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The Effect of Fluoride on the Corrosion of
Titanium in Acidic Solution

San-Der Chyou, Hui-Neng Hong and Ying-Ying Hong

ABSTRACT

Due to the excellent corrosion resistance in high chloride environment, recently titanium
was considered as a candidate material for flue gas desulfurization (FGD) system. Although
titanium was highly chemically resistant, it was reported that titanium oxide was still attacked
by concentrated sulfuric acid, notably by fluoric acid. Therefore this study was aimed to
explore the effect of fluoride on the corrosion of titanium in simulated FGD acidic chloride

solution.

Corrosion tests employed the electrochemical methods including cyclic polarization and
open circuit potential measurement. Electrochemical measurements were performed under
controlling the solution temperature. The critical corrosion concentrations of fluoride at
various temperatures were also determined. Using the X-ray Photoelectron Spectrum (XPS),
the corrosion products were identified as TiO*>® H,O, TiO,, and TiO * SO, (or Ti(SO4)z). A
corrosion mechanism was proposed according to this analysis.

Key words:corrosion, titanium, fluoride, flue gas desulfurization (FGD), cyclic polarization,
X-ray Photoelectron Spectrum (XPS)
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Fig. 1 Open circuit potentials as a function of
immersion time for titanium in acidic solutions
(pH2, being adjusted with H.SO.) containing
various levels of F~ ions at 40, 60 and 80°C.
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Fig. 2 Cyclic polarization curves for titanium in acidic
solutions (pH2, being adjusted with H,SO,),
containing various levels of F~ ions, measuring
at 40°C.
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Fig. 3 The effect of fluoride concentration and tem-
perature on the passive/active transition be-

havior.
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Fig. 4 XPS spectrum of titanium after immersing in
boiling green solution containing 2000ppm
fluoride ions for 30 minutes (test C).
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Table 1 The related chemical species determined by their XPS binding energies of 2p3/2, 2pl/2 of Ti and S, and 1s
of O for titanium after different corrosion treatments (unit:eV).

Ti S 0

Samples 2p3/2 2p2/1 2p3/2 2pl/2 1S

Test A 459.4 465.5 169.1 169.9 — 532.1 533.6
Ti(SO4)2, Ti(SO.): or Ti(SO4): or TiO SO, Ti(OH);?, TiO** e H,O
Ti(OH);* TiO ® SO, 91%)* 9%)*

Test B 459.5 465.5 169.0 170.2 530.5 532.0 533.5
TiO:, Ti(SO,):, Ti(SO,). or TiO. Ti(SO,). or TiO ® SO, Ti(OH);?, TiO** ¢ H,0O
Ti(OH);* TiO * SO, (6%)* (829%,)* (11%)

Test C 459.4 465.4 168.9 170.1 — 532.1 —
Ti(SO4): Ti(SO.); or Ti(SOs). or TiO ® SO,

TiO ® SO, (100%,)

Test D 458.8 464.5 169.1 170.2 530.4 532.1 533.9
TiO2, Ti(SO.):, Ti(SO4): or TiO, Ti(SO.). or TiO ® SO, Ti(OH);?, TiO** * H,0
Ti(OH);* TiO * SO, (45%)* (35%)* (20%)

A,B,C : immersion tests, D: dynamic polarization test

A : Green Solution**, +2000ppm F-
: Green Solution**, free from F-

gaow

1 mV/sec, room temperature

*

: Integrated area ratio

, room temperature, 24 hours

, room temperature, 24 hours

: Green Solution**, +2000ppm F-, boiling, 30 minutes

: Green Solution**, +2000ppm F~, being dynamically polarized from — 1.0V to+ 1.2V vs. SCE at a rate of

** : Green solution: 11.5% H,SO.+1.2% HCI+1.0% FeCls+1.0% CuCl,

Peak Centre |FWHM| Hght | G/L | Area Peak Centre (FWHM/| Hght | G/L | Area
(eV) (eV) % % % (eV) (eV) % % %
01 532.0 1.96 96 41 82 01 530.4 1.61 100 55 45
02 530.5 2.00 7 28 6 02 532.1 1.55 82 0 35
03 533.5 2.07 13 31 11 03 533.3 1.59 42 76 19

1009 Height (Counts): 59593
1009, Area (kceV/sec): 237.80
Reduced Chi Squared: 2.92
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100%, Height (Counts): 16460
100%, Area (kceV/sec): 104.60
Reduced Chi Squared: 3.81
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Fig. 5 XPS spectra of Ti 2p3/2 and Ti 2pl/2 for
(a)titanium specimen after immersing in green solution
containing 2000ppm F-, at room temperature, for 24
hours (test A) (b)TiO. standard (c)Ti standard.
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Fig. 6 O 1s spctrum of titanium after immersing in
boiling green solution free from fluoride ions
for 30 minutes (test B)
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Fig. 7 O 1s spectrum of titanium after being dynami-
cally polarized in green solution containing

2000ppm F~, at room temperature (test D).
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