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[ Abstract] The carbonization kinetics of La;O3 Mo cathode materials was studied by thermal analysis method. Three

stage model of the carbonization was presented. The carbonization rate is initially controlled by chemical reaction, then by

chemical reaction mixed with diffusion, finally by diffusion. The experimental data are processed according to this model

and the correlation coefficients of the kinetic curves are satisfactory. The apparent activation energy of carbonization of

LayO3 Mo cathode materials was obtained. At the same time, the empirical expressions of the rate constant against tem-

perature in the temperature range of 1393~ 1493 K were deduced.
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1 INTRODUCTION

Carbonization of cathode is a key process in
ThO2>W cathode manufacture. When ThO>W fila-
ments are heated in a hydrogen atmosphere consisting
of benzene, acetylene, naphthalene or xylene vapors,
the hydrocarbon is decomposed at the hot filament
surface to form ditungsten carbide. Compared with o-
riginal cathode, the carbonized cathode shows better
performance at low temperature. The structure and
decomposition of carbide layer were studied a lot in
the past''""*'. Although ThO>W cathode has good e
mission properties, the radioactivity of ThO; leads to
problems in its manufacture and application. As an
alternative of ThO>W cathode, La;O3Mo cathode
appeared in the middle of 1970s. However, because
of its poor emission stability, LayO3-Mo cathode has
not been used commercially. At present, many stud-
ies on the function of carbide layer in the emission of
the cathode are carried out. The porous carbide layer
can store active substance and carry them to the sur
face! ™. After carbonization the bulk diffusion coeffi-
cient of La atoms increases; the bonding energy be-
tween La atoms and Mo surface reduces!>® and the
minimum work can be obtained in a wider tempera

[7.8] " Otherwise, M0,C formed in the car

ture range
bonization process can reduce La,03 to metallic La.
All of these are favorable for the emission'”. Our
previous studies show that good emission property and
long lifetime can be got at the proper carbonization
degree. In this paper, the relationship among mass
gain after carbonization, temperature and time is
studied by carbonization kinetics of La;O3Mo cath-

ode, which can serve as a guide for the carbonization

degree controlling.
2 EXPERIMENTAL

La,03-Mo cathode materials were cut into
8mm X 6mm X 1mm. After grinded, polished and
cleaned, the specimens were carbonized at 1393~
1493K in a benzene atmosphere which consisted of
argon and 5% hydrogen ( volume fraction) . The flow
40 mL/min. The

rate was heating rate was

20K/ min.
3 RESULTS AND DISCUSSION

3.1 Theoretical analysis

The carbonization reaction of LaO3 Mo cathode
can be divided into three steps:

1) carbon decomposed by benzene is absorbed on
the surface of carbide layer;

2) carbon diffuses to the Mo-Mo,C interface
across the carbide layer;

3) carbon has a chemical reaction with Mo on
the interface to form Mo,C.

The rate of carbonization reaction is controlled
by three stages. In the initial stage, the reaction rate
is controlled by chemical reaction; in the last stage
the rate is controlled by diffusion; in the middle stage
it is controlled by chemical reaction mixed with diffu-
sion. The carbonization reaction causes the concentra-
tion of Mo atoms at the interface decrease, meanw hile
Mo atoms in the matrix diffuse into Mo/ Mo2C inter-
face to leave vacancy in the matrix, therefore the
density of the matrix decreases with the carbonization
going on.

The thickness of the LaxO3-Mo plate can be con-
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sidered no change during carbonization process. Thus
the rate of carbonization

v=A %’fcc (1

where ¢, is the carbon content per unit volume, A
is the surface area, x is the carbonized thickness.

After carbonization the mass gain per unit area is

Am m— mg )
'Yl (2)
where mo and m are the mass of LayO3-Mo plate

before and after carbonization respectively.
The carbonization reaction can be written as
2Mo+ C= Mo,C (3)
According to the conservation law of substance before
and after carbonization, then

AMo,C) %A 240 (M) L  24P(Ma) [ (4
M(MoC) T M(Mo) —  M(Mo)
where P(MoyC) is the density of carbide layer, P

(Mo) and B (Mo) are the densities of molybdenum
before ~and  after  carbonization  respectively.
M (MoyC) and M (Mo) are the molar mass of Mo,C
and Mo respectively. Then
Am _ PMoClxA  O(MollA A MalAL
A~ A A A
= A MoC)+ L/ B(Mo)- AMo)] (5)
Combining Eqns. (4) and (5), then
Am
= AP(Mo)l 1= M(Mo)/2M (Moyc)] (©
Adding Eqn. (6) into Eqn. (1), then
. Ac. .
p(M°2C)| 1= oM (MosC)
dr (7)

In the first stage of carbonization, the carboniza-

X

tion rate is controlled by chemical reaction, then

v= v.= Kc/'A'cS (8)
where K¢ is the chemical reaction rate constant; c,
is carbon concentration at Mo surface. Combining E-

qns. (7) and ( 8) and integrating yields

/ ) _MLMJ),LI
Am. ) K¢ Csp(M02C)| 1 2M(M02C) ’
A - Ce
= KC °t D)
K¢ Csp(MOZC)I 1- 2M (Mo,C)
Ke= (9)

Ce
In the middle stage of carbonization, the carbide
layer of some thickness has formed at Mo surface.
The rate of interface chemical reaction is equal to that
of diffusion''”!, so the carbonization rate is controlled

by both of them,

A * ¢
= y 4
T x/D+ VK¢ (10
where D is the carbon diffusion coefficient in the

carbide layer. Combining Eqns. (7) and ( 10) and in-

tegrating yields

MI2 2D MoxC) |
Al T k!

|1_ _M(Ma) M‘I:
2M (MoxC)l | 4
2Ded O Mo,C)l 1= M(Mo)/2M (MoyC)] | 2

4

Ce
2DAMoC)| 1= M (Mo)/2M (MoxC)]
K¢

Kwu =
(11)

In the last stage of carbonization, carbide layer is
very thick and diffusion path of carbon atoms is quite
long. So the carbonization rate is controlled by diffu-

sion,

v=ovp= AcD/x (12)

Combing Eqns. (7) and (12) and intergrating
yields

I Am‘l ’ = 2_(:52[ P(MoyC) e

A Ce
[ 1= M(Mo)/2M (MoxC)) | 2
= KDL,

2

2¢.D _M(Mo)

EE= 5 p(M”C)I 1= 2M(M02C)I
(13)

K¢, Ky and K are the reaction rates in the

first, middle and last stages of carbonization respec
tively. According to the expression of K¢ and Kp,
then

Ky _
K = K (14)
Then Eqn. (11) can be written as
Am|’ Am
A + Ky 1= Knpt (15)

3.2 Results and discussion

The carbonization kinetic curves for LaxO3xMo
cathode at different carbonization stage are shown in
Fig. 1. After the experimental data in Fig. 1 are pro-
cessed according to the above model, the reaction rate
constants of the first, middle and last stages are ob-
tained, as shown in Table 1.

Table 1 Carbonization rate constant and relevant
coefficients in various carbonization stages at
different temperatures for La,O3Mo sample

T emperature Reaction Rate Relevant
/K stage constant coefficient
First 365.9998 x 10” ¢ 0.9997
1393 Middle 9.3366x 10 ° 0.9956
Last 3.4172% 10™ © 0.9953
First 620.0001x 10" ¢ 0.999 8
1443 Middle 23.2231x 1073 0.9969
Last 14. 4000 x 10~ ° 0.9961
First 1480.6663 % 10™ ° 0.9978
1493 M iddle 28.5394x 1073 0.9978
Last 42.2571x 10" ° 0.9959
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Fig. 1 Carbonization kinetic curves for LapO3Mo sample

(a) —In first stage; (b) —In middle stage; (c¢) —In last stage

The data in Table 1 can be further processed by
mathematical method, then the apparent activation
energies of different stages and the empirical expres-
sions of the rate constant and temperature can be got
by using Arrhenius formula, as shown in Table 2.

Table 2 Apparent activation energy,
frequency factor and correlation coefficient in various
carbonization stages for La,O3-Mo sample

Stag Apparent activation Frequency Relevant
olase energy/ (J*mol” l) factor coefficient
First 2.4075x% 10° 3.6668x 10° - 0.9871
Middle 1.9455x 10° 2.0517% 10° - 0.9863
Last 4.3114x% 10° 5.2782x 10" - 0.9980

So the expressions of the carbonization rate con-
stants in three stages for LaO3-Mo sample are

2.4075 x 10°

Kc= 3.6668 x 10° exp| - -
5 19445 x 10°

Ky = 2.0517 x 10° exp| - RT
10 4.3114 x 10°

Kp= 5.2782x 10" exp| - RT

4 CONCLUSIONS

The carbonization process obeys a threestage
rule. The relationship among the mass gain, temper-
ature and time in the temperature range of 1393~
1493K in three stages are as follows.

In the first stage:

Am . 2_49_&‘
4 = 366680 ¢ * exp| — RT
In the middle stage:
Am| .l_%_iﬁ)‘ I Aml _
I A + 205170exp| - RT 1=
0, 3
5.2782x 107 ¢t * exp RT

In the last sage:

[10]

T (c)
'a 30 1493K
T 25t
E 20t
X 1st 1443K
< 10f
T o 1393K
2 0 2 2l
35 45 S5 65 75 85 95
t/min
Am| * 10
A I = 5.2782 x 10
4.3114 %10
exp| — RT 14
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