Www AR R .~ TN AN RS
S = R I oo
- R - - TR e o

“w
3
s
B
<
4

AD-785 988

BRI

et

COMBUSTION OF MIXTURES OF METAL SUL-
FATES WITH MAGNESIUM OR ALUMINUM

A. V, Vasilev, et al

Army Foreign Science and Technology Center
Charlottesville, Virginia

4 S ok, 5 SR e

19 November 1973

T T AT Tty i
o oo fall il B S e o B b

e

AR A R,

R R

Wit iy

DISTRIBUTED BY:

4 ,‘/1 i/

Natienal Technical Information Servics
U. S. DEPARTMENT OF COMMERCE
5285 Port Royal Road, Springfield Va. 22151

N /I f
a el kA + P

M s e R S G ht

E: &




U.S. ARMY FORZIGN SCI=NCE AND TECHNOLOGY CENTER

In Reply Refer to:
FSTC-HT-23-1304-73
DIA Task No. T70-23-01 Daze: 19 November 1973

ENGLISH T'TLE:

Approved tor public release  Dhstribution unlimatd

DEPARTMEN™ OF THE ARMY

220 SEVENTH STREET ({E,
CHARLOTTESVILLE, VIRGINIA 2290t

TRANSLATICN

Combustion of Mixtures of Metal Sulfates
with Magnesium or Aluminum i

SOURCE: Fiz. goreniyatvzryva, 1971, pp. 150-152 , .
%
AUTHOR: Vasilyev, A, V., V. V. Gorbunov, and P [
A. A. Shidlovskiy . :
LANGUAGE: Russian ~ 7z "r‘”z
COUNTRY: U.S.S.R. _ 00T o i3
. . e thr
REQUESTOR: ™ Kane UuisCiiod U
- B o )
TRANSLATOR: Leo Kanner Asscciates, Redwood City, CA (DPS) §
ABSTRACT:. Data are presented un heat of combustlon, criti- %
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Thereis little-data in the literature on combustion of mix- i :i
tures of sulfates with magnesium or aluminum., It is known that i &
some of them ignite upon heating [1], and that barium and calcium 3 ¥
sulfates have been proposed as oxidizers in pyrotechnic illumina- H 4
ting mixtures [2]. Anhydrous sulfates yield to nitrates as oxi- H 5
dizers, since they require considerably more heat for decomposi- H 3
tion according to the scheme MexSOH9MexS+202. The oxygen content ; 3
of the sulfates is comparable with the oxygen content of the nitrates H *
of the same metals. E

Together with mixtures containing anhydrous sulfates, there has
been interest in research on combustion of mixtures of magnesium
{aluminum) with crystalline hydrates of the sulfates. Mixtures of
these metals with water are capable of burrning [3]. The water
contents in such c¢rystal hydrates as Na2804.10 H2O and Mgsou.7 H20

is higr (56 and 51 wt. % respectively), and the total oxygen con-
tent 1z considerably higher than in NaNO3 (see table).
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The combustion of stoichiometric mixtures of magnesium : §
(alumirum) with anhydrous Li, Na, K, Mg, Ca, Ba, and Cu sulfates ; 3
and the crystalline hydrates Nazsou.lo H20, MgSOu.7 H20 and 3
FeSO,.7 H O were studied. Magnesium (aluminum) powders had an z
activity of 99.6% (92.5%) and an average particle size of 35y §
(lu ). Analytical grade reagent and chemically pure grades were &
used as oxldizers. The particle size of all oxidizers was less g
than 250 u.

Determination of the critical combustion diameter (dcr) was %
carried out at p = 1 atm in air. The mixtures were placed31n §
glass beakers, and the charge densities were 0.8-1.0 g/cm :
(Kyaep = 0-2=0.5). The relationship of combustion rate to pres- :
sugg 5as s*1»."'ed 1In a constant pressure bomb, in a nitrogen 1
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Separate tests were carried out in argon, and

they gave the same results as in nitrogen. The charges were
grains(Kpack = 0.8-0.9), 15 mm in diameter, jacketed with a

cellophane strip on the sides and solidly set into a glass tube,

A 12.8/87.2 wt., % Mg/Ba.O2 mixture was the igniter, which was

initiated in turn with an electric coil.
movlie camera was used for determination of combustion rate.

-

A photo recorder or

tsb] 5C.
. She | £ 1l |smmme et v | e o
Oxucanteas o 28| ox : o | e xnastiz P=1arv. ax
SR | 283 |mg | &t [ me | m My 2= | A -y
1,50, 58 | 343 | 47 | 36 |10 1620 | 42 714
"Na,50, 45 | 3 40 | 33 {1400| 1360 | 42 74
K.SO, 37 | 343 | 3% | 2 |1230f 180 | 42 1210
- MgSo, 53 1 306 | 44 | 37 [1620f 1610 | T4 16112
Caso, 47 | 392 | 42 | 33 j1z00] 470 | 4/3 1712
BaSO, 27 | 350 | 30 | 23 Ji1eo0i 96 | 35 17112
" CuSO, 40 | 184 | 33 | 31 Lsioi 1560 | 704 10/7
Na,50,-10H,0 70 1 1033 | st | w4 Doy w610 | 40 20117
.MgSO,-7H.0 7 09 | 52 | 45 (1670 1670 | 108 -6
FeSO,-7H,0 63 | 7i9 | 49 | 42 {16301 1620 | 86 13112
H;0x. ¢ 89 | 68,4 | 57 | 50 11660, 1810 | 1210 | 3225
NaNO, 36 n2 | 42| 35 2050 200 | 32 —
Key: a., Oxidizer
b. Total oxygen content, wt. %
¢. Heat of formation, AH kcal/mole

d. Me content in stoichi
e, Calculated heat of combustion in mixture, kcal/kg

f. 4

c
g. H25

gmdt

of combustion at p =

(2)

ric mixture, wt.

1 atm, mm

-4
»

The smallest combustion dcr were observed in mixtures of

magnesium with LiZSOH, Na,S0y, KQSOM and Nazsou.lo H
mixtures had a dcr which was almost the same as a stoichiometric
Upon substitution of aluminum for

mixture of magnesium with NaNO3.

magnesium, d c

2

0.

These

r of the mixtures increased particularly sharply in
the case of some crystalline hydrates (five times for Naesoh.lo HZO)‘
Combustion of the mixtures of metals with crystalline hydrates was

accompanied by scattering of the charge, and it proceeded less
stably than in mixtures with anhydrous sulfates,
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The combustion rates of mixtures of magnesium with Lizsou,
NaZSOu and KOSOu remained constant over the pressure range of
1-102 atm (fig. la). In the mixture of magnesium with Nazsou.10H2O,

a rapid increase in combustion rate was observed from 1 to 10 atmj
at higher pressures (up to 100 atm), the combustion rate was con-
; stant, Dut less than in mixtures with anhydrous NaZSOu. A mixture

of magnesium and water burned considerbly slowe» than a mixture
with the sulfates., Its combustion rate remained constant over
the 20-100 atm pressure range. A change 1in packing coefficlent
of the mixtures of magnesium with Lizsoq and Na,SC,, from 0.6 to
0.9, had no effect on the combustion rate vaiue. Tests carried

out at pressures of 20 and 80 atm, using NaZSGH’ having particle

sizes < 50, 50-63 and 100-200 y , showed that the particle size
of this oxidizer has no effect on combustion rate, The combustion
rates of mixtures of a2luminum with the same oxidizers (see Fig, 1lb)
increased negligibly over the pressure range from 20 to 100 atm

(in the case of K SOy, from 4o to 100 atm). They are more diffi-
cult to 1gnite, aﬁd they burn approximately three times slower
than the corresponding m%gtures with magnesium.,
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Fig. 1. Comhustion rate vs. pressure

of mixtures of magnesium (a) and alumi-

num (b) with Li,80, (1), Na,S0, (2),

KpS0y (3), Na,S0,.10H,0 (4), and H,0 (5).
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Key: c. Up, g/cm2.sec.
d. p, atm
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The combustion rate of mixtures of magnesium or aluminum
with Mg, Ca,Ba, and Cu sulfates and the crystalline hydrates
MgSOu.7H20 and FeSOu.YHZO increased with increase in pres<ure

(Fig. 2a, b). It is clear from the examples of MgSO, and MgSO,
.7H20 that, as in the case of NaZSOu and Nazsou.IOHZO, the
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presence of water of crystalllzation decreases the combustion rate
of the mixture. Mixtures of aluminum with CuSOu and CaSOu burn

somewnat more rapidly than mixtures of magnesium with the same
oxidizers, at increased pressures.
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Fig. 2. Combustion rate vs, pressure

of mixtures of magnesium (a) and alumi-

num (b) with CuSO4 (1), BaSO,(2), MgS0,(3)
Cas0, (4), FesSO,.7H,O0 (5) and Mgdo,.7HIO (8).
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Key: [c, d, same as in fig. 1.]

The oxldizers used can be divided into two groups, by the
nature of the resulting function Ut = f(p);

k- (1) Li,S0,, Na,S S0,, Na,S0,.10H,0 and H,0, forming

& mixtures wlg agnegi N tge combu tion rages of wﬁich are inde-
pendent of pressures; in the case of aluminum, the combustion

rate increases negligibly over the 20-100 atm pressure range;
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(2) Mgsog, MgSO 0, Cusog, CaS0,, and FeS0,.7H,0, in which :
on

their combust rate wigh magnesium or aluminum i c gse with in-
crease in pressure.
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The fact that the sulfates of lithium, sodium and calcium melt
without decomposing, at temperatures of 885, 860 and 1070°C, re-
spectively, attracts attention. Apparently, oxidation of magnesium
in burning of mixtures with these sulfates, proceeds predominantly
in a melt of the oxidizer, i.e., in the condensed phase. It is
possible that oxidation of magnesium takes place partially in the
condensed phase and by 1its burning in a mixture with water. In-
creased pressures facilitate this., The lower oxidizing power of
water vapors with respect to aluminum are caused by a sharper de-
crease in combustion rate of its mixtures with crystalline hydrates

(compare Na SO and Na,S0,.10H,0 in mixtures with magnesium and
aluminum) aﬁd a considg ale 18crease in dcr’
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The sulfates of metals which decompose upon melting or
below the melting temperature (CuSOu) are in the second group.

Upon combustion of mixtures of these sulfates with magnesium
) (aluminum), a bright flame forms over the surface of the charge.
2 The slag becomes porous and wrinkled. Apparently, combustion of

: the metal takes place in the smcke-gas phase, formed by the pro-
ducts of decomposition of the oxidizer. The use of the acid salt
NaHSOu, decomposing at 320°C, in a mixture with magnesium, in place

of Nazsou, led to an increase in rate with increase in pressure,

ons o s -

8 The differences in dependence of combustion rate on pressure

; of mixtures of magnesium and aluminum with the sulfates studled
can be explained by oxidation of the metal in a melt of the sul-
4 fate or in the gaseous products of decomposition of the latter.
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