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Summary Description:
Sanicro® 35 is a unique grade that bridges the performance gap between stainless steels and higher cost
nickel alloys that offers exceptional high performance, strength and corrosion-resistance at a wide range
of temperatures. The new alloy features high mechanical yield strength, superior corrosion-resistance
and excellent structural stability.
Sanicro® 35 is a unique, high performance alternative to existing duplex and austenitic stainless steel
grades and more expensive nickel alloys. It offers a cost-efficient choice for minimizing risk and
extending production lifecycles when battling corrosion in demanding environments. Because of its
versatile properties, Sanicro® 35 can potentially streamline inventories by replacing special grades,
including 6Mo, Alloy 825 and Alloy 625. Sanicro® 35 has undergone extensive laboratory testing as well
as field testing.
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Full Description:
(Please provide complete answers to the questions below. Graphs, charts, and photos can be
inserted to support the answers.)
1. What is the innovation?
Sanicro® 35 is a structurally stable austenitic alloy with pitting resistance equivalent (PRE) of 52, and the
chemical composition 35Ni-30Fe-27Cr-6.5Mo-.3N. It provides pitting resistance comparable to nickelbased alloys and was recently designated UNS N08935. The alloy combines the mechanical properties of
duplex grades with localized corrosion resistance comparable to Alloy C276. It has a critical pitting
temperature (CPT) of 110°C in ASTM G150 with a 3M Magnesium Chloride (MgCl2) buffer which is higher
than 6Mo alloys and Nickel alloys like 625.

2. How does the innovation work?
Sanciro® 35 is an alloy in between Ni-base alloys and stainless steel. The high Cr, Mo and N
content results in very good localized corrosion resistance. However, Cr and Mo also increase
the risk for formation of intermetallic phases which has been a problem for traditional
austenitic grades with PRE around 50. By having a high Ni-content, Sanicro® 35 becomes
structure stable which means that no intermetallic phase is present in the material and thus
avoids the negative effect of intermetallic phase on localized corrosion. The high Cr content
enables Sanicro® 35 to be processed as a stainless steel. In addition, the high nitrogen content
enables a higher mechanical strength more comparable to a duplex stainless steel than an
austenitic grade.
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Figure 1: Sanicro® 35 is not prone to intermetallic phases or precipitates

3. Describe the corrosion problem or technological gap that sparked the development of the
innovation. How does the innovation improve upon existing methods/technologies to
address this corrosion problem or provide a new solution to bridge the technology gap?
In 2012, in response to market requirements, Sandvik embarked on a research project to develop a new
stainless steel alloy that combined corrosion properties with high mechanical strength.
Some eight years and hundreds of tests later, the company is able to unveil its latest material
development. Sanicro® 35 bridges the properties gap between super austenitic steel grades and more
expensive nickel alloys. From hydraulic and instrumentation tubing to heat exchangers, Sanicro ® 35
provides a new, high performance alternative to conventional materials to support more cost effective
and efficient operations. It is designed for service in aggressive corrosive environments and offers
exceptionally high performance on strength and corrosion over a wide range of service conditions.
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Figure 2: Sanicro® 35 bridges the properties gap between super austenitic steel grades and more expensive
nickel alloys

4. Has the innovation been tested in the laboratory or in the field? If so, please describe any
tests or field demonstrations and the results that support the capability and feasibility of the
innovation.
The innovation has been tested in laboratory and in natural seawater in a field station. Based on the
results field tests in refineries have been initiated. Seamless tubes have been installed in an application
similar to a crude overhead condenser and coupon testing have been performed in several refineries.
For instance, tubes have been installed where ammonia chlorides are present at 350°F and hydrochloric
acid and amine salts are formed. All environments at the locations where field tests are performed are
severe and there has been limited service time for currently used materials. The outcome of the field
tests indicates that Sanicro® 35 has a good performance.
Critical pitting testing
Polished samples of Sanicro® 35 were used for critical pitting testing (CPT), using a test solution of 3M
MgCl2. Due to the high localized corrosion resistance of Sanicro® 35 the test solution was modified from
the standard 1 M NaCl in order to enable higher test temperature and a more aggressive solution to
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determine a critical pitting temperature. A CPT for Sanicro ® 35 of 110°C was obtained. This was found to
be some 45°C higher than the CPT identified in comparisons with 6Mo alloys such as 254 SMO, and
suggested Sanicro® 35 would be suitable for use in water with high chloride content and sea water.

Figure 3: Sanicro® 35 shows an extreme pitting temperature compared to other super austenitic grades

Critical crevice testing
Critical crevice temperatures (CCT) were determined on Sanicro® 35 along with alloy 625 (with a PRE of
49) and alloy C-276 (with a PRE of 72). The coupons were tested using two methods: in the first method
(ASTM G48 method D), the test lasted 72 hours and a torque of 0.28 Nm was applied; and, in the second
method (ASTM G48 Method F), a torque of 1.58 Nm was applied and the test was for 24 hours.
In both test methods, Sanicro® 35 provided a CCT that was significantly higher than alloy 625, despite
both materials having a similar PRE – in ASTM G48 method D, Sanicro ® 35 displayed a CCT of 52.5, while
in ASTM G48 method F, the CCT was 45. The CCT values for alloy 625 were observed as 45 and 25
respectively. The CCT values for Sanicro® 35 were similar to alloy C-276, which had a higher PRE. Based
on these tests, it is possible to consider that Sanicro ® 35 offers more resistance than alloy 625.

9

Figure 4: Sanicro® 35 crevice corrosion resistance is higher than Alloy 625 and at least on par with C-276

Natural seawater testing
The extreme laboratory determined critical pitting and crevice corrosion temperatures were confirmed
in 3 months testing in heated natural as well as chlorinated seawater in the Bay of Brest in France. Here,
better crevice corrosion resistance than Alloy 625 was obtained, and no pitting was observed in
chlorinated seawater with 0.5 ppm free chlorine at 80°C.

Figure 5: Natural seawater testing

General corrosion resistance testing
Tests for general corrosion resistance to HCl in concentrations up to 5% were undertaken in line with the
standard ISO 18069.
When tested in HCl, Sanicro® 35 displayed no corrosion at boiling point in 1% HCl, which is an
improvement on 6Mo alloys and alloy 904L which cannot be used at boiling point. Sanicro ® 35 is
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therefore suitable for use in the manufacture of refinery heat exchangers which can often experience
dew point-corrosion from condensing HCl. At low concentrations, Sanicro ® 35 displayed comparable
corrosion resistance to alloy 625 and the super austenitic stainless steel UNS S32654.

Figure 6: Sanicro® 35 shows excellent resistance in organic acids such as formic acid and acetic acid.

Sanicro® 35 shows excellent resistance in organic acids such as formic acid and acetic acid.

Mechanical testing
Tensile and flattening testing were performed according to the ASTM standards A370 and A1016
respectively.
Mechanical tests on tubes made from Sanicro ® 35 displayed good ductility, resulting in high formability
and high yield strength for an austenitic alloy (473 MPa in a yield strength test). This is considerably
higher than for 6Mo grades (310 MPa for UNS S32654) and similar to alloys such as Alloy 625 and
standard duplex stainless steels.
The mechanical and corrosion tests have confirmed that Sanicro® 35 is also suitable for use in higher
pressure conditions beyond the performance capabilities of 6Mo grades, for example, or in higher
temperature environments where the use of duplex grades is limited.
Through strenuous testing, Sanicro® 35 has shown itself as an appropriate austenitic stainless steel for
consideration in conditions where extreme corrosion resistance is required, such as environments
containing chlorides. It has also been proven to demonstrate corrosion resistance in HCl compared to
6Mo alloys and has a high yield strength for an austenitic stainless steel. The combination of all these
properties makes it an alternative to 6Mo and some more expensive nickel-based alloys for severe
conditions.

5. How can the innovation be incorporated into existing corrosion prevention and control
activities and how does it benefit the industry/industries it serves (i.e., does it provide a cost
and/or time savings; improve an inspection, testing, or data collection process; help to
extend the service life of assets or corrosion-control systems, etc.)?
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In the hydraulic and instrumentation (H&I) tubing sector, the new material bridges the gap between
stainless steel and expensive nickel alloys, helping to streamline inventories, reducing the amount of
capital tied up in product portfolios, and providing a safe alternative to existing materials.
When it comes to high performance heat exchangers (HX), Sanicro ® 35 offers a high operational
temperature limitation and a cost-effective choice over nickel alloys. These benefits can support lower
lifecycle costs, eliminate unscheduled downtime, combat general and pitting corrosion, and avoid
crevice corrosion.
Its versatile material properties mean it offers clever risk reduction, providing customers with a smart
and cost-efficient choice for dealing with corrosion. By bridging the gap between stainless steels and
nickel alloys, Sanicro® 35 is able to deliver an optimized price-performance ratio and the ability to
balance out heat exchanger performance fluctuations.
Sanicro® 35 has the ability to generate confidence in material selection and to reduces traditional overconservatism through the delivery of performance capabilities appropriate to the demands of the job. In
a cost-conscious environment, Sanicro® 35 can be considered an all-round tube solution to many H&I
and HX challenges.

6. Is the innovation commercially available? If yes, how long has it been utilized? If not, what
is the next step in making the innovation commercially available? What are the challenges, if
any, that may affect further development or use of this innovation and how could they be
overcome?
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Yes, the innovation is commercially available and was introduced to the market on August 25,
2020.
7. Are there any patents related to this work? If yes, please provide the patent title, number,
and inventor.
Yes, a European patent was granted July 29, 2020:
New austenitic stainless alloy, EP 3 365 473 B1, Kivisäkk, Ulf; Antonsson, Karin and Stenvall,
Peter
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