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coth-1
sech-1
cach-1

curl
los




‘
1

M.CHANISM OF TITANIUM CORROSION IN MINERAL
AGIDS AND THEIR MIXTURES

A. P, Bryn%a, L. I. Gerasyutina and
E. A. Zhivotovskiy

Acid etching of titanium in mineral acld solutions ic used for
removing scale and removing the alpha-deposited layer from the
surface [1-3]. Mixtures of mineral acids are also used for de-
positing anodic oxide films on the surface of titanium, These
films serve as sorbents in vacuum technology [4]. The hydrides
which form in the mineral acid mixtures irsure gocd adhesion of
galvanized coatings to the titanium [5]. Undoubtedly, the mecn-
anism of the indicated processes is determined not only by the
acldity of the medlum but by 1ts anion composition.

This article examlines several of the laws governing the
corrosion and electromechanical behavior of titanium (VTI-1 brand)"
in suifurie, hydrochloric, and phosphoric acids and their mixtures,
as well as in solutions of the indicted acids having additives of
from 0.001 to 0.1 mole/l of sodium ckloride, and acid and normal
sulphates and p!osphates of sodium at 20-80°., The melhodology of
corrosion testing and electromechanical measurements 1is described
in work [6]. The resultant data shoew (Table 1) that the most
agressive medium with respect to titanium is sulphuric acid. This
apparently 1s assoclated to a conslderible degree with the
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stimulating effect o0& the acid's anlons, since with cne and the
same Hammett functiin the rate of titanium corrosion in sulphuric
acid is zreater tlan in hydrochloric or phOSphorié;abid (Fig. 1).
In-ofder to activate the metal with chloride or phosphate ions

a certain acidity is necessary; this is found in accordance with
the data of N.: b Tomashov et al. [7], studying cthe effect of
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chioride ions on the corrosion of titanium in suiphuric acid. ;
Introducing the chloride and sulphate 6f soaium into a solution i
of 5.5 molar phosphcric acid increases the dissolution rate of ; E
titanium (Table 2z). Sodium sulphate, as can be expected, was more ; }
aggressive than sodium chloride. ; 2
Table 1. Corrosion rate (v) of titanium in .
solutions of sulphur .c, hydrochloric, and
phosphoric acld at Jifferent temperatures.
s ' g/m2°h
o C'
moles/ 1 200 40¢ 60° 80° 100°
: Sulphuric acid
i 0,5 - 1,2 3,8 8
- 1,1 - 1,6 4,5 1
0 1,7 - 2,0 5,8 13,f
: 2,3 0,9 2,5 8,0 2
E 3 1t 3,2 1 KT
! 5,3 1,6 8,3 23 80
Hydronchloric acid
0,5 — —_ 1,25 2.8 |
1,1 — 0,1 1,4 32
2,0 - 0,4 1,6 4
2,0 — 0,9 2,8 6,8
44 0,65 2 5,1 15,3
8.2 1) 3,5 9,2 24
Phosphoric acid
1 ’7 - b 1 \2 A 7 8
3,5 — 0.2 1,8 5 15
5,5 - 0,4 2,1 6,b 2
8,7 - 0,7 3,0 126 1+ 35
14,1 - 1,2 4,4k 20 60
FTD-HT=23=153-74 e




"Fig. 1. Corrosion rate of

titanium in phosphoric (1),
hydrochloric (2) and sulphuric
(3) acid a8 2 function of
acidity Ho.

Table 2. Corrosion rate of titanium v in g/mg-h.

‘ Concentration of additives, mole/1
rddstive
0 0,5 i 5 10 50 100
NaCl 040 | o4 | 047 | 048 | 05 0,56 0,58
NasSO« | 0,40 | vt | 0,65 | 048 | 0,69 0,1 0,78

The dependence of the tltanium passivation current at the
passivation potential (¢ = -0.20 V) on salt concentration is
described by the exponential function
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i=aC® exp(g%?p) ,

where a and b are constants; B8 1s the apparent transfer coefficlent;
n 1s the number of electrons participating in the electrode reaction,

3 which takes the form of straight lines in the cocordinates lg 1 vr.

The results obtained make it possible to propose that chloride
and sulphate ions, by absorbing on the surface,l play an indlrect

Iphe positive charge of the titanium surface (¢CT = 0.2 V while

the potential of its negative charge, according to the data of

various authors, is =0.76 (8] or -1.04 V [9] facilitates anion
absorption.
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part'in‘ac¢élerating the electrochemical stage of the anion dis-

: solution process [10]. Apharenily, as a result of specific

g absorption a surface complex forms, which hydrates and easily lbség"

- 4cornnection with the main mass of metal and transfers into solution. .
This leads to the ionization of an atom entering into the complex -

: which, in turn, removes the overvoltage of the process of metal
dissolutlion.

Acid and normal sodium phosphates slightly deérease the
titanium corrosion rate (Fig. 3). The inhibiting effect of phos-
phates increases in isoacidic (i.e., those having idential Hammett
acidity functions) solutions of sulvhuric and hydrochloric acids i1n
propertion to their increased concentration. The effectiveness
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Fig. 2. Fig. 3.

Fig. 2. Dependence of titanium passivation currents (¢ = -0.2')

in 5.5 molar ghosphoric acid on sodium sulphate (1, 2), hydro-
sulphate (3, 4), and chloride (5, 6) concentration at 40°.

Rate of poventlal change, V/s: 1, 3, 5 = 0.55¢1073; 2, 4, 6 - 9+10™3

Fig. 3. Dependence of inhibiting effects of primary (1, 1'),

seconardy (2, 2'), and tertiary (3, 3') sodium phosphates on tem-
perature in 6.2 molar hydrochloric (1-4) and 5.3 molar sulphuric
(1'=4') acids.

4y, 4' - addition of 1.4 mole/l phosphoric acid.
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of phosphates as corrosion inhibitors for titanium increases in
the serie NaH,PO,, Na,HPO,, Na;POy. As inhibitors the phosphates
. are more effective in hydrochloric acid. Their dphibiting effect
- increases with temperature, achleviag a mgximum-a§‘h0° (see Table
3). This proviéeé the basis on which to assume-that- the phosphates
are chemisorbed on the surface of titanium. Chemical absorption
1s possible only for particleg with great energy reserves. There-
fore, chemisorption octcurs at a noticeable rate only at inereased
temperature. However, with an inordinate temperature increase
increased particle desorption is possible; this reduces the
inhibiting effect. Indicative of this absorption mechanism is
the fact that the data reparding the dependence of corrosion rate
and currents of anode diffusion of titanium on phosphate con-
centration agree with the equation of the Langmuir isotherm of ad-
sorption, modified as applied to corrosion [11], and graphically

represent straight lines in the coordinates lg [(volv) -1}~ 1g C
Fig. U.
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Fig. 4. Dependence of the
quantity m({?—~1) on con-

centration of tertiary
sodium Ehosphate in 5.3 M
sulphuric (1) and 6.2 M

i hydrochloric (2) acid at
. -’ “J, u OO .
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The special features and laws governing the corrosion resis~ ;
tance and electrochemical behavior of titanium in mineral aclids :
having anion additives and previously published data [12] on the
corrosion and electrochemical behavior of titanlum in mixtures of
acids were used as the basis for selecting a solution in which the
chemical removal of oxides from the titanium surface would be
possible. Oxidation of titanium leads to the formation of an outer
layer of TiO2 oxide and a Tto layer securely fastened
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- Accordingly, and also because 1lifting of the sgcale must be 1n-
" dured during etching, sulphuric acid was 1ntrodﬁ¢ed into the

to the metallic base [13]; A¢cording to published Qata; T:O S
dissolves better in sulphuric than in hydrochloric acid [1h]. =

solution. However, during etching poorly soluble phosphates can
form in 1t; by screening the metal surface these can facilitéte
nonuniform etching. Uniform etching is possible with chlorideions,
since the easily éoluay}e product of the TiCl, reaction is'drawh_-
away from the metal/solution interfage. To insure uniform atching
sodium chloride was added to the etching solution. ’

The work tested the possibility of using mixtures of sdiphuric ] !
and phosphoric acid with sodium chloride addltives for the chemical :
removal of scale from titanium. The most imrortant technical '
characteristic of the metal etching process 1is its rate, which is
assoclated with the change of potential. This work studied the
time dependence of the amount of etched metal and scale during
parallel measurement of the potentlal of samples in acid solutlons.

It also determined the hydrogen content in the samples after etching.

The effectiveness and quality of the etching were determined by its-
duration, overall welght losseg, external appearance of specimens,

and hydrogen content after etching. Alloy samples heat treated

at temperatures of 780-820° were used for the study. The time 3
dependences of potential ¢ (¢ vs T curves) and weilght loss with .
respect to a unit area of the visible surface of scale~covered F
VI1-1 alloy samples {curves (4AP/S) -t1) were studled. It was found
that tie process of scale removal consists of the following periocds:
1) induction when the scale 1s impregnated by the solution: in this

period there 1s no noticeable weight change; 2) main period -
rapld deterioration of potential and considerable sample losses;
3) the period of etching of scale resldues and disscolution of
the metal 1tself; the standard potentlal approaches that fur the
metal strlipped cf oxidaes,

As the content of sodium chloride 1in the solutlon during

the induction period increcases, consequently, the descaling time

FEN-HT=222153-73 b



- decreasss. Thus the descaling time without sodium chioride 1n “ulﬁuél
- 5.3 M sulphuric aciﬂ is- 1#5 min.. andAaith ‘’he aﬁdition cf 50 g/i,
120° min.f Additions of phosphanic acid slow down’ the etehing

- process’ “of - titaniam ailuys slightly from 120-%0»135 mig wﬁth the
aéaition cf 3 M phﬁsyhoric<aczd.- Introdueing,phosphoriﬁ aaid s
reduces the amuunt of hydrogen 1n ‘the samples from 0.08 to 0.04%,
while the hydrogen»cnntent after clarifieation of the surface is
-._reQuces - to 0,024% {the ¥ gdregen content in thﬂ original titanium
samples) ‘ COnSéquently, ‘during the indicated etching regime: a114x
%ne hydrogen concentrates in the surface 1ayer, forming hydriGESL
which prozect the titanium.surface from corroding. It is an
advantage that the proposed mixture of mineral acids, as opposed

to those used [1-3], does not contain fluorides and silicon fluorides.

CONCLUSIONS
\\\

@he corrosion resistance and electromechanical behavior of
titanium in solutions of sulphuric, hydrochloric, and phosphoric
acld in the 20-80° temperature interval were studied. It was
shown that given 1ldentical solution acldity, the most aggressive
with respect to titanlum is sulphurilc acid.

2. The addition of sodium chloride and sulphate to phospheric
acld stimulates titanium dissolutionj the stimulating effect of the ;
sulphate lons 1s eXxpressed to a greater degree than those of the
chleoride, Sodium phosphates slow down titanium corrosion in
sulphuric and hydrochloric acid slightly. The most effect in this :
regspect 1s tertlary sodium phosphate. ;

3. A foundation was developed for selecting a solutioa for the
chemical removal from the titanium surface of scale which ferms on
its surface at 780-820°.

FTD=HT=23=153~T4 7
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