PKhTMA was reduced due to dilution, the effec-

. tiveness of Fe203 rose sharply (Table 2).

Fig. 3. Combustlon rate of

PKhA (without fucl) as a

functlon of the per cent of

iron oxide (tests with

plexiglass shells at P = 100 atm).
Tys °C: 1 - 205 2 - 100.

S
s U,usfs

it e

1

58 00
z'FEZOJ

R

: | Since 1in the primary decomposition of PXhTMA nelther per-
chlorie acld nor ammonia are formed, we should turn our attention
to other possible ways 1n which Fe203 could be effective (for

8 example, assoclated with reactions of chlorine oxides}.

As for mixtures based on PKhK, when thelr combustion rate

was reduced by introducing KC1l or A1203, the addition of Fe203

FTD-HT-23-934-72 5
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¥ was;;as-beforq, not effective (see Table 3 for the composition of
PKhK + PMMA). | 1
Table 2. . Effect of Fe203'on-combustion.of mixtures%based on
tetramethyl ammonium perchlorateucoﬁtaining different ‘diluents.
Composition, % uTOatm’ mm/s ' 3
Rl P RS e thotlty SR Ik !
PKhTMA PKhK‘ | npllueqt : Fe203 B 13 ngoj 1% Fe203 ¥
85 15 -~ 2fel 28.2 1.04
90 A T I S B R Qlie b 2R - fari L0
T3 13.6 9.1/ NH,C1 AROr 3 23.7 - 1.69
i I 12.5 16.8 .NH,C1. 8.5 18.8 2.21
65.4 L IRIE 55 2 3k 1 A1203; b =3 16.2 2.5
52.7 2.8 | 44.5 xc1 5.2 1047 2.25
55.5 - 44,5 KC1 e Bl 9.7 2.20
| _
Table 3. Effect of Fe203 on combustion of mixtures based on
rotassium perchlorate containing different diluents. ! .
, Urg gypm> T0/S
: Bhag without \ g
2 r
| Fe 0 1% Fe203 3% Fe203 5% Fe203
2.0 - 12.8 - 13w -
2.0 16.7% KC1l 8.8 9.0 - 9.1 .
0.4 14.2 14.8 14.7 14.9 '
0.4 13% KC1 11.9 12.25 - 1lg3
0.4 23.1% K21 8.6 5.0 - 8.7 .
0.4 16'7'AJ'E . SR 8.3 - -
0.4 50% Al ﬁ3 2.6 2.8 2.7 2.8

We note in conclusion that the results uptained confirm the
ideas of [5] concerning the concurrence of a homogeneous reaction
in volume and a heterogeneous reaction in the catalyst. With an

TD-HT-23-934-72 6
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Inerease in the rate of the homogeneous reaction! and, ~accordingly,
with an increase in Ug the contribution of the heperogenoous
reaction (which also means quantity z) must decrease, which is
observed experimentally. ! | |

|
A

One might think that thé catalyst acts on one of the inter-

F medlate combustion stages Actually, 2

reached with a relatively low per cent of Fe

has already been

20 This is related

¢ to the fact that by accelerating the given stage the catalyst will
accelerate the combustion rate only as,long as one of the: other
stages does not become limitirg.

CONCLUSION
: |
1. We have studied the catalystic eflfect of Fe

2 3 on the
combustion of mixtures of ammonium perchlorate with five different
; . fuels and of certain mixtures with perchlorates of formamidine,

potassium, and tetramethyl ammonium.

b 2. For mixtures based on ammonium perchlorate the effective-
ness of the catalyst, which is close to maximal, is reached with
only 1-~5% Fe203, while a substantlal decline 1n its effectiveness

: ‘ . is observed only at 20—35%”Fe203.

3. -In all cases the effectiveness of Fe203 decreases with

an increase in the comh.stion rate of the original composition.
The nature of the fuel was not observed to have a specific effect

on the effectivenes: of Fe203

L 4., An acceleration in the decomposition of perchloric acid
and an increase in the oxidation rate of ammonia are not the only

'As a result of the increased combustion temperature or the
transition to a more active fuel (but not because of pressure,
which can accelerate both the homogeneous and heterogeneous
reactions).

s

FTD-HT-23-934-72 7.3 . l
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posuible ways in which Fe O3 can be effeﬂtive, since Fe203

effectively acceJerates the combustion of dilute mixtures based

on tetramethyl ammonium perchlorate, where perchlorie acid and
ammonia are absent.
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