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A STUDY OF PRE-IGNTTION PROCESSES IN ZIRCONIUM, TITANIUHM

AND ZIRCONIUM HYDRIDE

B. M. Zlobinskiy, V. M. Mal'tsev, V. V. Kurylev

Moscow Institute Of Steel and Alloys. Department for measures
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for protection of labor.

The study of the pre-ignition processes arose from the need
tc more completely explain the mechanism of ingniticn and com-
bustion of metals. Experiments were conducted on particles of
electrodeposited zirconium (99.96% Zr), magnesium-thermal titanium
(94.6% Ti) and zirconium hydride (ZrHy)®*, [Fbotnote: for 1 g
of metal, 240 cm3 of hydrogen, less than 0.2 cm3 of oxygen.]
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For evaluating the growth of oxide films on metal particles

(with a size from 100 to 520 pm) under conditions of dynamic _ff ;
heating microphotography was used. A graphite plate, 8 X 18 X 5 mm, ';?4 ]
was used as a heating base. Heatling was accomplished with an ég;; F
3 electric current from and alternating voltage network which was 'j%;‘_
1 supplied to the plate through a universal povier-supply unit. '%gh E
i The heating rate was regulated within the limits of 20-90 deg/s. iﬁ%'
: The temperature of the particles and the heating rate were reg- ggié ]
istered using a C-A thermocouple in the graphite heater. The 5%%?
behavior of the particles during heating (change of shape or fﬁi}’ ]
surface structure) was recorded using the movie camera RFK-5 ‘fzﬁs ¢
and microscope MBS-2. For determining the temperature of a par- zfég f
ticle two particles with different melting temperatures were ??ﬁé' 1
; transferred to cach graphite plate (size, 300 and 500 um). Heat- ié;g '

ing of the graphite plate and filming vere begun simultaneously.

pi
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The moment of melting was recorded on film (at this time the par-
ticle took on an almost spherical shape). The melting temperature
of the particles was determined on the basis of the rate of heat-
ing, the rate of film advance and the final temperature of the

heater.

During the development of the method (on the basis of several '_uf
) dozen tests) a calibration graph was constructed and the reliability A ;

FTD-1D(H3)I-2429~7% ;
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of temperature determination was checked. The absolute error was
18x.

The experiment was conducted in the following manner. A
small quantity of metallic powder of a determined fractlon was
g sprinkled on a slide and using microscope MBS-1 the size and shape
of the particles was estimated. The particles were measured in
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two mutually perpendicular directlons and the mean arithmetic
value was taken as the value of the average diameter. The accuracy
of determination of particle size using the microscope was 15 um.

The particles selected under the microscope (those close to
spherical in shape) were transferred to the center of the graphite

TR PN R s e G T TR R T T A R T T TAS

plate using a special needle. During the experiment the heating
of the graphite plate and the running of the camera RFK-5 were
begun simultaneously. The particles were heated to 900°. After
the experiment tne particles which had cooled to 20° were once

again photograpred. Visual observations were also made of the
behavior of the particles during heating.(through the microscope).

The films were processed on a small slide projector DM-2
(overall magnification 290-300 times). The particles were meas-
ured in two mutually perpendicular directions and thelr average
size was determined. The thickness of the oxide film on the metal
particles was =stimated on the basis of the difference in the
size of the oxidized particles and the initial particles taking
into account thermal expansion. The maximum error during measure-
ment of the thickness of the oxide film was %1.33 um.

. The figure shows the dependence of the growth of the oxide
film A on particles of zirconium, titanium and zirconlum hydride
on the heating temperature ( A is the actual increase in the
diameter of the particles). There are many similarities in the
behavior of partizles of zirconium and titanium during heating:

they lack a clear surface of separation between metal and oxide,

i.e., oxidation may continue even il the particle is covercd with
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a layer of selid oxide.
20 to 200° the incr
is irnsignificant. Apparer

.

With an increase in the temperature from
ase in the average diameter of the particles
tly at these temperatures the dissolution

of oxygen can be disreparded [1].

The dependerce of the growth cf

\.
\

an oxide film 4 on metal particles
Dia-
meter of the particles 200 ym,

30 deg/s.

to 20°C

on the heating temperature.

rate of heating

cooling

omeszoee (1)

.“) ~

The beginning of heterogeneous reaction 1s assumed to be in
the temperature interval from 200-300° for zirconium and from
300-380 for titanium. (At a temperature of 200° for zirconium and
300° for titanium “he particles change color and become blue-black,
and at a temperature of 300° for zirconium and 380° for titanium
they hegin to acquire a red color). This process 1s slow surface
combustion. The oxide film which was formed as a result of this
process covered the remalning part of the metal and prevented
transition of the neterogenecous rcaction into intense combustion.
With an ‘nerease in the temperature (from 360° for zirconium and
380° fer titanlun) the oxide film taxes
place on the particles az a result of th~ heterogencous reaction
(zilrconium 100 un= 4 =8 -&=35.) um, vhere & 1is

: . . .
grovwth of thw particlel;u: to themnul expansion, o

to 900° intensc growth of

the ¢o2lculated

is the average
absolute increuse in the diumeter of the parcicles: 200 ym- 4 =
=h5.7 pm; 300 wi- 6 =52.4 um;  titanium 100 um-y =20.6 um;

200 pm=- 4=

33,0 w300 um=4 =36.3 um,
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: Heat liberated during the heterogenecus reaction 1s expended
2 for the most part on heating of the entire mass of the particle

R

: of metal by thermal conductivity and is partly lost to the sur- Q%?

1 rot. 4ing environment. Stresses arise in the oxide film due to ﬁ;' i
i the increase in the temperature of the heater (in the experiments ;fﬁ' ;

] ’ heating was dynamic) and as a result of the heterogeneous reaction, R "]
z taking place on the surface of the metal particles. The stresses g%ﬁ %
; . increase during diffusion of oxygen intc the particles and as a ?E% J
g result the oxide film cracks and is destroyed. Nitrogen is pre- éif 3
b sent in the air which also contributes tc and accelerates the igﬂ E
: destruction of the oxide film [2,3]. These phenomena lead to the &

é intensive growth of the thickness of the oxide film on particles Jep

: of zirconium and titanium (up to a temperature of 900°). After g

cooling the zipconi articles are a dull white color and the
titanium particles a dull yellow.
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Along with the metals a study was made of the pre-ignition
process of zirconium hydride. From published data it 1is known
that zirconium hydride ignites easily [4], but the ignition
temperature of the hydride is higher than that of pure zirconium

3%

1
N

e
&

g (51. s :
2
; Undei* conditions of the experiments the behavior of zirconium igi 3
g hydride particles resembles the behavior of zirconium and titanium {éﬁ ]
A particles but with a more complex mechanism; with an increase Ex g
f in the temperature from 20 to 200° an insignificant growti of the ;%%E ‘ 1

IS %
S
R

diameter of the particles i3 noted (100 ym- A=0.2 ym; 200 ym- 4
=0.5 um; 520 um-A =3 um). In the temperature interval from

200-300° lies the beginning of the heterogeneous reaction.

Further heating to 900° leads to an increase in the size of the

particles (100 pm- A=7.5 pym; 200 ym~- p=18.2 ym; 520 ym- p=27.5;m).
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: g Oxidation probably proceeds according to the following scheme: ;
dehydrogenation from the surface of the particle; 1nteraction
5 of the metal with oxygen. The described mcchanism of oxldation
3
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takes piace during the entire pracess of heating. Thic also

explains the relatively small increase iIn the size of the zir-
conium hydride particles. This mechanism 1s also confirmed by A%
the decrease in the diameter cf the particles during cooling £y
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as a result of the continuing decomposition of the hydride. After o

Gevs
: ! cooling the zirconium hyduride particles have the color of zircon- ;jf_, :
ium oxide. SRz
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