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The present invention relates to steel that is adaptable and resistant to hot and wet environments, for ex-
ample, severe environments to which ballast tanks or sea-water pipes are exposed, and to a method of man-
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" ufacturing the same.

Tankers that will be manufactured in the future should have a double hull structure of the type shown in
Figs. 4A and 4B to meet the regulations of the International Maritime Organization (IMO). Adouble hull section
of a tanker 20 is used as a ballast tank 21 constructed to protect oil tanks 22. The double hull structure has
the purpose of preventing oil spills.

Since the surface area of the ballast tank 21 that is exposed to sea water is considerably enlarged (two
to three times) as compared with a conventional single hull structure, various problems arise in the painting
process and in corrosion protection generally.

As for problems arising in the painting process, the ballast tank 21 must be coated once or twice with coal-
tar epoxy resin paint. However, this is difficult and dangerous for painters because the painting operation is
performed in a narrow and confined space. In addition, the considerable area to be painted causes the coating
work to take a long time and to involve high cost. What is even worse, even higher cost and more labor are
required for repairing the double hull structure after extended use, as compared with new ship construction.

}he corrosion protection employs both paint such as coal-tar epoxy resin paint and cathodic protection
measures. Since sea water flows into and out of the ballast tank 21, the ballast tank 21 is exposed to a severely
corrosive environment. If sea water is present in the ballast tank 21, corrosion can substantially be prevented,
thanks to modern cathodic protection measures. However, the uppermost portion of the ballast tank 21 and
the underside of the deck 23 that are not normally immersed in sea water are subjected to a severely corrosive
environment, the temperature of which may be very high and which is repeatedly splashed with sea water. If
no water is present in the ballast tank 21, the environment becomes hot and wet and therefore the effect of
cathodic protection measures cannot be obtained, and the coal-tar epoxy resin paintacts solely to prevent cor-
rosion. The life of the coal-tar epoxy resin paint applied to the ballast tank can be expected to be about ten
years, which is about half the life of the ship. In the residual ten years corrosion must be prevented by further
painting, with major problems and difficulties.

Since the ballast tank is in a severely corrosive environment and the coating work under adverse conditions
encounters problems, hazards and difficulties, there has been a desire for an improved steel product that is
especially effective for use in a ship and which has excellent resistance against sea water corrosion under hot
and wet environments.

JGonventional sea-water corrosion resistant steel, an example of which has been disclosed in Japanese
Patent Laid-Open No. 51-25420, is designed for use in marine structures and harbor facilities, which is sharply
different from the environment faced by the steel according to the present invention; it is very different from
the hot and wet environment in the ballast tank 21 where sea water flows in and out. Therefore, steel typified
by the type disclosed in Japanese Patent Laid-Open No. 51-25420 contains copper as a required element.
However, the steel according to the present invention should contain no copper, because copper does notresist
corrosion of the ballast tank where sea water flows in and out, and even adversely affects corrosion resistance:

Steel having sea water corrosion resistance and containing no copper has been disclosed in Japanese
Patent Laid-Open No. 5-302148. It contains silicon and aluminum in relatively large quantities of 0.5 to 2% and
0.5 to 3% respectively, in order to obtain ferromagnetic ferrite.

Another example of sea-water corrosion resistant steel has been disclosed in Japanese Patent Laid-Open
No. 64-79346. It contains 7 to 20% aluminum. It is effective when used as a reinforcing steel when substantially
no welding needs to be performed. However, it is not suitable for use where a multiplicity of welding processes
are required, for example, in a ballast tank for a ship.

Although steel used to construct ships has been manufactured on the basis of component and process
designs based upon strength, toughness and weldability, no means to improve corrosion resistance has been
employed. In sharp contrast, the present invention provides a novel steel having excellent corrosion resistance
for use in ballast tanks and sea water pipes that are subjected to severe corrosive environments.

The corrosive environment to which the ballast tank is subjected is a hot and wet environment in which
sea water flows in and out. As a typical example where crude oil is transported from the Near or Middle East
to Japan, the oil tanks 22 shown in Fig. 4A contain no oil during the first trip from Japan to the Near or Middle .
East. Without oil the ballast tank 21 is substantially filled with sea water in order to balance the ship for safe
navigation. The portion of tank 21 immersed in sea water and the upper portion of the tank 21 are substantially
exposed to splashing sea water. When the ship sails from the Near or Middle East to Japan, it is filled with
crude oil. Sea water in the ballast tank 21 is discharged and the ballast tank 21 is empty. The space in the
baliast tank at that time is exposed to a hot and wet condition by sea water left in the bottom of the ship and
by heat transmitted from and through the deck. One cycle, in which the ballast tank is subjected to the foregoing
cycle of corrosive environment, may be about forty dayS/
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SEA WATER CORROSI ON RESI STANT STEEL SU TABLE FOR HOT AND WET

?I\l\/l RONMENTS AND METHOD OF MANUFACTURI NG THE SAME The present
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In conventional shipbuilding procedures the steel is welded with a large heat input by means of a so-called
“single layer for one side" technique. This improves efficiency of the welding process as the tanker is built.
When steel containing alloy elements is welded with a large heat input, the toughness of the welded portion
deteriorates substantially as compared with usual shipbuilding welding methods.

5 Important objects of the present invention are to provide a special steel capable of overcoming the fore-
going problems and exhibiting excellent corrosion resistance against sea water in a hot and wet environment,
and to provide a methed of manufacturing the same.

Another object of the present invention is to provide a new weldable steel having excellent welded portions
even when welded with a large heat input. Still another object is to provide a method of manufacturing such a

10 new steel.

We have investigated in detail the influence of alloy elements in steels. This was done by using an appa-
ratus arranged as shown in Fig. 1 to simulate a corrosive environment. As a result, it was found that steel having
a special chemical composition exhibits excellent corrosion resistance under these conditions. Furthermore,
‘we have found that additions of REM and Ti in particular quantities enables the user to prevent deterioration

15  of toughness in weld heat affected zones (HAZ). ("REM" means rare earth metals, in particular La or Ce, for
example.) In addition, another fact was found that employment of a special and novel manufacturing method
further improves corrosion resistance,

According to one aspect of the pfesent invention there is provided a sea-water corrosion resistant steel
suitable to hot and wet environments comprising about: 0.1 wt% or less of C; 0.5 wt% or less of Si; 1.60 wt%

20 orless of Mn; 0.005 to 0.050 wt% of Al; 0.5 to 3.50 wt% of Cr; and the balance Fe and incidental impurities.

' According to another aspect of the present invention, there is provided a method of manufacturing sea-
water corrosion resistant steel suitable to hot and wet environments comprising the steps of casting and hot-
rolling steel comprising about 0.1 wt% or less of C, 0.5 wt% or less of Si, 1.50 wt% or less of Mn, 0.005 to 0.050
wit% of Al, 0.5 to 3.50 wt% of Cr, and the balance Fe and incidental impurities; accelerated cooling the steel at

25  acooling rate of about 3 to 20°C/sec immediately after the steel has been heated due to casting and hot rolling;
stopping the cooling when the steel has been cooled to about 400°C to 600°C; and cooling the steel with air.
Other and further objects, features and advantages of the invention will be appear more fully from the

following description, and from the drawings.

30 BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is an explanatory view showing the schematic structure of a simulation testing apparatus of a ballast

tank;

Fig. 2 is a graph showing effect of Cr content on corrosion weight loss of test samples;

35 Fig. 3 is a graph showing effect of Cr content on the maximum depth of corrosion and the average depth

of corrosion of the test samples; )

Fig. 4Ais a plan view of a tanker having a double hull structure; and

Fid. 4B is a cross-sectional view taken along the line X-X of Fig. 4A.

An important object of the present invention is to provide a novel sea-water corrosion resistant steel com-

40  position which is resistant to hot and wet environments and is capable of reducing corrosion weight loss, and
is free from local corrosion while maintaining smooth corrosive surfaces, even in an environment in which sea
water and the atmosphere, the humidity of which may be as high as 100%, are repeatedly applied to the steel.

Decrease in corrosion weight loss means that generation of rust on the coated surface of a ballast tank,
arranged to be protected from corrosion by coating and cathodic protection measures, can be prevented or

45  severely curtailed. The smooth corrosive surface achieved according to this invention helps to prevent occur-
rence of conditions that cause concentration of distortion or metal fatigue.

The advantages of this invention can be achieved by adding effective amounts of Cr, Ni and Mo, more
preferably Nb and Ti. Furthermore, restriction of precipitation of carbides after hot rolling further enhances the
beneficial effects of Cr and Mo.

50 Another object of the present invention is to improve the toughness of portions of sea-water corrosion re-
sistant steel exposed to a hot and wet environment and joined by welding with large heat input. Addition of ef-
fective amounts of REM, Ti and N does not reduce the toughness of the portion that has been welded with
large heat input; on the contrary it improves toughness.

Effective component ranges will be described in the following paragraphs, along with reasons for deter-

§5  mining the component ranges and reasons for using the described novel method of manufacturing the sea-
water corrosion resistant steel.
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Although reduction of the addition of C will realize advantages in corrosion resistance and weldability, the

upper limit of the content of C is about 0.1 wt% because C is an element that helps to determine streng‘t/tl

5 _
Si: about 0.50 wt% or less .
Since the reduction of addition of Si prevents adverse influences on toughness, the upper limit of Siis
about 0.50 wt%.
10

Mn: about 1.50 wt% or less

Although Mn is an important element that influences strength, toughness and weldability, toughness and
the weldability are adversely affected if the content of Mn exceeds about 1.50 wt%. Therefore, the upper limit
15  of the content of Mn is about 1.50 wt%.

Al: about 0.005 to 0.050 wt%

Al is added to serve as a deoxidizer, and the content of Al is determined to be about 0.005 to 0.050 wt%
20 so far as weldability is not affected adversely. .

Cr: about 0.50 to 3.50 wt%/

The most effective element to improve corrosion resistance in the present invention is Cr. Since the con-
25 templated corrosive environment is very severe, addition of not more than about 0.50 wt% Cr cannot signifi-
cantly reduce corrosion and/or achieving a smooth corrosive surface. Since the foregoing effects can be ob-
tained if Cr is added in an amount of about 0.50 wt% or more, the lower Cr limit is about 0.50 wt%. If the addition
of Cr is increased, the effect of reducing corrosion weight loss can be attained. However, if the Cr content ex-
ceeds about 3.50 wt%, the steel surface is susceptible to a pitting corrosive state. If the quantity of Cr addition
30 s increased to about 9 wt%, only pitting corrosion is realized, similarly to that observed on stainless steel.
Since the percentage Cr at which corrosion weight loss can be reduced and a smooth corrosive surface can
be formed is about 3.50 wt% or less, the upper limitis determined to be about 3.50 wt%. However, itis preferable

that the quantity of Cr is about 1.2 to 3.0 wt%/

35  Ni: about 1.5 wt% or less

It is preferable that Ni be added together with Cr, which improves corrosion resistance. The addition of Ni
improves corrosion resistance and makes the corroded surface uniform. if the quantity of Ni exceeds about
1.5%, a tendency toward strengthening and hardening the steel is attained, and problems take place regardmg

4  toughness and weldablhty Therefore, the quantity of Ni is about 1.5 wit% or less.

Mo: about 0.8 wt% or less

Although addition of Mo enables a similar effect to that of Ni, excessive Mo addition is considered to raise
4 critical problems in toughness and weldability. Therefore, the addition of Mo is determined to be about 0.8 wt%
orless.

Ni + Mo: about 1.5 wt% or less

50 Ni and Mo enable substantially the same effect to be obtained. Since both Ni and Mo otherwise have prob-
lems of toughness and weldability, the upper limit of Ni + Mo is determined to be about 1.5 wt%.

Ti: about 0.005 to 0.05 wt%

55 Although Cr, Ni and Mo are elements that are effective to improve corrosion resistance, Cr and Mo readily
form carbides which reduce the portion of Cr and Mo which is present in solution that effectively exhibit cor-
rosion resistance. Since Tiis an element that forms carbides and has an affinity that is greater than those of
Crand Mo, Ti carbides are formed with priority. Therefore, forming of Cr carbides and Mo carbides is restricted
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joined with large heat input, because Ti forms nitrides when it coexists with REM. However, the effect of Ti
cannot substantially be obtained if the quantity is about 0.005 wt% or less. If the same is about 0.005 wt% or
more, the increase of Ti causes saturation to take place gradually. If the quantity of Ti exceeds about 0.05 wt%
the toughness of the base metal deteriorates. Therefore, the range is limited to about 0.005 to 0.05 wt%. When
Ti coexists with REM, Ti is a required element. If REM is not present Ti may be present in the range of Nb +
Ti discussed in a subsequent paragraph.

Nb: about 0.005 to 0.05 wt%

Similarly to Ti, Nb is an element provided for forming carbides. The addition of Nb restricts forming of Cr
and Mo carbides, and accordingly corrosion resistance obtainable from Cr and Mo in solution can be improved
effectively. If the Nb content is about 0.005 wt% or less, the foregoing effect cannot be obtained. Since the
toughness of the steel deteriorates if the content is about 0.05 wt% or more, the upper limit of Nb is determined
to be about 0.05 wit%. )

Nb + Ti: about 0.005 to 0.05 wt%

Nb and Ti have similar effects of restricting precipitation of Cr carbide and Mo carbide and effectively im-
proving corrosion resistance by enlarging the quantities of Cr and Mo in solution. However, the foregoing ef-
fects can be obtained only when the quantity of Nb + Ti is about 0.005 wt% or more. In order to improve tough-
ness, the upper Nb + Ti limit is determined to be about 0.05 wt%.

REM: about 0.0015 to 0.020 wt%/

if REM coexists with Ti, REM significantly improves the toughness of the portion welded with a large heat
input of about 100 KJ/cm or more since it enhances the effect of Ti. If the percentage of REM is less than about
0.0015 wit%, its effect cannot be obtained. If the quantity exceeds about 0.020 wt%, the toughness of the base
metal deteriorates. Therefore, the optimum REM content is determined to be about 0.0015 to 0.020 wt%. As
the REM, employment of La or Ce will enable a significant effect to be obtained.

N: about 0.0020 to 0.0120 wt%

N is an element required to form TiN that is important to improve the toughness of the structure of portions
welded with large heat input. In order to improve toughness, the N content must be about 0.0020 wt% or more.
If the N content exceeds about 0.0120 wt%, the foregoing effect cannot be obtained and toughness sometimes
deteriorates. Therefore, the N content is limited to about 0.0020 to 0.0120 wt%.

Beneficial manufacturing steps, which serve to improve the corrosion resistance of the sea-water corro-
sion resistant steel when exposed to a hot and wet environment, will now be described.

itis usual that steel is subjected to the usual casting and hot rolling processes. According to this invention,
after hot rolling has been completed, cooling of the steel is commenced at the moment the temperature of the
steel is about 900°C, Cr carbides and Mo carbides are, in this case, precipitated during the cooling process
when the cooling speed is lower than about 3°C/sec. This has the effect of deteriorating the cormrosion resis-
tance obtainable from Cr and Mo in solution. Therefore, the lower limit of the cooling speed is determined to
be about 3°C/sec. If the cooling speed exceeds about 20°C/sec, transformation products increase and tough-
ness deteriorates. Therefore, the upper limit of the cooling speed is determined to be about 20°C/sec. If the
temperature at which cooling is stopped after accelerated cooling has been performed, is higher than about
600°C, Cr carbides and Mo carbides are precipitated after accelerated cooling process has been completed.
Therefore, improvement of corrosion resistance against sea water, obtainable from Cr and Mo in solution, de-
teriorates. Therefore, the upper limit of the temperature at which cooling is stopped is determined to be about
600°C. If the temperature at which cooling is stopped is lower than about 400°C, transformation products in-
crease and toughness deteriorates. Therefore, the lower limit of the temperature at which cooling is stopped
is determined to be about 400°C./.

This Sheet Has Been Replaced




-

wor se, even higher cost and nore | abor are required for repairing the
doubl e hull structure after extended use, as conpared w th iAEWSSERTpHAS BEEN
constructi on. The corrosion protection enpl oys both pai nt REFEACESR

coal -tar epoxy resin paint and catffotit®3g¥8tecti on neasurés’ Since sea
water flows into and out of the ballast tank 21, the ballast tank 21 is
exposed t Exanpleseverely corrosive environnent. |If sea water is present in

Example 1

5 Test samples having compositions shown in Table 1 were subjected to a test simulating a ballast tank of
a ship. This was done by using a testing apparatus as shown in Fig. 1. Testing tank 1 was half-filled with artificial
sea water 2 conforming to ASTM D1141. Each test sample 4 was immersed in the artificial sea water 2 at pos-
ition 9 for one week, and then the test sample 4 was raised to position 10 in the atmosphere 3, the humidity
of which was 100%, and it was allowed to stand for one week. Then the test sample 4 was immersed in the

10  artificial sea water 2 for one week. The cycle was repeated. A drum 5, to which the test sample 4 was attached,
was controlled by the rotation shaft 6 to rotate at 0.5 m/sec in either the artificial sea water or the atmosphere.
Air was injected through an air-bubbling pipe 8 to cause bubbling in the lower portion of the testing tank 1 to
stir the sea water and introduce oxygen into the sea water. The temperature in the testing tank was controlled
by a heater 7. Since the cover portion of the testing tank 1 was substantially closed tightly, the difference be-

15  tween the temperature of the artificial sea water and that of the atmosphere was 1°C or less and the humidity
of the atmosphere was about 100%. A corrosion resistance test was performed. Five cycles were performed
each of which consisted of immersion in 40°C artificial sea water for one week and allowing to stand in the
atmosphere the humidity of which was 100% and the temperature of which was 40°C. The test sample 4 was
manufactured by heating the material to 1150°C for one hour and then it was hot-rolled, followed by air cooling

20 (ata cooling speed of 0.5°C/sec)./

Results of measurement of the corrosion weight loss of the test samples, evaluation of the condition of
the corrosive surface and measurement of the depth of corrosion are shown in Table 2. The corrosion depth
was measured such that depths of 10 places were measured in a descending order by using a depth gauge.
The maximum corrosion depth and the average corrosion depth were shown. After the test, rust was removed

25 and the condition of the corrosive surface was evaluated from the viewpoint of smoothness of the surface.
The surfaces each having a uniform corrosive condition with slightly uneven surface were evaluated as sat-
isfactory as indicated by the symbol "@". The surfaces each having a uniform corrosive condition with a rather
largely uneven surface condition and those having a largely uneven surface with a small number of shallow
pits were indicated by the symbol *O" and "A", respectively. The surfaces having a largely uneven surface with

30  alarge number of deep pits were evaluated as unsatisfactory as indicated by the symbol "x". Fig. 2 shows the
quantity of corrosion with respect to Cr content, and Fig. 3 shows the depth of corrosion with respect to Cr
content. As comparative examples, conventional steel KA36 for ships conforming to the NK (Nihon Kaiji Asso-
ciates) standard was simultaneously tested. The results of the tests were as follows/

35 (1) Corrosion Weight Loss

When the quantity of Cr added was increased corrosion weight loss was decreased. When the quantity
was 5 to 6 wi%, corrosion weight loss is increased. When the quantity of Cr added was further increased, cor-
rosion weight loss decreased.

40 The quantity of corrosion (mg/cm3) were obtained using the difference between the quantity of initial
weight of the test piece and the weight of the test piece from which the rust was removed by the above-
mentioned corrosion test and the difference was computed in terms of a unit surface area of a test piece. Mean
reduction quantity of plate thickness at one side (mm) was computed using quantity of corrosion.

45 (2) Corrosion Depth and Condition of Corrosion

The depth of corrosion is decreased as compared with the comparative material KA36 when the quantity
of Cr addition was about 3 to 4 wt%. When the quantity of Cr addition was enlarged, both maximum depth of
corrosion and the average depth of corrosion were enlarged. When Cr content was 3.5 wt% or less, the surface

50  was brought to a uniform corrosive state. When the quantity of Cr was enlarged from the foregoing state, a
locally corrosive state was realized. Comparative steel examples 2 to 4 were broughtto a locally corrosive state.
The locally corrosive state raised a problem in use, such that stress concentration took place. The range of
the quantity of addition of Cr in which corrosion weight loss could be prevented satisfactorily, and a smooth
corrosive surface could be formed, was 3.5 wt% or less. When Cr content was less than about 0.5 wt%, a sat-
55 isfactory effect was not obtained.
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The composition of a test sample is shown in Table 3. Results of measurement of corrosion weight loss
of the test samples, evaluation of the state of the corrosive surface and measurement of the depth of corrosion
are shown in Table 4.

The composition of another test sample is shown in Table 5. Resuits of measurement of corrosion weight
loss of the test samples, evaluation of the state of the corrosive surface and measurement of the depth of cor-
rosion are shown in Table 6.

The composition of ano{her test sample is shown in Table 7. Results of measurement of corrosion weight
loss of the test samples, evaluation of the state of the corrosive surface and measurement of the depth of cor-
rosion are shown in Table 8. :

The method of manufacturing the test sample, the test method, the evaluation method and testing condi-
tions for the corrosion resistance test were the same as those according to Example 1.

The range of the quantity of addition of Cr in which corrosion weight loss of the steel was prevented sat-
isfactorily, and a smooth corrosive surface was formed, was about 0.5 to 3.5 wt% or less similarly to Example
1.

Table 4 shows the results of comparisons between example steel and comparative example steel when
the quantity of Cr was about the same. Example steel 1 to 3 and comparative example steel 1 each contained
Cr 1 wit%. Example steel 4 to 6 and comparative example steel 2 each contained Cr 2 wt%. Example steel 7
and comparative example steel 3 each contained Cr 3 wt%. As the quantity of Ni + Mo increased, corrosion
weight loss and corrosion depth were decreased and projections and pits in the corrosive surface were re-
stricted so that a uniform corrosive state was realized. In particular, the additions of Ni and Mo were effective
to reduce corrosion weight loss. As can be understood from results of comparison between example steel 4,
5 and 6 and comparative example steel 4, 5 and 6, the toughness deteriorated when Ni and Mo were not in-
cluded in the adequate range.

Table 6 shows the resuilts of comparisons between example steel and comparative example steel. Example
steel 1 and comparative steel sample 1 each contained Cr 0.7 wt%. Example steel 2 and 3 and comparative
steel 2 each contained Cr by wt%. Example steel 4 and 5 and comparative example steel 3 and 4 each contained
Cr 2 wi%. Example steel 6 and comparative example steel 5 each contained Cr 3.4 wt%. As the quantity of
Nb + Ti increased, corrosion weight loss and corrosion depth were decreased.

As can be understood from comparison between example steel 4 and 5 and comparative example steel
6, 7 and 8, the toughness of the base metal deteriorated when the additions of Nb and Ti were large.

Table 8 shows the results of comparisons between example steel and comparative example steel that con-
tained Cr in the same quantity. As described above, the additions of Ni, Mo, Nb and Ti decreased corrosion
weight loss and corrosion depth.

Example 5

When welding with a large heat input is performed, the toughness of the heat affected zone of the joint
portion of welding is an important factor. Therefore measurements were performed to evaluate the toughness
of simulated heat affected zone of a variety of sea-water corrosion resistant steel. In this case, heat cycle cor-
responds to the same which the joint portion of welding by a large heat input was subjected. In addition, the
steel was subjected to a corrosive test using a sea-water corrosion resistance testing tank that was capable
of simulating the hot and wet environment. The method of the corrosion resistance test, the evaluation method
and the testing conditions were the same as those according to Example 1.

The components of test samples corresponding to claim 5 are shown in Table 9.

Table 10 shows the results of Charpy impact tests, to which a heat affected zone was subjected after a
simulated heat cycle corresponding to the heat hysteresis of submerged arc welding of 100 KJ/cmin the manner
of the single layer for one side. The results are shown together with the results of Charpy impact tests to which
the base metal was subjected.

Table 11 shows corrosion weight loss and corrosion depth resulting from the sea-water cotrosion resis-
tance test.

Table 11 shows the results of comparison between the results of the sea-water corrosion resistance test
to which the example steel and the comparative example steel were subjected. They contained the same quan-
tity of Cr.

According to the results shown in Table 10, the limitations of REM, Ti and N to the ranges according to
the present invention significantly improved the toughness of the joint portion welded with a large heat input
as compared with the comparative example steel such that toughness exhibiting absorbed energy (vEo) ex-
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5 of REM, Ti and N did not adversely affect the corrosion resistance.

Examples 6, 7 and 8

The compositions of the test samples are shown in Table 12 and Table 15.

10 The results of Charpy impact tests, to which a heat affected zone was subjected after a simulated heat
cycle corresponding to the heat hysteresis of submerged arc welding of 100 KJ/cm in the manner of the single
layer for one side are shown in Table 13 and Table 17 together with the results of a Charpy impact test to which
the base metal was subjected. The results of the corrosion resistance test against sea water are shown in Table
14 and Table 16. The method of the corrosion resistance test, the evaluation method and the testing conditions

15  were the same as those according to Example 1. According to the results shown in Tables 13 and 17, the lim-
itations of REM, Tiand N to the ranges according to the present invention significantly improved the toughness
of the joint portion welded with a large heat input as compared with the comparative example steel such that
toughness exhibiting absorbed energy (VEo) exceeding the value of KA36 was obtained,/

As shown in the results of the corrosion resistance test shown in Tables 14 and 16, corrosion resistance -

20  equivalent to or somewhat superior to that of the comparative example steel can be improved if the quantities
of Cr, Mo and Ni are in the limited ranges. Thus, the additions do not adversely affect the corrosion resistance
obtainable from the additions of Nb and Ti.

Example 9

25

As test samples, there was used example steel 2, 3 and 4 (having the same composition as those shown

in Table 1) according to an example of the present invention and comparative example steel manufactured such
that material having the same composition as those of conventional steel KA36 was heated to 1150°C, hot-
rolled and then cooled under the conditions shown in Table 18. Test samples thus obtained were subjected to

30  acorrosion resistance test by using the testing apparatus used in Example 1. The method, the evaluation meth-
od and testing conditions of the corrosion resistance test were the same as those of Example 1. The results
of the measurements of corrosion weight loss, those of the evaluations of the corrosive surfaces, the resuits
of the measurements of the depths of corrosion, and the results of the Charpy impact test, to which the base
metal was subjected, are shown Table 19.

35
(1) Corrosion Weight Loss

Corrosion weight loss was reduced due to the addition of Cr as compared with conventional steel KA36

(as realized in Example 1). Further, corrosion weight loss was further decreased by employing the manufac-

40  turing conditions included within the scope of the present invention. Also the depth of corrosion was decreased
by manufacturing the steel under the conditions included within the scope of the present invention.

2) Toughness/_
45 Toughness did not deteriorate even if the steel was manufactured under the conditions included within the
scope of the present invention. If the cooling speed exceeded the upper limit or if the temperature at which

cooling was stopped was lower than the lower limit, the absorbed energy (vEo) was decreased and the tough-
ness deteriorated.

50 Examples 10, 11 and 12

Test samples obtained from the test materials manufactured under the conditions shown in Table 18 were
subjected to the corrosion resistance test by using testing apparatus the same as that used in Example 1. The
results of the measurements of corrosion weight loss, those of the evaluations of the corrosive surfaces, the

§5  results of the measurements of the depths of corrosion, and the results of the Charpy impact test, to which
the base metal was subjected, are shown Table 20, Table 21 and Table 22. Example steel 7 shown Table 20
was the same as those shown in Table 3. Example steel 6 shown Table 21 had the same composition as those
shown in Table 5. Example steel 6 shown in Table 22 had the same composition as those shown in Table 7.



pai nt’ acts sol el y to prevent corrosion. The life of the coal-tar epoxy
resin paint applied to the ballast tank can be expected to T
years, which is about half the life of the ship. In the re%%ugﬁ?lﬁlip%ﬁvs
corrosion nust be prevented by furthEPOf3Akg, with majle Nnc?wu et
difficulties. Since the ballast tank is in a severely corrosive
envi ronnment naehethbd: the @@dluatian mthol antitbictestinglacaditians tothel cdriosiorgresistanoeitestaves the same
probl ens, hamaedsacaordingliofekanipled t.i es, there has been a desire for an inproved
steel pr oduct Thecmplogment of the conditions for manufacturing the steel within the scope of the present invention
enabled corrosion weight loss to be decreased. Also the depth of corrosion was decreased by employing man-

§  ufacturing conditions included within the scope of the present invention. Even if the manufacturing conditions
within the scope of the present invention were employed, the toughness did not deteriorate. When the cooling
speed exceeded the upper limit or if the temperature at which cooling was stopped was lower than the lower
limit, the absorbed energy (vEo) was decreased and the toughness deteriorated.

170 Examples 13, 14, 15 and 16

The compositions of the test materials are shown in Table 23. The test materials were heated to 1150°C,
hot-rolled and then cooled at 900°C under the conditions shown in table 18 so that the test samples were man-
ufactured. The test samples obtained from the test materials were subjected to a corrosion resistance test by -

15  using the testing apparatus the same as that used in Example 1. The rhethed, the evaluation method and the
testing conditions for the corrosion resistance test were the samé as those according to Example 1.

The results of measurements of corrosion weight loss, those of evaluation of the corrosive surfaces and
the results of measurements of the depths of corrosion are shown in Table 24.

Table 25 shows the results of a Charpy impact test, to which heat affected zone was subjected after a

20 simulated heat cycle corresponding to the heat hysteresis of a submerged arc welding of 100 KJ/cm inamanner
of the single layer for one side, the results being shown together with the results of Charpy impact tests to
which the base metal was subjected.

The employment of the conditions for manufacturing the steel within the scope of the present invention
enables corrosion weight loss to be decreased. Aiso the depth of corrosion can be decreased by employing

25  the manufacturing conditions included within the scope of the present invention. Even if the manufacturing
conditions within the scope of the present invention were employed, the toughness of the base metal and that
of the simulated heat affected zone did not deteriorate. :

As described above, the sea-water corrosion resistant steel suitable to a hot and wet environment accord-
ing to the present invention has excellent corrosion resistance when it is adapted to a ballast tank or a sea

30  water pipe for a ship that is subjected to a severe corrosive environment. As a result, a contribution to making
a ship maintenance-free of the ship and safety of the ship can be provided and maintained.
" Furthermore, the welding with a large heat input can be employed and therefore a tanker can be built in
an efficient welding manner, and the toughness of the portions joined by welding can be improved:

Although the invention has been described with reference to its preferred forms, with a certain degree of

35 particularity, it is understood that the present disclosure of the preferred form can be changed in the details
of construction. Further, various combinations and arrangements of parts may be resorted to without departing
from the spirit and the scope of the invention as hereinafter claimed/
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problens and exhi biting excellent corrosion resistance agalnst sea water in

a hot and wet environnent, and to provide a nethod of man
sarne. Anot her obj ect of the present i_nvention is to p?‘g\&ﬁ E{t%gg%&’ BEEN
wel dabl e steel having excell ent vel d&fd® ﬁﬁf??ﬁhs even when

| arge heat input. Still another object is to provide a nmethod of
manuf acturing such a new steel.
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anot Her fact was found that enpl oyment. of a special and I‘T(ﬁzVﬁ ranuf act uri ng

et hod further inproves corrosion resistance. Accdedi ng, 23 O pect
of the present invention there EP 0 633 326 A1
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I ncidental inpurities. I n anot her aspect of the present
invention, there I's provided a nethod of nmanufacturi

t he conposition defined above, th s KPNPr i sing
casting and hot-rolling the steel ;eEgﬁ%ﬂ%q X accel erated coO0

at a cooling rate of from 3 to 20[err]C/ sec to a tenperature of from
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having a conposition as that claim

resi stant steel

A ‘sea wat er

<

7))
()]
i~
[e¥e))
[@Neo)
O <
™ ©
o O 00 C
—_ ™M =
[3)
) < o
— ;. @©
o b )
= m $37d MOTTEYS JO I9qWNU TTBWS B Y3ITA 92BJANS UIADUN A198ae7 e :v
: .
= - ° 90eZINS uaadun LTIY3TTS YITM UOTITPUOD BATS0II0D WIOITUN B :@
COTLC . o .
n.—CO = v
— @ ww % iv°0 S0 001 0Z1°0 6 9Evy
m m - ml ) .
W yw - m s %¥Z°'0 £€°0 67 65070 97 ¢ 19915 3jdumexy eatieaedwo)
o_ c o ofjo ) . .
o @ prd 1Z2°0 1£°0 ) 75070 1y € Tvvas erdwexy
—_ O = o |
c._._ colc ) 70 .
MLCML m P [ ¥€°0 /]9 090°0 Ly 7 1e31g atdwexy eatiearvduoy
— (2] oy :
© . .
o % W @© o £2°0 (4541 Ly 950°0 vy 7 1993 atdmexy
Eo® o_|& ®
m % — % [ -€2°0 SE°0 6$ 0.0°0 11 1 1231 s7dwexy aaTivaedumo)
C _eO mrt © vy . -
m %n...u — 0 m v vE*0 9s 29070 - R4 I gmeag e qduny
TRl Wt
03T edejang (wm) (wm) 9evy (um‘epys ug)
O & S AT80210) IO :o.muouuoo Jo V0601300 30 OH&EGNﬂ abﬂuukaaﬁou SEIUNOTYL u¥ A BO\va
c P ﬁ uojIeneAy yadag afexsay Yadeq wnmyxeR 03 3oedsey yas oyaey 98891°9(] a%ezeay n»m.u Y3 19938 Jo ad{y
.m Wv o . W = uoysox10y jo yadag 880 3y8yey uoFsox10y
T NTMc~ o
[ I} 887049 ¢ X 9,04
e >
OOoO0DT =
o — w
S0gs 3 9T oTqEL
OL.-O© DO
o C —_
SC unno
<t O.—- O
.S — @©
O o0 .Q
i F—w ®©oOoOw
N Ok~ @©
. . QO o
(@ NN — (@)
Lo b O — =
25 2°88 o e e e E & 8 3 ?
e
—_—O . N = C v ~ ® ﬁ
NOOTT O V.-
— 1 m T o
W.A — 00
S~ 3G=S 8

55

This Sheet Has Been Replaced

25



.

I nvention but does not conprise titanium
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cooling rate of about 3 to

at a
wth air

stee has been heated due to casting and
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7 provi de a novel sea-water corrosion resistant steel conposition which
js resistant to hot and wet environnments and is capable of reducing
corrosion weight loss, and is free &51 %é)&g corrosi on WhiHes Sﬁﬂt%%?ﬁféﬂ
snoot h corrosive surfaces, even ina B nment in whic seaﬂﬁablé‘io

t he atnosphere, the hum dity of which may be as
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are repeatedly applied to the steel.
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Nb and Ti. Furthernore, restriction of precipitation of carbides after hot
rolling further enhances the beneficial effects of Cr and M. '
obj ect of the present invention g 5§E&3Me t he toughnes
Sea-wat er corrosion resistant stee exposed to a hot and
and joined by welding with | arge heat input. Addition of e anmount s
of REM Ti and N does not reduce the toughness of the portion that has been

S BREET BAS BEEN |

wel ded with |arge h;g;=£ggg;==%g=ghe_gontfarv it inproves taoughness.
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along with rea
usi ng the desc
resi stant stee

Ef f eCtive confhisiPbest Has pladelll be described in the foll owi ng paragraphs,

m ni ng the conponent ranges and reasons faor
t hod of &1@3{ asééggl ng the seal WHISSHERI HoS BEEN
. - apout 0.1 w5 8P Al t hough r e REELAGED of

the addition of Cwll realize advantages in corrosion resistance and
wel dabi | i ty,Cleims

1.

]

10
2,

15
3.
2,

25
5.

30
6.

35
7.

40
8.

45

50
9.

55

A sea-water corrosion resistant steel sultable for use in a hot and wet environment comprising about:
0.1 wt% or less of C;
0.5 wt% or less of Si;
1.50 wt% or less of Mn;
0.005 to 0.050 wt% of Al;
0.5 to 3.50 wit% of Cr; and
the balance Fe and incidental impurities.

A sea-water corrosion resistant steel according to claim 1 further comprising about:
1.5 wi% or less of Ni; and
0.8 wt% or less of Mo;
and wherein the total quantity of Ni and/or Mo is 1.5 wt% or less.

A sea-water corrosion resistant steel according to claim 1 further comprising about:
0.005 to 0.05 wt% of Nb; and
0.005 to 0.05 wt% of Ti;
such that the total quantity of Nb and/or Ti is 0.005 to 0.05 wt%.

A sea-water corrosion resistant steel according to claim 1 further comprising about:
1.5 wt% or less of Ni; ’
0.8 wt% or less of Mo such that total quantity of Ni and/or Mo is 1.5 wt% or less;
0.005 to 0.05 wt% of Nb; and
0.005 to 0.05 wt% of Ti such that total quantity of Nb and/or Ti is 0.005 to 0.05 wt%.

A sea-water corrosion resistant steel according to claim 1 further comprising about:
0.0015 to 0.020 wt% of REM;
- 0.005 to 0.05 wt% of Ti; and
0.0020 to 0.0120 wt% of N./

. A sea-water corrosion resistant steel according to claim 2 further comprising about:

0.0015 to 0.020 wi% of REM;
0.005 to 0.05 wt% of Ti; and
0.0020 to 0.0120 wt% of N.

A sea-water corrosion resistant steel according to claim 1 further comprising about:
0.005 to 0.05 wit% of Nb;
0.005 to 0.05 wt% of Ti such that total quantity of Nb and Ti is 0.005 to 0.05 wt%;
0.0015 wt% to 0.020 wt% of REM; and
0.0020 to 0.0120 wit% of N.

A sea-water corrosion resistant steel according to claim 1 further comprising about:
0.005 to 0.05 wt% of Nb;
0.005 to 0.05 wt% of Ti;
such that total quantity of Nb and Ti is about 0.005 to 0.05 wt%,;
1.5 wt% or less of Ni;
0.8 wt% or less of Mo;
such that total quantity of Ni and/or Mo is about 1.5 wt%;
0.0015 to 0.020 wi% of REM; and
0.0020 to 0.0120 wt% of N.

A method of manufacturing sea-water corrosion resistant steel suitable for use in a hot and wet environ-
ment comprising the steps of:

casting and hot-rolling steel comprising about 0.1 wit% or less of C, 0.5 wt% or less of Si, 1.50 wt%
or less of Mn, 0.005 to 0.050 wt% of Al, 0.5 to 3.50 wt% of Cr, and the balance Fe and incidental impurities:

accelerated cooling said steel at a cooling rate of about 3 to 20°C/sec immediately after said steel
has been heated due to casting and hot rolling;

stopping said cooling when said steel has been cooled to about 400°C to 600°C; and

) RN O T
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upper limt of the content of Cis about 0.1 wt % because Cis an el enent
that helps to determ ne strength.

10

15

45

&
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cooling said steel with air.

THIS SHEET HAS BEEN
REPLACED

40. Amethod as claimed in claim 9 wherein the steel has a composition as claimed in any of claims 2 to 8.
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50 wt %

about 0.50 wt % or

| ess . Since the reduction of addition of Si
prevents adverse influences on toughness the upper Iimt of Si is about
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Vh: about 1.50 wt% or |ess Al t hough M is an inportant
influences strength, toughness and wel dability, toughness 3
wel dabi lity are adversely affected if the content of M excg
W% Therefore, the upper linmt of tFROEIFHMEA! of M is about T,
Al : about 0.005 to 0.050 wt %
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Al is added to serve as a deoxi di zer,
to be about 0.005 to 0.050 w % so far as weldability v

adversely. Cr: about 0.50 to 3.50 Wt %
to i mprove corrosion resistance in tFfROFFE2EA! i nventl

RO§H
The nokt efﬁagtAGEDel

Si nce the

contenpl at ed corrosive environnent

is very severe,

t han about 0.50 Wt % Cr cannot significantly

FIG.4A
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LASEVERT & Lﬁﬁaﬂs 3

reduce corrosion and/or ach| eving a sm@’@0§(>&| ve surf

foregoi ng eﬂﬁgﬂtgﬂb ained if O n an a

W % or nore, imt is-ahaut M |f th gaitron ol _Cr]i$
increased, t duci ngd EBRSrSiﬁiEEFrHMeBW | oss fah Qe SMARI{SET.
However, if t content exceeds aboBEPIAGH w % [t he stegl surface is -

suscepti bl e to a pitting corrosive statet 1f the quantitly of C "addrtron ip

i ncreased to about 9 W% only plttln% corrosion_is_real arly to
t hat observed STANT STEEL SUIT.
AND WET ENVIRO S AND METHOD OF MANUFACTURING
THE SAME

The present invention relates to steel that is
adaptable and resistant to hot and wet environments, for
example, severe environments to which ballast tanks or sea-
water pipes are exposed, and to a method of manufacturing

+the same.

Tankers that will be manufactured in the future should
have a double hull structure of the type shown in Figs. 4A
. and 4B to meet the regulations of the International
Maritime Organization (IMO). A double hull section of a
tanker 20 is used as a ballast tank 21 constructed to
protect oil tanks 22. The double hull structure has. the
purpose of preventing oil spills.

Since the surface area of the ballast tank 21 that is
exposed to sea water is considerably enlarged (two to three
times) as compared with a conventional single hull
structure, various problems arise in the painting process
and in corrosion protection generally.

As for problems arising in the painting process, the
ballast tank 21 must be coated once or twice with eoal-ta:
epoxy resin paint. However, this is difficult and
dangerous for painters because the painting operation is
performed in a narrow and confined space. In addition, the
considerable area to be painted causes the coating work to
take a long time and to involve high cost. What is even
worse, even higher cost and more labor are required for
repairing the double hull structure after extended use, as
compéred with new ship construction.

The corrosion protection employs both paint such as
coal-tar epoxy resin paint and cathodic protection
measures. Since sea water flows into and out of the
ballast tank 21, the ballast tank 21 is exposed to a
severely corrosive environment. If sea water is present in
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Since the percentage Cr at which corrosion meighf | oss canpbe ree )
smoot h corrosive surface can beJT §?%%§ s—about3 50 wt % of AEELA ﬂﬁﬁ‘?ﬁ%:‘l
I'imt is determ ned to be about} q&z&Hﬁﬁﬁﬁﬁﬁr it is preferabre that

the CED 04 MAR 1857

corrosion can substantiallly be -

allast tank 21,

b
the ted, thanks to modern cathodic protection measurss.
gven 4
pr ver, the uppermost portion of the ballast tank 21 and
r{n*'e !

underside of the deck 23 that are not normally immersed
—nb

re subjected to a severely corrosive
in sea water a J

environment, the temperature of which may be very high and
which is repeatedly splashed with sea water. If no water
;s present in the ballast tank 21, the environment becomes
hot and wet and therefore the effect of cathodic protection
measures cannot be obtained, and the coal-tar epoxy resin
paint acts solely to prevent corrosion. The life of the
;oal-tar epoxy resin paint applied to the ballast tank can
pe expected to be about ten years, which is about half the
1ife of the ship. 1In the residual ten years corrgsion must
be prevented by further painting, with major problems and
difficulties. '

Since the ballast tank is in a severely corrosive
environment and the coating work under adverse conditions
encounters problems, hazards and difficulties, there has
been a desire for an improved steel product that is
especially effective for use in a ship and which has
excellent resistance against sea water corrosion under hot
and wet environments.

Conventional sea-water corrosion resistant steel, an
example of which has been disclosed in Japanese Patent
Laid-Open No. 51-25420, is designed for use in marine
structures and harbor facilities, which is sharply
different from the environment faced by the steel according
to the present invention; it is very different from the hot
and wet environment in the ballast tank 21 where sea water
flows in and out. Therefore, steel typified by the type
disclosed in Japanese Patent Laid-Open No. 51-25420
contains copper as a required element. However, the steel
aécording to the present invention should contain no -
copper, because copper does not resist corrosion of the

ballast tank where sea water flows in and out, and even

adversely affects corrosion resistance.
This Sheet Has Been Replaced
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ing sea water corrosion resistance land

gteel hav
has been disclosed in Japanese Patent

o copper

nta'l ning n

open No. 5.302148. It contains silicon and aluminum
La‘d_lat:.vely ljarge quantities of 0.5 to 2% and 0.5 to 3%
in r®

- soectlvelYI
Another exa:mple of sea-water corrosion resistant steel

in order to obtain ferromagnetic ferrite.

s been disclosed in Japanese Patent Laid-Open No. 64-
na

79346 .
n used as a reinforcing steel when substantially no

1t contains 7 to 20% aluminum. It is effective

whe

wel
zor use where a multiplicity of welding processes are
Py

required, for example, in a ballast tank for a ship.

ding needs to be performed. However, it is not suitable

Although steel used to construct ships has been
manufactured on the basis of component and process designs
pased upon strength, toughness and weldability, no means to
improve corrosion resistance has been employed. In sharp
contrast, the present invention provides a novel steel
having excellent corrosion resistance for use in ballast
tanks and sea water pipes that are subjected to severe
corrosive environments.

The corrosive environment to which the ballast tank is
subjected is a hot and wet environment in which sea water
flows in and out. As a typical example where crude oil is

ransported from th= Near or Middle East to Japan, the oil
tanks 22 shown in Fig. 4A contain no oil during the first
trip from Japan to the Near or Middle East. Without oil
the ballast tank 21 is substantially filled with sea water
in order to balance the ship for safe navigation. The
portion of tank 21 immersed in sea water and the upper
portion of the tank 21 are substantially exposed to
splashing sea water. When the ship sails from.the Near or
Middle East to Japan, it is filled with crude oil. Sea
water in the ballast tank 21 is discharged and the ballast
tank 21 is empty. The space in the ballast tank at that
time is exposed to a hot and wet condition by sea water
left in the bottom of the ship and by heat transmitted from
and through the deck. One cycle, in which the ballast tank

. This Sheet Has Been Replaced
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35 ° onme“t' may be about forty days.
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env>~ i conventional shipbuilding procedures the steel is

L ded with & large heat input by means of a so-called
j;ingle layer for one side" technique. This improves
fficiency pf'the welding process as the tanker is built.
When-steel containing alloy elements is welded with a large
peat input, the toughness of the welded portion
jeteriorates substantially as compared with usual

shipbuilding welding methods.

Important objects of the present invention are to
provide a special steel capable of overcoming the foregoing
problems and exhibiting excellent corrosion resistance
against sea water in a hot and wet environment, and to
provide a method of manufacturing the same.

Another object of the present invention is to provide
a new weldable steel having excellent welded portions even
when welded with a large heat input. Still another object
is to provide a method of manufacturing such a new steel.

We have investigated in detail the influence of alloy
elements in steels. This was done by using an apparatus
arranged as shown in Fig. 1 to simulate a corrosive
environment. As a result, it was found that steel having a
special chemical composition exhibits excellent corrosion
resistance under these conditions. Furthermore, we have
found that additions of REM and Ti in particular quantities
enables the user to prevent deterioration of toughness in
weld heat affected zones (HAZ). ("REM" means rare earth
metals, in particular La or Ce, for example.) In addition,
another fact was found that employment of a special and
novel manufacturing method further improves corrosion
resistance.

Accoxrding to one aspect of the present invention there
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Ni andNb tlaIIythe sane efgect to be

-water corrosion resistant stleel snitable

rov lded a sea
wet environments comprising about: 0.1 wt% or

0.5 wt% or less of Si; 1.50 wt% or less of Mn;
13335 o 0.050 wt® of Al; 0.5 to 3.50 wt% of Cr; and the -
1anCe Fe and incidental impurities.
according to another aspect of the present invention,
chere is provided a method of manufacturing sea-water
orrosion resistant steel suitable to hot and wet
environments comprising the steps of casting and hot-
rolling steel comprising about 0.1 wt% or less of C, 0.5
wt% or less of Si, 1.50 wt% or less of Mn, 0.005 to 0.050
wts of Al, 0.5 to 3.50 wt% of Cr, and the balance Fe and
incidental impurities; accelerated cooling the steel at a
cooling rate of about 3 to 20°C/sec immediately after the
steel has been heated due to casting and hot rolling;
stopping the cooling when the steel has been cooled to
about 400°C to 600°C; and cooling the steel with air.
Other and further objects, features and advantages of
the invention will be appear more fully from the following
description, and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory view showing the schematic

structure of a simulation testing apparatus of a ballast
tank;

Fig. 2 is a graph showing effect of Cr content on
corrosion weight loss of test samples; _

Fig. 3 is a graph showing effect of Cr content on the
maximum depth of corrosion and the average depth of
corrosion of the test samples;

Fig. 4A is a plan view of a tanker having a double
hull structure; and

Fig. 4B is a cross-sectional view taken along the line
X~-X of Fig. 2A.

An important object of the present invention is to



obtain and Mo ot herw se have problems of toughress anu

wel dabi | i meneplanmt of N i s deternmined to be RIRAPLACEMEL opHEET
Ti : about s ot and Mo are gl erents—that

are effecti mm corr03| an EBLA1GH B”@‘ and M reajllnyQ R 1997
car bi des [ e portion of G fch i s present uton
that effectively exhibit corrosion 6

rovide & novel sea-water corrosion resistant steEl
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comDoSltlon which is resistant to hot and wet environments

and is capable of reducing corrosion weight loss, and is
sree from local corrosion while maintaining smooth
corrosive surfaces, even in an environment in which sea
water and the atmosphere, the humidity of which may be as
high as 100%, are repeatedly applied to the steel.

Decrease in corrosion weight loss means- that
generation of rust on the coated surface of a ballast tank,
arranged to be protected from corrosion by coating and
cathodic protection measures, can be prevented or severely
curtailed. The smooth corrosive surface achieved according
to this invention helps to prevent occurrence of conditions
that cause concentration of distortion or metal fatigue.

The'advantages of this invention can be achieved by
adding effective amounts of Cr, Ni and Mo, more preferably
Nb and Ti. Furthermore, restriction of precipitation of
carbides after hot rolling further enhances the beneficial
effects of Cr and Mo.

Another object of the present invention is to improve
the toughness of portions of sea-water corrosion resistant
steel exposed to a hot and wet environment and joined by
welding with large heat input. Addition of effective
amounts of REM, Ti and N does not reduce the toughness of.
the portion that has been welded with large heat input; on
the contrary it improves toughness.

Effective component ranges will be described in the
following paragraphs, along with reasons for determining
the component ranges and reasons for using the described
novel method of manufacturing the sea-water coxrrosion
resistant steel.

C: about 0.1 wt% or less

. Although reduction of the addition of C will realize
advantages in corrosion resistance and weldability, the
upper limit of the content of C is about 0.1 wt% because C
is an element that helps to determine strength.
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about 0.50 wt% or less

- gince the reduction of addition of Si prevents adverse
.Afluences on toughness, the upper limit of Si is about

1

0.50 wt%.

Mn: about 1.50 wt% or less

Although Mn is an important element that influences
strength, toughness and weldability, toughnéss and the
weldability are adversely affected if the content of Mn
exceeds about 1.50 wt%. Therefore, the upper limit of the
content of Mn is about 1.50 wt%.

Al: about 0.005 to 0.050 wt% .

Al is added to serve as a deoxidizer, and tﬂé content -
of Al is determined to be about 0.005 to 0.050 wt% so far
as weldability is not affected adversely.

Cr: about 0.50 to 3.50 wt%

The most effective element to improve corrosion
resistance in the present invention is Cr. Since the
contemplated corrosive environment is very severe, addition
of not more than about 0.50 wt% Cr cannot significantly
reduce corrosion and/or achieving a smooth corrosive
surface. Since the foregoing effects can be obtained if Cr
is added in an amount of about 0.50 wt% or more, the lower
Cr limit is about 0.50 wt%. If the addition of Cr is
increased, the effect of reducing corrosion weight loss can
be attained. However, if the Cr content exceeds about 3.50
wt%, the steel surface is susceptible to a pitting
corrosive state. If the guantity of Cr addition is
increased to about 9 wt%, only pitting corrosion is
realized, similarly to that observed on stainless steel.
Since the percentage Cr at which corrosion weight loss can
be reduced and a smooth corrosive surface can be formed is
about 3.50 wt% or less, the upper limit is determined to be
about 3.50 wt%. However, it is preferable that the
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about'l.s wt% or less 5

Ni: It is preferable that Ni be added together with Cr,
p improves corrosion resistance. The addition of Ni

~hiC
improves COXTroSs
yrface uniform. If the gquantity of Ni exceeds about 1.5%,
s -

2 tendency toward strengthening and hardening the steel is
attained, and problems take place regarding toughness and
seldability. Therefore, the quantity of Ni is about 1.5

ion resistance and makes the corroded

wt% or less.

Mo: about 0.8 wt% or less
Although addition of Mo enables a similar effect to

that of Ni, excessive Mo addition is considered t¢ raise
critical problems in toughness and weldability. Therefore,
the addition of Mo is determined to be about 0.8 wt% or

less.

Ni + Mo: about 1.5 wt% or less _

Ni and Mo enable substantially the same effect to be
obtained. Since both Ni and Mo otherwise have problems of
toughness and weldability, the upper limit of Ni + Mo is
determined to be ibout 1.5 wt.

Ti: about 0.005 to 0.05 wt%

Although Cr, Ni and Mo are elements that are effective
to improve corrosion resistance, Cr and Mo readily form
carbides which reduce the portion of Cr and Mo which is
present in solution that effectively exhibit corrosion
resistance. Since Ti is an element that forms carbides and
has an affinity that is greater than those of Cr and Mo, Ti
carbides are formed with priority. Therefore, forming of
Cr carbides and Mo carbides is restricted and reduction of
quantity of the solid solutions of Cr and Mo can be
prevented. If the quantity of Ti is about 0.005 wt% or
less, the foregoing effect cannot be obtained.

This Sheet Has Been Replaced

L




of theqn@gﬂ@ghpg&ﬁk aced the steel where it has been joined

' I
[nput nitrides gexi sts with REM 5§ﬂéﬁﬁgﬁﬁﬁe§ﬁEET
ef f ect: mmu Ml ﬂl bstantial |y BES sbEat ned #ded he quantity ils about
0. 005 wt the same i $_abouRERLAOBS WE 0%

r nore, the |i lbheMb8 987
Ti causes saturation to take place gradu y- e quantit f_Ti exceeds
about 0.05 wt % the toughness of the base netal deteriorates. |Therefore, the

range i s |imtedrhptheonere, 006 £690i63canilyWeORtRibESS St Yghiesd T

Is a reqU|red elen@Qideafp5§¥@bﬁ Bet tReeseelelTiwhere it has been joined
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coexlSts with REM. However, the effect of Ti cannot

substantially be obtained if the quantity is about 0.005

% or less. If the same is about 0.005 wt% or more, the

increase of Ti causes saturation to take place gradually.

1f the quantity of Ti exceeds about 0.05 wt% the toughness
of the base metal deteriorates. Therefore, the range is
1imited to about 0.005 to 0.05 wt%. When Ti coexists with

REM, Ti is a required element. If REM is not present Ti

may be present in the range of Nb + Ti discussed in a

subsequent paragraph.

Nb: about 0.005 to 0.05 wt%

Similarly to Ti, Nb is an element provided for.forming
carbides. The addition of Nb restricts forming of Cr and
Mo carbides, and accordingly corrosion resistance
obtainable from Cr and Mo in solution can be improved
effectively. If the Nb content is about 0.005 wt% or less,
the foregoing effect cannot be obtained. Since the
toughness of the steel deteriorates if the content is about
0.05 wt% or more, the upper limit of Nb is determined to be
about 0.05 wt%.

Nb + Ti: about 0.005 to 0.05 wt%

Nb and Ti have similar effects of restricting
precipitation of Cr carbide and Mo carbide and effectively
improving corrosion resistance by enlarging the quantities
of Cr and Mo in solution. However, the foregoing effects
can be obtained only when the quantity of Nb + Ti is about
0.005 wt% or more. In order to improve toughness, the
upper Nb + Ti limit is determined to be about 0.05 wt%.

REM: about 0.0015 to 0.020 wt% .
If REM coexists with Ti, REM significantly improves
the toughness of the portion welded with a large heat input
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of 1f the percentage of REM is less than about 0.0015
T . .
;’%, jts effect cannot be obtained. 1If the gquantity

xceeds about 0.020 wt%, the toughness of the base metal
deteriorates. Therefore, the optimum REM content is
determined to be about 0.0015 to 0.020 wt%. As the REM,
employment of La or Ce will enable a significant effect to

pe obtained.

N: about 0.0020 to 0.0120 wt%

N is an element required to form TiN that is important
to improve the toughness of the structure of portions
welded with large heat input. 1In order to improve
toughness, the N content must be about 0.0020 wt% or more.
If the N content exceeds about 0.0120 wt%, the foregoing
effect cannot be obtained and toughness sometimes
deteriorates. Therefore, the N content is limited to about
0.0020 to 0.0120 wt%.

Beneficial manufacturing steps, which serve to improve
the corrosion resistance of the sea-water corrosion
resistant steel when exposed to a hot and wet environment,
will now be described.

It is usual that steel is subjected to the usual
casting and hot rolling processes. According to this
invention, after aot iolling has been completed, cooling of
the steel is commenced at the moment the temperature of the
steel is about 900°C. Cr carbides and Mo carbides are, in
this case, precipitated during the cooling process when the
cooling speed is lower than about 3°C/sec. This has the
effect of deteriorating the corrosion resistance obtainable
from Cr and Mo in solution. Therefore, the lower limit of
the cooling speed is determined to be about 3°C/sec. If
the cooling speed exceeds about 20°C/sec, transformation
products increase and toughness deteriorates. Therefore,
the upper limit of the cooling speed is determined to be
about 20°C/sec. If the temperature at which cooling is
stopped'after accelerated cooling has been performed, is
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lﬂghai,ated after accelerated cooling process has been
?ﬁﬂ’p . Therefore, improvement of corr0510n resistance
cor? . a water, obtainable from Cr and Mo 1n solution,
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mperature at which cooling is stopped is determined to be
‘;o;t §00°C. If the temperature at which cooling is
2

stop
;pcrease and toughness deteriorates. Therefore, the lower

ped is lower than about 400°C, transformation products

pimit of the temperature at which cooling is stopped is
jetermined to be about 400°C.
Examples

gxample 1

Test samples having compositions shown in Tahle 1 were
subjected to a test simulating a ballast tank of a ship.
This was done by using a testing apparatus as shown in Fig.
1. Testing tank 1 was half-filled with artificial sea
water 2 conforming to ASTM D1141. Each test sample 4 was
immersed in the artificial sea water 2 at position 9 for
one week, and then the test sample 4 was raised to position
10 in the atmosphere 3, the humidity of which was 100%, and
it was allowed to stand for one week. Then the test sample
4 was immersed in the artificial sea water 2 for one week.
The cycle was repeated. A drum 5, to which the test sample
4 was attached, was controlled by the rotation shaft 6 to
rotate at 0.5 m/sec in either the artificial sea water or
the atmosphere. Air was injected through an air-bubbling
pipe 8 to cause bubbling in the lower portion of the
testing tank 1 to stir the sea water and introduce oxygen
into the sea water. The temperature in the testing tank
was controlled by a heater 7. Since the cover portion of
the testing tank 1 was'substantially closed tightly, the
difference between the temperature of the artificial sea
water and that of the atmosphere was 1°C or less and the
humidity of the atmosphere was about 100%. A corrosion
resistance test was performed. Five cycles were performed

each of which consisted of immersion in 40°C artificial sea
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cer fOF one week and allowing to stand in the atmosphere
war iumudlty of which was 100% and the temperature of which
_:: 20°C. The test sample 4 was manuifactured by heati
:he material to 1150°C for one hour and then it was hot-
rolled' followed by air cooling (at a cooling speed of
0.5°c/sec). .

Results of measurement of the corrosion weight loss of
the test samples, evaluation of the condition of the
corrosive surface and measurement of the depth of corrosion
are shown in Table 2. The corrosion depth was measured
such that depths of 10 places were measured in a descending
order by using a depth gauge. The maximum corrosion depth
and the average corrosion depth were shown. After the
test, rust was removed and the condition of the corrosive
surface was evaluated from the viewpoint of smoothness of
the surface. The surfaces each having a uniform corrosive
condition with slightly uneven surface were evaluated as
satisfactory as indicated by the symbol "e". The surfaces
each having a uniform corrosive condition with a rather
largely uneven surface condition and those having a largely
.uneven surface with a small number of shallow pits were
indicated by the symbol "0O" and "a", respectively. The
surfaces having a largely uneven surface with a large
number of deep pits were evaluated as unsatisfactory as

" indicated by the symbul "x". Fig. 2 shows the quantity of
corrosion with respect to Cr content, and Fig. 3 shows the
depth of corrosion with respect to Cr content. As
comparative examples, conventional steel KA36 for ships
conforming to the NK (Nihon Kaiji Associates) standard was
simultaneously tested. The results of the tests were as
follows.

(1) Corrosion Weight Loss

When the quantity of Cr added was increased corrosion
&eight loss was decreased. When the quantity was 5 to 6
wt%, corrosion weight loss is increased. When the quantity
of Cr added was further increased, corrosion weight loss

decreased. e
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santity of corrosion (mg/cnf) were obtlrined using
Ijiejence petween the quantity of initial weight of
dﬁ o ¢ piece and the weight of the test piece from which
ghe ~ st was removed by the above-mentioned corrosion test
bhaf;e gifference was computed in terms of a unit surface
aM: of a test piece. Mean reduction guantity of plate

re

g . .xness at one s;de (mm) was computed using quantity of
thi®
rY‘OS J-on *

(2) CorrOSlon Depth and Condition of Corrosion

The depth of corrosion is decreased as compared with
she comparative material KA36 when the quantity of Cr
addition was about 3 to 4 wt%. When the quantity of Cr
addition was enlarged, both maximum depth of corrosion and
the average depth of corrosion were enlarged. When Cr
content was 3.5 wt% or less, the surface was brought to a
uniform corrosive state. When the guantity of Cr was
enlarged from the foregoing state, a locally corrosive
state was realized. Comparative steel examples 2 to 4 were
brought to a locally corrosive state. The locally
corrosive state raised a problem in use, such that stress
concentration took place. The range of the quantity of
addition of Cr in which corrosion weight loss could be
prevented satisfactorily, and a smooth corrosive surface
could be formed, was 3.5 wt% or less. When Cr content was
less than about 0.5 wt%, a satisfactory effect was not

obtained.

Examples 2, 3 and 4
The composition of a test sample is shown in Table 3.

Results of measurement of corrosion weight loss of the test
samples, evaluation of the state of the corrosive surface
and measurement of the depth of corrosion are shown in
Table 4. '

The composition of another test sample is shown in
Table 5. Results of measurement of corrosion weight loss
of the test samples, evaluation of the state of the
corrosive surface and measurement of the depth of corrosion

are shown in Table 6. ——
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The composition of another test sample is ‘showmim
mable 7. Results of measurement of corrcsion weight loss
of the test samples, evaluation of the state of the
corrosive surface and measurement of the depth of corrosion
are shown in Table 8.

The method of manufacturing the test sample, the test
method, the evaluation method and testing conditions for
the corrosion resistance test were the same as those
according to Example 1.

The range of the quantity of addition of Cr in which
corrosion weight loss of the steel was prevented
satisfactorily, and a smooth corrosive surface was formed,
was about 0.5 to 3.5 wt% or less similarly to Example 1.

Table 4 shows the results of comparisons between
example steel and comparative example steel when-the
quantity of Cr was about the same. Example steel 1 to 3
and comparative example steel 1 each contained Cr 1 wt%.
Example steel 4 to 6 and comparative example steel 2 each
contained Cr 2 wt%. Example steel 7 and comparative
example steel 3 each contained Cr 3 wt%. As the quantity
of Ni + Mo increased, corrosion weight loss and corrosion
depth were decreased and projections and pits in the
corrosive surface were restricted so that a uniform
corrosive state was realized. 1In particular, the additions
of Ni and Mo were eirfective to reduce corrosion weight.
loss. As can be understood from results of comparison
between example steel 4, 5 and 6 and comparative example
steel 4, 5 and 6, the toughness deteriorated when Ni and Mo
were not included in the adequate range.

Table 6 shows the results of comparisons between
example steel and comparative example steel. Example steel
1 and comparative steel sample 1 each contained Cr 0.7 wt%.
Example steel 2 and 3 and comparative steel 2 each )
contained Cr by wt%. Example steel 4 and 5 and comparative
example steel 3 and 4 each contained Cr 2 wt%. Example '
steel 6 and comparative example steel 5 each contained Cr
3.4 wt%. As the quantity of Nb + Ti increased, corrosion
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weight loss 'and corrosion ept were decreased.

As can be understood from comparison between example
steel 4 and 5 and comparative example steel 6, 7 and 8, the
toughness of the base metal deteriorated when the additions
of Nb and Ti were large.

Table 8 shows the results of comparisons between
example steel and comparative example steel that contained
Cr in the same quantity. As described above, the additions
of Ni, Mo, Nb and Ti decreased corrosion weight loss and
corrosion depth.

Example 5

When welding with a large heat input is performed, the
toughness of the heat affected zone of the joint portion of
welding is an important factor. Therefore measurements
were performed to evaluate the toughness of simulated heat
affected zone of a variety of sea-water corrosion resistant
steel. 1In this case, heat cycle corresponds to the same
which the joint portion of welding by a large heat input
was subjected. 1In addition, the steel was subjected to a
corrosive test using a sea-watexr corrosion resistance
testing tank that was capable of simulating the hot and wet
environment. The method of the corrosion resistance test,
the evaluation method and the testing conditions were the
same as those according to Example 1.

The components of test samples corresponding to claim
S5 are shown in Table 9.

Table 10 shows the results of Charpy impact tests, to
which a heat affected zone was subjected after a simulated
heat cycle corresponding to the heat hysteresis of
submerged arc welding of 100 KJ/cm in the manner of the
single layer for one side. The results are shown together
with the results of Charpy impact tests to which the base

‘metal was subjected.

Table 11 shows corrosion weight loss and corrosion

depth resulting from the sea-water corrosion resistance
test.

Table 11 shows the results of comparison between the
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resistance of the sea-water corrosTHm'ﬂﬁﬁnﬁﬁﬁﬁlEé$€e| when ex 65ed-—t

and_met environnent, will now be deschbﬂdvTD I S usug

subj ected to the usual casting and hot TorfTmgproectesses. Acc 344?@
thre

I nvention, after hot rolling has been coﬂﬁieted cooling off te—st-ee
commenced at the nonent the tenperature of fhe steel is abgut 900[e[r g.
Cr carbides and M cagbigessesreiatiqr tFE L IPEtf prRGee LAss:

cool i ng process > st FEN f teel and the comparative example steel were

ample
che gxam .d. They contained the same quantity of Cr.
red-

SUbjacccordlng to the results shown in Table 10, the

A
ations of REM, Ti and N to the ranges according to the
it

1’“ent lnventlon significantly improved the toughness of
s
pre

the jOJ.nt po
with the comparative example steel such that

rtion welded with a large heat input as

omﬂared
roughness exhibiting absorbed energy (vEo) exceeding the
calue Of KA36 was obtained.

As can be understood from the results of the corrosion
.esistance test shown in Table 11, the limitation of the
cuantity of Cr to the determined range enabled corrosion
-esistance similar to that of the comparative example steel
o be obtained even if REM and N were added. Thé&efore, it
can be understood that the additions of REM, Ti and N did
not adversely affect the corrosion resistance.

Examples 6, 7 and 8
The compositions of the test samples are shown in

mable 12 and Table 15.

The results of Charpy impact tests, to which a heat
affected zone was subjected after a simulated heat cycle
corresponding to the heat hysteresis of submerged arc
welding of 100 KJ/cm in the manner of the single layer for
one side are shown in Table 13 and Table 17 together with
the results of a Charpy impact test to which the base metal
was subjected. The results of the corrosion resistance
test against sea water are shown in Table 14 and Table 16.
The method of the corrosion resistance test, the evaluation
method and the testing conditions were the same as those
according to Example 1. According to the results shown in
Tables 13 and 17, the limitations of REM, Ti and N to the
ranges according to the present invention significantly
improved the toughness of the joint portion welded with a
large heat input as compared with the comparative example
steel such that toughness exhibiting absorbed energy (VEO)

exceeding the value of KA36 was obtained.
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deteri or s Sest ccnk lﬂcelﬁon resi $t an é} OBT aianald R ¥ and ﬁmEqung SHEET

sol uti on. : | oner | Frit—at“Y-HeEpool 1 g speed]i$ et ermned t
e about the cool i ng speed €xceeds about err
be ab h | | d b 0 ’131@%&397

transformation products increase and tolufhness deterioratjesi—TFherefore, the
upper Ilimt of the cooling speed is determ ned to be _ aboyt
t he tenperatureAgtsmbWEhi@06m$n§e$%l§§oﬁﬁeﬁh8fF@FrQE&QPe

been perfOFnEd,Sngn in Tables 14 and 16, corrosion resistance

tafi jent to or somewhat superior to that of the
d!ul";tive example steel can be improved if the quantities
cffi Mo and Ni are in the limited ranges. Thus, the
’;ﬁ;;ons do not adversely affect the corrosion resistance
' nable from the additions of Nb and Ti.

Jptal

w.g—lég—g- )
As test samples, there was used example steel 2, 3 and

4(havj.hg the same composition as those shown in Table 1)
according to an example of the present invention and
comparative example steel manufactured such that material
having the same composition as those of conventional steel
xa36 was heated to 1150°C, hot-rolled and then cooled under
the conditions shown in Table 18. Test samples thus
obtained were subjected to a corrosion resistance test by
using the testing apparatus used in Example 1. The method,
the evaluation method and testing conditions of the
corrosion resistance test were the same as those of Example
1. The results of the measurements of corrosion weight
loss, those of the evaluations of the corrosive surfaces,
the results of the measurements of the depths of corrosion,
and the results of the Charpy impact test, to which the
base metal was subjected, are shown Table 189.
(1) Corrosion Weight Loss

Corrosion weight loss was reduced due to the addition
of Cr as compared with conventional steel KA36 (as realized
in Example 1). Further, corrosion weight loss was further
decreased by employing the manufacturing conditions
included within the scope of the present invention. Also
the depth of corrosion was decreased by manufacturing the
steel under the conditions included within the scope of the
present invention.
(2) Toughness

Toughness did not deteriorate even if the steel was
manufactured under the conditions included within the scope
of the present invention. If the cooling speed exceeded
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per limit or if the temperature at which cooling was

e UP

thpped was lower than the lower limit, the absorbed energy
g0) was decreased and the toughness deteriorated.

v

11 and 12

/amg._c_a_S__l_LO_:_____—
rTest samples obtained from the test materials

manufactured under the conditions shown in Table 18 were
subjeCted to the corrosion reSLStance test by using testing
apparatus the same as that used in Example 1. -The results
of the measurements of corrosion weight loss, those of the
evaluations of the corrosive surfaces, the results of the
measurements of the depths of corrosion, and the results of
the Charpy impact test, to which the base metal was
subjected, are shown Table 20, Table 21 and Table 22.
Example steel 7 shown Table 20 was the same as those shown
in Table 3. Example steel 6 shown Table 21 had the same
composition as those shown in Table 5. Example steel 6
shown in Table 22 had the same composition‘as those shown
iﬁ Table 7. The method, the evaluation method and the
testing conditions for the corrosion resistance test were .
the same as those according to Example 1.

The employment of the conditions for manufacturing the
steel within the scope of the present invention enabled
corrosion weight loss to be decreased. Also the depth of
corrosion was decreesed by employing manufacturing
conditions included within the scope of the present
invention. Even if the manufacturing conditions within the
scope of the present invention were employed, the toughness
did not deteriorate. When the cooling speed exceeded the
upper limit or if the temperature at which cooling was
stopped was lower than the lower limit, the absorbed energy
(VvEo) was decreased and the toughness deteriorated.
Examples 13, 14, 15 and 16

The compositions of the test materials are shown in
Table 23. The test materials were heated to 1150°C, hot-
rolled and then cooled at 900°C under the conditions shown
in table 18 so that the test samples were manufactured.

The test samples obtained from the test materials were
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hi gher than about 600[err]C, C carbides and Mo carbides are precipitated

after accelerated cooling proces | eted. The Sﬁé§ﬁ§ .
CEMENT noRtEET
|

i mprovenent .of corrosion resistapc
and Mo in solution, deterioratest tof the
tenperature at which cooling is stopped e |alfplt MAR 1097
600[err]C. If the tenperature at which cooling is stoppedjig |ower than
about 400[err]C tr 0 gégd ekssk ﬁegagg aneg

oFe. b RekpOs BoR LEbTs ot e o

deteriorates. . Fé 0 ower limt o he tenp
cooling is sﬁﬁgg%g apparatus the same as that used in Example 1.  ~The

the evaluatlon method and the testing conditions

od;
2th
a . the corrosion resistance test were the same as those

,ccordlng to Example 1.

mhe results of measurements of corrosion weight loss,
.hose of evaluation of the corrosive surfaces and the
cesults of measurements of the depths of corrosion are
shown in Table 24.

Table 25 shows the results of a Charpy impact test, to
which heat affected zone was subjected after a simulated
heat cycle corresponding to the heat hysteresis oif a
submerged arc welding of 100 KJ/cm in a manner of the
single layer for one side, the results being shown together
with the results of Charpy impact tests to which the base
metal was subjected.

The employment of the conditions for manufacturing the
steel within the scope of the present invention enables
corrosion weight loss to be decreased. Also the depth of
corrosion can be decreased by employing the manufacturing
conditions included within the scope of the present
invention. Even if the manufacturing conditions within ‘the
scope of the present invention were employed, the toughness
of the base metal and that of the simulated heat affected
zone did not deteriorate.

As described above, the sea-water corrosion resistant
steel suitable to a hot and wet environment according to
the present invention has excellent corrosion resistance
when it is adapted to a ballast tank or a sea water pipe
for a ship that is subjected to a severe corrosive
environment. As a result, a contribution to making a ship
maintenance-free of the ship and safety of the ship can be
provided and maintained.

Furthermore, the welding with a large heat input can
be employed and therefore a tanker can be built in an
efficient welding manner, and the toughness of the portions

joined by welding can be improved. _
| This Sheet Has Been Replaced
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determ ned to be about 400[err]C.

1 Test sanples were subjected to a test sinmulating a
ship. This was done by using a testing apparatus as shown ijn Fog—%:
Testing tank 1 was half-filled W tiyashkdt Gh@geERa Water 2 jconf grymigeen ke
ASTM D1141. Each test sanple 4 whs |ﬁﬁ§¢§@dlmn thef artificijalj sea water 2
at position 9 for one week, and Them thesgest—sanpl e 4 was |rarsed 1o~

position
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1th0ugh the invention has been described with

ce to its preferred forms, with a certain degree of
,eren
,,cularltY:
eferred form can be changed in the details of

£2- it is understood that the present disclosure

e PT
;th
ostructlon Further, various combinations and

ngements of parts may be resorted to without departing
¢ra

n the spirit and the scope of the invention as
g0

f
tprelnafter claimed.
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vel di ng of 100 KJ/cmin the manheruobHERBHSE BFEY | ayer Eﬁé&%wsﬁgg

shown i mTabl e I7 together withlthe rkSRUACEDLof a Char py
whi ch t he TnaSkeetitds BeenBaplagdbj ect©d. The results of thelc 0ST on reS|st

shovvn in Table, 16. The net hdd fgtqh@-mﬂ)ﬁ%a
!ﬁﬂﬁl atlon nmet hod and”the testing fcopditions were
o Exanple 1. i,bng to the yesurts shown in
Rt

T0 the rangep accordi ng to thel

test agains
resi stance
sane as tho

Tabl e 17, the I|n1tat|ons of REM Ti

ance
on
h

present invention significantly

l. A sea-water corrosion resistant steel suitable for

use in a hot and wet environment comprising about:
0.1 wt% or less of C;
0.5 wt% or less of Si;
1.50 wt% or less of Mn;
0.005 to 0.050 wt% of Al;
0.5 to 3.50 wt% of Cr; and
the balance Fe and incidental impurities.

2. A sea-water corrosion resistant steel according to

claim 1 further comprising about:
1.5 wt% or less of Ni; and
0.8 wt% or less of Mo;

and wherein the total gquantity of Ni and/or Mo is 1.5

wt% or less.

3. A sea-water corrosion resistant steel according to

claim 1 further comprising about:
0.005 to 0.05 wt% of Nb; and
0.005 to 0.05 wt% of Ti;

such that the total quantity of Nb and/or Ti is 0.005 .

to 0.05 wt%.

4. A sea-water corrosion resistant steel according to

claim 1 further ~omprising about:

1.5 wt% or less of Ni;

0.8 wt% or less of Mo such that total quantity of Ni
and/or Mo is 1.5 wt% or less;

0.005 to 0.05 wt% of Nb; and

0.005 to 0.05 wt% of Ti such that total quantity of Nb

and/or Ti is 0.005 to 0.05 wt%.

5. A sea-water corrosion resistant steel according to

claim 1 further comprising about:
0.0015 to 0.020 wt% of REM;
0.005 to 0.05 wt% of Ti; and
0.0020 to 0.0120 wt% of N,

* c L M s *
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6. A sea-water corrosion resistant steel} according to

claim 2 further comprising about:
0.0015 to 0.020 wt% of REM;
0.005 to 0.05 wt% of Ti; and
0.0020 to 0.0120 wt% of N.

7. A sea-water corrosion resistant steel according to
claim 1 further comprising about: '

0.005 to 0.05 wt% of Nb;

0.005 to 0.05 wt% of Ti such that total quantity of Nb
and Ti is 0.005 to 0.05 wt%;

0.0015 wt% to 0.020 wt% of REM; and

0.0020 to 0.0120 wt% of N.

8. A sea-water corrosion resistant steel according to
claim 1 further comprising about: -

0.005 to 0.05 wt% of Nb;

0.005 to 0.05 wt% of Ti;

such that total quantity of Nb and Ti is abouf 0.005
to 0.05 wt%;

1.5 wt% or less of Ni:

0.8 wt% or less of Mo;

such that total quantity of Ni and/or Mo is about 1.5

0.0015 to 0.020 wt% of REM; and
0.0020 to 0.0120 wt% of N.

9. A method of manufacturing sea-water corrosion
resistant steel suitable for use in a hot and wet
environment comprising the steps of:

casting and hot-rolling steel comprising about 0.1 wt%
or less of C, 0.5 wt% or less of Si, 1.50 wt% or less of
Mn, 0.005 to 0.050 wt% of Al, 0.5 to 3.50 wt% of Cr, and
the balance Fe and incidental impurities; .

accelerated cooling said steel at a cooling rate of
dbout 3 to 20°C/sec immediately after said steel has been
heated due to casting and hot rolling; -

stopping said cooling when said steel has been cooled
to about 400°C to 600°C; and
cooling said steel with air.
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of &, Mo and Ni are in the limted rhngé§: Thus, fhe addi

adversely affect the corrosion resi st ' 'éghq on1thg$§%ﬁﬁ¢$@¢§H8FT
No and Ti. As test sanpl es, jeT%mﬁﬁgmaéég;exan1le stEeI 2, 3 and 4
I

(havi ng the sane conposition as thos show P Table 4y adcof d g MAR 1897
exanpl e of the present invention and conparative exanple Hte manuf act ur gd
such that nmaterial having the sane conpost49en as those of| conventi onal

st eel :

ABSTRACT

SEA WATER CORROSION RESISTANT STEEL SUITABLE FOR HOT
AND WET ENVIRONMENTS AND METHOD OF MANUFACTURING THE
SAME '

A sea-water co;rosion resistant steel suitable to
a hot and wet environmeht consisting of about 0.1 wt%
or less of C, 0.5 wt% or less of Si, 1.50 wt% or less
of Mn, 0.005 to 0.050 wt% of Al, 0.5 to 3.50 wt% of Cr,
and the balance Fe and incidental impurities.

This Sheet Has Been Replaced




KA36 was heated to 1150[err]C, hot-rolled and hen cool ed under t he
condi tions shown in Table 18. i3 ..-Qgiﬁﬁlﬁﬁs obt ai ne
a corrosion resistance test by uﬁﬂﬁé e}\da@su nglappar a UREFLL%EMEMESHEH
1. The method, the eval uation \neth et €St 1 ng condi i Qas—of
corrosion resistance test were The same as those of Exa éﬁ H@@eﬁﬁZSL
of the measurenents of corrosion weightlloss, those of tjhg gl

the corrosive surfaces, the results of the neasurenent df it-he—depths—of
corrosion, and the results of the Charpy inpact test, tq which the
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base metal was subjected, are shown Table 19. (1) Corrosion Weight Loss
Corrosion weight |oss was reduced due

dn of &
with conventional steel KA36 (as r erHlSz‘éféFEtTrﬁanprlh 1). Fﬁﬁ?%&ﬁ@gﬁ rz'g@:'gn

wei ght | oss was further decreased anuf act PrT ng COI’IdItIO‘

I ncluded within the scope of the present nvent ion. Al sd tpe(deMAR 4897
corrosion was decreased by manufacturing €he steel under [thg conditions
included within the scope of the present invention.
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(2) Toughness - Toughness did _not. “bven if the steel was
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SEA WATER CORROSION RESISTANT STEEL SUITABLE FOR HOT AND WET
ENVIRONMENTS AND METHOD OF MANUFACTURING THE SAME

The present invention rélAtes to steel that is
adaptable and resistant to hot and wet environments, for
example, severe environments to which ballast tanks or sea-
water pipes are exposed, and to a method of manufacturing
the same.

Tankers that will be manufactured in the future should
‘have a double hull structure of the type shown in Figs. 4A
and 4B to meet the regulations of the International
Maritime Qrganizatibn (IMO). A double hull section of a
tanker 20 is used as a ballast tank 21 constructed to
protect oil tanks 22. The double hull structure has the
purpose of preventing oil spills.

Since the surface area of the ballast tank 21 that is
exposed to sea water is considerably enlarged (two to three
times) as compared with a conventional single hull
structure, various problems arise in the painting process
and in corrosion protection generally.

As for problems arising in the painting process, the
ballast tank 21 must be coated once or twice with coal-tar
epoxy resin paint. However, this is difficult and
dangerous for painters because the painting operation is
performed in a narrow and confined space. In addition, the
considerable area to be painted causes the coating work to
take a long time and to involve high cost. What is even
worse, even higher cost and more labor are required for
repairing the double hull structure after extended use, as
compared with new ship construction.

The corrosion protection employs both paint such as
coal-tar epoxy resin paint and cathodic protection
measures. Since sea water flows into and out of the
ballast tank 21, the ballast tank 21 is exposed to a
severely corrosive environment. If sea water is present in
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the ballast tank 21, corrosion can substantially be
prevented, thanks to modern cathodic protection measures.
However, the uppermost portion of the ballast tank 21 and
the underside of the deck 23 that are not normally immersed
in sea water are subjected to a severely corrosive
environment, the temperature of which may be very high and
which is repeatedly splashed with sea water. If no water
is present in the ballast tank 21, the environment becomes
hot and wet and therefore the effect of cathodic protection
measures cannot be obtained, and the coal-tar epoxy resin
paint acts solely to prevent corrosion. The life of the
coal-tar epoxy resin paint appiied to the ballast tank can
be expected to be about ten years, which is about half the
life of the ship. 1In the residual ten years corrosion must
be prevented by further painting, with major problems and
difficulties.

Since the ballast tank is in a severely corrosive
environment and the coating work under adverse conditions
encounters problems, hazards and difficulties, there has
been a desire for an improved steel product thgt is
especially effective for use in a ship and which has
excellent resistance against sea water corrosion under hot
and wet environments.

' Conventional sea-water corrosion resistant steel, an

" example of which has been disclosed in Japanese Patent

Laid-Open No. 51-25420, is designed for use in marine
structures and harbor facilities, which is sharply
different from the environment faced by the steel according
to the present invention; it is very different from the hot
and wet environment in the ballast tank 21 where sea water
flows in and out. Tﬁerefére,'steel typified by the type
disclosed in Japanese Patent Laid-Open No. 51-25420
contains copper as a required element. However, the steel
according to the present invention should contain no |
copper, because copper does not resist corrosion of the
ballast tank where sea water flows in and out, and even -

adversely affects corrosion resistance.
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"cohtaining NO copper hag been disclosed in Japanese Patent
It contains silicon and aluminunm

in relatively large quantities ©f- 0.5 to 2% and 0.5 to 3%
Teéspectively, in order to obtain ferromagnetic ferrite.
Another éxample of sea-water Corrosion resistant Steel
has been disclosed in Japanese.Patent Laid-Open No. 64-
79346. 1t contains 7 to 20% aluminum. 71t js effective
when used as a reinforciné steel when substantially no
welding needs to be performed. However, it ig not suitable
for use where a3 multiplicity of welding processes are
required, for example, in a ballast tank for a ship.

tank 21 is empty. The Space in the ballast tank at that
time is €xposed to a hot and wet condition by sea water . .
left in the botton Oof the ship and by heat transmitteq from’
and through the deck. One Cycle, in which the ballast tank
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environment, may be about forty days.

In conventional shipbuilding procedures the

or if the
limt,

eriorated.

steel is

welded with a large heat input by means of a so-called

“single layer for one side" technique. This improves

efficiency of the welding process as the tanker is built.

When steel containing alloy elements is welded with a large

heat input, the toughness of the welded portion

deteriorates substantially as compared with usual

shipbuilding welding methods.

Important objects of the present invention are to

provide a special steel capable of overcoming the foregoing

problems and exhibiting excellent corrosion resistance

against sea water in a hot and wet environment, and to

provide a method of manufacturing the same.

Another object of the present invention is to provide

a new weldable steel having excellent welded portions even
when welded with a large heat input. Still another object

is to provide a method of manufacturing such a new steel.

We have investigated in detail the influence of alloy

elements in steels. This was done by using an apparatus
arranged as shown in Fig. 1 to simulate a corrosive

environment. As a result, it was found that steel having a

special chemical composition exhibits excellent corrosion

resistance under these conditions. Furthermore,
found that additions of REM and Ti in particular

we have

quantities

enables the user to prevent deterioration of toughness in
weld heat affected zones (HAZ). ("REM" means rare earth
metals, in particular La or Ce, for example.) In addition,

another fact was found that employment of a special and

novel manufacturing method further improves corrosion

resistance.

According to one aspect of the present invention there




The conpositions of the test materials are shown in Table 23] _ .
Jmaterials were heated to 1150[err]C, hot- rolled and then co fé@fé@fﬁéiﬂ SHEET
900[ err] C under the conditions shown in table 18 so that the test sanples
wer e manufactured. The test sanples obtained fromthe test t brifd) 6857
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is provided a sea-water corrosion resistant steel
suitable for use in a hot and wet environment
comprising: an amount of C of 0.1 wt% or less; an
amount of Si of 0.5 wt% or less; an amount of Mn of
1.50 wt% or less; an amount of Al of 0.005 to 0.050
wt%; an amount of Cr of 0.5 to 3.50 wt%; an amount of
Ti of 0.005 to 0.05 wt%; and an amount of Nb of 0.005
to 0.05 wt%; such that the total quantity of Ti andfe#
Nb is bfégg to 0.05 wt%; the steel optionally further
comprising: an amount of REM of 0.0015 to 0.020 wt¥%;
an amount of N of 0.0020 to 0.0120 wt%; an amount of Ni
of 1.5 wt% or less; and an amount of Mo of 0.8 wt% or
less; wherein the total quantity of Ni and/or Mo is 1.5
wt% or less; and wherein the balance is Fe and
incigental impu;ities.

In another aspect of the present invention, there
is provided a method of manufacturing a steel having
the composition defined above, the method comprising
the steps of: casting and hot-rolling the steel; and
accelerated cooling the steel at a cooling rate of from
3 to 20°C/sec to a temperature of from 400°C to 600°C

- immediately after the steel has been cast and hot
rolled.

< A sea walke waistont sfel hoving o com,oosﬂ\'on as 4‘\‘»“ C.Ea:\
b Compriging, 0.2-0.1%° copper and no titonium or _m:zum s
disclosed, in IP-A- 59 G4 IS0, loughmess of sud a %o( ‘i'es‘(w
in o zone offeclect Ly wetding heat, 18 improveol by G-Hd\ lons
ttanium and, niclium Qs caimed | cf Valles G and, 1. .
The fmp-ow.mm-l- of lowghness also Q,PP&g:g wiia "C‘.SPCC:’* {:cla._ ﬂug’»
shructural steel as disclosed in US-A- 583 8§23 | whid < q,z Aa;
good Weldafbdily and the same comp?ss‘-h‘on as ot according
. venkion, (ut does not comprise titanium , .



20° subjected to a corrosion resistance test by using thg gt ' NT Qe
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to hot and wet environments comprising about: 0.1 wt% or
less of C; 0.5 wtd or less of Si; 1.50 wt% or less of Mn;
0.005 to 0.050 wt% of Al; 0.5 to 3.50 wt% of Cprs and the
balance Fe and incidental imburities.

According to another aspect of the present invention,
there is provided a method of manufacturing sea-water
corrosion resistant steel suitap¥e to hot and wet
environments comprising the sfeps of casting and hot-
rolling steel comprising-8bout 0.1 wt% or less of C, 0.5
wt$ or less of Si, 1.50 wts or less of Mn, 0.005 to 0.050
wt$ of Al, 0.5 tp”3.50 wt% of Cr, and the balance Fe and
incidental ippurities; accelerated cooling the steel at a
cooling ypate of about 3 to 20°C/sec immediately after the
steelhas been heated due to casting and hot rolling;
st6pping the cooling when the steel has been cooled to

4002 Lo—6-002C and—cooling—tho-stas ith-aix

0O

Other and further objects, features and advantages of
the invention will be appear more fully from the following
description, and from the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an explanatory view showing the schematic

structure of a simulation testing apparatus of a ballast
tank;

Fig. 2 is a graph showing effect of Cr content on
corrosion weight loss of test samples;

Fig. 3 is a graph showing effect of Cr content on the
maximum depth of corrosion and the average depth of
corrosion of the test samples;

Fig. 4A is a plan view of a tanker having a double
hull structure; and '

Fig. 4B is a cross-sectional view taken along the line
X-X of Fig. 4A.

An important object of the present invention is to



for the corrosion resistance test were the same as those accor
Exanpl e 1. The results of nmeasurenents of corrosion weight

of evaluation of the corrosive surfaces and the results of neaqurEnentsof

the depths of corrosion are shown in Table 24. Tabl e 25 sh
results of a Charpy inpact test, to whigh heat affected zone weg
after a sinmulated heat cycle corresponding to the heat hystereg
subnerged arc wel ding of 100 KJ/cmin a manner of the
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provide a novel sea-water corrosion resistant steel
composition which is resistant to hot and wet envir
and is capable of reducing corrosion weight loss, a
free from local :orrosion while maintaining smooth

corrosive surfaces, even in an environment in which

onments

nd is

sea

water and the atmosphere, the humidity of which may be as

high as 100%, are repeatedly applied to the steel.
Decrease in corrosion weight loss means that
generation of rust on the coated surface of a balla
arranged to be protected from corrosion by.coating
cathodic protection measures, can be prevented or s
curtailed. The smooth corrosive surface achieved a
to this invention helps to prevent occurrence of co
that cause concentration of distortion or metal fat

st tank,
and

everely
ccording
nditions

igque.

The advantages of this invention can be achieved by

adding effective amounts of Cr, Ni and Mo, more pré

ferably

Nb and Ti. Furthermore, restriction of precipitation of
carbides after hot rolling further enhances the beneficial

effects of Cr and Mo.

Another object of the present invention is to improve

" the toughness of portions of sea-water corrosion re

sistant

steel exposed to a hot and wet environment and joined by
welding with large heat input. Addition of effective
amounts of REM, Ti and N does not reduce the toughness of
the portion that has been welded with large heat lnput on

the contrary it improves toughness.

Effective component ranges will be described in the
following paragraphs, along with reasons for determining
the component ranges'and reasons for using the described
novel method of manufacturing the sea-water corrosion

resistant steel.

C: about 0.1 wt% or less

Although reduction of the addition of C-will realize

advantages in corrosion resistance and weldability,

the

upper limit of the content of C is about 0.1 wt% becauée c

is an element that helps to determine strength.



si‘ngl e |l ayer for one side, the results being shown together with the
results of Charpy inpact tests to which the base netal ' N[ £T
" The enpl oynment of the conditions for manufacturing the steaEPhhﬁﬁﬁ’étﬁggb
scope of the present invention enabl es corrosion weight llosg-to-be
decreased. Al so the depth of corrosiog can be decreased b analgpwg&;i@ﬁ%?e
manuf acturing conditions included within the scope of the} ptesent

i nvention. Even if the manufacturing conditions within thg $cope of the

present invention were enpl oyed, the toughness
Si: about 0.50 wt% or less

Since the reduction of addition of Si prevents adverse

influences on toughness, the upper limit of Si is about
0.50 wt%.

Mn: about 1.50 wt% or less

Although Mn is an important element that influences
strength, toughness and weldability, toughness and the
weldability are adversely affected if the content of Mn
exceeds about 1.50 wt%. Therefore, the upper limit of the
content of Mn is about 1.50 wt%.

Al: about 0.005 to 0.050 wt$

Al is added to serve as a deoxidizer, and the content
of Al is determined to be about 0.005 to 0.050 wt% so far
as weldability is not affected adversely.

Cr: about 0.50 to 3.50 wt%

The most effective element to improve corrosion
resistance in the present invention is Cr. Since the
contemplated corrosive environment is very severe, addition
of not more than about 0.50 wt% Cr cannot significantly
reduce corrosion and/or achieving a smooth corrosive
surface. Since the foregoing effects can be obtained if Cr
is added in an amount of about 0.50 wt% or more, the lower
Cr limit is about 0.50 wt%. If the addition of Cr is
increased, the effect of reducing corrosion weight loss can
be attained. However, if the Cr content exceeds about 3.50
wt%, the steel surface is susceptible to a pitting
corrosive state. 1If the quantity of Cr addition is
increased to about 9 wt%, only pitting corrosion is
realized, similarly to that observed on stainless steel.
Since the percentage Cr at which corrosion weight loss can
be reduced and a smooth corrosive surface can be formed is
about 3.50 wt% or less, the upper limit is determined to be -
about 3.50 wt%. However, it is preferable that the




of 'the base netal and that of the sinulated heat affected zone did nat

.deteriorate. As descri bed above, the sea-water corrosio
steel suitable to a hot and wet environnment according to the
i nvention has excellent corrosion resistance when it is adapt
bal |l ast tank or a sea water pipe for aship that is subjected
corrosive environnent. As a result, a contribution to making
mai nt enance-free of the ship and safety of the ship can be pr

mai nt ai ned.
quantity of Cr is about 1.2 to 3.0 wtd.

Ni: about 1.5 wt% or less
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It is preferable that Ni be added together with Cr,

which improves corrosion resistance. The addition of Ni

improves corrosion resistance and makes the corroded

surface uniform. TIf the gquantity of Ni exceeds about 1.5%,

a tendency toward strengthening and hardening the

steel is

attained, and problems take place regarding toughness and
weldability. Therefore, the gquantity of Ni is about 1.5

wt% or less.

Mo: about 0.8 wt% or less

Although addition of Mo enables a similar effect to

that of Ni, excessive Mo addition is considered to raise
critical problems in toughness and weldability. Therefore,
the addition of Mo is determined to be about 0.8 wt% or

less.

Ni + Mo: about 1.5 wt% or less

'Ni and Mo enable substantially the same effect to be
obtained. Since both Ni and Mo otherwise have problems of
toughness and weldability, the upper limit of Ni + Mo is

determined to be about 1.5 wt%.

Ti: about 0.005 to 0.05 wt$%
Although Cr, Ni and Mo are elements that are

effective

to improve corrosion resistance, Cr and Mo readily form
carbides which reduce the portion of Cr and Mo which is
present in solution that effectively exhibit corrosion
resistance. Since Ti is an element that forms carbides and
has an affinity that is greater than those of Cr and Mo, Ti
carbides are formed with priority. Therefore, forming of
Cr carbides and Mo carbides is restricted and reduction of
quantity of the solid solutions of Cr and Mo can be .
prevented. If the quantity of Ti is about 0.005 wt% or

less, the foregoing effect cannot be obtained.



Furthernore, the welding with a | arge heat input can be enpl
therefore a tanker can be built in an efficient wel ding nannd
t oughness of the portions joined by welding can be inproved.
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Furthermore, Ti significantly contributes to toughness
of the welded portion of the steel where it has been joined
with large heat input, because Ti forms nitrides when it
coexists with REM. However, the effect of Ti cannot
substantially be obtained if the quantity is about 0.005
wt% or less. If the same is about 0.005 wt% or more, the
increase of Ti causes saturation to take p.ace gradually.
If the quantity of Ti exceeds about 0.05 wt% the toughness
of the base metal deteriorates. Therefore, the range is
limited to about 0.005 to 0.05 wt%. When Ti coexists with
REM, Ti is a required element. If REM is not present Ti
may'be present in the range of Nb + Ti discussed in a
subsequent paragraph.

Nb: about 0.005 to 0.05 wt%

Similarly to Ti, Nb is an element provided for forming
carbides. The addition of Nb restricts forming of Cr and
Mo carbides, and accordingly corrosion resistance
obtainable from Cr and Mo in solution can be improved
effectively. If the Nb content is about 0.005 wt% or less,
the foregoing effect cannot be obtained. Since the
toughness of the steel deteriorates if the content is about
0.05 wt% or more, the upper limit of Nb is determined to be
about 0.05 wt%.

Nb + Ti: about 0.005 to 0.05 wt%

Nb and Ti have similar effects of restricting
precipitation of Cr carbide and Mo carbide and effectively
improving corrosion resistance by enlarging the quantities
of Cr and Mo in solution. However, the foregoing effects
can be obtained only when the quantity of Nb + Ti is about
0.005 wt% or more. In order to improve toughness, the
upper Nb + Ti limit is determined to be about 0.05 wt%.

REM: about 0.0015 to 0.020 wt%
If REM coexists with Ti, REM significantly improvés
the toughness of the portion welded with a large heat input
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of about 100 KJ/cm or more since it enhances the effect of
Ti. If the percentage of REM is less than about 0.0015
wt%, its effect cannot be obtained. If the quantity
exceeds about 0.020 wt%, the toughness of the base metal
deteriorates. Therefore, the optimum REM content is
determined to be about 0.0015 to 0.020 wt%. As the REM,
employment of La or Ce will enable a significant effect to
be obtained.

about 0.0020 to 0.0120 wt% _
N is an element required to form TiN that is important

2

to improve the toughness of the structure of portions
welded with large heat input. In order to improve
toughness, the N content must be about 0.0020 wt% or more.
If the N content exceeds about 0.0120 wt%, the foregoing
effect cannot be obtained and toughness sometimes °

~deteriorates. Therefore, the N content is limited to about

0.0020 to 0.0120 wts%.

Beneficial manufacturing steps, which serve to improve
the corrosion reﬁistance of the sea-water corrosion
resistant steel when exposed to a hot ana wet environment,
will now be described.

It is usual that steel is subjected to the usual
casting and hot rolling processes. According to this
invention, after hot rolling has been completed, cooling of
the steel is commenced at the moment the temperature of the
steel is about 9%00°C. Cr carbides and Mo carbides are, in
this casé, precipitated during the cooling process when the
cooling speed is lower than about 3°C/sec. This has the
effect of deteriorating the corrosion resistance obtainable
from Cr and Mo in solution. Therefore, the lowei limit of
the cooling speed is determined to be about 3°C/sec. If
the cooling speed exceeds about 20°C/sec, transformation
products increase and toughness deteriorates. Therefore,
the upper limit of the cooling speed is determined to be
about 20°C/sec. If the temperature at which cooling is
stopped after accelerated cooling has been performed, is
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higher than about 600°C, Cr carbides and Mo carbides are
precipitated after accelerated cooling process has been
completed. Therefore, improvement of corrosion resistance
against sea water, obtainable from Cr and Mo in solution,
deteriorates. Therefore, the upper limit of the
temperatufe at which cooling is stopped is determined to be
about 600°C. If the temperature at which cooling is
stopped is lower than about 400°C, transformation products
increase and toughness deteriorates. Therefore, the lower
limit of the temperature at which cooling is stopped is
determined to be about 400°C. '

Examples
Example 1
Test samples wewving-composttiomrs—showr—inr—Faebie—i were

subjected to a test simulating a ballast tank of a ship.
This was done by using a testing apparatus as shown in Fig.
1. Testing tank 1 was half-filled with artificial sea
water 2 conforming to ASTM D1141. Each test sample 4 was
immersed in the artificial sea water 2 at position 9 for
one week, and then the test sample 4 was raised to position
10 in the atmosphere 3, the humidity of which was 100%, and
it was allowed to stand for one week. Then the test sample
4 was immersed in the artificial sea water 2 for one week.
The cycle was repeated. A drum 5, to which the test sample
4 was attached, was controlled by the rotation shaft 6 to
rotate at 0.5 m/sec in either the artificial sea water or
the atmosphere. Air was injected through an air-bubbling
pipe 8 to cause bubbling in the lower portion of the
testing tank 1 to stir the sea water and introduce oxygen
into the sea water. The temperature in the testing tank
was controlled by a heater 7.. Since the cover portion of
the testing tank 1 was substantially closed tightly, the
difference between the temperature of the artificial sea
water and that of the atmosphere was 1°C or less and the
humidiﬁ& of the-aﬁmosphere was about 100%. A corrosion
resistance test was performed. Five cycles were performed
each of which consisted of immersion in 40°C artificial sea
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water for one week and allowing to stand in the atmosphere
the humidity of which was 100% and the temperature of which
was 40°C. The test sample 4 was manufactured by heating
the material to 1150°C for one hour and then it was hot-
rolled, followed by air cooling (at a cooling speed of
0.5°C/sec).
£ 4= £ 4 o
—thetost samples. evaluation of the condirion of the
corrosive surface and measursmant—of the.depth of corzosion
—ane-shown—in—Table—3~ The corrosion depth was measured
such that depths of 10 places were measured in a descending
order by using a depth gauge. The maximum corrosion depth

and the average corrosion depth were shown. After the
test, rust was removed and the condition of the corrosive
surface was evaluated from the viewpoint of smoothness of
the surface. The surfaces each having a uniform corrosive
condition with slightly uneven surface were evaluated as
satisfactory as indicated by the symbol "e". The surfaces
each having a uniform corrosive condition with a rather
largely uneven surface condition and those having a largely
uneven surface with a small. number of shallow pits were
indicated by the symbol "O" and "a", respectively. The
surfaces having a largely uneven surface with a large
number of deep pits were evaluated as unsatisfactory as
indicated by the symbol “"x*. Fig. 2 shows the quantity of
corrosion with respect to Cr content, and Fig. 3 shows the
depth of corrosion with respect to Cr content. As
comparatxve examples, conventional steel KA36 for ships
conforming to the NK (Nihon Kaiji Assoc;ates) standard was
simultaneously tested. The results of the tests were as
follows. ' '
(1) Corrosion Weight Loss

When the quantity of Cr added was increased corrosion
weight loss was decreased. When the quantity was 5 to 6
wt%, corrosion weight loss is increased. When the quantity
of Cr added was further increased, corrosion weight loss:
decreased. '
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The quantity of corrosion (mg/cm®) were obtained wsing

the difference between the quantity of initial weight of
the test piece and the weight of the test piece from which
the rust was removed by the above-mentioned corrosion test
and the difference was computed in terms of a unit surface
area of a test piece. Mean reduction quantity of plate
thickness at one side (mm) was computed using quantity of
corrosion.
(2) Corrosion Depth and Condition of Corrosion

The depth of corrosion is decreased as compared with
the comparative material KA36 when the quantity of Cr
addition was about 3 to 4 wt%. When the quantity of Cr
addition was enlarged, both maximum depth of corrosion and
the average depth of corrosion were enlarged. When Cr
content was 3.5 wt% or less, the surface was brought to a
uniform corrosive state. When the quantity of Cr was
enlarged from the foregoing state, a locally corrosive
state was realized. Comparative steel examples 2 to 4 were
brought to a locally corrosive state. The locally
corrosive state raised a problem in use, such that stress
concentration took place. The range of the quantity of
addition of Cr in which corrosion weight loss could be
prevented satisfactorily, and a smooth corrosive surface
could be formed, was 3.5 wt% or less. When Cr content was
less than about 0.5 wt$%, a satisfactory effect was not

obtained.
prgrogo, PN ~ o 1 -~ o A
(=119 J-\—J A >4 el & &\l e 4

.The composition of a test sample is shown i
loss of the test .
ate of the corrosive surface

Results of measurement of corrosion
samples, evaluation of
of the depth of corrosion are shown in

The compOSLtlogLof anether test sample isAshown in
Table 5 Results of measurement of corr0510n weight loss
of the test samples, evaluation of the state of the
corrosive surface and measurement of the depth of corrosxon
are shown in Table 6.
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The composition of another test sample is sﬁown in

Table 7. Results of measurement of corrosion weight loss
of the test samples, evaluation of the state of the
corrosive surface and measurement of the depth of corrosion
are shown in Table 8.

The method of manufacturing the test sample, the test
method, the evaluation method and testing conditions for
the corrosion resistance test were the same as those daseroed

—acserding—to—Examnple—i-— above .

The range of the quantity of addition of Cr in which
corrosion weight loss of the steel was prevented
satisfactorily, and a smooth corrosive surface was formed,

was about 0.5 to 3.5 wt$% or less_similarly—to—EBxampite—tr——

example steel and comparative example steel when the
quantity of Cr was about the same. Example steel 1 te&’3
and comparative example steel 1 each contained C { wt$.
Example steel 4 to 6 and comparative example steel 2 each
contained Cr 2 wt%. Example steel 7 and-Comparative
example steel 3 each contained Cr 3 wt%. As the guantity
of Ni + Mo increased, corrosion weight loss and corrosion
depth were decreased and prpdections and pits in the
corrosive surface were »€stricted so that a uniform’
corrosive state wa ealized. In particular, the additions
of Ni and Mo wegre effective to reduce corrosion weight
loss. As _edn be understood from results of comparison
betweenr example steel 4, 5 and 6 and comparative example
steel 4,=5 and 6, the toughness deteriorated when Ni and Mo

.
- - RO ] ali~Ta . al= ~TalaTa = - ~haladal
-

Table 6 shows the results of comparisons between

example steel and comparative example steel. Example steel
' ) . \?.écu*
1 and comparative steel sample 1 each contained 0.7 wt%(}.
Ebmparative steel 2 eock

. abouwl 1 '
contalned\er—by w;%(h Example steel 4 and 5 and comparative
example steel 3 and 4 each contained Cr 2 wt%. Example
steel 6 and comparative example steel 5 each contained Cr
3.4 wt%. As the quantity of Nb + Ti increased, corrosion
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weight loss and corrosion depth were decreased.

As can be understood from comparison between example
steel 4 and 5 and comparative example steel 6, 7 and 8, the
toughness of the base metal deteriorated when the additions
of Nb and Ti were large.

Table 8 shows the results .of comparisons between
example steel and comparative example steel that contained
Cr in the same quantity. As described above, the additions
of Ni, Mo, Nb and Ti decreased corrosion weight loss and
corrosion depth.

Example % 2

When welding with a large heat input is performed, the
toughness of the heat affected zone of the joint portion of
welding is an important factor. Therefore measurements
were performed to evaluate the toughness of simulated heat
affected zone of a variety of sea-water corrosion resistant
steel. 1In this case, heat cycle corresponds to the same
which the joint portion of welding by a large heat input
was subjected. 1In addition, the steel was subjected to a

. corrosive test using a sea-water corrosion resistance
:F'testing tank that was capable of simulating the hot and wet
: environment. The method of the corrosion resistance test,
the evaluation method and the testing conditions were the
same as those according to Example 1. ' '

5 are shown in Table 9.

Table 10 shows the results of Charpy impact te s, to
which a heat affected zone was subjected after-« simulated
heat cycle corresponding to the heat hystefesis of
submerged arc welding of 100 KJ/cm jax"the manner of the
single layer for one side. The~fesults are shown together
with the results of Charpy“impact tests to which the base
metal was subjected

Table 11 shGws corrosion weight loss and corrosion

depth resudting from the sea-water corrosion resistance
tes
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the example steel and the comparative example steel were
subjected. They contained the same quantity of Cr.

According to the results shown in Table 10, e
limitations of REM, Ti and N to the ranges acedrding to the
present iﬁvention significantly improved e toughness of
the joint portion welded with a large feat input as
compared with the comparative examfile steel such that
toughness exhibiting absorbed €nergy (vEo) exceeding the
value of KA36 was obtaineg”

As can be undersidod from the results of the corrosion
resistance test shdéwn in Table 11, the limitation of the
quantity of C»“to the determined range enabled corrosion
resistance”similar to that of the comparative example steel
to bgbtained even if REM and N were added. Therefore, it

be understood that the additions of REM, Ti and N did
w3

The compositions of the test samples are shown in
~Fablo—I3—and- Table 15.

The results of Charpy impact tests, to which a heat
affected zone was subjected after a simulated heat cycle
corresponding to the heat hysteresis of submerged arc
welding of 100 KJ/cm in the manner of the single layer for
one side are shown in Zable—l3-and- Table 17 together with
the results of a Charpy impact test to which the base metal
was subjected.' The results of the corrosion resistance
test against sea water are shown in-Zeble—i4—and- Table 16.
The method of the corrosion resistance test, the evaluation

he O asion resistance

method and the testing conditions were the same as those
according to Example 1. According to the results. shown in
Tabley 13—and—17, the limitations of REM, Ti and N to the
ranges according to the present invention significantly
lmproved the toughness of the joint portion welded with a
large heat input as compared with the comparatlve example
steel such that toughness exhibiting absorbed energy (on)
exceeding the value of KA36 was obtalned
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As shown in the results of the corrosion resistance
test shown in Tablg{-LA—and-lﬁ, corrosion resistance
equivalent to or somewhat superior to that of the
comparative example steel can be improved if the qﬁantities
of Cr, Mo and Ni are in the limited ranges. Thus, the
additions do not adversely affect the corrosion resistance

obtainable from the additions of Nb and Ti.

I 3 O

Pxampre—2
As test samples, there was used example steel 2, 3 and

4 (having the same composition as those shown in Table 1)
according to an example of the present invention and
comparative example steel manufactured such that material
having the same composition as those of conventional steel
KA36 was heated to 1150°C, hot-rolled and then cgbled under
the conditions shown in Table 18. Test sampleg thus
obtained were subjected to a corrosion resisfance test by
using the testing apparatus used in Examplé 1. The method,
the evaluation method and testing condijAons of the
corrosion resistance test were the sapfé as those of Example
1. The results of the measurements/of corrosion weight
loss, those of the evaluations of/the corrosive surfaces,
the results of the measurements/of the depths of corrosion,
and the results of the Charpy’impact test, to which the
base metal was subjected, are shown Table 19.
(1) Corrosion Weight Logs

Corrosion weight Zoss was reduced due to the addition
of Cr as compared wjfh conventional steel Ka36 (aé realized
in Examplg-l). Fyprther, corrosion weight loss was further
decreased by employing the manufacturing conditions
included with¥n the scope of the present invention. Also
the depth of corrosion was decreased by manufacturing the
steel undgér the conditions included within the scope of the
presen¥ invention.
(2) oughness

Toughness did not deteriorate even if the steel was
anufactured under the conditions included within the scope

. . ) .
- a¥~ - - ~ha - 21 aks e ale alm ~eai=lte =& Sis{elsle
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Eo}—was—decreased and the toughness—deterioratod-

Examglegq}ﬂj-&&—endréé-

Test samples obtained from the test materials
manufactufed under the conditions shown in Table 18 were
subjected to the corrosion resistance test by using testing
apparatus the same as that used in Example 1. The results
of the measurements of corrosion weight loss, those of the
evaluations of the corrosive surfaces, the results of the
measurements of the depths of corrosion, and the results of
the Charpy impact test, to which the base metal was
subjected, are shown Table-20, Table 21 and Table 22.
~Exanple -stosl 7 shown-Table..20wras tho same-as-—thosa shoun .
—+n—Pable—3~ Example steel 6 shown Table 21 had the same
composition as those shown in Table 5. Example steel 6
shown in Table 22 had the same composition as those shown
in Table 7. The method, the evaluation method and the
testing conditions for the corrosion resistance test were
the same as those according to Example 1.

The employment of the conditions for manufacturing the
steel within the scope of the present invention enabled
corrosion weight loss to be decreased. Also the depth of.
corrosion was decreased by employing manufacturing
conditions included within the scope of the present
invention. Even if the manufacturing conditions within the
scope of the present invention were employed, the-toughness
did not deteriorate. When the cooling speed exceeded the
upper limit or if the temperature at which cooling was
stopped was lower than the lower limit, the absorbed energy
(VEo) was decreased and the toughness deteriorated.
ExamplegZis 14,15 and-16 '

The compositions of the test materials are shown in
Table 23. The test materials were heated to 1150°C, hot-

.rolled';nd then-céoled at 900°C under the conditions shown

in table 18 so that the test samples were manufactured.
The test samples obtained from the test materials were
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subjected to a corrosion resistance test by using the
testing apparatus the same as that used in Example 1. The
method, the evaluation method and the testing conditions
for the corrosion resistance test were the same as those
according to Example 1.

The fesults of measurements of corrosion weight loss,
those of evaluation of the corrosive surfaces and the
results of measurements of the depths of corrosion are
shown in Table 24.

Table 25 shows the results of a Charpy impact test, to
which heat affected zone was subjected after a simulated
heat cycle corresponding to the heat hysteresis of a
submerged arc welding of 100 KJ/cm in a manner of the
single layer for one side, the results being shown together
with the results of Charpy impact tests to which the base
metal was subjected.

The employment of the conditions for manufacturing the
steel within the scope of the present invention enables
corrosion weight loss to be decreased. Also the depth of
corrosion can be decreased by employing the manufacturing
conditions included within the scope of the present
invention. Even if the manufacturing conditions within ‘the
scope of the present invention were employed, the toughness
of the base metal and that of the simulated heat affected

" zone did not deteriorate.

As described above, the séa—water corrosion resistant
steel sultable to a hot and wet environment according to
the present invention has excellent corrosion resistance
when it is adapted to a ballast tank or a sea water pipe
‘for a ship that is subjected to a severe corrosive
environment. As a result, a contribution to making a ship
maintenance-free of the ship and safety of the ship can be
provided and maintained.

Fq;thermorg,.the welding with a large heat input can
be employed and therefore a tanker can be built in an
efficient welding manner, and the toughness of the portions .
joined by welding can be improved.
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corrosi on resistant steel

A sea-wat er
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| ess;

of 0.5 wt% or
an amount of Al of 0.005 to 0.050
of O.

an ampunt of Ti

an anpunt of Si
0,
34P to 0.05 wt%

| ess;
| ess;
and Nb is
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an anmpbunt of Nb of 0.005 to 0.05 wt %

an ampunt of C of 0.5 to 3.50 wt%

an amount of M of 1.50 wt % or
quantity of Ti
optionally further conprising:

an amount of C of 0.1 wt % or
wt %

to 0.05 wt% and

the total
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an anmpbunt of REM of 0.0015 to 0.020 wt % an anmpbunt of N of 0.0020 to

0.0120 wt % an anmount of Ni of 1.5 wt% or | ess; and
Mo of 0.8 wm % or |ess; wherein the total quantity of N
1.5 wt% or | ess; and wherein the bal ance is Fe and incidej

impurities. 2. A steel as clained in cggin11, wherein the

CLAIMS:
1. A sea-water corrosion resistant steel suitable for

use in a hot and wet environment comprising:
an amount of C of 0.1 wt% or less;
an amount of Si of 0:5 wt% or less;
an amount of Mn of 1.50 wt% or less;
an amount of Al of 0.005 to 0.0S0 wt%;
an amount of Cr of 0.5 to 3.50 wt¥%;
"an amount of Ti of 0.005 to 0.05 wt%; and
an amount of Nb of 0.005 to 0.05 wt%;
su&h that the total quantity of Ti 'andfez{ Nb is
o485 to 0.05 wty;
the steel optionally further comprising:
an amount of REM of 0.0015 to 0.020 wt%;
an amount of N of 0.0020 to 0.0120 wt%;
an amouﬁt of Ni of 1.5 wt% or less; and
an amount of Mo of 0.8 wt% or less;
wherein the total quantity of Ni and/or Mo is 1.5

wts or less; and
wherein the balance is Fe and incidental

impurities. _
2. A steel as claimed in claim 1, wherein the REM is
La or Ce.

3. A method of manufacturing a steel having the

composition of claim 1 or 2, the method comprising the
steps of:
casting and hot-rolling the steel; and
accelerated cooling the steel at a cooling rate of
from 3 to 20°C/sec to a temperature of from 400°C to
600°C immediately after the steel has been cast and hot
rolled. '

A



3. A nethod of manufacturing a steel having the conposition of claim1l or
2, the nethod conprising the stepsof: ., ' tasting and hot-rolling the
steel; and accel erated cooling the steel at a coolin
to 20C/sec to a tenperature of from400[err]C to 600C i
steel has been cast and hot roll ed.
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ABSTRACT

SEA WATER CORROSION RESISTANT STEEL SUITABLE FOR HOT
AND WET ENVIRONMENTS AND METHOD OF MANUFACTURING THE
SAME '

A sea~water corrosion resistant steel suitable to
. a hot and wet environmeht consisting of about 0.1 wt%
or less of C, 0.5 wt% or less of Si, 1.50 wt% 6: less
of Mn, 0.005 to 0.050 wt% of Al, 0.5 to 3.50 wt% of Cr,
and the balance Fe and incidental impurities.



