- 15 -

Specific Research Report of the Research Institute
of Industrial Safety, RIIS-SRR-NO.12 (1993)
UDC 546.65/546.131/614.833

3. HIFEHLR—E v 7 VIEAIRARDBRNK G

A &Y, KigkEZ*

3. Explosive Reaction of Rare Earth Elements with a
‘Halogen-Containing Solvent
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Abstract; A group of elements which are composed of 17 elements and are all belonging to Group
3A,ie. Sc, Y, La, Ce, Pr, Nd, Pm, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb and Lu, are designated
as the rare earth elements.

Nowadays rare earth elements have been extensively used as electromagnetic materials or as
parts of atomic furnaces.

Recently an explosion accident occurred, in a factory for manufacturing permanent magnets,
when a sort of alloy having a composition of 20% Fe-80% Nd was being pulverized using a
vibrating rod mill. The outside of the mill was water-jacketed and the air inside the mill was
displaced by nitrogen gas, and further flon-113 (CClpF-CClF3), an incombustible solvent, was
used as pulverizing medium. These measures were all carried out to make sure of the safe oper-
ation, especially to prevent the occurrence of any oxidative explosions in the mill. The accident,
however, arose. It appears that this explosion accident was not caused due to an explosion of any
combustible-air mixture, but caused due to a process that a metal, probably Nd, reacted explo-
sively with the halogen-containing solvent. It was presumed by the experiments performed after
the accident that the latter process might be probable. Incidentally, it is well-known that explo-
sion accidents may occur on the occasions of defatting, pulverizing or grinding of trivalent metals
such as Al or alloys containing such metals in halogen-containing solvents like trichloroethylene
or carbon tetrachloride. However, although there are some references in which it is mentioned
that rare earth elements should be kept out of contact with chlorine-containing solvents, very
few research reports are currently available on the actual state of the dangerous reaction.

In this study, thermal analysis (DSC measurement using sealed cell) was mainly carried out on
each of 6 rare earth elements, i.e. La, Nd, Sm, Gd, Ho and Er, mixed with carbon tetrachloride,
which was selected as a tentative halogen-containing solvent, to clarify the reaction mechanism,
and to utilize the experimental informations thus obtained for the prevention of accidents of this
kind.

Main facts clarified are as follows:—

An exothermic reaction between a rare earth element and carbon tetrachloride begins at temper-
atures higher than 200°C. This phenomenon may refer to the occurrence of chlorination reaction
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of the element. On the occasion of presence of the halide of the element concerned in the reaction

system, the reaction is much enhanced, and the temperature at which the reaction begins falls

to a much lower level.

Thus, it is presumed that, when a rare earth element is defatted, pulverized or ground in the

presence of a halogen-containing solvent, a halogenation reaction may arise between the element

and the solvent, then the reaction gradually gets to proceed explosively in the presence of the

halide of element which is the reaction product, because the halide acts as a sort of auto-catalyst

on the decomposition reaction of the halogen-containing solvent.

Keywords; Rare earth element, Halogen-containing solvent, Flon-113, Decomposition, Explosion,

Metal halide, Auto-catalyst.
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Fig. 1 Structure of the vibrating rod mill.
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1. lid; 2. sample pan; 3. electric furnace; 4. thermoelec-

tric disc; 5. chromel disc; 6. chromel wire; 7. alumel
wire; 8. heating block

Fig. 2 Structure of a DSC of heat-flux type.
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1. lid, which is stuffed into the cell to seal up the
sample; 2. cell; 3. sample, which assumes such an
appearance, before the DSC measurement, that the
metal powder is somewhat dampened with carbon
tetrachloride.

Fig. 3 Structure of a SUS sealed-cell used in the

DSC measurement.
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Fig. 4 = Sealed cell-DSC of (La + CCls) system and
open cell-DSC of (La + air) system.
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Fig. 6 Sealed cell-DSC of (Sm+4CCly) system and

open cell-DSC of (Sm-air) system.
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Fig. 5 Sealed cell-DSC of (Nd+CCly) system and
open cell-DSC of (Nd+-air) system.
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Fig. 7 Sealed cell-DSC Of (Gd+CCly) system and

open cell-DSC of (Gd4-air) system.
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Fig. 8 Sealed cell-DSC Of (Ho+CCly) system and
open cell-DSC of (Ho+air) system.
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Fig. 10 Effect of LaClz on chlorination of La.
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Fig. 9 Sealed cell-DSC Of (Er+CCly) system and
open cell-DSC of (Er+air) system.
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Fig. 11 Effect of NdCl3 on chlorination of Nd.
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Fig. 12 Effect of SmCls on chlorination of Sm.
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Fig. 14  Effect of HoClz on chlorination of Ho.
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Fig. 13  Effect of GdCiz on chlorination of Gd.
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Fig. 15  Effect of ErClz on chlorination of Er.
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