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STUDY OF PREIGNITION PRGCESSES IN
ZIRCONIUM, TITANIUM, AND ZIRCONIUM
HYDRIDE

B. M. Zlobinskiy, V. M. Maltsev
and V. V. Kurylev

Moscow Institute of Steel and Alloys.
The Department of Industrial Safety
Measures

The study of preignition processes stemmed from the need to
more fully explain the ignition and combustion mechanisms of metals.
The experiments were carried out on particles of electrolytic
zirconivm (99.96% Zr), megnetothermic titanium (94.6% Ti), and
zirconium hydride (ZrH;).Y

Microphotographing technique is being used to estimate the
growth of oxide films on metal particles (ranging from 100 to
520'um) under conditions of dynamic heating. Graphite plate
ﬁMG-i) with the dimensions of 8x18x5 mm was used as the heater-
subs ‘rate. The heating was accomplished by an electrical current
from a network of alternating voltage, which was fed to the plate
through a rniversal power unit. The heating rate was rezulated

in the range from 20 to 90 deg/s. Temperature of the particies

S A g

3 3

lpor 1 g of metal there is 240 cm
of oxygen.

nf hydrcgen and less than 0.2 cm
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and the heating rate was reccrded by means of Chromel-aluminum
thermocouples inserted into the graphite heater. The behavior

of the particles during heating (change in slape, surface structure)
was recorded by means of the motion-picture camera RFK-5 with the
ald of the MBS-2 microscope. To determirie the temperature of a
particle, particles (300-500 um in size) with different melting
points were transf:’red tc the graphite plate. The heating of the
graphite plauve and the motion-plcture camera were switched on
simultaneously. The moment of fusion of the particle 'was recorded
on the film (in this case the particles assumed the shape close to
that of spherical). The melting point of particles was determined
using the speed of heating, speed of the film, and the final
temperature of the heater.

In developing this method {based on several tens of experiments),

a graduation graph was plotted and the reliability of temperature
determination was verified. The absolute errcr comprised *8°.

The experiment was cavried out in the following sequence. A
small amount of metallic powder of certain fraction was placed on
a slide and the size and shape of these particles were estimated by
means of the MBS~1 microscope. The particles were measured in
two mutually perpendicular directions and the arithmetic mean
value was used as the value of the mean diameter. The accuracy
in determining the particle size by means of the microscope is
5 um.

The particles selected under the microscope (with shape close

to that of spherical) were transferred to the center of the graphite

heater by means of a specilal spicule. During the experiment the
heating of the graphite plate and the motion-picture cameras RFK-5
were activated simultaneously. The particles were heated to 900°.
After the experiment the partlicles, cocoled to 20°, were photo-

graphed again. In this work we also carried out visual observations

(throrugh the microscope) of particle behavior during heating.
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The obtained films were processed on a small slide projector
DM-2 (total magnification - 290, to 300). The particle size was
measured in tw» mutually perpendicular directions and their average
size was determined. The thickness of the oxide film on metal
particles was estimated using the difference between the sizes

of the oxidized particle and original particle with consideration
of thermal expansion. 'The maximum error in the measurement of
thickness of the oxide film was #1.33 um.

The figure shows the growth of the oxlde film A on the
zirconium, titanium, and zirconium hydride particles as a function --
of the heating temperature (A - true increase in the diameter of

the particle). The behavicr of the zirconium and titanium particles

absent in both of them, i.e., the oxidation can continue even when
the particles are coated with a layer of hard oxide. With an
increase of temperature from 20 to 200° the increase in the average
diameter of a particle is insignificant. Apparently, at these
temperatures the dissolution of oxygen can be disregarded [1].

40
1. : )
: Increase in the oxide
/| film A on metal parti-
& 1}4‘__ d - cles as a functlon of

the heating tempera-

; //'. L ture. Particle diam-
< ) eter - 200 um, heating
’ ,// rate - 30 deg/s.
v Key: a) Cooled to
7 /}3“ 205¢. (a) ¢
- V.

L"‘ Joo Q'JF 7 FIvy 3:?0 °c
(a

The heterogeneous reaction is assumed to occur in the tempera-
ture range from 200 to 300° for zirconiim and from 300 teo 380°

FTD~-HT-23-2294-74 3

is very similar: the interface between the oxide and metal is ——ain

PRI P O e aaal

B e L K ah o sl o R




ticles change their cnlor and become bluish black, and at 300° for
zirconium and 380° for titanium the particles begin to acquire a

fcrmed as a result of reactlion covered the remaining part of the
metal and prevented the heterogeneous reaction from passing to in-

zirconi.m and 380° for titanium) to 900° there occurs an intensive
rise in ti.ickness of the oxide film on the particles dﬁe to the
heterogeneous reaction (zirconium 100 um=A=A'-6=35.1 um, where

§ - calculatea increase in particles due to thermal expansion,

A' -~ mean absolute increase in the particle dilameter; 200 um-A=
=48.7 um; 300 um=-A=52.4 um; titanium 100 um-A=33.1 um; 300 um-A=
;'36.3 um.

The heat released during tihe heterogeneous reaction is ex-
pended primarily f'or heating the entirc mass of metal particles
in the form of heat conductivity and is partially lost in tne
surrcit.nding medium. Stresses arise in the oxide film due to an
incrense in the temperature of the heater (dynamic heating was
accomplished in the experiments) and due to the heterogeneous
reactlion occurring on the surface of metal particles. 'The
stresses increase when the oxygen diffuses inside the particle,
as a result, the oxide film cracks and is partially frazctured.

sive growth of the oxide film on the zirconlum and titanium par-
ticles (up to 900°). After cooling the zirconium particles be-
ceme duil-white, while titanium particles - yellowish-dull in

" color.

ture data tha% zirconium hydride is easily ignited [4], however

£53.
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for titanium. (At 200° for zirconium and 300° for titanium the par-

red color). This process 1s a slow surface burning. The oxide film

tensive combucstion. With an increase in temperature (from 300° for

The nitrogen in the air also facilitates the increase in the break-
dowr: of the cride film (2, 3]. These occurrences lead to an inten-

o
IR

In addition £ metals a study wag carried out on the preigni-
tion processes of zirconium hydride. It is known from the llitera-

the ignition point of hydride is higher than that of pure zirconium
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Under the experimental conditlions the behavior of the zir-
conium hydride particles is similar to that of the zirconium and - =’
titaniuvm particles, but with a more complex mechanism; with an
increase in temperature from 20 to 200° there is an insignificant
increase in the diameter of particles (100 um-A=0.2 um; 200 um=A=

0,5 pm; 520 um-A=3 um). In the temperature range from 200 to

300° - start of the heterogeneous reaction. A further heating to

900° leads to 2n increase in the particle size (100 um=-A=7.5 wn{

200 pm-A=18.2 um; 520 um~-A=27.5 um). '

Apparently, the oxidation follows the following scheme: de=~
hydrogenation from the particle surface; interaction between the
metal and oxygen; interaction between the metal oxlde and hydrogen.
This oxidation mechanism continues throughout the entire heating
process. This also explains th2 relatively slight increase in the
8ize of zirconium hydride particles. This mechanism is also
supported by a decrease in the particle diameter during cooling
as a result of a continuing decomposition of the hydride. After
cooling the zlirconium hydride particles have the color of zirconium
oxide.
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