Electrolytic Production Route for
Affordable Titanium Matrix
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Motivation

In spite of outstanding properties and an increasing demand for high performance light weight
materials the application of Titanium Matrix Composites (TMC) is limited by the price. An
electrolytic production route is proposed to reduce the costs based on the idea that several
economically and ecologically disadvantageous production steps can be avoided if raw

materials like TiO, are used as the titanium source in an electrochemical fibre coating process.

Conventional vs. Electrochemical Production Route
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Investigation of Titanium Deposition (Methodology)

1) Development of reproducible salt drying procedures

2) Detection of residual water and other impurities by electroanalytical methods
3) Examination of the anodic dissolution using a titanium anode

4) Examination of the cathodic deposition

5) Enrichment of the electrolyte with TiCl, / K,TiFg

6) Coating experiments on SiC-fibres

Experimentals:

Electrolyte:
LICI/KCI: eutectic mixture
Temperatur: 500°C

LiCl, KCI: Fluka puriss. p.a.,

ACS reagent

>99.0%, anhyd
Electrodes:
Tungsten: 1mm, 99,95%, Johnson Matthey
Titanium: 3,2mm, 99,99% Johnson Matthey
Glassy Carbon:  Sigradur G, 4mm, HTW
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The aim of the project described here is the development of the proposed process up to an
semi-industrial level. Because of the complexity subprocess are examined which could come
to operation either independently or in combination. The main topics are:

- Electrolysis of titanium dioxide-carbon-composite anode (anodic subprocess)

- Deposition of titanium on reinforcement fibres (cathodic subprocess)

- Combination of the subprocesses to a fibre coating process

Anodic Subprocess
(IME - In Situ Chlorination Process)

Cathodic Subprocess:
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While titanium is deposited, chloride ions are
reduced to chlorine, which react at the
composite anode with titanium dioxide and
carbon:

CF—Cl+e

TiO, + C + 2Cl — TiCl, + CO,

First experiments performed at IME
demonstrated that it is possible to dissolve
titanium from TiO,/C [7]

Titanium is deposited on the substrate
according to the cathodic reaction:
Tzt +2e- > Ti

The depletion of titanium ions is
compensated by anodically dissolved
titanium:

Ti + 2Cl— TiCl, + 2e-

—

Quasi-Reference corrected vs. LilLi* or CI/CI-
used as Internal Reference System [2]

Vacuum Drying Procedure:

Drying I: approx. 20h / 260°C / 1mbar
Drying Il (following [5]): 0,1-0,2 mbar
1. step: approx. 36h, 25°C

2. step: approx. 24h, 150°C

3. step: approx. 48h, 260°C

Anodic Dissolution and
Electrodeposition

In first experiments it could be demonstrated, that
titanium had been dissolved in the electrolyte and
deposited on the tungsten cathode. After titanium
electrolysis additional peaks could be observed during
cyclovoltammetry which might be attributed to titanium
ions. The deposited material contained silver, zinc, iron
and especially copper besides titanium.

Summary and Outlook:

The water/hydroxide content of the electrolyte estimated
from the voltammograms is still too high in spite of

improved drying procedures (approx. 10 times higher e T T T e
than those values reported in [1]). The detected elements (Cu, Fe, Ag, Zn) are mentioned as
trace impurities in the specification of the manufacturer. Therefore, further efforts are
necessary to improve the electrolyte quality by vacuum drying and preelectrolysis.
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Detection of Electroactive Species by Cyclovoltammetry:

Examination of the cathodic part of the electrochemical window:
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Examination of the anodic part of the electrochemical window:
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