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Introduction 

There already have been some reports about the effect of iron and sur­
face iron contamination on the corrosion behavior of titanium(1-5). However, 
there still are some unclear points about this problem, especially those 
abou.t the relation between the effect of iron and iron contamination on the 
corrosion behavior of titanium and the property of oxidation-reduction of 
the solution have not been clarified. 

The·object of this study is to research the general rule of the effect 
of iron content in titanium, surface contamination of iron, welding thermal 
cycle and anodization treatment on corrosion behavior of titanium in sulph~ 
ric solution containing potassium chromate and cathode hydrogenation, and 
to provide the criterion for the design and manufacture of chemical engine~ 
ring equipment made of titanium. 

Experiment conditions 

Six kinds of titanium with different iron contents were prepared with 
magnesium-reduction sponge titanium and electrolysed pure iron. 

The chemical compositions of the ingots are shown in table 1. 

Table 1. The chemical composition of the ingots 

Specimens The chemical compositions (wt%) 

No. Fe Si N c H Ti 

1 0.035 0.20 0.019 0.018 0.0018 Bal. 

2 0.075 0.20 0.021 0.018 o. 001 2 Bal. 

3 0.127 0.20 0.022 0.018 0.0016 Bal. 

4 0.223 0.20 0.022 0.021 0.0020 Bal. 

5 0.329 0.20 0.024 0.014 0.0012 Bal. 

6 0.392 0.20 0.019 0.012 0.001 0 Bal. 

The size of specimen of parent material was 25 x 25 x 2mm. The size of 
welding specimen was 15 x 15 x 2mm. The iron contamination on the surfaces 
vas carried out by means of surface scratching with a tool made of iron or 
by using resistance-spot welding to melt and attach a little amount of iron 
onto the surface. Some specimens were anodized in 10% (NH4 )2so4 solution 
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for 72 hours. D.C. voltage so used is 25 V. 
The corrosion experiment is carried out in 40% li2304 solution at 60 'C, 

potassium chromate was used to adjust the property of oxidation-reduction of 
the solution. 

Before corrosion test the specimens were ground with No.700 water proof 
emery papers degreased with acetone, boiled in deionized water and baked.The 
corrosion solution was prepared with chemically pure sulphuric acid and deio 
nized water. The amount of the solution was 25 - 30 ml/cm2 • The solution are 
not changed during· the corrosion test • 

Experimental result 

1. The effect of iron content in titanium 

In 40% H SO solution at 60°c, the effect of the content of potassium 
chromate in t~e ~olution on corrosion rate is shown in Fig.1. It can be seen 
from the figure that tl].e corrosion rates of the six kinds of specimens incr.!!, 
ase at the beginning with increasing of the concentration of potassium chro­
mate in sulphuric acid solution. When the concentration of potassium chroma­
te is increased to 0.00015 M, the corrosion rates of the all six kinds of 
specimens are up to their maximum value. When the concentration of potassium 
chromate increases and reaches 0.00023 M, the corrosion rates of No.1-4 spe­
cimens decrease rapidly and the specimens come into passivation. At the same 
time, the corrosion rates of No.5 and No.6 specimens are up to 13.2 g/M2.hr. 
and 14.6 g/M2 .hr. respectively. When the concentration of potassium chromate 
increases further to 0.00035 M and 0.00040 M, No,5 and No.6 specimens also 
come to passivation respectively. 

. 
"' .r:l . 

• 
f 
i:: 
0 
...t 
II e 
"' 0 
0 

15 

·• Bo.1 
)( :lo.2 
b. Jl.o., 
• Ko.4 
0 &o.5 
• lio.6 

·~ 
OL___;_~~~~~!::c:==:=:~"'l~ 

2 4 6 8 
-4 

K
2
cr0 

4 
cone. K x 1 0 

Fig. 1 

The effect of the added amount 
of K2Cr04 on the corrosion rate 
of titanium specimens with dif­
ferent iron contents • 
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The curves in Fig.2 show the relation between hydrogen content ~d iron 
content of the specimens. It can be seen from this figure that the hydrogen 
absorption increases with increasing of iron content. When the added amount 
of K2Cr04 is increased to 0.00023 M, as No.1-4 specimens cometo passivation, 
their hydrogen absorption is stopped. When the concentration on K2cr04 is up 
to 0.00040 M, all the specimens come to passivation and their hydrogen con­
tents are close to the original values. 
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The relation between the amount 
of hydrogen absorption of tita­
nium and the iron contents of 
specimens in 6o0 c, 40% H2S04 
solution containing K2Cr04'for 
2 hrs •• 

2. The effect of welding thermal cycle 

In table 2, the changes of corrosion rate of the specimens of parent 
materials and welded specimens are listed. 

The 
added 
amount 

of 
K2Cr04 

(Ml 

0 

0.0005 

Table 2. The comparesion of corrosion rates between 
specimens of parent materials and welded 

specimens in 60°C,40% H2S04 solution 

2 (;</M .hr. l 

No.1 No.2 No.3 No,5 

parent weld- parent weld- parent weld- parent weld-
mate- ing 'mate- ing mate- ing mate- ing 
rial rial rial rial 

5.6 9.8 6,0 1 o.o 6.8 9.1 14.2 1 2.3 

- - - 0,0 o.o 0,0 o.o 5.0 

The table shows that the corrosion rate of welded specimens is higher 
than that of parent material except No.5 specimen. It can also be seen that 
when 0.0005 M of K2Cr04 are added to the solution, the corrosion rates of 
both parent materials and welded specimens of No.2 and No_.3 decrease to zero, 
that is,' the specimens come to passivation. The corrosion rate of No.5 spe-
cimen decreases from 12.3 g/M2.hr. to 5.0 g/M2.hr.. , 

Table 3 shows the hydrogen content of the specimens after being corro­
ded. In the H2S04 solution without -K2Cr04 the hydrogen absorption of N-o. 2 
and No.3 specimens is not obvious, but that of No.5 specimen with higher 
iron content is most serious, pqrticularly in the heat affected zone, where 
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the amount of hydrogen absorption is as high as 290 PPM. In the H2so4 solu­
tion containing o.0005M of K2Cr04, No.2 and No.3 specimens come to passiva­
tion, and the amount of hydrogen absorption of No.5 specimen has decreased 
obviously. 

3. 

Table 3. The hydrogen content of welded 
specimens. (ppm) 

60°c, 40% H2so4, for 2 hrs. 

The added No.2 No.~ No.<; 
amount of B 1 

A B 
K2Cr04(M) 

A c D 
A c D c 

0 76 66 62 66 60 104 110 

0.0005 16 22 18 24 25 25 24 50 

Notes: A stands for parent material. 
B stands for welding. 
c stands for weld. 
D stands for heat-affected zone. 

The effect of the surface condition of specimens. 

D 

290 

76 

Fig.3 shows the curves of corrosion rate of anodized specimens with di1 
ferent iron content in H2so4 solution. It can be seen from this figure that 
the corrosion rate of specimens are very low within two hours' test. However, 
the corrosion rate has increased signiticantly for 24 hrs. test. 

The critical concentration of K2Cr04 needed for the passivation of ano­
dized specimens has decreased slightly. All the specimens can be passivated 
by adding o.00020M of K2Cr04 in 60°c, 40% H2S04 (for 2 hrs.). 
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The effect of anodization on 
corrosion rate of the speci­
mens in 60°c, 40% H2S04. 

The hydrogen contents of No.2 and No.4 specimens after being tested for 
different time are listed in table 4. It can be seen from this table that 
anodization can decrease tile hydrogen content of specimens within short tes­
ting time. However, with the increase of the testing time, the hydrogen con­
tent of the anodized specimens is close to that of unaodized specimens. 
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Table 4. The effect of anodization on the amount of 
hydrogen absorption 60°c, 40% H2so4 , (ppm) 

I 
testing No 2 No .4 
time (hr.) unanodized anodized unanodized anodized 

2 87 30 6U 19 

4 57 100 58 

B 110 1 20 

24 92 72 

The corrosion rate of contaminated specimens are listed in table 5. The 
iron contamination on surface can make the corrosion rate and the amount of 
hydrogen absorption of the specimens with various iron contents increase. 
(The metalographic structure are shown in Fig.4). It can also be seen from 
the table thut the critical concentration of K2Cr04 needed for the passiva­
tion of the contaminated specimens in H2so4 solution has increased. However, 
if only there is sufficient oxidizer in the solution, contaminated specimens 
can also be passivated and hydfogen absorption will also be lightened. The 
hydrogen content and the ~orrosion rate of anodized specimens after being 
contaminated decrease obvio~sly. The corrosio~ rates of No.1 ~d No.6 speci­
men~ decrease from 11.7 g/M .hr. and 20.7 g/M .hr. to 0.6 g/M .hr. and 1 0 3 
g/M .hr. respectovely. Their hydrogen contents are close to the original da­
ta. 

( 500 X) 

uncon tam1nated contaminated 

Fig. 4. The metallograghic structure after being 
corroded in 60 C, 40% H2so4, for 2 hours 

Table 5. The corrosion rates of contamination specimens in 
60°c, 40% H2so4 solution for 2 hrs. 

(g/M2.hr.) 

The content of No .1 No.2 No.3 No.4 No.5 No.6 
K2Cr04 in solution (M) 

0 11. 7 11 .2 10.4 12.3 - 20.1 
0.00030 1 4.5 13.9 11 .8 - - 24.4 
0.00040 15.4 11 .8 - - 21. 7 
0.00050 0.4 0.5 11 .8 - - -
0.001 0.2 0.5 o.o 0.1 11.4 -
0.002 - - - - 0.4 0.1 
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4. The selective corrosion of iron 

In order to make sure whether there is selective corrosion of iron, the 
concentration of the ions of titanium and iron in the solutions after being 
tested has been analysed. The result is listed in table 6. It can be clearly 
seen from this table that the iron in titanium has been subjected to sele­
ctive corrosion. 

Table 6, The metallic ion content in solution 
after being corroded 

specimen iron content testing the analysis Fe ion 
in .specimen time values of ions (1''e+Ti) ion in solution 

No. (wt%) (hr.) (EJ:/l l ( %) 

Fe ion Ti ion· 

No.1 0,035 4 0,0006 0.11 00 0.5 
8 0.0016 0,4800 0,33 

24 0,0015 1 .2800 0.12 

No,2 0.075 4 0.0009 0, 1160 0,8 
8 0.0007 0,3120 0.22 

24 0.0022 1,6000 0,14 

No,3 0.1 27 4 0,0008 0,1260 0,6 
8 0.0010 0.3680 0.21 

24 0,0031 1 .6200 0,19 

No.6 0,392 4 0.0022 0.1100 1. 3 
8 0.0033 0,3920 0.84 

24 0.0001 1.8700 0.43 

Discussion 

1. The effect of the addition of K2cr04 on the corrosion course of titanium 
in sulphuric acid medium. 

K2cr04 is used as either an inhibitor of anode or an accelerator of c~ 
thode in H2S04. The effect of K2Cr04 on the corrosion process of titanium 
depends on its added amount. 

The main electrode process of titanium in 6o0 c, 40% H2S04 solution is 
as follows: 

anodic reaction: 3e ••••••••• , • , ( 1 ) 

cathodic reaction: H+ + e - H ............ (2) 

A part of atomic hydrogen generated from cathodic reaction penetrates 
in to the metal, and another part combines into hydrogen molecules and es­
capes. 

The electrode process may become oomplex after K2cr04 has been added, 
and several new reaction processes m&¥ occur: 

+ anodic reaction: Ti + 2H20-+ Ti02 + 4H + 4e ..... ( 3) 

cathodic reaction: Cr+6 + 3e - Cr+3 ........... (4) 
(yellow) (green) 
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If the added a.mount of K2Cr04 is extremely small(< 0.00015 M), then 
the corrosion potential of the specimens is very low (-760 mv) and the re­
action shown in equation (3) can not occur. The cathodic depolarization of 
cr+6 controls the corrosion course strongly. This makes the reaction shown 
in equation (1) and (2) speed up. The corrosion rate reaches a peak value 
as shown in Fig.l. In the experiment, it can be observed that the yellow co­
lour disappears rapidly after the reaction begins and there appears characte­
ristic violet of Ti+3, that is, titanium has been subjected to serious cor­
rosion. 

While the content of K2Cr04 in the solution increases gradually but it 
is still not sufficient to make the specimens passivate, the oxidizing abi­
lity of the solution increases correspondently. Because of this increase, 
though the reaction shown by equation (3) may not occur, the reactions shown 
by equations (1) and (2) are inhibited, thus the reaction rates have slowed 
down and there appear the reduction of the corrosion rate and the decrease 
of the a.mount of hydrogen absorption (see Fig.l and 2). When sufficient 
a.mount of K2Cr04 is contained in the solution, the oxidizing ability of the 
solution increases remarkably, then the reaction shown by equation (3) oc­
curs, a dense and stable oxidic film will form on the surface of titanium, 
the specimens will come to passivation and hydrogen absorption will stop con­
sequently. 

2. The effect of iron on corrosion behavior of titanium 

The solubility of iron in a- Ti i's extremely low. It is considered that 
its solubility is 0.05 - 0.10% (wt%) at room temperature. The iron content 
in commercial titanium of ten exceeds this solubility limit. In usual coo­
ling condition, eutectoid transformation does not occur in commercial tita­
nium but supersaturated solid solution is obtained. B-phase can be decom­
posed and Ti-Fe phase can be precipitated in certain conditions.· With the 
increase of the iron content in titanium, the a.mount of residual B-phase 
increases, therefore the corrosion rate increases. 

The degree of the effect of iron content in titanium on its crrosion 
behavior has close relation to the oxidation-reduction characteristics of 
sulphuric solution with K2Cr04. 

When the solution is strongly reductive, the surface film is very uns­
table. With the increase of the iron content in titanium_, the corrosion res­
istance o_f a-phase decreases and the occurrence of the second phase makes . 
its corrosion resistance decrease further. Therefore, the corrosion rate of 
titanium increases with increasing of iron content. 

When the reductive ability of the solution weakens and that of oxidiza­
tion grows, the stability of the surface film increases [5]. The lower the 
iron content in the. specimens is, the faster the stability of the surface 
film increases and so the corrosion rate and the a.mount of the hydrogen ab­
sorption decrease correspondingly. When the amount of added K2Cr04 in 6o 0 c, 
40% H2S04 solution is less than 0.00023M, the corrosion rate and the hydro­
gen absorption of titanium may vary according to above rule. 

When the oxidization of the solution increases further, the passsivation 
occurs first on the specimens of titanium with lower iron content. For exam­
ple, when 0.00023M of K2Cr04 is added, the passivation occurs on the speci­
mens No.l to No.4, however, the corrosion rate of the specimens No.5 and 
No.6 with higher iron content is still very high. The reason for this is 
that when the iron content in specimens is higher, there are more B -phase 
residue and TiFe-phase precipitated in the specimens, and they have damaged 
the uniformity of the surface film and decreased its stability. Therefore 
the specimens of titanium with higher iron content are still in activating 
state. 
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When the solution shows strong oxidizing ability that is, when the con­
centrations of K2Cr04 is increased to 0.00035M and 0.00040M respectively, 
all the specimens of No.5 and No.6 with higher iron content come to passiva­
tion and both corrosion and hydrogen absorption tend to stop. 

3. The effect of iron contamination and welding thermal cycle. 

It is not difficult to note from the data listed in tables 2 &· 5, that 
iron contamination and welding thermal cycle have speeded up the corrosion 
and cathode hydrogenation of titanium and also made critical concentration 
of K2Cr04 needed for the passivation of the specimens increase remarkably. 

The passivation of titanium depends on the existence of surface oxide 
film. If the oxide film of titanium can exist stably in medium," then it is 
corrosion-resistant. Surface contamination can not only make oxide film to 
be subjected to local damage and provide a convenient path for the penetra­
tion of hydrogen, but can also make the electrode potential of whole metal 
decrease to below the hydrogen precipitation potential. Hydrogen can preci­
pitate even if it is in moderate oxidizing conditions. The existence of iron 
at contaminated part can also make the potential of near by titanium decrea­
se and make the titanium dissolve, more hydrogen is therefore released. 

Welding thermal cycle has changed the size and distribution of residual 
B -phase, led to the concentration of B -phase, the occurrence of acicular 
structure and formation of serious local corrosion. The more the iron content 
in specimen, the more the acicular B -phase, and thus the more serious the 
corrosion. The iron contamination in welds leads melted iron to enter into 
titanium easily. Therefore, more ~uantity of acicular B -phase of rich iron 
appears. Therefore the iron contamination in welds and heat affected zone is 
more harmful. 

Iron contamination and welding thermal cycle may increase the corrosion 
rate and cathode hydrogenation of titanium. However, it must be pointed out 
that with the variation of oxidation condition of solution, that is, when suf­
ficient oxidant is contained in solution, the effect of contamination and 
welding thermal cycle may decrease, even may be eliminated completely. The 
treatment of anodination has the similar effect. This result has important 
guiding significance for the application of titanium in the chemical indus­
try. 

Conclusions 

1. The effect of the iron content in titanium on its corrosion property 
is closely related to the oxidation-reduction characteristics of the solu­
tion, that is, in 60°C, 40% H2S04 solution: 

When the concentration of K2Cr04 is less than 0.00023M, the corrosion­
resistance of titanium decreases with the increase of its iron content. 

When the concentration of K2Cr04 is up to or more than 0.00040, the cor­
rosion resistance of titanium has no relation to the iron content of the spe­
cimens tested in the experiment. 

2. Welding thermal cycle and iron contamination on surface have decre­
ased the corrosion-resistance of titaniurn. The more the iron content in ti­
tanium, the more obvious the effect. This kind of harmful effect can be li­
ghtened and eliminated by increasing the oxidizing ability of solution. 

3. Anodization treatment may lighten harmful effect brought about by 
surface iron contamination, but it can not be taken as an essential method 
to improve the corrosion-resestance of titanium in reductive medium. 

4. Iron as imgurity in titanium is susceptible to selective corrosion 
in 40% H2S04 at 60 C. 
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