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82. A Study on the Structure of Cementite,

By Shigetaka SHIMURA.
Metallurgical Department, Faculty of Engineering, Tokyo Imperial University.
(Rec. June 30, 1930. Comm. by K. TAWARA, M.LA., July 12, 1930.)

Cementite, iron carbide Fe,C, is an extremely hard and brittle
substance and generally assigned to rank 6 ~ 6.5 in Mohs’ scale of
hardness. It occurs as microscopic crystals in steel or pig iron.

By the existence of manganese, cementite unites with manganese
to form ° Spiegeleisenkristall” and becomes very stable and grows
from microscopic to single crystals of about 5 ~ 30 m/m long, 3 ~ 5 m/m
and 1/2 m/m thick. As the atomic weight of manganese is nearly the
same as that of iron, if we assume that manganese unites with
cementite by the replacement of iron atoms, it so happens that the
presence of manganese in cementite affects but very little its carbon
content, and was confirmed, by means of the chemical analysis.

Cementite has the magnetic transformation point at 210° C, but
this is not an allotropic change, so the crystal structure is not altered
at this point.

The crystal structure of cementite was rontgenographically in-
vestigated by Westgren and Phragmén,” Polaniyi, Wever,” and Bain,”
but the atomie arrangement in crystal lattice was not determined.

Results obtained by these authorities are:

(1) Manganese does not affect the atomic arrangement of cementite,
that is the crystal structure of Spiegeleisenkristall is equal to
that of cementite.

(2) Cementite or Spiegeleisenkristall belongs to the orthorhombic
system and the dimension of the unit cell is:

By Westgren & Phragmén ¢=4.53 A b=511A ¢=677TA
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(3) The number of Fe,C molecules in a unit cell is 4.
In the present experiment both cementite and Spiegeleisenkristall
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were studied by the X-ray-spectrometric-method, Laue-method, Powder-
method, and Rotation-crystal-method.

In ‘the first place, it was reconfirmed that manganese does not
affect the crystal structure of cementite except a slight contraction of
lattice constants.

The dimension of the unit cell determined is:

For cementite............ a=4.51, A b= 5045A c=6. 738A
,, Spiegeleisenkristall a=4.50,A b= 5035A c=6. 728A

For all practical purposes, the values a=4.51 A b=>5. O4A c= 6.73 A
were used for both cementite and Spiegeleisenkristall. '

In the next place, it was found that cementite and Spiegeleisen-
kristall belong to the simple orthorhombic lattice ¢ 7,” and the space
group “ Vi
' Lastly, the distribution of each atom for 4 Fe,C in the unit cell
was determined to be as follows:
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A molecule of cementite consists of one carbon at (¢,), one iron
at (¢;), and two iron at (d), and moreover it was found thatir on which
is replaced by manganese in the case of Spiegeleisenkristall should be
atoms at (d) but not those at (c).

These atomic arrangements are in conformity with all properties
of cementite and Spiegeleisenkristall, such as the hardness, brittleness,
mode of ecrystal occurrence, ete. From these results, it can be con-
cluded that carbon is contained as neutral atoms in austenite, but
comes to take the configuration of the cementite molecule with neigh-
bouring iron atoms as austenite changes to martensite, and segregate
out always as cementite at the A, transformation peint. Carbon
metastably contained in «-iron (this is less than 0.039%) also takes the
cementitic arrangement.

Details of this paper will be published by a forth coming number
of the Journal of the Faculty of Engineering, Tokyo Imperial University.
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