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ABOUT PLYMOUTH
Plymouth Tube Co. is a privately-held and
family-owned business founded in 1924, and
the first tubing company to produce stainless
steel feedwater heater tubes. Our facility in West
Monroe, Louisiana is home to SEA-CURE®, the
leader in superferritic stainless steel tubing for
the power generation and heat transfer markets.
As an industry leader, Plymouth Tube Co. is
committed to its mission of providing products
and services that meet or exceed our customers’
expectations. Continuous improvement is
fostered throughout Plymouth Tube Co.’s
operation by Manufacturing Excellence. This
philosophy empowers teams to create an
organization that is effective, flexible, productive
and powerful in producing products within the
markets we serve. Our customers around the
world rely on the superior quality, strength and
precision of our products, including SEA-CURE®,
to ensure safety, performance and reliability
over decades of service.

www.plymouth.com

SEA-CURE

®

INTRODUCTION

Equipment used to process chemicals must
be capable of efficiently and safely handling
a variety of chemical environments and
withstand corrosion, stress, and temperature.
Heat exchangers and piping systems are
examples of such equipment. Plymouth
Tube Co.’s SEA-CURE® ferritic stainless tubing
delivers high-level performance and economics
for equipment systems subject to severe
chemical processing and demanding
industry applications.
Plymouth Tube Co.’s SEA-CURE® high
performance ferritic stainless is designed to
provide superior corrosion resistance and
versatility compared to standard stainless
steels, at a lower cost than highly austenitic
and duplex stainless steels, nickel base and
refractory alloys. This is achieved with a
ferritic stainless steel that is highly alloyed
with chromium and molybdenum for general
acid and chloride resistance, and with nickel
for reducing acid resistance and improved
mechanical properties.
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The alloy has outstanding resistance to
chloride pitting and crevice corrosion and
is highly resistant to stress corrosion. It resists
many mineral acids over a broad range of
temperature and concentration, and has
particularly outstanding resistance to organic
acids, caustics and brine solutions. Welds
in as-welded annealed tubing retain the
corrosion resistance of the base metal.
Weldability and mechanical properties are
suitable for fabrication techniques employed
in the construction of heat exchanges and
piping systems.

As with all alloys, performance is dependent
on specific conditions. In-plant corrosion
tests are always suggested when considering
any material in a new application. Test
samples of SEA-CURE® stainless are
available upon request.
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CHEMICAL PROCESSING
APPLICATIONS & ENVIRONMENTS
SEA-CURE® TUBING – THE LEADING TUBING CHOICE for
heat exchangers and piping systems where highly corrosive
conditions are encountered and cost-effective dependability is
required. SEA-CURE® is both fabricable and corrosion resistant.

5

6

7

8

4

9

www.plymouth.com

10

11

12

13

SEA-CURE

®

APPLICATIONS & ENVIRONMENTS
8. ORGANIC CHEMICALS

1. BRINES
‣‣
‣‣
‣‣
‣‣

Inorganic Salts
Organic Salts
Caustic Salt Liquors
Geothermal Brines

‣‣
‣‣
‣‣
‣‣
‣‣

2.CHEMICAL PRODUCTION
‣‣
‣‣
‣‣
‣‣
‣‣
‣‣
‣‣

Evaporators
Coolers
Condensers
Preheaters
Acid Condensers
Reboilers
Heat Recovery Exchangers

‣‣
‣‣
‣‣
‣‣

9. PAPER & PULP
‣‣
‣‣
‣‣

3. ELECTRICAL ENERGY
‣‣
‣‣
‣‣
‣‣

Condensers
Feedwater Heaters
Geothermal Heat Exchangers
Coolers

‣‣
‣‣

‣‣
‣‣
‣‣
‣‣

Stills
Sterilizers
Condensers
Tubing

‣‣
‣‣

‣‣

‣‣
‣‣

‣‣

‣‣

Steam
Flue Gases

Condensers
Heat Exchangers
Coolers

11. PETROLEUM REFINING

‣‣

5. GASES

Bleach Systems
Liquor Preheaters
Condensers
Instrumentation Tubing
Hydraulic Tubing

10. PETROCHEMICAL
‣‣

4. FOOD & DRUG

Naphthenic Acid
Ammonium Carbonate
Ethanolamines
Phenols
Cyanides
Urea
Fatty Acids
Organic Acids
Alcohols

‣‣

Overhead Condensers
Coolers
Reboilers
Heat Recovery exchangers
Instrumentation tubing

12. POLLUTION CONTROL
6. INORGANIC CHEMICAL
‣‣
‣‣
‣‣
‣‣
‣‣

Dilute
Dilute
Dilute
Dilute
Dilute

Caustics
Sulfuric Acid
Phosphoric Acid
Nitric Acid
Hydrochloric Acid

‣‣
‣‣

13. WATERS
‣‣
‣‣
‣‣

7. OIL & GAS PRODUCTION
‣‣
‣‣
‣‣

Desalination Units
Gas Cleaning Equipment
Instrumentation Tubing
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Spray Systems
Reheaters

‣‣
‣‣
‣‣

Seawater
Polluted Seawater
Sour Water
Acid Condensates
High Temp. Water
Bleach Solutions
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THE ALLOY

CHEMICAL COMPOSITION
Plymouth Tube Co.’s SEA-CURE® stainless is
produced by either argon-oxygen decarburization
(AOD) refining or vacuum-oxygen decarburization
(VOD), to achieve a low carbon and nitrogen
interstitial content. The remaining interstitial
elements are further stabilized with titanium
and/or niobium (columbium) to provide optimum
weld and annealing sensitization resistance. Alloying
additions of chromium, molybdenum and nickel
provide an optimum combination of corrosion
resistance and mechanical properties.
FIGURE 1 – CHEMICAL COMPOSITION
ELEMENT

PERCENT

Chromium

25.0 – 28.0

Molybdenum

3.0 – 4.0

Nickel

1.0 – 3.5

Manganese

1.00 max

Silicon

1.00 max

Carbon

0.030 max

Nitrogen

0.040 max

Phosphorous

0.040 max

Sulfur

0.030 max

Titanium + Niobium

0.020 – 1.00

Iron

Balance

MICROSTRUCTURE
In the annealed or as-welded conditions SEA-CURE®
stainless has a ferritic structure with residual titanium
and/or niobium (columbium) carbonitrides. This
structure is retained with short time heating over
the entire elevated temperature range as would be
encountered with welding or annealing. Long time
exposure to elevated temperature will produce 885˚F
embrittlement, or alpha-prime phase, in the 600-1000˚F
temperature range and chi and/or sigma phases in the
1250-1650˚F range.
Nickel additions reduce the ductile-brittle transition
temperature, in this case to below -20˚C (-10˚F), which
is considerably below that of other ferritic alloys.
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Like other ferritic alloys, this material is subject to
hydrogen embrittlement by nacent hydrogen under
certain conditions. When cathodic protection is
employed the voltage must not be more negative than
-0.85V. When placed in dissimilar metal conditions,
the SEA-CURE® stainless should be the cathode. Also,
certain ionic species such as the cyanide radical make
the alloy more sensitive to hydrogen uptake. Unlike
titanium, the hydrogen is held interstitially, not as a
hydride. Interstitial hydrogen may be removed by
heating in hot water to 90ºC (200ºF) for several hours,
or for 10-20 hours in air.
RESISTANCE TO CHLORIDE CONTAINING WATERS
The corrosion resisting properties of Plymouth Tube
Co.’s SEA-CURE® stainless may be characterized as:
‣‣ Highly resistant to localized pitting and crevice
corrosion in aggressive chloride solutions
‣‣ Resistant to generation corrosion by acids and
caustics over a broader range of conditions than
standard stainless steel
‣‣ More resistant to chloride stress cracking than
standard austenitic stainless steels
‣‣ More resistant to attack by organic and other forms
of cooling water pollutants than copper alloy heat
exchanger materials
SEA-CURE® stainless was developed to resist high
chloride waters often encountered in heat exchangers
and condensers. In comparative accelerated laboratory
pitting and crevice corrosion tests it ranks far superior
to standard Types 304 and 316 stainless steels (as
shown in Figure 2).
Long term field crevice corrosion tests in seawater
support the superior performance of SEA-CURE® stainless
compared to other alloys. In natural seawater at ambient
temperature it exhibits no attack after nine years while
Type 316 is penetrated 0.039 inch (1 mm) by crevice
attack in 33 months.
SEA-CURE® alloy has compiled an excellent record of
performance in electric utility condensers cooled by
seawater and polluted brackish water.
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CORROSION
RESISTANCE

FIGURE 2 – COMPARATIVE PITTING AND CREVICE CORROSION
RESISTANCE IN ACCELERATED LABORATORY TESTS
TEST METHOD

TEST CONDITION

TYPE 304

TYPE 316

SEA-CURE®
ALLOY

Potential of Pit Initiation

Synthetic Seawater—
pH6, 113 ˚F (45˚C)

+0.080v

+0.320v

>+0.850v
S.C.E.

Potential of Pit Initiation

Synthetic Seawater—
pH8, 194 ˚F (90˚C)

-0.030v

+0.050v

+0.600v
S.C.E.

Potential of Pit Initiation

30% Sodium Chloride—
pH6, 221 ˚F (105˚C)

-0.340v

-0.230v

+0.230v
S.C.E.

Temperature of Crevice
Corrosion Initiation

2% NaCl + 2%
KMnO4, 24 hours

<73˚F(23˚C)

<73˚F(23˚C)

>194˚F
(90˚C)

Temperature of Crevice
Corrosion Initiation

Syn. Seawater + 1%
K3Fe(CN)6 pH7 – 120 hours

<73˚F(23˚C)

<73˚F(23˚C)

122˚F
(50˚C)

Temperature of Crevice
Corrosion Initiation

10% Ferric Chloride
pH1—24 hours

<28ºF(-2.5ºC)

<28ºF(-2.5ºC)

113ºF
(45ºC)

HYDROGEN SULFIDE CORROSION RESISTANCE
SEA-CURE® stainless has excellent properties for
application in heat exchangers where the cooling
water temperature may be substantially higher than is
encountered in condensers. This was demonstrated by
long-term crevice corrosion tests in acidified water over
a range of chloride content and temperature.
A low crevice corrosion rate may be obtained,
depending on conditions, up to the boiling point of
water and to chloride contents above 15,000 ppm.
Under these severe conditions performance is much
FIGURE 3 – RESISTANCE TO
HYDROGEN SULFIDE CORROSION
ALLOY

CORROSION RATE (IPY) SYNTHETIC SEAWATER (PH8) AT AMBIENT TEMPERATURE

No Sulfides

10ppm, Na2S

90/10

.00137

.00708

70/30

.00064

.00490

304

.00010

.00012

316

<.00010

<.00010

AL-6XNº

<.00010

<.00010

SEA-CURE

<.00010

<.00010
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SEA-CURE® stainless has been used in
hydrogen sulfide containing seawater
and has given excellent service

better than Type 317M austenitic stainless and 2205
duplex, as well as Types 304 and 316 stainless, and
approaches that of highly alloyed nickel base materials.
Bays, estuaries and rivers can contain high levels of
organic pollution when near urban and industrial
centers. When organic matter decays hydrogen sulfide
is produced. Hydrogen sulfide creates a particularly
troublesome problem for brass and copper alloy tubes,
as rapid pitting can occur during periods of stagnation,
start-up, and even during normal operation. Stainless
steels have excellent resistance to corrosion by polluted
water as indicated by the extensive use of Type 304 in
sewage treatment plants and the excellent record of
Type 304 in freshwater condenser service. SEA-CURE®
stainless has been used in hydrogen sulfide containing
seawater and has given excellent service (see Figure 3).
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MANGANESE ION CORROSION RESISTANCE
Manganese fixing bacteria contributes to
microbiologically influenced corrosion (MIC), and
causes rapid pitting corrosion in the lower alloyed
stainless steels. The manganese ion (typically
associated with anaerobic conditions) can produce
accelerated attack on copper and ferrous alloys
in condenser and heat exchanger applications.
SEA-CURE® stainless was evaluated for this form
of attack in a special 2% NaCl + 2% KMn04 test
used by the chemical industry to evaluate stainless
steels for severe heat exchanger service. It exhibits
no measurable rate of attack in this test while other
stainless steels show a varying degree of susceptibility
depending on alloy content.
Sulfate reducing bacteria (SRB) likewise cause rapid
pitting corrosion of the stainless steels. SEA-CURE®
stainless has excellent resistance to this form of corrosion.
In heat exchanger applications resistance to cooling water
attack depends on many factors. In general, performance
improves with low oxygen and low acidity. Resistance
is not significantly affected by organic pollutants or
manganese containing waters. Proper design to minimize
crevices, and operation to avoid localized boiling, all
contribute to achieving successful performance.
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FIGURE 4 – COMPARATIVE MANGANESE
ION CORROSION RESISTANCE EVALUATED
IN 2% NACL + KMNO4 FOR 24 HOURS
ALLOY

TEMPERATURE

122˚F (50ºC)

194˚F (90ºC)

Type 316

0.0068

0.0187

0.0300

0.0831

317M

0.0002

0.0006

0.0032

0.0089

904L

0.0000

0.0000

0.0027

0.0075

AL-6XNº

0.0000

0.0000

0.0001

0.0001

SEA-CURE®

0.0000

0.0000

0.0000

0.0000

To provide an overview of resistance to a variety of
environments, corrosion tests have been conducted
according to procedures of the Materials Technology
Institute of the Chemical Process Industries. These
procedures are designed to apply standardized tests
for the comparison of new materials to standard alloys
commonly used in chemical process applications. The
results of this testing, shown in Figure 5, illustrate the
overall good performance of SEA-CURE® stainless steel
in various environments. In many cases, the SEA-CURE®
stainless is better than expensive high alloy austenitic
stainless steels and nickel base alloys.
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FIGURE 5 – COMPARATIVE CORROSION PERFORMANCE OF PLYMOUTH TUBE CO.
SEA-CURE® STAINLESS AND OTHER ALLOYS IN ACID SOLUTIONS AS EVALUATED BY MTI PROCEDURES
ACID SOLUTION

TEMPERATURE

TYPE 304

TYPE 316

ALLOY
20CB-3º

0.1% Hydrochloric

ºF
212

ºC
100 B

1.0% Hydrochloric

210

99 B

1.0% Hydrochloric + 3% FeCl3

167

10% Sulfuric

215

60% Sulfuric

244

118 B

93% Sulfuric

171

77

50% Phosphoric

228

109B

10% Nitric

219

104 B

65% Nitric

241

116 B

60% Nitric + 2% HCI

235

113 B

80% Acetic

217

103 B

17.00

100% Acetic

243

117 B

0.39

50% Acetic + 50% Anhyd.

164

73

0.40

50% Formic

221

105 B

10% Oxalic

216

102 B

-

ALLOY
C-276

SEA-CURE®

Corrosion Rate- MPY*
2.08
-

0.23

-

0.51

0.68

75

-

0.14

2.27**

102 B

29.5

-

1.05

17.40

28.8

-

>1000.00

78.00

25.0

-

10.00

2.46

3.87

-

-

1.78

0.37

0.96

-

-

0.46

3.34

3.95

-

-

1.20***

0.54

4.18***

224

-

-

0.02

-

-

0.44

-

-

1.60

5.17

-

0.89

6.61

1.31

*
Corrosion rate in mils per year- evaluated over a 96 hour test period
**
Pitting
***	Welded SEA-CURE showed good performance in the nitric tests. However, caution should be exercised in using any titanium stabilized alloy in highly oxidizing environments.
B
Boiling

ORGANIC ACIDS
The high chromium and molybdenum content of
the alloy provides passivity over a broad range of
acid conditions. In strongly oxidizing acids such as
nitric acid the base metal is passive even in boiling
concentrated solutions. When stabilized with titanium
the resulting titanium carbonitrides may produce
sites of localized attack. In spite of this, low general
corrosion rates can be obtained in the base metal as
shown for nitric acid in Figure 5. These corrosion rates
are lower than is normally obtained with austenitic
Type 304 and Type 316 stainless steels.
The nickel addition expands the passivity range in
reducing acids compared to ferritic stainless steels
that do not contain nickel. The combination of alloying
elements in SEA-CURE® stainless provides better
resistance to dilute and concentrated acids of this
type than is obtained in Type 316 and other highly
alloyed materials.
In the mid-concentration range, high corrosion rates
will occur as with other stainless steels. The shift from
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low to high corrosion rate corresponds to a shift from
passive to active behavior. This shift is also dependent
on temperature and minor constituents in acid solutions,
and so testing in the actual environment is suggested
whenever considering application in strong inorganic acids.
SEA-CURE® stainless provides particularly outstanding
resistance to organic acids. This is illustrated in Figure
5 with tests in boiling acetic, formic and oxalic acids
where corrosion rates are less than about 0.001 inches
per year (0.03 mm). These rates are much lower than
can be obtained with high alloy austenitic materials
as shown for Type 316, Alloy 20Cb-3º† and alloy
C-276. The low corrosion rates that can be obtained
with SEA-CURE® stainless are a distinct advantage in
limiting metallic contamination in organic chemicals,
foods and drug processing. The combined acid and
chloride water resistance makes it an ideal material for
the construction of acid heat exchangers, coolers and
condensers which also will handle steam or process
cooling water.
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RESISTANCE TO STRESS CORROSION

WELD CORROSION RESISTANCE

All alloys will undergo stress corrosion cracking,
but fortunately, only under unique conditions of
environment/temperature/stress. For example, while
Type 304 stainless is known to be susceptible to
chloride stress corrosion cracking, this form of attack
has never been found with Type 304 in utility steam
condenser service in spite of the thousands of miles
of condenser tubing in service in freshwater stations.
This is primarily due to the low temperatures involve
relative to the approximately 140ºF (60ºC) or higher
temperature required for cracking Type 304. SEA-CURE®
stainless is far more resistant to chloride stress corrosion
cracking because of its ferritic structure. This strength is
demonstrated with the Wick Test that is often used to
evaluate materials for heat exchanger service. U-bend
specimens containing welds do not crack in this test
after 30 days exposure at 212ºF (1000ºC) (see Figure 7).

The SEA-CURE® alloy is manufactured with low
carbon and nitrogen contents and is further stabilized
with titanium and/or columbium to provide good
resistance to weld sensitization induced corrosion. It
will not sensitize during standard annealing or welding
thermal cycles. It can be evaluated for sensitization
by the method described in ASTM Specification A763
(Standard Practices for Detecting Susceptibility to
Intergranular Attack in Ferritic Stainless Steels) using
Practice Y (Copper-Copper Sulfate-50 Percent Sulfuric
Acid Test). Properly annealed base metal, and weld
and weld heat-affected zones, produced with good
weld practice do not exhibit grain boundary attack in
the Practice Y Test.
SEA-CURE® stainless steel weldments are as highly
resistant to acid corrosion as the base metal. This
was demonstrated in tests made in accordance
with Materials Technology Institute Manual No. 3
procedures, as illustrated in Figure 8. As-welded
coupons exhibit low general corrosion rates and no
tendency for preferential weld attack.

RESISTANCE TO CAUSTICS
High chromium-molybdenum ferritic stainless steels
have excellent general and stress corrosion resistance
to caustics. The resistance of SEA-CURE® stainless is
illustrated by corrosion tests in NaOH and NaOH-salt
solutions as shown in Figure 6. For salt containing
solutions at very high temperatures, however, the
data indicate a tendency for intergranular attack.

FIGURE 6 – CORROSION RESISTANCE IN CAUSTIC SOLUTIONS—MPY
SOLUTION

55% NAOH +
8% NACL + 0.3 NACLO3

50% NAOH

55% NaOH +
8% NaCl + 0.3% NaClO3

Temperature

210˚F (99ºC)

289˚F (143ºC)

316˚F (158ºC)

Type 316

6.1

15.0

Very High

26-1S

<0.1

0.6

0.8

Nickel 200

<0.1

0.9

2.8

SEA-CURE®

<0.1

1.0

I.G.A

FIGURE 7 – COPARATIVE STRESS CORROSION RESISTANCE OF PLYMOUTH TUBE
COMPANY’S SEA-CURE ® STAINLESS STEEL AND OTHERS
MAGNESIUM
CHLORIDE—42%
309ºF (154ºC)

ALLOY

Type 304
Type 316
SEA-CURE

®
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SODIUM
CHLORIDE—28%
223ºF (106ºC)

Calcium
Chloride—60%
212ºF (100ºC)

Wick Test
NaCl
212ºF (100ºC)

1

5

1

3

1

21

2

7

7

>30*

>30

>30
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CORROSION
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FIGURE 8 – CORROSION PERFORMANCE OF SEA-CURE WELDMENTS IN BOILING ACID SOLUTIONS
EVALUATED BY MTI PROCEDURES ON 0.135 INCH SHEET WITH AUTOGENOUS GTA WELDS
ACID SOLUTION

TEST TEMP. (BOILING)

CORROSION RATE IN
96 HRS – M.P.Y.

APPEARANCE AFTER TESTING

Before Bending

After Bending

Hydrochloric- O.1%

212ºF (100ºC

0.402

No preferential weld
attack

No grain fissures
or grain dropout

Hydrochloric- 1.0%

210ºF (99ºC)

1.412

No preferential weld
attack

No grain fissures
or grain dropout

Sulfuric- 10%

208ºF (98ºC)

4.30

No preferential weld
attack

No grain fissures
or grain dropout

Phosphoric- 50%

228ºF (109ºC)

1.15

No preferential weld
attack

No grain fissures
or grain dropout

Nitric- 10%

219ºF (104ºC)

0.59

No preferential weld
attack

No grain fissures
or grain dropout

Nitric- 65%

241ºF (116ºC)

0.75

No preferential weld
attack

No grain fissures
or grain dropout

Acetic- 100%

243ºF (117ºC)

0.20

No preferential weld
attack

No grain fissures
or grain dropout

Formic- 50%

221ºF (105ºC)

1.00

No preferential weld
attack

No grain fissures
or grain dropout

Oxalic- 10%

186ºF (102ºC)

0.37

No preferential weld
attack

No grain fissures
or grain dropout

Nitric- 60%
Hydrochloric- 2%

243ºF (117ºC)

1.22

No preferential weld
attack

No grain fissures
or grain dropout

MECHANICAL PROPERTIES

PHYSICAL PROPERTIES

The high strength at ambient temperature is retained
to elevated temperature in the range normally
encountered with heat exchangers as shown in
Figure 10.

The coefficient of thermal expansion is similar to that
of carbon steel and lower than the austenitic stainless
steels or copper alloys. This may be an advantage in
mechanical design. Thermal conductivity is similar to
titanium and higher than austenitic stainless which,
combined with a low film forming tendency, provides
good heat transfer performance.

Plymouth Tube Co.’s SEA-CURE® stainless is approved
for ASME Boiler and Pressure Vessel Code and is
included in Section VIII Division I, Table UHA-23.
The allowable stresses for both sheet and tube, are
substantially higher than those of other lower alloy
ferritic and austenitic stainless steels. This factor can
produce substantial savings from reduced tube wall
thickness or higher operating pressures when SEACURE® stainless is evaluated in comparison to other
alloys. Consistent with the practice for other ferritic
stainless alloys, an upper temperature limit of 600ºF
should be observed to avoid 885ºF embrittlement.
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ASME SECTION VIII DIV. 1 –
ALLOWABLE STRESSES
TEMPERATURE

ALLOWABLE STRESS

ºF

ºC

ksi

MPa

100

38

18.0

124.1

200

93

18.0

124.1

300

149

18.0

124.1

400

204

17.8

122.7

500

260

17.7

122.0
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FABRICATION

TUBE FORMING AND BENDING
The high alloy ferritic structure of SEA-CURE® stainless
results in an alloy with the following characteristics:
‣‣ High-yield strength
‣‣ Low work-hardening rate
‣‣ Good ductility for tube-rolling, flaring and bending

Tubing can be formed, bent and flared
using tools and procedures normally
employed for other ferritic stainless steels.

As with all ferritic stainless steels it undergoes a
ductile-brittle transition at low temperature.
However, the nickel addition shifts this effect to lower
temperature so that good toughness is obtained at
ambient temperature for the usual wall thicknesses in
the range of 0.028” (0.70 mm) up to 0.065” (1.65 mm).

12

Tubing can be formed, bent and flared using tools
and procedures normally employed for other ferritic
stainless steels. It cannot withstand as great a degree
of stretch in the outer radius of bends as can austenitic
grades because of its lower work hardening rate and
tensile ductility. Therefore special procedures and
heavier tube walls will be necessary to make very
tight bend radii.
ROLLED TUBESHEET JOINTS
The combined properties of high elastic modulus,
strength and ductility are advantageous in achieving
strong leak-tight joints. The nickel addition produces a
tough crack-resistant base metal and weld that can be
reduced to over 15% wall reduction. However, because
SEA-CURE®’s yield strength may be significantly
different than that of the tubesheet material it is best
to use torque to control the proper amount of rolling
reduction. This is done using pull-out testing on a
mock-up tubesheet using ASME Section VIII, NMA
Appendix A as a guide.

www.plymouth.com

For maximum installation efficiency five-roll expanders
should be used. Lubrication is advisable and the tool
should be adjusted so as not to produce a feather
edge on the tube end. End flaring is not necessary
to minimize inlet erosion but may be employed to
improve flow or to match a tubesheet previously
designed for end flaring. SEA-CURE® stainless
produces higher joint strengths than other heat
exchanger tube alloys for a given set of tube/tubesheet
conditions. When using thinner wall tubing, pull-out
loads and sealing and be significantly improved with
the addition of “V” shaped serrations in the tubesheet
holes. The use of square grooves have not shown
much improvement with this alloy. This is a result of
the high elastic modulus and high yield strength which
make it particularly attractive for use with high strength
tubesheet materials.
WELDING
Gas tungsten arc welding (GTA) without and with
filler metal, gas metal arc (GMA), and shielded metal
arc (SMA) or stick electrode processes are common
methods used for welding stainless steels and are
applicable to SEA-CURE® stainless steel. More careful
welding conditions than used with the austenitic
stainless steels are necessary to attain good weld
corrosion resistance and toughness, but the extensive
precautions necessary to work high purity ferritic
stainless steels or titanium are not required. To obtain
optimum results the alloy should be welded under
conditions which minimize contamination of the weld
and minimize heat input. To achieve this, the GTA
process is preferred.
General procedures include the use of low power
input and small electrodes, multiple passes as section
size increases, and interpass cooling to below 200ºF
(90ºC). It is important to minimize contamination by
oxygen, nitrogen and carbon, and to avoid the loss of
stabilizing elements from the weld metal. This can be
achieved by thorough cleaning of the joint surfaces
prior to welding, dry surfaces, and the use of good
gas shielding techniques.

www.plymouth.com

Sound weld joints can be made with a variety of filler
metals. The choice of filler metal, however, requires
a careful study of corrosion and mechanical property
requirements in relation to the application. Austenitic
alloys such as Alloy 825, Alloy 135 and Type 310M
produce welds with good toughness and a duplex
microstructure. Fillers that produce a ferritic structure
such as Ferralium Alloy 255 have the best potential for
optimum corrosion resistance but limited toughness.
Highly alloyed nickelbased filler metals, while potentially
attractive for corrosion resistance, do not provide
optimum weld toughness properties.

This is a result of the high elastic modulus
and high yield strength which make it
particularly attractive for use with high
strength tubesheet materials.
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SEA-CURE

®

PROPERTIES

FIGURE 9 – ELEVATED TEMPERATURE MECHANICAL
PROPERTIES OF PLYMOUTH TUBE CO.’S SEA-CURE ® STAINLESS ALLOYS
TEMPERATURE
O

F

0.2% YIELD STRENGTH

TENSILE STRENGTH

O

C

ksi

MPa

ksi

MPa

ELONGATION
IN 2 INCHES %

74

23

75

517

90

620

25

200

93

66

455

83

572

24

300

149

57

392

78

538

23

400

204

53

365

75

517

21

500

260

50

345

75

517

21

600

315

49

338

75

517

21

700

371

48

331

74

510

21

800

427

51

351

74

510

20

FIGURE 10 – AMBIENT TEMPERATURE MECHANICAL PROPERTIES
OF PLYMOUTH TUBE CO.’S SEA-CURE ® ALLOY
0.2% YIELD STRENGTH

TENSILE STRENGTH

ksi

MPa

ksi

MPa

ELONGATION IN 2
INCHES %

Annealed Sheet

75

517

90

620

25

92

Welded-Annealed-Pickled-Tube

72

496

88

607

32

95

ASTM Specification A-268

55 (min)

384

80 (min)

552

20 (min)

100 (max)

S44660 TYPICAL PRODUCT AT
AMBIENT TEMPERATURE

HARDNESS
RB

FIGURE 11 – PHYSICAL PROPERTIES OF PLYMOUTH TUBE CO.’S SEA-CURE ® ALLOY
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PROPERTY

TEMPERATURE ºF

ENGLISH UNITS

TEMPERATURE ºF

METRIC UNITS

Density

68

0.278 lb/in.3

20

7.70 g/cm2

Thermal Expansivity

68-500

5.38 x 10-6 in./in./ ºF

20-260

9.68 x 10-6 cm/cm/ºC

Thermal Conductivity

68

119BTU/hr/ft2/in/OF

20

17.1 W/m.ºC

Specific Heat

68-212

0.12BTU/lb/ºF

20-100

0.50 J/kg. ºC

Electrical Resistivity

68

26.1 Microhm-in.

20

66.4 Microhm-cm

Magnetic Permeability

68

Ferromagnetic

20

Ferromagnetic

Elastic Modulus

68

31.0 x 106 lb/in2

20

214 GPa
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SEA-CURE

®

SPECIFICATIONS

FIGURE 12 – COMPARATIVE MECHANICAL AND PHYSICAL PROPERTIES FOR HEAT EXCHANGER ALLOYS
316

ALLOY
825®

ALLOY
20CB-3®

ALLOY
625

ADMIRALTY
BRASS

70CU30NI
C71500

ALLOY
400

TITANIUM
GRADE 2

SEA-CURE®
ALLOY

Yield Strength (ksi)

35

45

45

75

20

25

40

45

75

Tensile Strength (ksi)

90

100

100

130

50

60

80

55

90

Elongation (%)

50

45

45

45

65

45

45

25

30

Elastic Modulus
(ksi x 10-3)

28

28

28

30

16

22

26

15

31

Endurance Limit (ksi)

40

45

45

75

20

30

35

30

60

Density (lb/in3)

0.29

0.29

0.29

0.31

0.30

0.32

0.32

0.16

0.28

Expansivity (in/in/ºF)

8.9

7.8

7.86

7.1

11.8

9.0

7.7

4.8

5.3

Conductivity
(BTU/he/ft2/in/ºF)

113

77

-

68

804

204

151

114

119

FIGURE 13 – GENERAL CORROSION RESISTANCE OF VARIOUS ALLOYS
ALLOY
200

ALLOY
400

90-10 &
70-30

ALLOY
600

ALLOY
825/625

T-304/316
STAINLESS
STEELS

TITANIUM
GRADE 2

SEA-CURE®
ALLOY
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Oxidizing Acids

















– Fair
 – Good
For General comparison only
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– Poor
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The information and data presented herein are typical or average values and
are not a guarantee of maximum or minimum values. Applications specifically
suggested for material described herein are made solely for the purpose of
illustration to enable the reader to make his own evaluation and are not intended
as warranties, either expresses or implied, of fitness for these or other purposes.
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