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Abstract
TiZrV has been used in vacuum technology and electric

vacuum devices due to its high pumping speed and low
activation temperature in recent years. At the same time,
many preparation methods have been developed. Different
from the current coating method of magnetron sputtering,
this paper discusses the preparation of thin film coating from
the viewpoint of vacuum sintering, which is flexible in design
and more suitable for operation. Based on the analysis of
the surface morphology of the sintered film, the feasibility
and operability of the experimental method were explored
from the surface compactness of the getter.

INTRODUCTION
With the development of science and technology, vacuum

has played an increasingly important role in production and
scientific research. Getter materials have been widely used
in vacuum technology, thanks to their high pumping rate
and large sorption capacity, as well as long service life and
low economic characteristics.

To maintain and establish a vacuum environment by soak-
ing up or bonding to residual gas in the chamber, getters
use materials that readily form stable compounds with gas
molecules. According to the way of surface cleaning, getter
materials are mainly divided into two categories: flashed
and non-evaporable getter (NEG). Meanwhile, flashed get-
ters form films to adsorb gas molecules through evaporating,
and the evaporated ions will affect the normal operation
of vacuum electronic device. Compared with the flashed
getter, NEG has the following advantages: firstly, it has a
larger sportion capacity, which can reduce the interaction
between residual gases in the vacuum chamber; secondly,
the lower activation temperature keeps from thermal damage
to electronic vacuum devices; thirdly, the fewer secondary
electron yield (SEY) can also avoid secondary electron mul-
tiplication; in addition, NEG also has the characteristics
of high pumping rate, powder free, small space occupancy,
controllable precision and easy preparation and so on.

NEG materials are mainly composed of metallic or non-
metallic elements such as Ti, Zr, V, Hf, Ta and C, from which
columnar or thin-film getter can be obtained according to
different preparation. By diffusion of the oxide layer into the
bulk, NEG can adsorb H2, N2, O2, H2O and carbon oxides
in the chamber except noble gases and methane [1, 2]. That
the pumping rate decreases with the increase of sportion
capacity, with a passivation layer formed on the surface,
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results in the ultimate saturation of sportion capacity [3].
Therefore, for the sake of restoring the performance, it needs
to be heated and activated to remove the passivation layer,
oxide film and adsorbed active gas molecules on the surface.
Conventional NEG materials require an activation temper-
ature of higher than 350 ◦C, while it is lower than 400 ◦C
for stainless steel vacuum chamber and 200 ◦C for the alu-
minum alloy vacuum chamber of the Large Hadron Collider
(LHC).The European Organization for Nuclear Research
(CERN) discovers that after 24 h “in situ” heating at 180 ◦C,
the thin film of TiZrV can be fully activated [4, 5].

At present, various preparation of NEG films have been
developed, such as coating, screen printing and vapor de-
position. This paper will describe a quantitative deposition
method to prepare TiZrV film in detail. Sintering in a vac-
uum is an effective way to process the specially shaped de-
vices, which greatly reduces the experimental purpose. As
a matter of fact, sintering refers to the process of combining
powder materials into compact materials in a vacuum atmo-
sphere because of the high temperature, accompaning with
generating strength to make it densify and recrystallize. In
additon, coating is carried out under vacuum, aiming to make
the getter materials completely dehydrogenated, as well as
to make the powder completely sintered together and facili-
tate full activation. In general, vacuum sintering has several
advantages: clean parts, flexible production, fewer product
defects, easy maintenance of equipment and very low dust
release [6]. In parallel, vacuum sintering affects material
properties in terms of grain size, pore size and microstructure
distribution of getters. In this case, three different sintering
conditions will be considered, thus, a comparative analysis
of three different results will be conducted.

EXPERIMENTAL CONTENT
Experimental Procedures

According to the method and purpose, the experimental
process was mainly divided into three steps: cleaning the
substrate, preparing the sample and sintering the film.

Considering that the sintering temperature exceeds
1000 ◦C, it was larger than the melting point of the con-
stantan alloy. Therefore, a nickel-chromium alloy with a
higher melting point was selected as the substrate material.
For the sake of increasing the roughness of the substrate to
increase the adhesion between the film and the substrate,
the nickel-chromium alloy substrates were scraped prior to
the starting of coating. Then, in order to remove the poorly
soluble grease on the surface of the substrates, which can
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avoid contamination of the vacuum environment by vent-
ing surface impurities, the substrates were immersed in the
diluted HF solution for a period of time. After that, the
acid-soaked substrates were cleaned by the combined action
of deionized water and ultrasonic wave. Next, drying the
washed substrate with N2 was the last step.

At the same time, considering the vacuum sintering pro-
cess, the thickness of TiZrV film was selected to be 30 µm.
Via the calculation, the quantitative Ti powder, Zr powder
and V powder were uniformly mixed in a ratio of 1:1:1, with
enough alcohol added as a molding agent, so that it could be
stirred evenly and deposited on the substrate. Also, it should
let it stand to allow the alcohol to evaporate and make it dry.

Figure 1: Completely dried sample after deposition.

Figure 2: Experimental sintering device.

Until when the sample film was completely dried, as
shown in Fig. 1, it was placed into a vacuum tube furnace
(cf. Fig. 2), and the inside of the tube was pumped to 10−3 Pa
by starting oil-free molecular pump unit. After that the vac-
uum circumstance was stabilized and the heating program
was started. The sample was sintered from room temperature
to the highest temperature and kept warm. In order to investi-
gate the effect of the sintering process on the compactness of
the sample, a experimental scheme was proposed: changing

(a)

(b)

(c)

Figure 3: Film samples at different sintering temperatures:
(a) 950 ◦C, (b) 1000 ◦C, (c) 1025 ◦C.

the highest temperature,which were 950 ◦C, 1000 ◦C, and
1025 ◦C respectively. The sintering temperature of the alloy
was determined according to the melting point of the differ-
ent kinds of powders in the alloy. In the end, the program
was closed and the sample was naturally cooled with the
furnace.

Analysis of Experimental Results
It should be noted that the degree of vacuum in the tube is

lower than that before sintering, so it can be predetermined
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(a)

(b)

(c)

Figure 4: SEM images of film samples at different sintering
temperatures: (a) 950 ◦C, (b) 1000 ◦C, (c) 1025 ◦C.

that the getter film having a certain gettering property has
been sintered. Figure 3 shows the samples obtained under
different sintering temperatures. The surface of the sample
prepared at 950 ◦C has a film peeling off, which proves
that the mixed powder is not completely sintered at this
temperature. However,the surface of the sample for 1000 ◦C
and 1025 ◦C are scratched, and no powder is dropped. So
it can be simply judged that the sample for 1000 ◦C and
1025 ◦C has good mechanical properties.

At present, the surface topography scan analysis of these
samples are shown in Fig. 4. As it can be concluded from

the figure that the powder can be completely sintered at
two temperatures of 1000 ◦C and 1025 ◦C, and large holes
were filled to make the surface of the sample dense, while
at 950 ◦C, the surface pores of the sample were too large to
cause poor adhesion. According to the analysis of surface
pore size, at 1000 ◦C, the sample has the better compactness,
resulting in better mechanical properties and larger sorption
capacity.

CONCLUSION
The quantitative deposition method for preparing TiZrV

film described in this paper has certain feasibility. The pre-
pared film has good compactness and certain pumping perfor-
mance. During the sintering process, the solid particles were
interkaged with each other. When the crystal grains growed,
the pores and grain boundaries were gradually reduced, with
the total volume shrinking and the density increasing, finally
becoming a dense polycrystalline sintered body. From the
surface morphology analysis, the surface compaction of the
film sintered at 1000 ◦C is higher than at 950 ◦C and 1025 ◦C,
so 1000 ◦C can be used as the highest sintering temperature
condition for further film performance investigation.

ACKNOWLEDGEMENTS
This work was supported by the National Natural Science

Foundation of China (11475166, 11575214).

REFERENCES
[1] J. Kamiya, V. Baglin, G. Bregliozzi, and J. M. Jimenez, “Out-

gassing measurement of an LHC collimator and estimation for
the NEG performances”, Vacuum, vol.85, pp.1178-1181, 2011.
https://doi.org/10.1016/j.vacuum.2011.03.004

[2] I. Aichinger, R. Kersevan, and P. Chiggiato, “Analytical meth-
ods for vacuum simulations in high energy accelerators for fu-
ture machines based on the LHC performance”, arXiv preprint
arXiv, 1707.07525 (2017).

[3] V. Baglin, G. Bregliozzi, J. M. Jimenez, and J. Kamiya, “Vac-
uum Performances of Some LHC Collimators”, in Proc. 1st
Int. Particle Accelerator Conf. (IPAC’10), Kyoto, Japan, May
2010, paper THPEA085, pp. 3867–3869.

[4] C. Benvenuti et al., “A novel route to extreme vacua: the non-
evaporable getter thin film coatings”, Vacuum, vol.53, pp.219-
225, 1999. https://doi.org/10.1016/S0042-207X(98)
00377-7

[5] C. Benvenuti et al., “Decreasing surface outgassing by thin
film getter coatings”, Vacuum, vol.50, pp.57-63, 1998. https:
//doi.org/10.1016/S0042-207X(98)00017-7

[6] T. Porcelli, E. Maccallini, P. Manini, M. Mura, and M. F. Ur-
bano, “Experimental Methods for the Assessment of NEG
Pumps Working in Dust-Sensitive Environments”, in Proc.
9th Int. Particle Accelerator Conf. (IPAC’18), Vancouver,
Canada, Apr.-May 2018, pp. 3828–3830. doi:10.18429/
JACoW-IPAC2018-THPAL076

Th
is

is
a

pr
ep

ri
nt

—
th

e
fin

al
ve

rs
io

n
is

pu
bl

ish
ed

w
ith

IO
P

10th Int. Partile Accelerator Conf. IPAC2019, Melbourne, Australia JACoW Publishing
ISBN: 978-3-95450-208-0 doi:10.18429/JACoW-IPAC2019-THPTS045

THPTS045
4212

Co
nt

en
tf

ro
m

th
is

w
or

k
m

ay
be

us
ed

un
de

rt
he

te
rm

so
ft

he
CC

BY
3.

0
lic

en
ce

(©
20

19
).

A
ny

di
str

ib
ut

io
n

of
th

is
w

or
k

m
us

tm
ai

nt
ai

n
at

tri
bu

tio
n

to
th

e
au

th
or

(s
),

tit
le

of
th

e
w

or
k,

pu
bl

ish
er

,a
nd

D
O

I

MC7: Accelerator Technology
T09 Room Temperature Magnets


