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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

~ ufacturing the same. 
Tankers that will be manufactured in the future should have a double hull structure of the type shown in 

5 Figs. 4Aand 48 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 

10 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 

15 required for repairing the double hull structure after extended use, as compared with new ship construction. 

Jhe 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 

20 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 cor­

rosion. The life of the coal-tar epoxy resin paint applied to the ballast tank can be expected to be about ten 

25 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 

30 and wet environments. 
faonventional 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 

35 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 r~ist 

corrosion of the ballast tank where sea water flows in and out, and even adversely affects corrosion reslstanCjY.· 

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 

40 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 pf welding processes 

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

45 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 

50 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 

55 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 is subjected to the foregoing 

cycle of corrosive environment,_ may be about forty days/ 
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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 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 

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). ("REM0 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 resistancey 
According to one aspect of the ptesent invention there is provided a sea-water corrosion resistant steel 

suitable to hot and wet environments comprising about: 0.1 wl°Ai or less of C; 0.5 wt% or less of Si; 1.50 wl°Ai 
20 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. 

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 wl°Ai 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 the steel at 

25 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 6000C; 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. 4A is a plan view of a tanker having a double hull structure; and 
Fjg. 48 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-
55 mining the component ranges and reasons for using the described novel method of manufacturing the sea­

water corrosion resistant steel. 
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C: about 0.1 wl°/o or less 
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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 strength. 
. / 

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 wl°/o. 

Mn: about 1.50 wl°/o 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 wl°/o 

Al is added to serve as a deoxidizer, and the content of Al is determined to be about 0.005 to 0.050 wl°k 

20 so far as weldability is not affected adversely. 

Cr: about 0.50 to 3.50 wt% 
I 

. The most effective element to improve corrosion resistance in the present invention is Cr. Since the con-

25 teinplated 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 wl°/o. 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 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 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 regarding 

40 toughness and weldability. Therefore, the quantity 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 

45 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 wl°.k 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 wl°k 

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 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 
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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. 

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 

5 cannot substantially be obtained if the quantity is about 0.005 wt°k or less. If the same is about 0.005 wt°k or 

more, the increase of Ti causes saturation to take place gradually. If the quantity of Ti exceeds about 0.05 wt°k 

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. 

10 

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 

15 effectively. If the Nb content is about 0.005 wl°k 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%. 

20 

25 

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% 
j 

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 

30 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. 

35 

45 

50 

55 

N: about 0.0020 to 0.0120 wt% 

N is an element required to form TiN that is important to imp_rove 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. 

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 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 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°Ci' 
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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 01141. Each test sample 4 was immersed in the artificial sea water 2 at pos­

ition 9 for one week, an<fthen 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 (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 ~rrosion 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. 

Th~ 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 a large number of deep pits were evaluated as unsatisfactory as indicated by the symbol ·~. 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 wt%, corrosion weight loss is increased. When the quantity of Cr added was further increased, cor­

rosion weight loss decreased;1 
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°.4 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 

5 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 cor­

rosion are shown in Table 6. 
The composition of another test sample is shown in Table 7. Results of measurement of corrosion weight 

10 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-

15 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 Yll°k. Example steel 4 to 6 and comparative example steel 2 each contained Cr 2 wt%. Example steel 7 

20 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-

25 eluded 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 Yll°k. As the quantity of 

30 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 
35 weight loss and corrosion depth. 

Examples 

When welding with a large heat input is performed, the toughness of the heat affected zone of the joint 
40 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 

45 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/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 

50 the base metal was subjected. . 
Table 11 shows corrosion weight loss and corrosion depth resulting from the sea-water corrosion resis­

tance test. 
Table 11 sho'? 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-
55 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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As can be understood from the results of the corrosion resistance test shown in Table 11, the limitation of 

the quantity of Cr to the determined range enabled corrosion resistance similar to that of the comparative ex­

ample steel to be obtained even if REM and N were added. Therefore, it can be understood that the additions 

s of REM, 1i 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 ofthe corrosion resistance test against sea water are shown in Table 

14 and Table 16. The method ofthe corrosion resistance test, the evaluation method and the testing conditions 

1s were the same as those according to Example 1. According to the results shown in Tables 13 and 17, the lim­
itations of REM, 1i 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;! 

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 1i. 

25 
Example9 

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 conyentional 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 a corrosion 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 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. 
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 . 
I 

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, 11and12 

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 

55 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. 

8 
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The method, the evaluation method and the testing conditions for the corrosion resistance test were the same 

as those according to Exarriple 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 man-
5 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. 

10 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 thatthe 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 method, the evaluation method and the 
testing conditions for the corrosion resistance test were the same 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 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 totbe decreased. Also 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, t~e 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 

ao 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 m'1nner, and the toughness of the portions joined by welding can be improvedi 

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 claime~ 
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Type of Steel 

Example Stoel l 

Example Steel 2 

1-:J<&llAJ•lft ::1 uni 1 

Example Steel 4 

Example Steel 5 

Comparative Example Steel 1 

Comparative Example Steel 2 

Comparative Example Steel 3 

Comparative Example Steel 4 

Comparative Example Steel 5 

Comparative Example Steel 6 

RA36 

i!; ~ ~ ~ 

Table 1 

c Si Hn 

0.06 0.31 1.42 

0.06 0.32 1.40 

11,11'1 CJ. 3(1 1.45 

0.05 0.31 1.40 

0.05 0.32 1.38 

0.06 0.30 1.40 

0.05 0.31 1.40 

0.05 0.32 1.40 

0.05 0.33 1.39 

0.05 0.31 1.40 

0.05 0.32 1.38 

0.10 0.34 1.42 

~ 

p s 

0.020 o.oos 

0.020 o.oos 
0.020 O.OO!J 

0.020 o.oos 

0.020 0.005 

0.020 0.005 

0.020 0.005 

0.020 0.005 

0.022 0.005 

0.022 o.oos 
0.020 0.005 

0.011 0.002 

~ 

Cr 

0.68 

1.01 

2.01, 

2.98 

3.41 

0.45 

3.78 

5.10 

6.07 

9.05 

... a 

13.10 

0.02 

OI 

Al 

0.025 

0.020 

().021 

0.022 

0.025 

0.020 

0.024 

0.020 

0.023 

0.025 

0.022 

0.023 

m ,, 
0 

~ 
w 

~ ,. .... 

Ii ,., 

...., 
::c: ...... 
en 
en 

:;>j ::c: 
t'I1 t'I1 
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Table 2 

40°C x .5 Cycles 

Corrosion Waight Loss 
Type of St:eel 

lleight Averaga Decrease Ratio with Raapect 
Lou in Thicknaaa to Comparative 

(mg/cm2) (One Sida, 111111) Example li36 
(%) 

Example Steel 1 74 0.094 79 

Example Steel 2 72 0.092 17 

Example Ste'el 3 57 0.073 61 

Example Steel 4 35 0.045 37 

Example Steel 5 34 0.043 36 

Comparative Example Steel 1 83 0.106 88 

Comparative Example Steel 2 32 0.041 34 

Comparative Example Steel 3 38 0.048 40 

Comparative Example Steel 4 43 0.055 46 

Comparative Example Steel 5 30 0.038 32 

Comparative Example Steel 6 6 0.008 6 

KA36 94 0.120 100 

®: a uniform corrosive condition with slightly uneven surface 
O: a uniform corrosive condition with a rather largely uneven surface 
A: a largely uneven surface with a small number of shallow pits 
x: a largely uneven surface with a large number of deep pits 

~ 

Maximum 
Depth of 

Corrosion 
( Diii) 

0.42 

0.43 

0.36 

0.33 

0.45 

0.52 

0.51 

0.49 

0.55 

0.69 

1.09 

0.50 

~ Ch 

Depth of Corrosion 

Average Evaluation 
Depth of of Corrosive 

Corroeion Surfaco 
(mm) 

0.36 0 

0.31 0 

0.24 @ 

0.25 @ 

0.31 0 

0.39 A 

0.36 A 

0.36 x 

0.48 x 

0.61 x 

0.81 x 

0.41 A 
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Type of Steel c 

Example Steel l 0.06 

Example Steel 2 0.06 

Example Steel 3 0.06 

Y.Jl&IRl•I b ::1.uul 11 O,U.) 

Example Steel 5 o.os 
Exa111ple Steel 6 o.os 
Example Steel 7 0.0.5 

Comparative Example Steel I 0.06 

Comparative Example Steel 2 o.os 
Comparative Example Steel 3 0.05 

Comparative Example Steel 4 0.05 

Comparativ" Example Steel .5 0.05 

Comparative f.xamplP. Str.r.I. 6 0.05 
··-··-····-

KAJ6 0.10 

~ ~ ~ 

Table 3 

Si Mn p s 

0.31 1.42 0.014 0.004 

0.32 1.43 0.010 0.003 

0.30 1.40 0.011 0.004 

O.JJ 1.42 0.009 0.004 

0.32 1.40 0.009 0.004 

0.33 1.42 0.008 0.004 

0.3.5 1. 41 0.010 0.003 

0.32 1.40 0.020 0.00.5 

0.30 1.45 0.020 0.00!1 

0.31 1.40 0.020 o.oos 
0.33 1.41 0.008 0.004 

0.30 l. 39 0.009 0.00.5 

O.Jl 1.40 0.008 0.004 

0.34 1.1.2 0.017 0.002 

~ ~ 

Al Cr Ni 

0.022 1.02 o.u 
0.023 1.02 o.so 
0.02.5 1.03 1.20 

0.022 2.02 0,42 

0.02.5 2.02 0.84 

0.022 2.01 -
0.023 3.00 0.40 

0.020 1.01 -
0.021 2.04 -
0.022 2.98 -
o.o:u 2.02 1. 78 

0.02.5 2.02 -
0.022 2.01 1.80 

0.023 0.02 0.01 

~ en 

Mo 

0.1.5 

0.27 

-
0.21 

0.44 

0.60 

0.1.5 

-
-

-
-

J.02 

1.00 

0.01 

Ni+Mo 

o.57 

1.07 

1.20 

0.63 

1.28 

0.60 

0.5.5 

0.00 

o.oo 

o.oo 

1. 78 

1.02 

2.so 

0.02 

m .,, 
0 

e 
~ 
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Table 4 

40°C ,. s Cyclu 

Corrosion Weight Lose 
Type of Steel 

lleight !foe Average Decrease Ratio with Reapact Haxilll\I• 
(ngfc ) in Thicknasa to Comparative Depth of 

(Ona Sido, ml l!xampla KA36 Corrosion 
(l) (ml 

Example Steel l 65 0.083 69 o.u 
Example Steel 2 !18 0.074 62 0.40 

Example Steel 3 SS 0.070 S9 0.38 

Comparative Example Steel I 72 0.092 77 o.o 
Example Sleet 4 48 0.061 51 o.34 

Example Steel 5 46 0.059 49 0.32 

Example Steel 6 1,9 0.062 sz o.35 

Com?arative Example Steel 2 .57 0.073 61 0.36 

Example Steel 7 31 0.039 33 0.30 

Comparative Example Sr.eel 3 3.5 0.04.5 37 0.33 

Comparative Example Steel 4 47 0.060 so 0.32 

Comparative Example Steel .5 !10 0.064 .53 0.35 

Comparative Example Steel 6 46 0.0.59 49 o.31 

KA36 94 0.120 100 o.so 

@: a uniform corrosive condition with slightly uneven surface 
O: a uniform corrosive condition with a rather largely uneven surface 
b.: a largely uneven surface with a small number of shallow pits 

~ 

Depth of Corrosion 

Average Depth 
of Corrosion 

(111111) 

0,31 

0.29 

0.28 

0.31 

0.24 

0.23 

0.24 

0.24 

0.27 

0.21 

0.2' 

0.25 

0.23 

0.41 

... 
C) 

Evaluation 
of Corrosive 

S\lrlaco 

0 

@ 

@ 

0 

@ 

@ 

@ - 0 

@ 

@ - 0 

@ 

0 

0 

0 

b. 

Cll 

Absorbed 
Energy 

vl!o 
(Basa Metal l 

(J) 

270 

26.5 

270 

240 

245 

200 

260 

m .,, 
0 

e 
~ 
> .... 
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Type of Steel c 

Example Steel I 0.06 

Example Steel 2 0.06 

F.Jrnml'l n !:1 nrd •t 11.or. 

Example Steel 4 o.os 

Example Steel .5 0.0.5 

Example Steel 6 o.os 
Comparative Example Stoel l 0.06 

Comparative Example Steel 2 0.06 

Comparative Example Steel 3 0.05 

Comparative Example Steel 4 0.05 

Comparative Example Steel 5 0.0.5 

Comparative F.xample Steel 6 o.os 
Comparative Example Steel 7 o.os 
Comparative Example Steel 8 0.05 

KA36 0.10 

bl ~ ~ 

Table 5 

Si Mn p s 

0.31 1.40 0.021 o.oos 
o. 32 1.39 0.020 o.oos 
0.10 '·'" o.nzo 11.oos 

0.30 1.40 0.020 o.oos 
o. 31 1.40 0.020 o.oos 
o.32 1.38 0.020 o.oos 
0.31 1.42 0.020 o.oos 
0.32 1.40 0.020 0.00.5 

0.30 1.45 0.020 o.oos 
0.31 1. 41 0.020 o.oos 
0.32 1.38 0.020 0.005 

O.JO l.40 0.019 o.oos 
0.31 1.41 0.020 0.004 

0.32 1.42 0.020 o.oos 
o.34 1.42 0.011 0.002 

~ ~ ~ 

Cr Al Nb 

0.10 0.023 0.021 

1.01 0.023 0.020 

1.0:; o.oz1, -
2.00 . 0.023 0.030 

2.00 0.023 0.020 

3.3.5 0.024 o.ozs 

0.68 0.025 -
1.01 0.020 -
2.04 0.021 -
2.04 0.021 0.003 

l.41 0.024 -
2.00 0.024 0.060 

2.01 0.023 -
2.00 0.023 0.030 

0.02 0.023 -

Ti 

0.026 

-
11,11'1!1 

0.01.5 

0.020 

0.020 

-
-
-
-
-
-

0.065 

0.030 

-

en 

Nb+Ti 

o.oo 

0.020 

O,OJO 

0.04.5 

0.040 

0.04.5 

0 

0 

0 

0.003 

0 

0.060 

0.06.5 

0.060 

0 

!U 
C) 

e 
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Table 6 

4o•c x s eye.las 

Corrosion Veight Loaa Depth of Corroaion 
Type of Steel 

\/eight Average DOcreaso Ratio with leapect Maxl1111111 Depth Avorago Depth 
Lou in Thick.neaa to Comparative of Corroaion 

(mg/c-2) (One Side, Riii) Example U.36 (mm) 
(1) 

Exuiple Steel 1 6S 0.083 69 0.40 

Com11oratlve F.xAmpla Stool I 71, 0.094 79 0.42 

Example Steel 2 60 0.076 64 0.35 

Example Sual 3 SS 0.074 62 o.35 

Comparative Example Stoel 2 72 0.092 77 0,43 

Example Steel 4 49 0.062 S2 0.31 

Example Steel .5 .52 0.066 .55 0.32 

Comparative Example Steel 3 57 0.073 61 0.36 

Comparative Example Steel 4 .56 0.071 60 0.33 

Example Steel 6 30 0.038 32 0,4S 

Comparative Example Steel .5 34 0,043 36 0.45 

Comr•rative Example Steel 6 .50 0.064 53 0.32 

Comparative Example SteP.l 7 so 0.064 .53 0.33 

Co~p•rative Example Steel 8 so 0.064 S3 0.33 

U.36 94 0.120 100 o.so 

@: a uniform corrosive condition with slightly uneven surface 
0: a uniform corrosive condition with a rather largely uneven surface 
l!i: a largely uneven surface with a small number of shallow pits 

of Corroaion 
(11111) 

0.29 

0.36 

0.24 

0.23 

0.31 

0.24 

0.22 

0.24 

0.25 

0.30 

0.31 

0.24 

0.24 

0.25 

0.41 

~ 

Evaluation 
of Corrosive 

Surface 

0 - @ 

0 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

0 

0 

@ 

.@ 

@ 

l!i 

Cll 

Absorbed Energy 
v!o 

(Dase Metal) 
(J) 

300 

29.5 

24.5 

246 

247 

260 
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Type of Sted 

Exa111ple Steel 1 

Example Steel 2 

F.umpl" Stn~ l :i 

Example SLeel 4 

Example Steel 5 

Example Steel 6 

Comparative Example Steel 1· 

Comparative Example Steel Z 

Comparative Example Steel 3 

Comparative Example Steel 4 

Comparative Example Steel 5 

Comparative Example Steel 6 

Comparative Example Steel 7 

Comparative Example Steel 8 

KA36 

~ l3l 

c S:L Mn 

0.06 0.31 1.39 

0.06 0.30 1.40 

0.06 0.32 1.41 

o.os 0.31 1.42 

o.os 0.31 1.41 

0.05 0.32 1.43 

0.06 0.31 1.42 

0.06 0.32 1.43 

0.06 0.30 1.40 

0.06 0.31 1.40 

0.05 0.32 1.40 

0.05 0.30 1.39 

0.05 o. 31 1.41 

0.05 0.35 1.u 

0.10 0.34 l.42 

~ ~ 

Table 7 

p s Al Cr 

0.010 0.005 0.023 1.00 

0.011 o.oos 0.024 1.03 

0.010 o.oos 0.025 1.01 

0.010 0.004 0.020 2.05 

0.010 0.004 0.022 2.02 

0.010 0.003 0.025 3.01 

0.014 0.004 0.022 1.02 

0.010 0.003 0.023 1.02 

0.011 0.004 0.025 1.03 

0.010 o.oos 0.023 1.00 

0.009 0.004 o.02s 2.02 

0.008 0.004 0.022 2.01 

0.009 0.004 0.022 2.01 

0.010 0.003 0.023 3.00 

0.011 0.002 0.02 0.023 

~ ~ ~ 

N:I. Mo Ni+Mo Nb 

0.78 0.24 1.02 0.010 

1.16 - 1.16 0.011 

0.75 0.20 0.95 -
0.82 0.40 1.22 o.ou 

- o.ss 0.58 0.030 

0.39 0.15 0.54 0.010 

0.42 0.15 0.57 -
o.so 0.27 1.07 -
1.20 - 1.2 -
0.78 0.27 1.05 0.004 

0.84 0.44 1.28 -
- 0.60 0.6 -

0.42 0.19 0,61 -
0.40 0.15 o.55 -
- - 0 -

T:L 

o.01s 

0.012 

0.020 

0.010 

-
0.010 

-
-
-
-
-
-

0.003 

-
-

Cll 

Nb+ Ti 

0.025 

0.023 

o.ozo 
0.022 

0.030 

0.020 

0 

0 

0 

0.004 

0 

0 

0.003 

0 

0 

,. 

'· 
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Table 8 

4o•c x s c11:iea 

Corroalon Waighc Loaa 
Type of Steel 

llelght Average Decreasa Racio with leapact 
Looa ln Thlckneaa to Comparative 

(mg/cm2) (Ona Slda ,m) Example K/\36 
(%) 

E:xamplo SteP.l l 54 0.069 57 
Example Steel 2 51 0.065 54 
Example Steel 3 52 0.066 55 

Comparative Example Steel 1 65 0.083 69 
Comparative Example Steel 2 58 0.074 62 . 
Comparative Example Steel 3 SS 0.070 59 
Comparative Example Steel 4 58 0.074 62 

Example Steel 4 38 0.048 40 
Example Steel 5 43 o.oss 46 

Comparative Example Steel 5 46 0.059 49 
Comparative Example Steel 6 49 0.062 52 
Comparative Example Steel 7 49 0.062 52 

Example Steel 6 27 0.034 29 
Comparative Example Steel 8 31 0.039 33 

KA36 94 0.120 100 

@: a uniform corrosive condition with slightly uneven surface 
0: a uniform corrosive condition with a rather largely uneven surface 
A: a largely uneven surface with a small number Of shallow pits 

Ma:d.mum Dopth 
of Corrosion ,_, 

0.31 

0.32 

0.33 

0.42 

0.40 

0.38 

0.37 

0.31 

Q.30 

Q.32 

Q.35 

Q.35 

0.30 

0.30 

o.so 

~ 

Depth of Corrosion 

Avoragc Depth 
of Corrosion 

hml 

0.24 

0.22 

0.23 

0.31 

. 0. 29 

0.28 

0.29 

0.21 

0.21 

0.23 

0.25 

0.26 

0.26 

0.27 

0.41 

°' 

Evaluatlon 
of Corro.civa 

Surf ace 

\!II 

@ 

@ 

0 

@ 

@ 

@ 

@ 

@ 

@ 

@ - 0 

@ - 0 

0 - 0 

@ - 0 

A 
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Type of Steel c 

Example Steel l 0.05 

Example Steel 2 0.05 

Y.xa1npl11 !l1.1111l 1 0.05 

Comparative Example Steel l 0.05 

Comparative Example Ste11l 2 0.05 

Comparative Example Steel 3 0.05 

Comparative Example Steel 4 0.05 

Comparative Example Steel 5 o.os 

KA36 0.10 

bl ~ ~ 

Table 9 

Si Mn p s 

0.32 1.40 0.020 o.oos 

0.31 1.39 0.020 o.oos 

0.3() 1.38 0.020 o.oos 

0.30 1.39 0.021 0.004 

0.31 1.40 0.020 0.005 

0.32 1.42 0.022 0.006 

0.30 l.45 0.020 0.005 

0.31 1.39 0.020 o.oos 

0.34 1.42 0.011 0.002 

~ 

Cr Al 

2.02 0.021 

3.01 0.022 

l .98 0.020 

1.95 . 0.021 

2.98 0.022 

1.92 0.021 

2.04 0.021 

2.98 0.022 

0.02 0.023 

..... en 

REM 

0.008. 

0.007 

0.010 

0.025 

0.027 

0.014 

-

-
-

..... 
C) 

'l'i 

0.010 

0.008 

0.020 

0.012 

0.005 

0.056 

-
0.020 

-

cn 

N 

0.0032 

0.0028 

0,003!> 

0.0033 

0.0028 

0.0033 

0.0030 

0.0030 

0.0050 

' ;· 
,. 
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Type of Steel 

Example Steel 1 

Example Steel 2 

Example Steel 3 

Comoarative Example Steel 1 
Comparative Example Steel 2 

Comoarative Example Steel 3 
Comparative Example Steel 4 

Comparative Example Steel 5 

KA36 

~ ~ 

Table 10 

Base Metal 

Charov Impact Test 

Absorbed Energy 
vEo 
( J \ 

299 

291 

305 

265 

201 

280 

270 

243 

260 

~ ~ Cll 

Simulated Heat Affected 
Zone (HAZ) 

Charpy Impact Test 

Absorbed Energy 
vEo 
(J) 

138 

122 

145 

98 

78 

85 

38 

16 

121 
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Table 11 

Corrosion lleight Loss 

Type of Steel lleight ~se Average Decreaee 
(aig/c:11 ) :l.n Thic:knees 

(Ona Side,111111) 

Example Steel 1 56 0.071 
Example Steel 3 55 0.070 

Comparative Example Steel 1 55 0.070 
Comparative Example Steel 3 53 0.068 

ComEarative Example Steel 4 57 0.073 

Example Steel 2 34 0.043 

Comparative Example Steel 2 35 0.045 

Comparative Example Steel 5 35 0.045 

KA36 94 0.120 

@: a uniform corrosive condition with slightly uneven surface 
b.: a largely uneven surface with a small number of shallow pits 

~ ~ 

40°C x 5 Cyc:lea 

latio with Haximu11 Depth 
Respect to of Corrosion 

Comparative (mm) 
Exa111pl11 KA36 

(%) 

60 0.36 

59 0.35 

59 0.37 

56 0.33 

61 0.36 

36 0.32 

37 0.33 

37 0.33 

100 0.50 

~ 

Depth of Corrosion 

Average Depth 
of Corrosion 

(mm) 

0.24 

0.23 

0.24 

0.22 

0.24 

0.24 

0.25 

0.25 

0.41 

OI 

Evaluation of 
Corrosive 
Surface 
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Type of Steel 

Example Steal 1 

~:xampl.11 St.1111 t z 

Comparative Example Steel I 

Comparative Example Steel 2 

RA36 

~ ht ~ 

c Si Mn p 

0.06 0.3Z 1.1,2 0.009 

o.o~ 0,33 1.1,3 0.009 

0.06 0.32 1.43 0.010 

o.os 0.31 1.42 0.009 

0.10 0.34 1.42 0.017 

t;l ~· ~ 

Table 12 

s Al Cr Ni Mo 

o.oM 0.021 1.os 0.81 " 

O.OOtt 0.025 2.03 0.1.1 0.20 

0.003 0.023 1.02 0.80 0.27 

0.004 0.022 2.02 0.42 0.21 

0.002 0.023 0.02 0.01 0.01 

~ 

Ni+Mo REH 

0.81 0.001 

0.61 0.010 

1.07 -
0.63 -

0.02 -

°' 

Ti 

o.oos 

0.020 

" 

-

-

N 

0.0028 

().<103!; 

o.ooso 

o.ooso 

o.ooso 

m .,, 
0 

e 
~ 
0) 
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Table 13 

Base Metal 

Type of Steel Charpy Impact Energy 

Absorbed Energy 
vEo 
( J) 

Example Steel 1 312 

Example Steel 2 282 

Comparative Example Steel 1 238 

Comparative Example Steel 2 270 

KA36 260 

~ ~ 0 (II 

Simulated Heat Affected Zone 
(HAZ) 

Charpy Impact Test 

Absorbed Energy 
vEo 
( J) 

140 

130 

50 

40 

121 

m ,, 
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Table 14 

40°C x s Cyclea 

Corrosion Veight Losa 

Typo of Steal lleLght ~u Average Decrease Ratio with Respect 
(mg/cm ) Ln Thickness to Comparative 

(OM Slcln,mm) F.x11mpl.n KA36 
(%) 

Example Steel 1 57 0.073 61 

Comparative Example SB 0.074 62 
Steel 1 

Example Steel 2 46 0.059 49 

Comparative Example 48 0.061 51 
Steel 2 

KA36 94 0.120 100 

®: a uniform corrosive condition with slightly uneven surface 
0: a uniform corrosive condition with a rather largely uneven surface 
A: a largely uneven surface with a small number of shallow pits 

Ha:x:l.111u111 Depth 
of Corrosion 

(mm) 

0.39 

0.40 

0.32 

0.34 

a.so 

.... 
Cl 

Depth of Corrosion 

Average Depth 
of Corrosion 

(lnm) 

0.28 

0.29 

0.23 

0.24 

0.41 

Cl! 

Evaluation 
of Corrosive 

Surfncn 

0 

0 

@ 

@) 

A 

m .,, 
0 

e 
~ 
0) 
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Type of Steel 

Example Staal I 

Example Steel 2 

Example Steel 3 

Comparative Example Steel l 

Comparative Example Steel 2 

Comparative Example Steel 3 

RA36 

~ 

c Si 

o.os 0.32 

o.os 0.33 

o.os 0.30 

o.os 0.32 

o.os 0.30 

o.os 0.30 

0.10 0.34 

t t3l ~ 

Table 15 

Mn p s Cr Ni 

1.42 0.020 o.oos 2.02 -
1.40 0.020 o.oos 2.03 0.80 

1.40 0.020 0.004 2.00 0.60 

1.39 0.020 0.004 2.00 -

1.38 0.020 o.oos 2.00 0.81 

1.40 0.019 0.004 2.01 0.60 

1.42 0.017 0.002 0.02 -

~ ~ ~ 

Mo N:l.+Mo Al REM 

- o.oo 0.021 0.008 

- 0.80 0.022 0.001 

0.20 0.80 0.021 0.01 

- o.oo 0.021 -
- 0.81 0.019 -

0.19 0.-79 0.021 -

- o.oo 0.023 -

~ 

Ti Nb 

0.01 0.020 

0.008 0.019 

0.02 0.020 

- 0.020 

- 0.021 

- 0.019 

- -

°' 

N 

0.0032 

0.0028 

0.0035 

o.ooso 

o.ooso 

0.0050 

o.ooso 

m ,, 
0 

m 
~ en 
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Table 16 

40°C x s Cycles 

Corrosion Waight Loss 

Type of Steel Weight Lou Average Decrease Ratio with Respect to 
(mg/cm2> in Thickness Comparative Example 

(One Side 1111111) KA.36 
(%) 

J·:xAmJtl" ~:t ••••I I •,:1 . () .1)(111 56 ·-- -
Comparative Example Steel 1 55 0.010 .S9 

Example Stoel 2 44 O.OS6 47 

Comparative Example Steel 2 47 0.060 so 
Example SttH!l 3 41 0.052 44 

Comparative Example Steel 3 46 0.059 49 

KA36 91, 0.120 100 

@: a uniform corrosive condition with slightly uneven surf~ce 
6: a largely uneven surface with a small number of shallow pits 

~ ~ 

Depth of Corrosion 

Maxi.mu111 Depth Average Depth 
o~ Corrosion of Corrosion ,_, ,_, 

o. 311 ll, 1,11 

0.35 0.25· 

0.32 0.23 

0.34 0.24 

0.31 0.21 

0.33 0.24 

0.5 0.41 

°' 

Evaluation 
of Corrosive 

Surface 
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Type of Steel 

rxamplc Slee!! I 

Example Steel 2 

Example Steel 3 

Comparative Example Steel 1 

Comparative Example Steel 2 

Comparative Example Steel 3 

KA36 

tit ~ 

Table 17 

Base Metal 

Charpy Impact Energy 

Absorbed Energy 
vEo 
(J) 

310 

290 

285 

270 

230 

225 

260 

..... 
°' ~ °' 

Simulated Heat Affected Zone (HAZ) 

Charpy Impact Test 

Absorbed Energy 
vEo 
(J) 

1118 

135 

129 

40 

35 

40 

121 
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Manufacturing Condition 

A 

B 

c 

D 

E 

p 

~ bl !!! 

Temperature at Which Cooling Rate 
cooling Starts After After kolling 

Rolling ( 0 c/aac ) 
c •c > 

900 0 • .5 

900 5 

900 1.5 

900 15 

900 IS 

900 25 

~ ~ 

Table 18 

Temperature at 
Which Cooling i• 

Stopped 
c •c > 

-

.500 

650 

soo 

350 

500 

~ ~ (JI 

Remarks 

Hot included within the manufacturing 
conditions according to the present invention 

Included within the manufacturing conditions 
accordinR 1:0 t.bn prnnnnt inv1rntlon 

Hot included within the manufacturing 
conditionR according to the present invention 

Included within the manufacturing conditions 
according to the present invention 

Not included within the manufacturing 
conditions according to the present invention 

Not included within the manufacturing 
conditions acc~rding to the present invention 
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Table 19 

4o•c x s Cycles 

Type o! Steel 
Corrosion Weight Loaa Depth 0£ Corroaion 

Hanufncturing 
Conditions II eight Avorage Jlatio with MuillUID Avorage 

Lou Decrease in Respect to Depth of Depth of 
(mg/cm2) Thickne88 Comparative Corrosion Corroai.on 

(One Side, ... ) Example IU.36 (11118) ,_, 
(SJ ---·---

Example Steal 2 A 72 0.092 77 o.u 0.31 

Example Steel 2 ii 60 0.076 64 0.36 0.24 

Example Stael 2 c 68 0.087 72 0.42 0.19 

Example Steel 2 D .56 0.071 60 0.34 0.26 

Example Steel 3 A S7 0.073 61 0.36 0.24 

Example Steel J D 48 0.061 .51 0.34 0.23 

Example Steel '' A 35 0.045 37 o. 33 0.25 

Exampla Steel 4 B 33 0.042 35 0.27 0.20 

Exam?le Steel '• c JS 0.045 37 0.32 0.26 

Exa1aplv Sleel 4 D 29 0.037 31 0.29 0.22 

F.xample SteP.l 4 E 29 0.037 31 0.29 o.23 
-· 

Example SteP.) 4 F 30 0.038 32 0.31 0.24 

KA36 A 94 0.120 100 0 • .50 0.41 

@: a uniform corrosive condition with slightly uneven surface 
0: a uniform corrosive condition with a rather largely uneven surface 
A: a largely. uneven surface with a small number of shallow pits 

Evaluation 
of 

Corrosive 
Surface 

0 

0 - @ 

0 

0 - ® 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

A 

~ °' 

Absorbed. 
Energy 

vEo 
(Base Remarks 

Metal) 
CJJ 

Comparati.Ye ex. 

Example 

Comparative ex. 

Example 

Comparative ax. 

Example 

290 Comparative ex. 

102 Example 

292 Comparative ex. 

310 Example 

zzo Comparative ex. 

210 Co11p11ratiV11 ex. 

i60 Co11p11rativ11 ex. 
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Table 20 

40°C x .5 Cyclaa 

Manufacturing 
Corrosion Weight Loss Depth of Corrosion Type of Steel 

Conditions 
Weight Average Ratio with Maximum Average 

Loss Decrease in Respect to Depth of Depth of 
(mg/cm2l Thickness Comparative Corrosion Corrosion 

(Ona Side, mm) Example KA36 (mm) 
(%) 

Example Steel 7 A 31 0.039 37 0.30 

Example Steel 7 · B 27 0.03~ 33 0.27 

Example Steel 7 c JO 0.038 38 0.30 

Example Steel 7 D 26 0.033 28 0.28 

Example Steel 7 E 26 0.033 28 0.28 

Example Steel 7 F 27 0.034 29 0.29 

KA36 A 95 0.121 100 o.so 

@: a uniform corrosive condition with slightly uneven surface 
0: a uniform corrosive condition with a rather largely uneven surface 
t:.: a largely uneven surface with a small number of shallow pits· 

(mm) 

0.27 

0.26 

0.26 

0.25 

0.26 

0.27 

0.41 

Evaluation 
of 

Corrosive 
Surface 

@ - 0 

@ 

@ - 0 

@ 

@ 

@ - 0 

l:t. 

~ 

Absorbed 
Energy 

vEo 
(!lase 

Metal) 
(J) 

266 

285 

266 

290 

212 

195 

260 

(11 

kemark.s 

Comparative ex, 

F.xamplo 

Comparative ex. 

Example 

Comparative ex. 

Comparative ex. 

Comparative ex. 
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Table 21 

40°C x S Cyclu 

~ ..... 
(JI 

Type of Steel Manufacturing 
Corrosion Weight Loee Depth of Corroaion 

Conditions 
lleight Average Ratio with Mui mum Average 
Lots Decrease in Reapect to Depth of Depth of 

(mg/cm2) Thickneas Comparative Corrosion Corrosion 
(Ona Side 1 mm) Eica111ple ltA.36 (111111) 

(%) 

Example Steal 6 A 30 0.038 32 o.45 

Example Steel 6 B 28 0.036 30 0.40 

Example Steel 6 c 30 0.038 32 0.4S 
. 

Example Steel 6 0 27 0.034 29 o.37 

Example Steel 6 E . 27 0.034 29 o.:n 

Example Steel 6 F 28 0.036 30 0.38 

KA36 A 94 0.120 100 o.so 

@:a uniform corrosive condition with slightly uneven surface. 
0: a uniform corrosive condition with a rather largely uneven surface 
A: a largely uneven surface with a small number of shallow pits 

(111111) 

0.30 

0.28 

o. 31 

0.21 

0.21 

0.28 

0.41 

Evaluation 
of 

Corrosive 
Surface 

0 

@ - 0 

@ 

@ - 0 

@ - 0 

@ - 0 

A 

~ (JI 

Abe orbed 
Energy 

vEo 
!Baae Remarks 

Metal> 
(J) 

270 Comparative ax. 

275 Example 

272 Comparative ex. 

278 Example 

220 Comparative ex. 

202 Comparative ex. 

260 Comparative ex. 
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Table 22 

40°C x 5 Cycles 

~ ... 
(11. 

Type of Steel Manufacturing 
Corrosion Waight Losa Depth of Corrosion 

Conditions 
Weight Average Ratio with Maximum Average 
Lou Decreaae in Raepect to Depth of Depth of 

(mg/cm2l Thickness Comparative Corrosion Corrosion 
(One Side, 111111) Example KA36 (mm) 

(%) 

Example Stael 6 A 27 0.034 29 0.30 

Example St:eel 6 B 23 0.029 24 0.21 

Example Suel 6 r. 26 o·.033 28 0.30 

Example Steel 6 D 21 0.027 22 0.25 

Example Steel 6 E 21 0.021 22 0.25 

Example Steel 6 F 22 0.028 23 0.27 

KA36 A 94 0.120 100 0.50 

@: a uniform corrosive condition with slightly uneven surface 
0: a uniform corrosive condition with a rather largely uneven surface 
J:i.: a largely uneven surface with a small number of shallow pits 

(mm) 

0,26 

0.19 

0.25 

0.13 

0.13 

0.19 

0,41 

Evaluation 
of 

Corrosive 
Surf ace 

@ - 0 

@ 

@ - 0 

@ 

@ 

@ 

J:i. 

... 
c:i 

Absorbed 
Energy 

vEo 
(Baaa 

Metal) 
(J) 

295 

295 

290 

310 

220 

202 

260 

(11 

Ro11111rks 

Comparative ax. 

Example 

Comparative ex. 

Example 

Compara·tive ex. 

Comparat:i.vc ex. 

Comparative ex. 
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Type of Steel 

Example Steel 1 

Example Steel 2 

Examplo St.oril :I 

Example Steel 4 

..... 
°' 

c 

0.05 

o.os 

o.o, 

0.05 

Si 

0.32 

0.30 

o.n 

0.30 

t bl ~ ~ 

Table 23 

Mn p s Al Cr 

1.42 0.020 0.005 0.020 2.02 

1.40 0.020 o.oos 0.025 2.03 

1.1.2 0.020 O.OOli 0.021 2.02 

1.40 0.020 0.004 0.021 2.00 

~ ~ ~ 

Ni Mo Ni+Mo Nb Ti 

- - o.oo - 0.01 

0.41 0.20 0.61 - 0.02 

- . o.oo 0.02 0.01 

0.60 0.20 0.80 0.02 0.02 

°' 

REM N 

0.008 0.0030 

0.010 0.0040 

0.008 0,0030 

0.010 0.0040 
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Table 24 

40°C x s Cycles 

Corrosion Yeight Loee 
Manufacturing 

Type of Stuel Conditions I/eight Lou 
(mg/cm2> 

Avaraga Decrease Ratio with Respect MaXi'lllUlll Depth 
in Thic:kness 
(One Side,mm) 

~:xnmplri Stnnl I A 56 0.011 

Example Steel 1 D 47 0.060 

Example Steel 2 A 46 0.059 

Example Steel 2 D 38 0.048 

Example St:eel 3 A .53 0.068 

Example Steel 3 D 44 0.056 

Example Steel 4 A 41 0.052 

Example Stoel '• D 32 0.041 

KA36 A 94 0.120 
-

®: a uniform corrosive condition with slightly uneven surface 
6: a largely uneven surface with a small number of shallow pits 

to Comparative of Corrosion 
Example XA36 (mm) 

(%) 

60 0.36 

so 0.34 

49 0.32 

40 0.3 

.56 0.34 

47 0.31 

44 0.31 

34 0.27 

100 0 • .5 

~ 

Dopth of Corrosion 

Average l>apth 
of Corrosion 

(11111) 

o. 21, 

0.23 

0.23 

0.2 

0.24 

0.21 

0.21 

0.16 

0.41 

Ch 

Evaluation 
of Corrosive 

Surface 
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Type of Steal 

~:ompl • St.uL 

Example Steel 

Example Staal 

Example Steel 

Example Steel 

Example Steel 

Example Steel 

Example Steel 

KA36 

& ti !3l 

Manuf actur:l.ng 
Conditions 

I A 

I D 

2 A 

2 D 

3 A 

3 D 

4 A 

4 D 

A 

~ ~ ~ 

'!'able 25 

Base Metal Simulated Beat Affected 
Zone (RAZ> 

Charpy Impact Teat Charpy Impact Teat 

Absorbed Energy Absorbed Energy 
YEO 11Eo. 
(J) (J) 

299 138 

310 145 

282 130 

300 140 

310 148 

320 160 

28.5 129 

29.5 13.5 

260 121 

~ .... 
C) 

Remarks 

Comperat:l.ve Exemple 

Example 

Comparative Example 

Exampie 

Comparat:l.ve Example 

Example 

Comparative Example 

Example 

Comparative Example 

°' 
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EP 0 633 326A1 

Claims 

THIS SHEET HAS BEEN 
REPLACED 

1. A sea-water corrosion resistant steel suitable for use in a hot and wet environment comprising about: 
0.1 wt«'k or less of C; 

5 0.5 wl% or less of Si; 

10 

15 

20 

25 

35 

45 

50 

55 

1.50 wt«'k or less of Mn; 
0.005 to 0.050 wt% of Al; 
0.5 to 3.50 wl% 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 wl% or less of Ni; and 
0.8 wl% or less of Mo; 
and wherein the total quantity 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«'.k of Nb; and 
0.005 to 0.05 wt«'k of Tl; 
such that the total quantity of Nb and/or Ti is 0.005 to 0.05 wt«'.k. 

4. A sea-water corrosion resistant steel according to claim 1 further comprising about: 
1.5 wt«'.k 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 Tl 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«'k of REM; 

· 0.005 to 0.05 wt% of Tl; and 
0.0020 to 0.0120 wt% of N. 

/ 

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 about 0.005 to 0.05 wt%; 
1.5 wt«'k or less of Ni; 
0.8 wt«'k or less of Mo; 
such that total quantity of Ni and/or Mo is about 1.5 wt«'k; 
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 environ­
ment comprising the steps of: 

casting and hot-rolling steel comprising about 0.1 wl°/o 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 wl°/o 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 rollingy 

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

THIS SHEET HAS BEEN 
REPLACED 

1 O. A method as claimed in claim 9 wherein the steel has a composition as claimed in any of claims 2 to 8. 
/ 
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