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approval of the material translated.




L] * »

Y FTD-MT-43.123

ED!TED.’ MACHINE fRANSLATi(SN

.

/”C;/QEHAVIOR OF TITANIUM ALLOYS DURING CORROSION UNDER STRESS

IN ACID MEDIA
A -

1

o " BY: N. D. Tomashov and V. N. Modestova,

English Pages: 15

SGUREE:~ Titan i Ego Splavy, Ved, 6, IS&X; pp. 221-229

THIS TRANSLATION 1S A RENDITION OF THE ORIGk
NAL FOREIGN TEXT WITHOUT ANY ANALYTICAL OR
EDITORIAL COMMENT. STATEMENTS OR THEORIES
ADYOCATED OR IMPLIED ARE THOSE OF THE SOURCE
AND DO NOT NECESSARILY REFLECT THE POSITION
OR OPINION OF THE FOREIGN TECHNOLOGY Di.
VISION,

PREPARED BY;

TRANSLATION DivVISION -
FOREIGN TECHNOLOGY DIVISION
WP-AFB, OH!0,

FID-MT-43-123

Date 27 Dec qu)'L




g e e e e e
JROT o r

Tape Ho. MT-63-123

e

Titanium and Its Alloys
Vol. VI 1961

Pages 221-229 ) g

BIHAVICOR OF TITANIUM ALLCY3 DURING CORROSICN UNDZR 3TRIS3 IN ACID MiDIA

N. D. Tomashov and V. N. Modestova

&

Although the éuéﬁtitf of works devoted to the investigation of the behavior
of titanium during corrosion under stress,is small, nonetheless it is possible to
consider that titanium and its alloys are comparatively little subject to
corrosion cracking, especially in water media. It is‘knoyn that corrosion
cracking of titanium and its alloys is observed under the influezce of red fyming *
nitric acid [_L;7, 108 hydrochlorig acid Z72_7 (after t?moerature aging in the
region of existence of the §-phase and furnace cooling, i.e., after effectuation
of heat treatment vromoting’ sevaration of impurities on bpundaries of grains) zx‘h
;s was recently fixed*by the authors of_ this article, corrosion cracking of
éitanium is caused also by a 3.3 solution of bromine in methrlene alcoholk. e will
indicate in nassing that titanium and its alloys ace §ubject to corrosion cra%king
during high-temserature corrosion in the presence of sodium chloride [f3_7 ani also
in melted cadmium Z—L_7. Velded seams of titanic alloys are subject to corrosion
cracxing in chlorinated hydrocarbéns at 370°‘ZT5_7. .

3ide by side with coﬁparatively sma%} inclination to corrosion cracking in
aqueous solutions, titanium and its allcys are as is known, subject to embrittleme;t
by hydrogen inclusions / 6,7 /.

Hydrogen can occur in titanium and its allofs during contact corrosion, if
 they éxecute role of cathode, during their dissolution in acids. As was shcwn bty

investigation of surface of titanium by the method of electron diffraction, during

/
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its dissolution in hydrochloric, sulphuric, phosBhorous and hydrofluoric acids &
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hrdride film appears on its surface 178,9:7. It was considered interesting to
investiga&e, whether external stresses have an effect on penetration of hydrogen,
liberated during corrosion, into the depth of the metal and how this is reflected
in the behavior.of titanium alloys during corrosion under stress.

In this work is investigated the behavior dufing corrosion under stress of
materials with an a -structure, namely alloys of the system Ti-Al (Y75) and titanium

(VT1) of industrial issue. .

¥ethodology of ITxperiment
* VTS5
+ The material and for the given investigation was sheet alloy 1.05 mm
L d
&
thick, annealed at a temperature of 700° for 1 hour, and VT1 titanium 0.99 mm

thick, annealed at 500° for 1 hour.

For investigation of behavicr of welded samples during corrosion under stress

. 1
was nroduced argon-arc butt welding of corresponding materials was carried out.

Telding of samples of *VT5 and VTl was produced in argon containing 0.23 0/0
®
nitrogen and 0.05 0/0 oxygen, and (for comparison) in argon containing 0.05 /0

nitrogen and 0.00338 0/0 oxygen. 3ixvenditure of argon during welding was 3 1/min,

arc voltage was 9--117v, and current was 50 to 40 a; diameter of tungsten electrode

*

vas 1.6 mm. « .
: . Table 1
Cremical ccmoosition and mechanical nronertiea of alloys td on the basis of
titanim [ > Y y 4
. Tpeaen | onrocn- THOCR-
coam. | Al | Fe | si | ¢ | o | H | N | 2Pomo| remmos | NS |
3 . 3 | CTWeRNS | T e
! : shiwet | 0% | 4k,
&
JBr1 | — |0,12 0,030,065 0,15 |0,015 | 0,024| 52,7 | 49,2 | 2,2
& BT5 | 4,7 |0,22]0,1 |0,07]0,11 |0,009 | 0,028 94,8 40,3 151 |

1) Alloy; 2) Ultimate streﬁgtf{?g; kﬁ/ﬁmé; 3) _Réiaiifeﬂfeductiﬁn, 0/0;
L) Relative elongation, 0/0; 5) ¥Tl; 6) VT5.

I—welding was done by G. V. Nazarovyy in the Institute of Metallurgy imeni
A. L. Baykova.

2-




e
@

Ixperiments were conducted in solutions of hydrochloric and sulphuric acids
of different concentrations, i.e., at different conditions of absorption of
hvdrogen. Constant in time stretching stress (tension) was realized by means of
a lever machine, described by us in detail, earlier/ 10 /. ;Samples were cut across
rolling and had form of discontimious samgles with wart width working of 5 mm and

.

length of 50 mm. Before the experiment the samnles were cleaned on lo.  and No.
14 eéery vaper, degreased by diéhlorethane, and then for 6--7 sec. were slighty
etehed in a solution containing HS1 (d = 1.19 g/cm3) 340--350 cm3/l, HNO3 (d = 1.4
g/cm?) 55 to 60 cm3/1 and NaF 50 g/1. After that samples were washed, dried with
filter paner and held for approximately 24 hours in an exsiccator. During the,
exneriments the temperature of the working solution was held for 12 hours at 35°,
after which the heater was switched off and the temverature was lowered to
anmroximately 20v. Jample was subjected to tension after its potential obtaired w

.
value of -0.17v agé&nst a normal calomel electrode. This time to imposition _
stress denending upon solution, varied corrkspondingly from 10 to 120 min. .

Inasmuch as hydrogen in the form of hydrides of titanium is concentrated  n a
thin surface layer of metal and esnecially on ribs of the samnle, then for rennral
of steen slones by the margin of the cuts, sgnarate samnles werc coated with a
galvanic layer of nickel 20 microns thick, after which they were clamned in a
steel clamn in such a way that the wide side of the sample was subjected to
grinding and polishing. Hicfosections of alloy VTS were etched in the following
solation; 1 volume HF (d = 1.17 g/cmB), L volumes HEO3 (d = 1.4 g/cm3), L volures
flvcerine, lHcrosections of titanium were etched in this solution: 1 volume EF,

3 voiﬁmes KNO3 and 3 volumes glycerine.

-2
‘Results of Investigation
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Thnlole
During corrosion under a stress of 72 kG/mm2 and lower in relati;ely dilute

solutions of hydrechloric (5.3 and 10 0/0) and sulphuric (7.3 and 12%9 O/O)1 acids,
samples of alloy JT5, as distinguished from titanium, undergec brittle failure.
D:;ttle failure of alloy VT5 is observed also in a solution of 60 0/0 (10.67 N)
sulphuric acid, where after transient vigorous dissol:tion Jor about 10 hoﬂ;s, the
corrosion process proceeds at a veryzlow speed, which is stipulated by the
formation of little-soluble products of corrosion.

Prittle failure of saﬁples of élloy VT5 is promoted by small stress and low

.

sneeds of corrosion. In solutions.of 5.3% hydrochloric and 7.3*U/0 sulphuric
acids and in a solution 60 0/0 sulphuric acid even with such large stresses as
72 kG/mm?, samples fail brittlely with the formation of a large quantity of cracks
located glong the whole length of the samnle. The general form of cracks is
depicted in Fig. 1, where is presented micrography of a longitudinal section from
a samnle, standing under a stress of 72 XG/mm® in a solution of‘S.B 0/0 hydrtochicric
N .

.
acid. Failure of the sample set in through 35 days. During the nreparation »" a

- L 3
microsection, solid greyish-blue hydride layer, well visible under microscone alter,

polishing, was ;emoved. The surface shovmn on the drawing is located practically
directly under the solid hydride layer. The elongated stretched structural
comnmonents *a'" are well-visible hydrides of titanium. Cbiique strokes correspond
s to slin planes along which occurs precipitation of hydrides of titanium, which it
is nossible tq‘see clearly at largé magnification (Fig. 2). ‘e will note that
earlier Z-IIL 12_7 in alloys of the Ti--Al system containing hydrogen introduced
into the metal by heating it in an atmosphere of hydrogen, even during the atsence

L ]
of external stress, separztion of hydrides of titanium both along slip lines and

Cwinning,_and along the grain boundaries was observed.

These concentratiopns corresvond, respectively, to 1.5 and 2.83 N #
concentrations of hydrochloric and sulnhuric acids.

.
-1
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If steep slopes by the margin of the cut, as described gbove, and the upper
s0lid hydride layer are removed, then on a longitudinal slide it is.pcssible to
seé (Fig. 3), without etching of the microsection,a hydride layer by the margin of
the sample and filament of hydrides of titanium, stipulated by ﬁ}ffusion of -
hydrogén into the depth of the me;al under influence of stressz' In Fig. 3 is
given microgr;phy of a longitudinal section of a sample of.alloy VT5 after
corrosion under a stress of 72 kG/Exm2 in a solution of 60 0/0 sulphuric acid,
where tge hydride layer by the margih of sample -- in essence by rib of sample —-
whi?e hydrogen absofption is espgfially great, is easily vi;ib;p. .

Vle will note that<*side by side witﬁ preeminent separation'of hydrides of
titaniug along slin planes: partial separation of hydrides of titanium is observed

&
in a direction perpendicular to the applied stress (in a direction coinciding

with the direction of rolling).

» .

Crack in metal, in accordance with preeminent precipitation of h; .rides of
.
titanium along the slip planes,‘are developed also basically along the slin nl-nes,
.
preserving in‘macroscale a direction nerpendicular to the stress (see Fipg. 1).
Crack nass chiefly along the body of hydrides of titanium.

After two-hour heating of slides’of alloy VT5 at 400° in vacum the superficial
hrdride layer of metal disa;pears as a result of dirfusion of hydrogen from the
surface laver into the depth of the metal, and also of partial removal of
hrdrogen from metal. .

Corsidering the devendence bf time to failure of samnles on stress (Fig. 4),
it is nossible to see that it is reduced directly with an increase of load.” At
equal loads, an increase in concentration of hydrochloric acid from 5.3 to 10 0/o
(straight lines 1 and 2) in accordance with an increase of average sneed of
corrosion from 5.15 to 9.6 g/'m2 2L hours leads to a reduction of time to failure
of samples. The linear dependence of time to failure on load is not characteristic
for ghe usual corrosion cracking add gives a basis to corsider that failure of

C
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samnles is stipulated basically by a decrease in their working section drve to
one

corr-sion. As/ can see from Figa 5, weight losses of samples to the moment of

their failure in a solution of 5.3 0/0 HC1l, also are decreased practicall:

linearly with an increase of stress. T!v. '=zipht losses of samples to the moment

of failure during tests in a series of oiher solutions fall on wnractically the

same line.

-

. .
Fig, 1. Microgranhy o1 lonritudinal section of samnle of allor VT35 after

corrosion under a stress 2 .G/m* in a solution of 5.3 0/0 HCl -
a ~- lrdrides pf titanimm. P -- direction of amnlied external stress. 315

Fig. 2. The same as in Fig. 1 (aside from crack). X 1625.
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This attests to the fact that during equal load failure of samples sets in
L]

nractically at equal weight losses. Within the limits of exmerimental errors,
]

in the solutions indicated cracks practically do not render an accelerating effect
®

on time to failure of samples.

Formation ‘of many cracks 1s combined, apparently,ewith the fact that at a

definite state of deve]onment of a crack, in snlte of concentration of stress in

L

its amex braliing sets 1n/’ﬁé development, whlch makes nossible the appearance of

new cracks. The braking indicated is probably stipulated by the lowering of the
concentration of hfdrogen in its apex by the measure of déepening of the crack in
& 1 3

the thickness of the metal.
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Fig. 3. Mlcrogranhy of longitudinal section *of alloy VT5 after corrosion
under stress in a solution of 60 0/0 HZSO (aside from crack). Section was
not etched. X 315.

N
Cracks obtain essential development only‘in the last stage of deformation

of samples, on sections, marked by dotted lines.in Fig. 6, when deformation of

samnles increases rapidly. Development of cracks in relatively dilﬁte solutions

of 5.3 0/0 hydrochloric and 7.3 0/0 sulphuric acids on certain samples at stresses

of 65 kG/mm2 and lower could be observed by the naked eye through transparent

walls of the polystyrene vessel at 2--3 days to failure of sample.

77 .
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FQSYIH;ié; ;§>;ote that iff solutions of 5.3 0/0 (1.5 N) hydrochloric acid, where
average speed of corrosion (5.15 g/h? 2), hours) is lower than in solutions of
7.3 0/0 (1.5 N) sulphuric acid (6.46 g/m? 24 hoSrs), in approximately a month
sharn lowering of potential in positive direction sets in and the sample is
nassivated. For restoration of the active state of the sample, it is sufficient
to exchange the solution for a fresh one. Changes infthe concentration of the +

L ]
acid were‘’mmaterial, and activation set in also in the case when the concentration

L
of acid of the fresh solution was equal to that of acid in the decanted sovlution.
One of the main causes of the onset of the passive sfate was, arparently,the

accumulation of ions of tetravalent titanium in the solution.

" b a1 o2 N GRS WU NN 't * P T |
0 ‘40 80 120 i 160
. b “cymay

Fig. 4. Time to failure of samnles and their welded seams devending upon
load:

l.—— VT5 in solution of 5.3 0/0 HC1; 2 -- YT5 in 10 3 HCl; 3 -- VTl in
10 0/0 HCl; L4 -- welded samplgs in 10 O/0 HC1l, VT5 in 10 O/O HCl; 5 --
YTL in 10 O/0 HCl. a -- KG/mm; b -- 2} hour veriods.
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Fig. 5. Weight losses of samples of alloy WIS (1) and titanium VTl (2) to
moment of failure in solutions. of: 1 -- 5.3 0/0 HCl; 2 -- 10 0/0 KCl;

3 -~ 7.3 0/0H so&; L -+12.9 0/0 H 30,5 5 —= 40 0/0 K250,; 6 -~ 70 Q/0
H,50,; a — KG/mm<; b —— g/cm®. Fac% ol retardation of corrosion of
titanium by ions of tetravalent titanium added to solution of acid was
marked in the literpture earlier [_13;7.

The gharacter »r failure of samples of alloy VT5, as was already indicated,
denends on the concentration of acid, and, copsequently, from soveed of corrosion,
as well as on stress. /ith transition from a solution of 5.3 O/O to a 1C ¢/
solutidn of hyrdrochloric acid (Fig. 7) and from a solution of 7.3 to a 4§ /v
solution ¢f sulphuric acid (speed of corrosion, equazls 6.46 and 53 g/m® 21 i rs
resnectively,thg.time to fdilure of samgles is reduced in accordance with *
increase of soeed of corrosion (curves 1 and 2).s Leight losses of samnles to
moment of failure is oractically identical (Fip. 5, 7) and constitutes, in rmegp,

- LY
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Fig. é. Deformation of sanples of alloy VTS5 in tlme, stress of 72 kG/mm
l--solution 7.3 O/O Hzooh, 2--40 O/O H Joh 3--5.3 0/0 EZ1; AL—-the same,
stress of 60 kG/mm?; “a - elongation, %; b -~ 24 hour neriods.
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Fig. 7. Depnendence of time to failure of samnies of VT5 in solutions of
hydrochloric (1) and sulnhuric (2) acids, relative reduction hydrochloric
(3) and silohuric (4) acids, and weight loss2s in sulohuri 5 acid (5) on
concentration of the resoectlre acids. 3tress of 72 VC/hm a -~ 24 hour

neriods; b -- g/cm®. .
at the same time the.relative reduction increases witnh the indicated

increase of concentration of acids (curves 3 and 4). In other words, failure

is more ductile.

£
-

This can be explained by the fact that under an equal load of 72'kG/hm3,

the quantity of hydrogen absorbed to the moment of failure is less for samnles

/0
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in solutioné,with a high speed of corrosion, for example 4O 0/0 H330,,, than, for
examnle, in a solution of 7.3 0/0 H5S80,. This should already te known from that
féct that thickness of hydride layer to moment of failure of samples corroding
in 40 0/0-sulphuric acid is very small (less than 1 micron), while at the same

time in samples corroding in a 7.3 O/O-solution of sulphuric acid it constitutes

@

nearly 4.5 microns. We will note that the thickness of the hydride layer after
corrosion under a stress of 45 kG/mm~ in 5.3 0/0 HCL constitutes 7.5 microns.

More ductile failure of samples of alloy VT5 in solutions with high sneed
of corrosion is promoted also bf the circumstance that in these solutions samples
are deformed.faster (Fig. 6) and failure after a correspondingly shorter time

interval. Thanks to this the accelerating influence of deformation on the

. -

neretration of hydrogen, and, conseqvently, on the lowering of relative reductinon
-

is, in this case, less. The influence of sveed oi defoirmation on the brittle:r.ss

of allor VTS5, containing hydrogen in a surface layer, is confirmed by the

following., J3amnles underwent nreliminary corrodire for 25 darrs without stre=-

-

in a solutisn 12 0/0 kiddrochloric acid, and were then subjecled to tensier in

-

air with differenl sneeds of deformation down to fa}lnre. Samnles el.ngatad
for 1 hour had = relative reduction of 12.9 0/0, but elongated for 10 dars —~-
only 6.5 0/0.

Ve will show that in the same way that an increase of speed of corrosion
leads to an increase of relative‘reduction, 80 also an increase of stress is
accomnanied by an increase of relative reduction. This is exnlained by the fact

*
that with an increase of stress time to failure of samples is reduced and,
consequently, time of absorption of hydrogen is decreased.

with a transition from a 40 0/0 to a 60 U/0 solution of‘fulphuric acid

(Figl 7) time to failure of samples abruntly increases; ralative reduction,

conversely, is lowered. This is explained by the fact that in the given solution,

4
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after appfoximately 10 hours a sharp braking of the corrosion process sets in,
which is connected basically with the formation of insoluble products of
corrosion. Fqét corrosion of metal in the first hours increases stress and
acci}erates deformation of the metal; later the corrosion process proceeds under
increased stress and small speed of corrosion, promoting penetfation of hydrogen
into the depth of the metal (Fig. 3) and failure of samples at smaller weight s
losses, as compared to other solutions (Fig. 7). In a solution of 70 0/0-
sulvhuric adid, braking of the pfocess by insoluble products of corrosion is not
observed., Time to failure of samples, in accordance with the wverw high speed of
corrosion, 1s lowered, and relative reduction increases. -

As distinguished from samples of alloy VT5, samples of titanium VTl during
corrosion under stress in solutions of 10 0/0 HCl, where thé average speed of
their corrosion (8.3 g/xﬁ2 24 hours) is little distinguished* from the speed of
corrosion of VT5 (G.6 g/m2 21, hours}), underwent ductile failure even at loads of
20 kg/mmz. Their relative reducti'on vavied within the 1im%ts of 45--51 0/0 and
nractically was not distinguished from relative feduction during mechagacal
tegts of the original samples in air. Dependence of time to failure on load
also has a linear character. Increased inclination of samples of alloy JT5 to
emtrittlemeht during corrosion under stress im acids under the conditions when
the quantity of absorted hydrogen is sufficient for thes formation of hy@rides is,
nrobably connected with the nresence of aluminum. Aluminum, although/%%éreases
somewhat the thickness of*the hydride’ layer, nevertheless, by lowering the
ductility of ihe allsy, promotes thereby the nropagation of cracks which anpear;
tesides, under the conditions deformation it, apnarently, sjrongly favors the
migration of hydrogen into the met;i.

N s ®

welded samples of alloy VT5 during corrogion under stress in 10 0/0 Kc1

(see Fig. 4) failed along the weld metal approximately four times faster than

/2
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'unwelded samnles, which is stipulated basically by the high speed of corrosion

of the weld metal. ‘helded sannles of titanium under a load of 25 kG/mm2 failed
s

1.5 times faster than unwelded. At stresses over 30'kG/hm? failure occurred not

along the seam, but in the base metalf thanks to its large deformation.

&

Annlication of purest argon and vacuum annealing of welded samples of alloy VT5
at a temperature of 800° for two hours ircreased time to failure of samples only
by aporoximately 25 0/0.

Conclusions

1. The long-time influence of dilute hydrochloric and sulphuric acids on
alloy 7T5 and titanium, and also of 60 0/0 sulphuric acid on alloy VTS5, leads to
the® formation on them of a solid hydride léyer of a greyish-blue color.

2. O3tress under the conditions of corrosion in tbe conditions shown above
promotes pentration of hydf;gen into the denths of alloy VT5 and titanium. On
alloxr VT5 th; orecipitation of hydrides. of titanium, clearly emerges-chiefly
along the slin nlanes and partially in a direction wnerpendicular to that ofi
amnlied external stress.

3. As distinguished from titanium VT1l, the failure of” samples of allo:

YT5 in dilate hydrochloric and suinhuric acids is relatively trittle. Cracis

are develoned chiefly along the slin nlanes, nreserving in macroscale a direction
nermendicular to the stress. The indicated behavior of alley JT5 is stinulated,
anoérently, by the nresence of aluminum.

L. During corrosion under stress of alloy VT5 an increzse of sneed of
corrosion with'an incéease of copcenﬁratioh of acid or an increase of stress
with a constant concentration of acid leads to a more ductile failure of samples
with ovractically 2qual weight losses. This is caused basically by the smaller
quantity of hydrogen absorbed up to the moment 05 failure of samples in sc ~tions

with a high speed of corrosion or with imposition of large stresses. C(Cracks

L]
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caused 5& éﬁe formation of hydrides of titanium have little influence on time
to failure.
| During corrosion under stress in 10 0/0 hydroéhloric acid, welded samples
of titanium and especially of alloy VT5 were destroyed significantly faster
than unwelded samples.
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