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Abstract: In electrolyte melts containing K at low temperature, the penetrative and migratory path of alkali metals (K and Na) in
pitch, furan, phenolic aldehyde and epoxy based TiB,—C composite cathodes during the electrolysis process were studied by EDS
and self-made modified Rapoport apparatus. The electrolysis expansion rates, the diffusion coefficients of the alkali metals and the
corrosion rates of the composite cathode were also calculated and discussed. The results show that no matter what kind of binder is
used, alkali metals have the same penetrative path in composite cathodes: firstly in pore, then in binder and finally in carbonaceous
aggregates. K and Na penetrate into both binder and carbonaceous aggregates, which leads to the expansion of composite cathodes,
and K has stronger penetration ability than Na. Electrolysis expansion rate of resin based composite cathode is smaller than that of
pitch based composite cathodes, and so do the diffusion coefficient and corrosion rate. Resin based composite cathode has better
resistance ability to the penetration of alkali metals than pith based composite cathode, and phenolic aldehyde based composite
cathode exhibits the strongest resistance ability. The penetration rate, the diffusion coefficient of alkali metals in phenolic aldehyde
based TiB,—C composite cathode and the corresponding corrosion rate are 4.72 mm/h, 2.24x107> cm?/s and 2.31 mm/a, respectively.

Key words: aluminum electrolysis; penetration; migration; alkali metal; TiB,—C composite cathode; corrosion resistance

1 Introduction

The new technique for aluminum production based
on the inert electrode is expected to change conventional
production process and achieve energy-saving by a large
margin and the zero emissions of greenhouse gases
during electrolysis process [1,2]. As an important
component of the inert electrode system, the wettable
cathodes have an important impact on the promotion of
the industrial application of inert electrode system.
However, as far as the current TiB,—C composite cathode
is concerned, the problems of the short service life and
easy to crack have not been solved thoroughly, which
can not meet the requirements of the inert electrode
system, and become obstacles to its industrial application
[3-5].

TiB, based wettable composite cathode is composed
of TiB, (function material), carbonaceous aggregates and
binder, and roasting is one of its preparation procedures.
After roasting, the composite cathode can be obtained.

The carbonaceous aggregates in the composite cathode
have good stability in the aluminum electrolysis process,
since they have been heat-treated at higher temperature
before the roasting of the green compact. Also, the TiB,.
in the composite cathode has strong corrosion resistance,
the character and structure of which don’t change in the
roasting process. So, binder has become the most
vulnerable weakness in the composite cathode [6,7]. At
present, the most common binder used in the cathode is
coal tar pitch. After carbonization, the microstructure of
pitch changes to turbostratic graphite [8,9], the layer
spacing of which is larger than that of the pure graphite.
So, alkali metal is easy to penetrate into the interlayer
irregularly. Moreover, under the bonding action between
the electron in orbit s of alkali metal and the = electron in
carbon, the corresponding reaction occurs and the thin
layer embedded compounds ([C,M(K,Na)]) are
generated [10], resulting in the enlargement of the
interlayer spacing. And the expansion and failure
phenomenon of cathode can be observed in macroscopic
view. In addition, under the condition of industrial
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practice, liquid aluminum will react with the
carbonaceous components in composite cathode to
generate Al,C;, leading to the corrosion of cathode. In
the interface of the cathode and the liquid aluminum, the
generation and dissolution of the Al4C; happen
simultaneously, and finally reach balance. AlLC; is
difficult to dissolve in liquid aluminum, but it is easy to
dissolve in the electrolyte. If the electrolyte exists in the
interface, the dissolution of the Al,C; will break the
balance and induce the generation of new Al,C;. Once
the new Al,C; generates, it will be dissolved in the
electrolyte again. As this phenomenon is inevitable,
carbon binder phase in TiB, based composite cathode
will be eroded and consumed, inducing the aggregates in
the composite cathode break off, and finally resulting in
the failure of the cathode [11,12].

Corrosion resistance of the composite cathode has
great effects on the service life of aluminum reduction
cell, and the macroscopic properties of any materials
depend on its microscopic structure and chemical
bonding type. So, the most important problem about the
TiB,—C composite cathode is to clarify the relationship
between the macroscopic properties and the microscopic
structure, and that is the key to make composite cathode
have good wettability and excellent penetration
resistance.

Around this problem, some related researches have
been carried out at home and abroad. ADHOUM et al
[13] studied the electrochemical intercalation of alkali
metal in NaF melts at the temperature of 1025 °C and
confirmed the two mechanisms of sodium intercalation:
sodium precipitated on the cathode surface during the
electrolysis process partly inserts into the interlayer of
the graphite and partly penetrates into the pore of
cathode materials both of them would generate graphite
intercalation compound eventually. BRILLOIT et al [14]
studied the penetration of alkali metal in carbon cathode.
The results showed that sodium (adsorbed or inserted)
was the main substance penetrated into the cathode, and
its penetration rate and the saturation concentration in the
cathode would increase with the increases of cryolite
ratio (CR), while decline with the increase of carbon’s
graphitization degree. The sodium penetrated into
cathode could act as wetting agent and make the
electrolyte penetrate into the cathode more easily, and
then exacerbate the corrosion of cathode. LIU et al [15]
studied the electrochemical intercalation of K into
graphite cathode in KF melt, and the results revealed that
K only intercalated into the spaces of graphite layers but
had a certain degree of denudation effect on cathode.
While FENG [16] found that sodium mainly diffused
through crystal lattice when the porosity of carbon
cathode was low, and it diffused through the pores when

the porosity was high. However, these researches did not
conduct online, but only tested the samples obtained after
the electrolysis. At this circumstance, the existing form
of alkali metal cannot completely represent the form of
alkali metal in electrolysis process indeed. Moreover, the
alkali metal penetration in cathode is a dynamic process.
So, study of the process of alkali metal penetration into
cathode and the migration path of electrolyte and alkali
metal in the cathode would contribute to improve the
corrosion resistance of cathode materials.

In this work, TiB,—C composite cathodes were
employed as the research objects. Under the condition of
different electrolysis time, the electrolytic expansion and
corrosion rate of pitch, furan, phenolic aldehyde and
epoxy based TiB,~C composite cathodes were
investigated in low-temperature [K;AlF¢/NazAlF¢]—-
AlF;—Al,O; melts. The diffusion coefficients of alkali
metal in the corresponding composite cathode were
calculated and discussed. On the basis of above, the
penetrative and migratory behavior of alkali metal (K
and Na) in TiB,—C composite cathode was studied, and
the penetrative and migratory paths of K and Na were
analyzed.

2 Experimental

2.1 Materials and preparation of specimens

The composition of TiB,—C composite cathode is
listed in Table 1, in which the size of TiB, powder and
petroleum coke are 12 um and 106—270 um, respectively.
The binders used in this work were pitch, furan, phenolic
aldehyde and epoxy. The involved chemical reagents
such as K;3AlFs, NazAlFs, Al,O; and AlF; were all
reagent grade. The values of CR (cryolite ratio), KR
(potassium cryolite ratio) and # (liquidus temperature) of
the electrolyte melts are 1.6, 0.3 and 873 °C,
respectively.

Table 1 Composition of TiB,—C composite cathodes (mass
fraction, %)

TiB, Petroleum coke Binder

75 11 14

First, a certain proportion of TiB, powder and
petroleum coke were put into the three-dimensional
motion kneader for mixing and kneading, and then mixed
with binder. After weighing, the materials were molded
by the universal hydraulic testing machine under the
molding pressure of 150 MPa. The obtained cathodes
were d20 mmx50 mm. Finally, cathode samples were put
into the corundum crucible and covered by coke powder,
then the crucible was placed into a program controlled
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chamber electric furnace and heated according to the
temperature schedule, as shown in Fig. 1, to obtain the
so-called TiB,—C composite cathodes.
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Fig. 1 Heating curves of roasting process for preparing TiB,—C
composite cathodes

2.2 Experimental devices and methods

The research methods about the penetrative and
migratory behavior of alkali metals in the cathode are
mentioned as follows. The specimen was put into a cell
made of high purity graphite in the vertical tube furnace,
and the specimen and cell were separated by a corundum
plate. The cell was filled with molten electrolyte, and the
specimen was immersed into the molten electrolyte by
25 mm. Five electrolysis times (5, 15, 30, 60 and 120
min) were arranged for each experiments with different
cathode to study the penetrative and migratory behavior
of alkali metal in different cathodes. The concentration
of alumina in the electrolyte was saturated in every
experiment. The current density (pcp) was 0.8 A/cm”® and
the superheat temperature (z5) was 20 °C, The whole
experimental process was taken in the high-purity argon
atmosphere. A self-made modified Rapoport apparatus
was used to test the electrolysis expansion rate of the
specimen and the diffusion coefficient of alkali metals.

After electrolysis, the specimen was taken out and
splitted along the radial direction. The cross section was
about 10 mm above the bottom. Filter paper soaked with
phenolphthalein was used to test the penetration rate of
alkali metal in TiB,—C composite cathode. X-ray energy
dispersive spectrometry (Noran Vantage4105) was used
to test the element distribution in the cross section of
specimens. X-ray fluorescence (Philips 8424 TW2424)
was used to analyze the Ti content in the aluminum
before and after electrolysis and then the corrosion rate
of cathode was obtained accroding to the formula as
follows:

8760 M 15 (W, X cpy —W, X, )h
VVIOSS =

(1

Mywen t

where W)y is the corrosion rate of cathode (mm/y); wy, is

the mass of aluminium on the cathode after electrolysis
(g); ¢y is the Ti content in the aluminium on the cathode
after electrolysis (10°%); w, is the mass of aluminium on
the cathode before electrolysis (g); ¢, is the Ti content in
the aluminium on the cathode before electrolysis (10°°);
h is the height of cathode specimen (mm); Mrp is the
molar mass of TiB, (69.49 g/mol); Mz is the molar mass
of Ti (47.87 g/mol); w, is the total mass of the cathode;
nt is the TiB, content of the cathode; ¢ is the electrolysis
time.

3 Results and discussion

3.1 Penetration resistance of different binder based

TiB,—C composite cathode

During the process of electrolysis, because of the
polarization effects, alkali metals (K and Na) will
precipitate on the cathode. Some of the obtained alkali
metals dissolve in the liquid aluminum, some volatilize
out in the form of steam and the rest will penetrate into
the cathode, then react with the carbonaceous
components, and form graphite—alkali metal intercalation
compound [C.M(K,Na)]. Since these compounds are
very unstable, so they can easily react with the moisture
in the air to form sodium hydroxide. Therefore,
phenolphthalein method can be used to determine the
penetration front edge of the alkali metals (Fig. 2) and
the corresponding penetration rate can be calculated [17].

Table 2 shows the penetration depth and rate of
alkali metals in pitch, furan, phenolic aldehyde and
epoxy based TiB,—C composite cathodes according to
the data in Fig. 2. It can be seen that, from low to high,
the penetration rate of alkali metals is successive
phenolic aldehyde, epoxy, furan and pitch. Penetration
rate of alkali metal in resin based TiB,—C composite
cathode is lower than that in pitch based TiB,—C
composite cathode, suggesting that the penetration
resistance of resin based TiB,—C composite cathode is
superior to that of pitch based TiB,—C composite cathode.
In addition, as for resin based TiB,—C composite cathode,
the penetration depth and rate of alkali metal in phenolic
aldehyde based TiB,—C composite cathode are the
smallest, which decrease by 55.47%, compared with
pitch based TiB,—C composite cathode.

As we know that pitch belongs to soft carbon
materials, the pores formed during the pyrolysis process
are mainly meso-pores or macro-pores, and the structure
of the pitch phase is turbostratic graphite after
carbonization. The turbostratic structure is vulnerable to
the penetration and erosion of alkali metals (K and Na)
during the aluminum electrolysis process. While, furan,
phenolic aldehyde and epoxy belong to hard carbon
materials, the pores formed during the pyrolysis process
are mainly nano-pores. What’s more, with the increasing
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Fig. 2 Penetration front edge of alkali metals in different binder based TiB,—C composite cathode: (a) Pitch; (b) Furan; (c) Phenolic

aldehyde; (d) Epoxy

Table 2 Penetration depth and rate of alkali metals in different
kinds of cathode

Cathodes with Penetration Penetration
different binders depth/mm rate/(mm-h ")
Pitch 26.5 10.6
Furan 21.5 8.60
Phenolic aldehyde 11.8 4.72
Epoxy 13.5 5.40

of temperature, the phenomenon of cross-linking will
take place, leading to the formation of the rigid
three-dimensional network structure and the alkali metals
are different to penetrate. In macroscopic view, the
penetration resistance of resin based TiB,—C composite
cathode is better than that of pitch based TiB,—C
composite cathode, and then the former can resist the
destructive power of alkali metals better. According to
the experimental results, the penetration resistance of
phenolic aldehyde based TiB,—C composite cathode is
the best.

3.2 Electrolysis expansion performance of TiB,—C
composite cathode prepared by different binder
During electrolysis process, the

penetration of alkali metals into TiB,—C composite

cathode will inevitably lead to the expansion of
composite cathode. Figure 3 shows the electrolysis
expansion curves obtained under the condition of
different electrolysis time and different binder based

TiB,~C composite cathodes in K-containing low

temperature electrolyte melts. It can be seen from the

continuous

figures that, no matter what kind of binder is used, the
electrolysis expansion can be observed when the
electrolysis continues for only 5 min. At this time, no K
and Na are detected in the carbonaceous aggregates of
the composite cathode, but in binder phase, some K and
Na have been found. So, it can be concluded that, after
electrolysis, the K and Na elements penetrated into the
binder phase must be in the form of alkali metal. These
alkali metals react with carbon, form corresponding
intercalation compounds and finally result in the
expansion of cathode. So, the electrolysis expasion of
cathode is induced by the intercalation of K and Na into
the binder coke at the initial stage of electrolysis.

With the extension of electrolysis time, K and Na
gradually penetrate into the carbonaceous aggregates of
composite cathode, and the expansion of cathode is
caused mainly by the expansion of both binder coke and
carbonaceous aggregates. In addition, Figure 3 also
shows that, electrolytic expansions of pitch, furan,
phenolic aldehyde and epoxy based TiB,—C composite
cathodes after 2 h electrolysis are 1.35%, 1.09%, 0.85%
and 0.92%, respectively, the electrolysis expansion of
resin based TiB,—C composite cathodes is less than that
of pitch based TiB,—C composite cathodes.

The penetrative and migratory process of alkali
metals in TiB,—C composite cathode is a unsteady state
diffusion process, so according to Fick’s second law,
ZOLOCHEVSKY et al [18] proposed a constitutive
model to describe the electrolysis expansion of cylinder
cathode samples and calculate the diffusion coefficient
(D) of alkali metals in the cathode during the electrolysis
process. Alkali metals diffuse from the outer surface of
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Fig. 3 Electrolysis expansion of different binder based TiB,—C composite cathodes: (a) Pitch; (b) Furan; (c) Phenolic aldehyde;

(d) Epoxy

cylinder cathode with radius » into the binder phase, so
the concentration C of alkali metals in the cylinder can
be expressed as

oC 1 0 (FD acj @)

o r or or
where 7 is the radial coordinate and ¢ is the time. With
the boundary and initial conditions:

C=Cyr=b1t=>0
C=0,0>r>ht=0

The solution to Eq. (2) is

2& 1 Jylre,) )
C=Cp|1-2> — 20 “nlexpl-D 3
{ P2, o)™ "’)} ®

where Jy(x) and J(y) are the Bessel function of the first
kind of zero order and the Bessel function of the first
kind of the first order, respectively; and a, (n=1, 2, ***)
are the roots of Jy(ba,,)=0.

The solution to Eq. (3) can be written as

M, 1_4i exp!—Da,ft! 4)

M, (at,b)"

o0 n=l1

where M, is the quantity of diffusing sodium penetrated
into the cylinder at time #; M,, is the sodium after infinite
time. So, the diffusion coefficient (D) can be calculated
by equation as follows:

0.063

D= (5)

tor?
where t,, is the time to reach half of the saturation
concentration in a cylinder with a radius ». Here, the
concentration of alkali metals is proportional to the
electrolysis expansion, so f;, can be obtained from
Fig. 3.

Table 3 lists the alkali metals diffusion coefficients
of different binders based TiB,—C composite cathodes.

Table 3 Diffusion coefficients and relevant parameters of alkali
metals in different binder based TiB,—C composite cathodes

Cathode with different binders ¢;,/min »/mm D/(cmz-sfl)

Pitch 2203 10 2.86x107°
Furan 23 10 2.74x107°
phenolic aldehyde 28.17 10 2.24x107
Epoxy 25 10 2.52x107
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According to Table 3, the diffusion coefficient of
alkali metals in pitch based TiB,—C composite cathode is
maximal, which is 2.86x10° cm%/s. While in resin based
TiB,—C composite cathode, the diffusion coefficient of
alkali metals is smaller, especially in phenolic aldehyde
based TiB,~C composite cathode, the diffusion
coefficient of alkali metals is minimal, which is
2.24x107° cm?s. After carbonization, resin mostly
exhibits the three dimensional cross linking structure,
while pitch shows turbostratic graphite structure [19].
This is the reason why the diffusion coefficient of alkali
metals in pitch based TiB,—C composite cathode is
higher than that in resin based TiB,~C composite
cathodes. The diffusion coefficient of alkali metals is
related to corrosion resistance of the cathode. When the
diffusion coefficient of alkali metals is larger, the caused
destructive power of the alkali metal is also larger, then
the cathode will encounter serious corrosion, and vice
versa.

3.3 Corrosion rate of different binder based TiB,—C

composite cathodes

During aluminum electrolysis process, Reaction (6)
occurs in the interface between liquid aluminum and the
cathode, and the Al,C; is formed [20]. In addition, the
generated K and Na in the interface between molten
electrolyte and liquid aluminum will diffuse through the
liquid aluminum to the interface between liquid
aluminium and the composite cathode, subsequently
penetrate into the cathode. These alkali metals will react
with the carbonaceous components, and form
intercalation compound [C.M(K,Na)] [21] and Al;Cs
according to Reaction (7). TiB, has a good wettability
with liquid aluminum, but under the condition of
polarization, liquid aluminum on the surface of the
cathode still presents a certain degree of volatility (Fig. 4)
[22], causing that some electrolyte is in touch with the
composite cathode. Under this circumstance, Reaction (8)
occurs and the carbonaceous components are consumed.
The binder coke is most likely to react with K and Na
accroding to Reactions (6) and (7). When these reactions
happen, a part of TiB, grains will break off and enter into
the liquid aluminum on the surface of cathode, resulting
in the increace of Ti content and the corrosion of the
cathode, which is also the theoretical basis of Eq. (1).

4AI()+3C(s)=AL,Cx(s) (6)
4Na;AlF4(1)+12Na()+3C(s)=ALCs(s)+24NaF(s)  (7)

ALC(8)+SAIF3(1)+9NaF(l)—
3Na;ALCFy() (800 °C—1050 °C) (8)

Table 4 shows the corrosion rate and the related
parameters of different binder based TiB,—C composite

cathode. It can be seen from the table that, the corrosion
rate of pitch based TiB,—C composite cathode is the
highest, which is 7.29 mm/a. While the corrosion
resistance of resin based TiB,—C composite cathodes is
superior to that of pitch based TiB,—C composite cathode.
The corrosion rate of phenolic aldehyde based TiB,—C
composite cathode is minimal, which is only the 31.69%
of the corrosion rate of pitch based TiB,—C composite
cathode.

Anode

— —
—>» — Bath

— — — —
— — — «—

Ledge

Aluminium

- ]
/7
Sludge

Fig. 4 Schematic diagram about melts flow of electrolysis
process

Table 4 Corrosion rate and related parameters of different
binder based TiB,—C composite cathodes

Cathode with 6 ¢ h/ Wioss/
. . wdg /107 wy/g /10 4
different binders mm (mm-a )
Pitch 109.81 47 122.61 214 51 7.29
Furan 109.52 47 12192 178 52 584
Phenolic
110.00 47 1229 101 47 231
aldehyde
Epoxy 110.35 47 12285 121 40 2.63

As for different binder based TiB,—C composite
cathodes, the contact probability of the carbonaceous
components with the liquid aluminum is equivalent
during the electrolysis process, and so is the occurrence
of Reactions (6) and (7). Also, the carbonaceous
aggregates in each kind of composite cathode are
identical. So, the difference of corrosion rate of different
composite cathodes is induced only by the difference of
the penetration resistance to alkali metals of the binder
coke. The poorer the penetration resistance to alkali
metal of the binder coke is, the more the penetration
capacity of alkali metals into the cathode is. On the
contrary, when the penetration resistance of binder coke
is strong, the penetration capacity of alkali metals into
the cathode is small; the quantity of Al,C; generated by
the Ractions (6) and (7) is also small. In macroscopic
view, the corrosion rate of the cathode is low. It can be
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known from the discussion mentioned in Section 3.2 that,
the penetration resistance of pitch based TiB,—C
composite is the worst, while, that of phenolic aldehyde
based TiB,—C composite cathode is the best. So, the
corrosion rate of pitch based TiB,—C composite cathode
is the highest, while, that of phenolic aldehyde based
TiB,—C composite cathode is the lowest.

3.4 Penetrative and migratory path of alkali metals
(K and Na) in different binder based TiB,—C
composite cathodes
In general, the microstructure of TiB,—C composite

cathode is shown as Fig. 5. It can be seen that composite

cathode is composed of carbonaceous aggregates, pores,
binder cokes and TiB, particles. During the electrolysis
process, as the penetration of alkali metals into the
cathode is a diffusion process from outside to inside,

EDS can be used to analyze the distribution of elements

in the cross section of the composite cathode if the

Carbonaceous

aggregates

* TiB,

+ Binder coke

Fig. 5 Schematic diagram for microstructure of TiB,—C
composite cathode

electrolysis time is controlled, and then the penetrative
and migratory path of alkali metals into the cathode can
be obtained.

Figures 6—9 show the results about the element
surface scanning of different binder based TiB,—C
composite cathode after the electrolysis in K-containing
low temperature electrolyte melts under different
electrolysis time. The black region in BSE figures is
carbonaceous aggregate particles, and the remaining
region in the figures is the mixed region of TiB, and
binder phase. The particle sizes of the carbonaceous
aggregates are controlled in the range of 106—270 um, so
that the penetration of alkali metals into different
constituent of the cathode can be investigated
conveniently after electrolysis.

As can be seen from Fig. 6 that, when the
electrolysis continues for 15 min, the elements F, K and
Na permeate into the mixed region of TiB, and binder
coke, that is, infiltrate into the binder phase of the
cathode. No any other element can be detected in the
TiB,, as shown in Fig. 10. But in the carbonaceous
aggregates of the composite cathode, only a small
amount of K and Na penetrate in and element F is not
found. With the extension of electrolysis time, the
content of the penetrated K and Na in the carbonaceous
aggregates increases gradually, but, the penetration of
element F is still not detected. This shows that the K and
Na elements penetrated into the carbonaceous aggregates
must be in the form of simple substance, and are likely to
react with carbon to form corresponding intercalation
compound [C,M(K,Na)]. If these part of K and Na is in
the form of compound, i.e. the electrolyte, the element F

Fig. 6 Element mappings for cross section of pitch based TiB,—C composite cathode under different electrolysis time: (a) 15 min;

(b) 60 min; (c) 120 min
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Fig. 7 Element mappings for cross section of furan based TiB,—C composite cathode under different electrolysis time: (a) 15 min;

(b) 60 min; (c) 120 min

Fig. 8 Element mappings for cross section of phenolic aldehyde based TiB,—C composite cathode under different electrolysis time:

(a) 15 min; (b) 60 min; (c) 120 min

should appear in the same region. When the electrolysis
extends to 60 min, the elements F, K and Na permeate
into binder phase continually. But in the carbonaceous
aggregates, besides the penetration of a small amount of
K and Na, no F element can be detected still. With the
increase of electrolysis time, even to 120 min, K and Na
are still the only elements penetrated into the

carbonaceous aggregates, and element F is still not found.

As can be seen from Figs. 7-9, the penetrations of F, K

and Na into the cathode exhibit the similarity to Fig. 6.
According to the results in Figs. 6—9, the penetrative
and migratory paths of alkali metals in different binder
based TiB,—C composite cathodes during the electrolysis
process can be obtained. With the proceeding of the
electrolysis, alkali metals (K and Na) penetrate into the
pores of the cathodes together with the electrolyte firstly,
and then penetrate into the binder coke, finally penetrate
into the carbonaceous aggregates of the cathode
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Fig. 9 Element mappings for cross section of epoxy based TiB,—C composite cathode under different electrolysis time: (a) 15 min;

(b) 60 min; (c) 120 min

(b)

)

1 2 3 4 5 6 7 8 9 10
Energy/keV

Fig. 10 SEM image (a) and EDS analysis (b) for TiB, in composite cathode after electrolysis

gradually. The penetration ability of K is stronger than
that of Na. Alkali metals (K and Na) can not penetrate
into the TiB, particles. Alkali metals (K and Na)
penetrated into both the binder coke and carbonaceous
aggregates will lead to the electrolysis expansion of
composite cathode. With the continuous penetration of
alkali metals (K and Na), the electrolysis expansion of
the cathode increases gradually, and finally becomes
constant when the content of alkali metals (K and Na) in
the cathode is saturated.

In addition, from Figs. 6(c;) and (c,), it also can be
seen that, after electrolysis of 120 min, because of the
impact of the react order of intercalation compounds
correspond to K and Na, the penetration capacity of K is
obviously larger than that of Na. Meanwhile, the
distribution of K or Na in any region of the cross section
is almost the same, showing that the penetration

resistance to alkali metals of pitch based TiB,—C
composite cathode is poor, and which is more obvious
compared with the results shown in Figs. 7(c), 8(c) and
9(c). It can be seen from Figs. 7(c) that, in different
regions of the composite cathode, the content of the
penetrated K or Na is different, the penetration capacity
of K and Na in the binder phase is higher than that in the
carbonaceous aggregates. Compared with Fig. 6(c), the
penetration resistance to alkali metals of resin binder is
stronger than that of pitch binder.

4 Conclusions

1) Owing to the difference of cathode’s
microstructure, the penetration rates and the diffusion
coefficients of alkali metals in various binders based
TiB,~C composite cathodes are different. The
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penetration depth and rate of alkali metals in phenolic
aldehyde based TiB,~C composite cathode are the
smallest, which decrease by 55.47% compared with the
pitch based TiB,—C composite cathode. The diffusion
coefficient of alkali metals in resin based TiB,—C
composite cathode is also smaller, especially in phenolic
aldehyde based TiB,—C composite cathode, the diffusion
coefficient is minimal, which is only 2.24x10 °cm?s.
The corrosion resistance of resin based TiB,—C
composite cathode is superior to that of pitch based
TiB,—C composite cathode, among which the corrosion
rate of phenolic aldehyde based TiB,—C composite
cathode is minimal, which is 2.31 mm/a, only 31.69% of
the corrosion rate of the pitch based TiB,—C composite
cathode.

2) The penetrative and migratory path of alkali
metals in different binder based TiB,—C composite
cathodes during the electrolysis process is as follows:
with the proceding of the electrolysis, alkali metals (K
and Na) firstly penetrate into the pores of the cathode
together with the electrolyte, subsequently penetrate into
the binder coke, finally penetrate into the carbonaceous
aggregates of the composite cathode gradually. The
penetration ability of K is stronger than that of Na. Alkali
metals (K and Na) can not penetrate into the TiB,
particles. Alkali metals (K and Na) penetrated into both
the binder coke and carbonaceous aggregates will lead to
the electrolysis expansion of composite cathode. With
the continuous penetration of alkali metals (K and Na),
the electrolysis expansion of the cathode increases
gradually, and finally becomes constant when the content
of alkali metals (K and Na) in the cathode is saturated.
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ARG TIE TiB,—C E4 AR
WEEBZETZITH

7 A, ARAE, AT dE, FAOE R F

V2 RN W TR, P92 710055

W OE: Ay KRBT AES, R EDS Mo s ik 2 MRR A, 4 AT B R s T ORI
W . IASE TiB,—C Z A4 WP 48K M N3BT8 i, RN, RIS kR
B BR B AR E SRR, 25K TR TR, oA fE b, i< JE 78 AR h 2 0 AH
BURBE T AL AR 1 BB ANBIR LB T, BEJE 2@ ARG R, B F AR A WA T, &
JEBIEINE A M R 2 . BB HE ARG S5 FAR AN 5 BT R AH 24 1K KR Na 384551 5 5 BRI H i
i, IR, K b Na 545 5B 1. WIRIEEE & IR A IZ I 2R . T 8 A 30 o 1 R B L B TR 35
INFWHREE AR, B, WIEREEA BRI REE R T EE A . mHw e TiB,-C E40
WIS, M TiB,-C ZANIRNPURE ok, WE Bl raEaE . § R SO R0 8 2 50 A
4.72 mm/h, 2.24x107 cm*/s F1 2.31 mm/a.
KR M BIE; 1ITB; W4e)E; TiB,-C EA MM

(Edited by Chao WANG)



