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HYDROLYSIS OF MANGANESE CARBIDES MOsC2 AND M023C6* 
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Diffractographically pure manganese carbides MnsC2 and Mn23C6 were hydrolyzed with water 
at 25 and 60°C. Based on the model of contracting spherical particles in the carbide powder 
particulate system, the corrosion rates were calculated from the course of gas evolution during 
the hydrolysis; the values obtained were as follows in J.Lm/h: MnsC2 : 1·2 ± 0'4 at 25°C and 
10 ± 3 at 60°C, and Mn23C6: 0'15 ± 0'01 at 25°C and 2,2 ± 0'2 at 60°C, The hydrolysis gives 
rise to hydrogen and a concentration-decreasing sequence of predominantly saturated hydro
carbons, the fraction of C2 and higher hydrocarbons being about 6 times lower for Mn23C6 
than for Mn SC2• The hydrogen and hydrocarbon contents of the mixture after hydrolysis are 
consistent with the assumed reaction course, where the adsorbed active hydrogen, formed during 
the hydrolysis reaction due to the "metallic" nature of the carbide, partly reacts with the methane 
arising from the hydrolysis of the C l groups in the carbide and partly combines to molecular 
hydrogen. 

Manganese carbides differ from carbides of the neighbouring transition metals of 
the d-series in their hydrolyzability by water or air humidityl. The carbon atoms 
in the structures of manganese carbides2 - 6 Mn7C3' Mn SC2 , Mn3C, MnlSC4, and 
Mn23C6 are located in the prisms of the manganese atoms so that C-C bonding 
interactions are ruled out. In spite of this, their hydrolysis does not give rise to 
a single hydrocarbon, methane, accompanied by hydrogen according to the carbide 
stoichiometry 7,8. In the literature data on the hydrolysis of manganese carbides, 
the composition of the hydrolysis products never corresponded to the stoichiometry 
of the hydrolyzable carbide concerned (except for Mn3C, ref.7). Therefore, in9 ,10 

we studied the hydrolysis of Mn7C3 ,which was found to result in the formation 
of hydrogen, saturated hydrocarbons in a concentration-decreasing sequence, and 
a similar sequence of olefins in trace concentrations. Based on a comparison of the 
results of hydrolysis of uranium monocarbide samples of different compositions. 
UC t - x, we devisedll a model for the hydrolysis reaction of these carbides, where 
the key role is ascribed to the hydrogen formed by the reaction of the carbide with 
water: the nascent hydrogen partly combines to H2 and partly reacts with the 
methane formed by the hydrolysis, giving hydrocarbon radicals and additional 
----------------------------------------------------------------
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molecular hydrogen. The amount of the latter in the gas mixture is thereby increased 
above the value corresponding to the formation of hydrogen besides methane: 
The more extensive is the transfer reaction of H with lower hydrocarbons, the 
higher will be the amount of hydrogen and higher hydrocarbons, formed by re
combination of the radicals, in the final gas product. To prove whether the extent 
of the reaction of H with CH4 will be different for carbides with different composi
tions, determining the H-to-CH4 ratio in the primary mixture, we chose two man': 
ganese carbides such that for the one, MnsCz, the amount of Hand CH4 in the 
primary mixture is the same, whereas for the other, MnZ3C6' the amount of H 
exceeds substantially that of CH4 • 

EXPERIMENTAL 

Carbide jynthesis. Manganese metal (coarse powder) 99'9% (Lachema, Brno) and granulated 
carbon black 99'99% (Pramet, Sumperk) were homogenized by grinding under n-heptane for 
72 h in a tungsten carbide mill. The powder emerging (micrometer particle size) was compressed 
into pellets, which were heated for 600 h at 900°C in a tantalum container accomodated in a sealed 
quartz ampoule. The 1 kPa argon atmosphere in the ampoule was gettered by means of chips 
of a misch metal, placed in a corundum crucible in the hot zone above the tantalum container. 

Chemical and X-ray diffraction analysis 0/ samples. The analyses were performed as described 
previously9. 

Hydrolyjis. About 0·1 g of carbide powder sample was decomposed with water in evacuated 
10 ml ampoules at 25 aI~d (00c. The composition of the gaseous product was determined gas 
chromatographically on a Hewlett-Packard 5840A instrument equipped with a thermal conducti~ 
vity detector, using helium as carrier gas. The calibration was performed by means of a mixture 
of a r.atural gas sta!~dard (Linde) ar.d hydrogen. Details have been reported9. The hydrolysis 
rate was measured from the volume of the gas formed. The carbides were decomposed similarly 
as given above, the starting atmospheric pressure in the ampoule was adjusted with argon. The 
sample was not stirred during the decomposition. The particle size of the starting carbide powder 
was monitored, for determining the corrosion losses, with an MV-2 image analyzer (Opton, 
Oberkoehen). 

RESULTS AND DISCUSSION 

Preparation and Composition of Carbides 

X-ray diffractographically pure Mn 5CZ (C 21e, a = (1 167 ± 0·2) pm, b = (458'35 ± 
± 0'12) pm, e = (509'5 ± 0'1) pm, p = (97'71 ± 0'01)°, Z = 4) and MnZ3C6 (Fm3m, 
a = 1 059·46 ± 0·04 pm, Z = 4) were prepared. The two samples were apparently 
crystalline, with metallic lustre. Mn Z3C6 was compact and brittle, MnsCz pellets 
were macroscopically porous. The results of chemical analysis (Table I) are con
sistent with the formulae. The presence of oxygen is due to contamination of the 
starting metal powder and by partial hydrolysis of the carbide by air humidity 
during the sample handling for its analysis. 

Collection Czechoslovak Cbem. Commun. [Vol. 511 [19861 



Karen, Hajek: 

.. Hydrolyzability of MnsC2 and Mn23C6 

The corrosion rate of the particulate carbide system was calculated from the extent 
of reaction of the carbide with water (~), which corresponds to the fraction of gas 
formed in time t with respect to the total amount of gas evolved, owing to the fact 
that virtually. only saturated hydrocarbons arise. The carbide particles were roughly 
spherical in shape; two-dimensional analysis gave length-to-breadth ratios of ap
p(oximately 0·9 for the two samples. The results of particle size analysis for Mn23C6 
powder are shown in Fig. 1, the data for MnsC2 are similar. 

With regard to the relatively slow course of hydrolysis, the chemical reaction was 
assumed to be the controlling step. So, the model of contracting spherical particles 
could be applied (Fig. 2). Here the rate of change in the particle radius, dra/dt 
(where ra is the instantaneous particle radius and t is reaction time) is assumed to be 
constant 12 , 

-dra/dt = const. (1) 

The extent of reaction ~ for a contracting sphere depends on the initial and instanta
neous particle radii Rand ra , respectively, as 

(2) 

In the system of particles of different size, the contributions to the ~ value from the 
separate particle groups (columns in the histogram in Fig. t) have to be considered, 
so that 

n 

~ = 1 - L xi(A;)3 , 
i=l 

TABLE! 

Results of chemical analysis of the carbides prepared 

Element 

Mn 
C 
0 

Total 

--------~~----.--

Calculated Found 
% % 

91·96 92·0 ± 0·2 
8·04 7·75 ± 0·1 

0·3 ± 0·05 

100·00 100·5 

Calculated 
% 

94·6 
5·4 

100·0 

Found 
% 

94·6 ± 0·2 
5·2 ± 0·1 
0·4 ± 0·05 

100·2 

(3) 
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where Xi is the weight (volume) fraction of particles of the i-th column with the 
mean initial radius Ri , n is the total number of columns in the histogram, and Ai 
is 1 - (le/Ri) t if t < (R;{/e) and zero if t ~ (R;{/e); Ie is the linear corrosion loss 
per time unit (Ie = -dra/dt). The one of the Ie roots that has physical sense is cal
culated from this equation. 

It follows from the results given in Table II that the corrosion rate is higher for 
the carbide with the higher carbon content. The corrosion rate of Mnse2 calculated 

TABLE II 

Linear corrosion loss of manganese carbides during their reaction with liquid water at 25°C 
and 60°C in unstirred medium 

Corrosion loss, J..Im h - 1 

Extent of 
reaction .; Mn sC2 Mn 23C6 

25°C 60°C 25°C 60°C 
-~-----

0·2 0'83 
0·5 1·2 
0'8 I-6 

o 9 

FIG. I 

Size analysis of the Mn23C6 particulate 
system; histogram of number of particles 
(P) by the mean particle radius (R), step 
0'95 J..Im 

t, 

7'0 0'15 2·4 
10'0 0'14 2'10 
12·2 0·16 2'05 

$ = 1 

• 
CI CI ~ -

• • • 5 5 G 
CI CI co CI ~5$ ~~ C> 

.. ~~c).55 SQQ GC> - ~.O 

r -+ 

FIG. 2 

Model of spherical particles of the carbides 
contracting during the hydrolysis in de
pendence on time (If is the final time) 
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within the scope of this model increases slightly as the reaction proceeds, presumably 
due to corrosion at the grain boundary and to decomposition of the particles, as is 
consistent with the morphology of the MnsC2 powder. For the very compact 
Mn23C6' the corrosion rate at 25°C was roughly constant over the whole reaction 
period, whereas at 60°C, a slowdown of the reaction was observed, which may be 
associated with the diffusion of water through the amorphous voluminous Mn(OH)2 . 
. xH20. 

Composition of Hydrolysis Products 

Similarly as for Mn7C3 (refs9 •10) and UC t - x (refY), the composition of the gas 
mixture after the hydrolysis of Mn sC2 and Mn23C6 (Table III) is characterized 
by the occurrence of a homologous series of saturated hydrocarbons whose con
centrations decrease with increasing number of carbon atoms in their molecules. 
The fraction of methane homologues is higher for MnsC2 than for Mn23C6 and, 
for both carbides, at lower temperatures of hydrolysis than at higher temperatures. 

The decreasing trend of concentrations of hydrocarbons in the series is consistent 
with the decreasing probability of their formation, as follows from Scheme 1 for 

TABLE III 

Composition of gaseous products of hydrolysis of MOsC2 and Mn23C6 (%( Vi V)) 

MnsC2 Mo23C6 
Component 

20°C 60°C 20°C 60°C 

H2 53-8 51'0 70'3 67·5 
CH4 28·7 34'1 25'5 30'1 
C2H6 15'3 13'1 3'64 2'07 
C2H4 0·128 0'080 0'043 0'017 
C3HS 1-63 1-40 0'683 0·261 
C3H6 0'016 0'013 0'014 
i-C4 HlO 0'052 0'037 0'011 0'004 
n-C4 HlO 0'267 0'130 0'055 0'020 
C4 Hs 0'050 0'018 0'006 0'001 
i-CsH12 0'022 0'005 0'005 0'0006 
n-CSH12 0'040 0·004 0'006 0'001 
C6 0'021 0'023 0'008 0'007 

H/c 5'00 5'04 7'666 7'673 
sa 0'613 0'53 0'086 0'043 

II Eq. (4). 
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A: 

H" Ie H' I CmH2m+"S/ e H 
enH2n+2~f' r 2,n+~~. - (m+n) 2(m+n)+2 

~ ~'" -:"". 
I ' 

B: 

'nH2n alkanes + alkenes 

SCHEME 1 

the assumed radical reactions proceeding from methane, formed by the hydrolysis 
of carbide of methanide type, and nascent hydrogen (A initial stage; B generally; 
intermediates of hydrolysis are given in brackets; sf means that a third molecule or 
a solid surface need to participate). Since, within the scope of the concept pro
posed, it is the nascent hydrogen that is responsible for the course of the radical re
actions, it is convenient to look upon the composition of the final gas mixture 
as if a fraction s (s E (0, 1» out of 1 mole of the initially formed H had reacted 
with hydrocarbons (methane in particular) according to Scheme 1, while the re
maining fraction (1 - s) had recombined to H2 (see the total balance in Fig. 3). 

Expressing the mole fraction of hydrogen XH2 from the diagram in Fig. 3 and the 
amount of methane and H in the primary mixture in terms of the HIe ratio, we 
obtain 

XH2 = (1 + s) (HIe - 4)/(H/e - 2) ; 

FIG. 3 

Total substance balance of carbide hydro
lysis reactions for the starting components 
Hand CH4 • Hatched: s . nH moles of hydro. 
gen H that reacted with hydrocarbons, and 
the corresponding amount of H2 in the 
final mixture; dotted: CH4 and hydrocarbons 
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for HjC > 5, s ~ Ij(HjC - 4) because the amount of H to react with methane 
cannot exceed the amount of the latter. 

The values of s calculated from the compositions of the gas mixtures (Table III) 
are roughly proportional to the concentrations of methane in the primary mixtures 
with hydrogen (if s were equal to XCH. in the initial mixture, XH2 would be equal to 
(HjC - 4)j(HjC - 3)). It follows from the overall balance of the reactions of 
hydrogep and hydrocarbons in Fig. 4 for Mn23C6 and MnsCz, and also from our 
study of Mn,C3 , that s decreases with decreasing methane content, a considerable 
drop being observed if the amount of H in the primary mixture exceeds that of 
methane, i.e., if HjC > 5. The high concentration of H then probably causes termina
tion of a large fraction of CH; radicals by trimolecular collisions with H. This termi
nation is favoured by increased temperature, as is indicated by the lower fraction 
of C2 and higher hydrocarbons in the gas after hydrolysis of the carbide at 60°C. 

a b 68 C 

", "7 5' 
H 

30 

10 
13 

2 ,." 2,' 
I 0;" I 0;20-01 1 O} 00,,0-002 

H21 2 3 .c; H21 2 3 .c; 5 H2123.c; 5 

H' 

FIG. 4 

Diagrams of composition of the gaseous products of hydrolysis of manganese carbides and the 
corresponding total substance balance of reactions of radicals for the initial components H 
and CH4 , per mol Mn. a Mn,C3 (ref.~, (H/C)cxp = 4'67; b MnsCz, (H/C)cxp = 5'04; c MnZ3C6' 
(H/C)cxp = 7'67. Fractions of Hz and saturated hydrocarbons of homologous series (labelled 
1,2, ... ) in (%(V/V))l/Z. Hatched: fraction s of H' radicals and the corresponding amount of 
H2 formed (s = 0'62,0'53,0'043, respectively); dotted: hydrocarbons 
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In principle, this concept can be basically extended also to other transition metal 
carbides whose hydrolysis gives rise to hydrocarbons and active hydrogen; however, 
it should be taken into account that effects other than the stoichiometry alone also 
participate in the control of the extent of the radical reactions. Among them it is the 
nature of the metal involved and the related higher or lower tendency of the carbide 
surface to adsorb or chemisorb radical species, which playa part in the formation 
of the hydrocarbon mixture. The fact that the radical reactions occurring during 
the hydrolysis are associated with the reaction surface was pointed out, for uranium 
monocarbide, by Bradley and Ferris as long as twenty years ago 13• 
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