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ARTICLE INFO ABSTRACT

Keywords: A high pressure sintering method was devised to fabricate high density and strength BaZr, Y 1035 (BZY)
Ceramics ceramic at 0.6 GPa and 1100 °C for the first time. The mechanical properties and electrochemical response of the
Sintering ceramic in high pressure hydrothermal fluids were tested in a self-designed autoclave. Results shows that the

High pressure

. ceramic can be processed into fixed shape, it remains stable and a rapid electrochemical response was observed
Electrochemical response

after exposing to water vapor at 340 °C and 14 MPa for 20 h, which makes the product an excellent candidate
electrolyte material for in-situ measurement of H, in high pressure hydrothermal fluids.

1. Introduction extreme environments [1]. It is expected that many of these obstacles
can best be overcome with better materials prepared by new and so-

Any approach of in-situ measurement of H, in seafloor hydro- phisticated methods.
thermal vent fluids faces severe technological constrains due to the BaZrO3-based oxides are among state-of-the-art electrolyte mate-
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Fig. 1. Sectional view (a) and vertical view (b) of the experimental setup.

* Corresponding author.
E-mail address: liheping@vip.gyig.ac.cn (H. Li).

https://doi.org/10.1016/j.ceramint.2019.01.229

Received 31 December 2018; Received in revised form 17 January 2019; Accepted 28 January 2019
Available online 30 January 2019

0272-8842/ © 2019 Elsevier Ltd and Techna Group S.r.1. All rights reserved.


http://www.sciencedirect.com/science/journal/02728842
https://www.elsevier.com/locate/ceramint
https://doi.org/10.1016/j.ceramint.2019.01.229
https://doi.org/10.1016/j.ceramint.2019.01.229
mailto:liheping@vip.gyig.ac.cn
https://doi.org/10.1016/j.ceramint.2019.01.229
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ceramint.2019.01.229&domain=pdf

J. Peng, et al.
s
- =
. 2 = =)
e - - o~
> 3 = ’ - ' 8y
g | < pL_% & |
L h -~ ! ” e ¥
L
\a) ,«l_ A k J '___ -
' T . T - 1 - —
10 20 3 40 50 €0 70

20 (deg.)

Fig. 2. XRD patterns of (a) BZY powders and (b) BZY ceramic.

rials as they combine good proton conductivity with excellent chemical
stability [2,3]. However, the poor sinterability of BaZrOs; limited its
actual applications [4], and the mechanical properties of the pres-
sureless-sintered BaZrOs-based ceramic are not good enough to be used
in high pressure hydrothermal fluids. In this work, high strength BZY
ceramic was fabricated by high pressure sintering at 0.6 GPa and
1100 °C.

2. Materials and methods

BaCOs, ZrO, and Y,03 powders were ball-milled and then calcined
at 1300 °C for 24 h. The calcined BaZry Y, 103.5 (BZY) powders were
pressed into a cylinder compact, the compact was sealed into a pla-
tinum capsule and then assembled in accordance with Fig. 1. The high
pressure sintering experiment was carried out in the DS-6 X 1400t
cubic-anvil high pressure apparatus at 0.6 GPa and 1100 °C for 0.5 h.

The crystalline phases and morphology of the BZY powders and
ceramic were analyzed by XRD and SEM. After processing the BZY
ceramic into circular truncated cone by a grinder, the platinum elec-
trodes were attached to both ends of the BZY ceramic and subsequently
assembled in a tapered bore at the autoclave to create a conical self-

Ceramics International 45 (2019) 9310-9312

energizing sealing structure. One third of the autoclave was filled with
deionized water and a concentration cell was formed due to the dif-
ferent hydrogen partial pressures between the inside (water vapor at-
mospheres) and outside (ambient air atmospheres) of the autoclave.

3. Results and discussion

Fig. 2 shows the XRD patterns of the BZY powders and ceramic. All
diffraction peaks match well with the cubic perovskite phase of BaZrO3
(JCPDS card NO. 06-0399), and no additional peaks are detected.

The micrograph of BZY powders is shown in Fig. 3(a), revealing the
powders shared the characteristics of small particle size and good dis-
persity. Fig. 3(b) presents the submicron grains were closely packed
together and hardly any pore or crack was observed, which indicates
that the well-developed grains are in accord with the high relative
density (96%) calculated by Archimedes method. It is evident that the
high pressure sintering effectively inhibited the grain growth and in-
creased densification of the BZY ceramic. Elements distribution of the
BZY ceramic are shown in Fig. 3(c)-(e), each element was finely dis-
persed and uniformly distributed.

In order to test the machinability and electrochemical response in
high pressure hydrothermal fluids, the BZY columnar was processed
into circular truncated cone and then assembled in an autoclave acts as
seal and electrolyte. Fig. 4 shows the curves of pressure-time and EMF-
time from 300 °C to 340 °C. The BZY ceramic can be processed into
fixed shape and the autoclave was hermetically sealed at 14 MPa by
using the ceramic as a sealing material, indicating the ceramic has sa-
tisfactory mechanical properties. Moreover, the EMF responded rapidly
to the change of temperature and pressure, and quickly reached equi-
librium after temperature stabilization when BZY sample acting as
electrolyte in the concentration cell, which suggests that the sample
possesses superior chemical stability and electrochemical response.

4. Conclusions

High density and strength BZY ceramic was prepared by high
pressure sintering. Sintering at such a low temperature effectively
avoided evaporation of BaO, and pressurizing the sample while heating
successfully inhibited the grain growth and increased the densification.
Acting as seal and electrolyte shows it possesses superior mechanical
properties with rapid electrochemical response. Remarkably, the pro-
duct is an excellent candidate electrolyte for in-situ measurement of Hy
in high pressure hydrothermal fluids.
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Fig. 3. SEM images of (a) BZY powders, (b) BZY ceramic; Elemental mapping of (c) Ba, (d) Zr, and (e) Y.
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. 4. Pressure-time curve (a) and EMF-time curve (b) when BZY ceramic acts as seal and electrolyte.
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