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The kinetics of the interaction of transition metals of sub- 
groups Ti, V and Cr with simple hydrocarbons has beenstudiedat an 
interval. T=l2OO-300C°C and P=lO-100 torr. Constants of pyrolysis 
of methene, ethylene and acetylene on surfaces of corresponding 
carbide phases and on pyrographite have been measured. 

The heating of metallic samples in a medium of carbon contai- 

ning gaseous compounds is an effective method for the thermochemi- 

cal treatment of surfaces, at the same time, being a very conveni- 

ent technic for the study of the kinetics of carbide formation at 

high temperatures, During this process the stage of immediate in- 

teraction of carbon with the metal is preceded by the decompositi- 

on of gas on the surface and regularities of pyrolysis, in certain 

casea, may determine, in general, the process of carbide formation. 

Interaction of simple carbon containing gases and mixtures 

033$, C2B4* C2H2' CO+R2, C02+R2 and others) with metallic surfaces 

is also fundamental in the process of'carbide formation in carbon 

containing solid materials. 

So far only a few works have been performed dealing with tran- 

sformations of hydrocarbons on the surfaces of carbide-forming me- 

tals, Existing data deal with processes carried out at low tempe- 

ratures (T 17200aC) end are reXated to the stage of graphite gro- 

wth on the metallic sublayer, or at very low pressures (P ir 10s2 

tars) when the only product is the solid solution of carbon in the 

metal, 
In this work llrie describe the results obtained for the kinetics 

of the interaction of methane, ethylene and acetylene with surfa- 

ces of hot filaments of transition metals of subgroups Ti, V and 
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Cr (Ti, Zr, Nb, 'Pa, W, MO) at high temperatures ~T=1200-3000°C) 

and pressures P=10-100 torr, which are interesting from the point 

of view of metallic carbide formation. 

MEASURING NETHODS 

Experiments were carried out on electrothermographic appara- 

tus /I/ under static conditions. The thin filament (a=100 pm, 1= 

8.4 cm) of metal was heated in a medium of hydrocarbon gas by pas- 

sing a constant electrical current until the desired temperature 

was reached and kept constant by low-inertial optical thermoregu- 

later. 

During the experiments, electrical resistance of the filament 

R(t), its electrical power W(t) and increase in weightamc(t) were 

registered, The gas phase products were snalysed chromotographica- 

lly while the solid samples were analysed by means of metallogra- 

phic and X-ray analysis. 

RESULTS ARD DXSCUSSIO~ 

Fig,1 presents three typical curves showing the change in inc- 

rease in weight of the metal depending on the interaction time 

with the hydrocarbon. 

a) Ta+CH4, I?=100 torr: Two stages are due to methane decompo- 

sition on the carbide TaC (I stage) and pyrographite (II stage) 

surfaces. Increase of the pressure sharply shortens the length of 

stage I. When the pressure is reduced to IO torr, pyrographite is 

no longer formed while the filament is completely transformed to 

carbide. Similar results are obtained in the following systems 

Ta+C2H4, TatC2H2, NbtC2H4, Iib+C2H2, ZrtC2H4, Zr+C2H2, VtC2H4, 

No+CZH4 (all at pressures P=lO-100 torr). 

b) Ti+C2H2, PxIO torr: Due to the fact that a loose, high dis- 

persive layer of titanium carbide is formed, the process proceeds 

very quickly. Increase of acetylene pressure leads to 811 increase 

of pyrolysis rate: free carbon is not formed till the filament is 

completely transformed to carbide (P=lO-100 tcrr). Similar results 

are obtained in the following systems Ti+CH4, TitC2H4, Zr+CH4 (P= 

10-100 torr) and NbtCH.4 (p-10 torr). 

C) w+cB4, P=lO torr: The E-stage process is related to the 

stepwise formation of tungsten carbide w2c (I stage) and V~C (11 
stage). At p*50 torr the length of stage I sharply decrease ana a 
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3Y.g.l. Kinetic curves of increa- 
se in weight of metal.lic fila- 
ment. 
a) Ta+CHq, P=lOO torr, l.T=2220, 

2.-2&&O, 3.-2600°C, 
b) Ti+C2H2, P=lO torr, l.T=1250, 

ii.-1320, 3*-144ooc. 
c) %CH 

a' 
P=lO torr, 1. T=1750, 

2.-l 00, 3.-205OOC. 

Broken lines indicate the values 
of increase in weight when the 
filament is complete1 transfor- 
med to carbide TaC (a 7 , Tic (b) 
and W2C (c). 

new fast stage of free carbon formation takes place. 

It follows from Pig.1 that the increase in weight of the fila- 

ment on time for each stage may be expressed by the simple equa- 

tion A+d+S 

whese dm - the increase in weight of 

the IateEaI surface of the fil.ament,.K 

the filament at time t, S - 

- the constant of heteroge- 

neous decomposition of gas on the surface, depending upon tenpera- 

ture and pressure. 

In Table I the values of pyrolysis constants as a function of 

temperature for all systems studied are given at P=lO torr. 

Experimental data for pyxoIysis end also for carbide formation 

are explained by the theoretical results obtained /2/ for reactive 

diffusion under the boundary condition of II order. It has been 

shown that there are two limiting regimes of carbide formation: 

?:inetic - when the rate of carbide formation is completely deter- 

.:;ined by the rate of pyrolysis of the gas on the given surface 
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3urface 
F&.ases 

TiC 

TiC 

ZrC 

TiC 

23% 

ZrC 

~ NW 

BbC 

TaC 

TaC 

Temperatu’re 
interval,!PC 

1130-7570 

102%2440 

1290-1650 

1130-1420 

1520-1780 

1400-1600 

1400-2100 

1400-2200 

1700-3000 

2220-3000 

1400-2050 

2050-2700 

1300-1850 

1850-2700 

1300-1700 

1000-1600 

Gas 

!ABLE z 

K, g/cm2seo 

1 .lO%xp(-54000/RT) 

2,4 .lO~ax~(-76OOO/RT) 

2.4 -10~2e~~-6~OOO~T) 

1~10-.3exp(-18200/RT) 

1.35.exp(-4OOOO/RT~ 

3.9.~O~2e~(-32000/RT) 

&2+10~2exp(-34200/RT] 

7.8-~O~3e~~-2600~/RT~ 

3.8.1072exp(-46500/RT) 

7.03*exp(-2OOOO~RT) 

Characteris- 
tics of ear- 
bi_de lasers 

Porous, with 
longitudinal 

cracks 

Compact, 
well coupled 
with base, 
I-J-W$ecrys- 

Large crys- 
t&line, po- 
res formed 
when thick- 
ness of car- 
bide layer 
is *t5pm 

(ts $1; and diffusive - when on the exterior phase surface a con- 
stant concentration of carbon sets in (t>t,). At that point the 

heterogeneous processes occuring on the surface do not influence 

the rate af carbide formation. 

On the basis of experimental data obtained and results of 

theoretic81 analysis /2/ we have suggested ways to intensify the 

process of carbide formation and determined the optimal regimes to 

obtain the desired carbide phase in pure form or carbide-graphite 

coatings with definite relationships of film thicknesses. 
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