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The coating by tantalum of steel parts* has been 
carried out by the two following methods : 
a) Chemical vapor deposition by the Hydrogen reduction 
of TaCl5 (temperature = 1100° C, pressure = 200 mmHg, 
K 2/TaCl 5 = 1 0 ) . 
b) Electron beam vacuum evaporation. In this -case Ta 
was firstly condensed by ion plating (p^ r

 = 5 x 10~3up 
to 2 x 10" 2 mmHg ; U c » -3to-/;KV and J c = 0.2 to I 
mAcm"2) in ordir to ensure a good adhesion between de
posit and substrate ; then by vacuum condensation 
(substrate temperature : 300 to 650 e C) to ensure that 
the coating is impervious to HC1 an H2SO4 acids. 

The advantages and inconveniences of each method 
are discussed. 

INTRODUCTION 

Tantalum is well known for its chemical inertness to
wards most corrosive agents with the exception of fluoride 
compounds such as Hydrofluoric acid an! Sulpher trioxide. 
This inertness is due to the formatioa of an impervious 
oxide film giving the metal'a corrosion resistance equiva
lent to that of glass. 

This Tantalum is a particulary attractive material for 
chemical engineering purposes, but owing to its high price 
its use is limited to very special cases. For this reason 
the prospect of coating more common materials, such as 
steels and nickel alloys, is regarded with great interest. 

The coating can be applied by several chemical or phy
sical deposition processes some of which are : 
- Chemical vapor deposition^'/ 
- Electrolysis of fused salts 
- Metallization by arc or plasma spray 
- Cathodic sputtering^*) 
- Vacuum evaporation. 

Each of these processes has its advantages as well ss 
its disadvantages and the aim of the present work is to 
make a comparative study of chemical vapor deposition and 
vacuum evaporation processes, from the point of view of the 



quality of the deposit obtained and the ease of application 
of each technique. 
DESCRIPTION OF THE PROCESSES 

1.CHEMICAL VAPOR DEPOSITION 
Chemical vapor deposition is a process whose principle 

has been known for a very long time but has only recently 
been used industrially. 

To obtain a tantalum coating by this method, tantalum 
pentachloride is reduced by hydrogen according to the equa
tion : 

2 [TaCl5] + 5 [H 2] •* 2 <Ta> + 10 [HCl] 
This reaction can take place under atmospheric pressure at 
a temperature of 7C0° C, although it is more common to use 
1000-1100° C, and an excess of hydrogen (10<H2/TaCl5<50) . 

The experimental parameters affecting the rate of 
growth and at the same time the quality of the deposited 
materials are the following : 
- Substrate temperature 
- Pressure 
- H2/TaCl5 ratio 
- Gas flow . ... 
Generally the growth rate varies between 1 — 1Op min . 
2.VACUUM EVAPORATION 

In this case the tantalum deposit is obtained by con
densation of the metallic vapor on the substrate. Tantalum 
is a refractory material and to achieve acceptable evapora
tion rates it is necessary to use a temperature higher than 
3000° C e.g. at 3350°C the tantalum vapor pressure is about 
0. 1 mraHg. Such temperatures can only be reached easily t>y 
electron bombardment. 

The rate of growth of the deposited film or the vapor 
condensation rate, depends upon the following parameter; : 
- Residual pressure (Po) 
- Rate of evaporation (V evap ) 
- Distance between source and substrate (ds) 
- Substrate temperature (Ts) 

Figure 1 shows the variation of the Ta evaporation rate 
V evap and condensation rate Vd as a function of the elec
tron gun power (AIRCO - TEMESCAL SFIH 270-2). 



When the condensation is carried out by means of ion-
plating'*~5) a number of extra parameters must be considered 
in addition to those already mentionned above : 
- Argon residual pressure (p/Vr) 
.- Polarisation potential of the substrate (Vs) 
- Intensity i c or current density J c of the electric dischar

ge. 

COMPARATIVE STUDY OF THE QUALITY OF THE DEPOSITS 

It is generally required to obtain adherent, impervious 
coatings, that is to say free of porosity, holes or cracks ; 
hence these properties are used to compare the quality of 
the deposits obtained. 

1.MORPHOLOGY OF THE DEPOSITS 

For a given substrate,' the most important factor affec
ting the morphology of the Ta deposit obtained by C.V.D. is 
thought to be the substrate temperature. At low temperature, 
for a given H2/TaCl5 ratio and pressure, the reaction oc
curs on the substrate and fine tantalum crystals are depo
sited. 

The deposit contains a great number of microdefects 
probably due to the fact that growth rate is greater in 
the perpendicular to the surface direction than in the di
rection parallel to it. When the temperature is increased 
the reduction process occurs partly on the substrate and 
partly in the vapor phase and the deposit has a large colum
nar structure. If the temperature is further increased a 
dendritic type of growth is observed. 

As far as the morphology of the deposited by C.V.D. 
tantalum is concerned, the important parameters are reac-
tant concentration and pressure. If pressure and/or reac-
tant concentration increase the deposit sonsists of finely 
crystallized tantalum. 

Therefore, by choosing carefully the experimental con
ditions, it is possible to obtain a columnar deposit free 
of porosity and intergranular cracks. Figure 2 shows the 
aspect of the deposit obtained as well as the experimental 
conditions used. Tantalum coatings on A 316 type steel, ob
tained using the above conditions showed a corrosion resis
tance completely comparable to that of massive tantalumw), 

As for the morphology of Ta deposits obtained by va
cuum evaporation it depends principally upon the growth rate, 
substrate temperature and pressure. It the case where the 
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deposit is obtained by ion plating some additional parame
ters have to be considered i.e. polarisation potential, cur
rent density and argon pressure. The microstructures on fi
gure 3 show the morphological aspect of the coating obtained 
.using different experimental conditions. 

It can be deduced that the morphological variations ob
served are in accordance with the model proposed by MCVCHAN 
and DEMCHICHIN'°), especially the appareance of a columnar 
structure at T| = O.JO TM = 700° C. The microstructures ob
tained 3t T o < Tj showed that the coatings are sufficiently 
dense to remain impervious to HC1 jnd H2SO4 acids. 

When ion plating is being ur.ed the Ta deposit is also 
of the columnar type and this is a result of the heating up 
of the substrate due to the ioric bombardment. But the de-

• • - — * - . . . . 

Very frequently when the substrates were fixed, the 
presence of nodules in Ta coatings deposited by vacuum con
densation or by ion plati-ig was observed. The diftmete. of 
these nodules can attain 20 pm (fig. '»)• This type of defect 
was also observed by other workers in thick films deposited 
using fast condensation rates(7-10). These defects are ap
parently caused by the self-shadowing effect and may be 
eliminated by displacing the substrate in the vapor flow. 

2.ADHERENCE OF THE' DEPOSITS 
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vious tantalum coating 
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y chemical vapor deposition of imper-
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rites is much more difficult to achie-
S'KlO this is the main reason why 
ny real industrial development. This 
be attributed to many causes : 
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a (6.5 x 10-6 c*"') and that of steel 

interface between deposit and subs-
lie brittle zone due to carbon diffu-
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feet on the adherence of the coating; 
f the substrate by the halides for-



A cenain amount of work has been done in a attemps to 
eliminate or at least reduce the causes of this bad adhesion 
and in particularly the carbon diffusion. GLASKIl!) suggests 
t he use of an intermediate layer acting as a carbon diffu
sion barrier. This barrier must at the same time have a) a 
good adherence on steel and tantalum b) form a mere stable 
carbide than TaC and c) can itself be deposited by.CV.D. A 
material satisfying all these conditions seems to.be tita
ne un 

Another solutions to the problonis the use of a lower 
temperature, thus reducing the carbon diffusion rate and 
the appearencc of cooling stresses in the film. Unfortuna
tely this last solution cannot be used for Ta coating since 
the deposits obtained are porous. 

It is at this point that the vacuum evaporation process 
offers a considerable advantage. Since.the deposition tempe
rature does not exceed 600* C, the carbon diffusion is limi
ted. Also a preliminary ionic bombardment permits the elimi
nation of all surface oxide resulting in an improvement of 
the deposit adherence. Finally by simply using the ion pla
ting mpthod the adherence is improved since the ions arri
ving at the substrate have a high energy level. 

COMPARISON OF THE TWO TECHNIQUES - CONCLUSION 

If the optimum experimental conditions are used, both 
processes can produce adherent impervious tantalum coatings. 
Since the coatings obtained by either method are of the same 
quality, the choire upon which process to use depends prin
cipally on the ease of application aswell as the dimensions 
and shapes of the parts to be coated. 

It should be noted that for the C.V.D. it is often ne
cessary to change the reactor shape according to the shape 
of the part to be coated, so as to achieve homogeneity of 
the deposit. Moreover the source material is a hydroscopic 
halide which can be prepared "on site" by the action of 
chlorine on the metal. Finally in the C.V.D. process a subs
tantial amount of HC1 gas in produced which must be trapped 
and this is an inconvenience which must not be underesti
mated. 

On the contraiy for vacuum deposition a vacuum chamber 
of large dimensions is required, but this one chamber can 
be used for differently shaped parts i.e. valves, crucibles, 
filters, thermal exchangers, etc. If from the content of 
this paper a conclusion can be drawn then it must be that 
in a great number of cases the vacuum evaporation process 
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is more attractive than the chemical vapor deposition. One 
important exception being the coating of internal tube sur
faces, for which the C.V.D. has no competition whatsoever 
from other processes. 
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Figure 1 - Evaporation rate ( V e v a p ) and condensation rate 
(V<j) of tantalum versus electron gun power» 
(electron gun : AIRCO TEMESCAL SFIH - 2 7 0 - 2 

T8 - 600° C ; 
; substrate : steel 

A 37) 

with electron beam sweep ; 
p0 = 10"5 mmHg de = 27 cm 

type 
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2 - Microstructure of tantalum coating deposited by 
C.V.D. method with T8 = 1100° C, p&2 s 20° mmBg 
B2/TaCl$ ratio = 10 (Thiokneee = 46 \im) 



x 4000 x 4000 
:kn( 
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x 10 000 
Vacuum condensation.(thickness • 1lym) with Vtf = 0. 
\im.min~1 ; Te = 300° C ; p0 = 10~5 mm H g 

40 

x 2000 x 2000 x 10 000 
Ion plating condensation (thickness - 22 ym) with 
Vj - 0.75 vm.min-1 : T8 = 700° C ; pAl> - J0-2 mmBg ; 

3.5 kV ; Ve = J c - 1 mA.cm~2. 

Figure 3 - Microstructures of tantalum coatings deposited 
by electron bnam evaporation (SEM) 
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SEM x 1500 

F i g u r e 4 - N o d u l a r growth i n t a n t a l u m c o a t i n g d e p o s i t e d 
by vacuum c o n d e n s a t i o n w i t h T8 = 300° C, Vtf - 1 
mm.min'l and pfir - 10~3mmBg (thickness = 3S ]im) 


