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Regulation of Greenhouse gas emission until 2020

Cumulative penalty of 5 ~ 95 Euro per gram

SOx Scrubber (EGCS, Exhaust Gas Cleaning System)

IMO MARPOL 2020 sets new global limits for sulfur emissions and sulfur content in marine fuels. From the 
previous 3.5% maximum, ship owners now face a global 0.5% limit in addition to the 0.1% limit in current 
emission control areas. To comply with the regulations, one will either have to install a scrubber or buy 
expensive Very Low Sulfur Fuel Oils (VLSFO). In this article we show that a scrubber is the way to go.

The IMO MARPOL Annex IV defines a 0.50% sulfur limit for marine fuels in use on ships operating outside 
sulfur emissions control areas (ECA). The rule comes into force from January 1st, 2020. This covers all 
fuel oils used by ships outside the existing ECA for SOx emissions which are the Baltic, North Sea, North 
America & US Caribbean for which limit remains at the level at 0.10% max sulfur.

A recent, significant amendment to the regulation is the agreement on a carriage ban for high-sulphur fuel 
oil (HSFO), except for ships equipped with scrubbers. The decision enables authorities to check and detain 
ships carrying non-compliant fuel without having to determine if it has been used or not.

It is not known exactly what the premium will be to buy Very Low Sulfur Fuel Oils (VLSFO, 0.5%) or Ultra Low 

Sulfur Fuel Oils (ULSFO, 0.1%). It has been predicted that only a small percentage of ships will manage to 

get scrubbers installed by the deadline 2020, therefore a massive change in the global fuel market is to be 

expected from January 2020 when the majority of ships globally will have to change from IFO to VLSFO or 

ULSFO. Today the VLSFO is about 35% more expensive than say IFO380.

If the price premium for compliant fuel increases, as can be expected, we should see payback times for 

scrubber installations dropping well below one year. Even with today’s price spread, the payback time is 

barely above one year. Sufficient to say, scrubber installations are very profitable.

IMO Regulations

Economics, Solution!

Use of 0.5% VLSFO or
0.1% ULSFO 3.5% HSFO with Scrubber Replacement of

LNG-fuelled ships

Pros No initial investment 
cost

Existing ship and 
bunker oil available Environmentally friendly

Cons

High price compared 
to 3.5% HSFO

Price increase due to 
increasing demand

Initial investment cost 
and installation period 
incurred

New ship construction 
required (price order↑)

Lack of fuel charging 
infrastructure

Table 1. Pros and cons of measures against Environment-Friendly ship Regulations in 2020

Fig.1 IMO Timeline for Reduction 
         in Fuel Sulphur Content

Fig.2 Sox ECA(Emission Control Area)



Welding solutions for SOx Scrubber

Connecting the world 03

6-Moly Austenitic
Stainless Steel 

Scrubber technology is not something new. It is proven technology and well documented. One issue, when 

installing on a ship, is that the requirement changes with the area the ship operates.

The 0.5% requirement is global. The 0.1% requirement applies to ECA zones like EU. Furthermore, there is 

the ban on liquid discharge in some ports.

To meet the different requirements, scrubber vendors have come up with three different modes of operation:

• Open mode

• Close mode

• Hybrid mode (Open mode ↔ Close mode)

High
Temp.

Sulfuric
acid

Sea water

Types of SOx scrubber

Fig.3 Schematic of scrubber
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6-Moly Austenitic Stainless Steel 
The 6-Moly austenitic stainless steel is a super austenitic stainless steel. It exhibits far greater resistance 

to chloride pitting, crevice corrosion and stress-corrosion cracking than exhibited by the standard 300 

series stainless steels, and is less costly than the traditional nickel-base corrosion resistant alloy.

The main 6-Moly super austenitic stainless steel used for the SOx scrubber is S31254. 

In stainless steels, chromium, molybdenum, nickel and nitrogen all contribute to overall resistance to 

corrosion by various media. Chromium is the principal agent for coffering corrosion resistance in neutral 

or oxidizing environments. Chromium, molybdenum and nitrogen increase resistance to pitting corrosion. 

Nickel imparts the austenitic structure. Nickel and molybdenum both provide increased resistance to 

chloride stress-corrosion cracking and increased resistance to corrosion in reducing environments such as 

dilute sulfuric acid. Therefore, the high nickel (18%) and molybdenum (6%) contents of the S31254 give it 

good resistance to pitting and crevice corrosion in chloride environments. 

Table 2. Typical 6-Moly Austenitic Stainless steel 

* PREN(Pitting Resistance Equivalent Number) : %Cr +3.3%Mo + 16%N (mass %)

UNS No.  C Si Mn P S Ni Cr Mo N Cu PRE*

S31254 Min 
Max - 0.020 - 0.80 - 1.00 - 0.030 - 0.010 17.50 

18.50
19.50 
20.50

6.00 
6.50

0.18 
0.22 0.5 1.0 42.2 

45.5

S32053 Min 
Max - 0.030 - 1.00 - 1.00 - 0.025 - 

0.010v
24.00 
26.00

22.00 
24.00

5.00 
6.00

0.17 
0.22 - 41.2 

47.3

N08926 Min 
Max - 0.020 - 0.50 - 2.00 - 0.030 - 0.010 24.00 

26.00
19.00 
21.00

6.00 
7.00

0.15 
0.25 0.5 1.5 41.2 

48.1

N08354 Min 
Max - 0.030 - 1.00 - 1.00 - 0.030 - 0.010 34.00

36.00 
22.00 
24.00

7.00 
8.00

0.17 
0.24 - 47.8 

54.2

N08367 Min 
Max - 0.030 - 1.00 - 2.00 - 0.040 - 0.030 23.50 

25.50
20.00 
22.00

6.00 
7.00

0.18 
0.25 - 0.75 48.7 

49.1

Characteristic properties of 6-Moly super austenitic stainless steel
 * Very good resistance to uniform corrosion

 * Good to exceptionally good resistance to pitting and crevice corrosion

 * Very good formability
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The selection of consumables for welding super austenitic stainless steels requires consideration of both 

the mechanical properties and the corrosive environments to be experienced by the welded joint. General 

filler recommendation of steel grade S31254 can be found in table below. The 6-Moly super austenitic 

stainless steels are welded with high nickel alloy welding consumables of the Ni-Cr-Mo type (eg. 625, 

622 and 276). Welding without filler metal or with stainless steel (eg. 316, 316L) will reduce the corrosion 

resistance of the weld, and is therefore not recommended. 

Table 3. Chemical composition of M/TIG welding consumables for 6-Moly austenitic stainless steel

Table 4. PREN according to chemical composition of steel and welding material

Welding solution for 6-Moly Austenitic Stainless Steel

PREN(Pitting Resistance Equivalent Number) 

* 30 or more ; available in coastal and seawater areas
* 40 or more ; can be used in corrosive environment at high temp. such as nuclear power, 
                       desulfurization facility and chemical plant 

PREN = %Cr + 3.3 %Mo + 16 %N

PREW = %Cr + 3.3 (%Mo+0.5 %W) + 16 %N

The welding consumables is used as 
overmatched (has more high PREN, 
625/622/276), Because the PREN of 6-Moly 
super austenitic stainless steel is about 45.

* 

- Cr : oxidative corrosion resistance 
         (nitric acid, ferric salts, cupric salts and so on)
- Mo, W : reductive corrosion resistance
              (sulfuric acid, hydrochloric acid and so on)
- Cr + Mo + W : localized corrosion resistance
                          (pitting, crevice corrosion)

Classification Ni Cr C Mo Nb Fe W PREN PREW

ERNiCrMo-3
 

AWS 
Spec. Rem. 20.0-

23.0 0.10 8.0-10.0 3.15-
4.15 5.0 - - -

KW-M/
T625 64.5 22.21 0.01 8.71 3.65 0.27 - 51 51

ERNiCrMo-4
 

AWS 
Spec. Rem. 14.5-

16.5 0.02 15.0-
17.0 - 4.0-7.0 3.0-4.5 - -

KW-M/
T276 59.1 15.5 0.006 15.6 - 5.4 3.6 67 73

ERNiCrMo-10
 

AWS 
Spec. Rem. 20.0-

22.5 0.02v 12.5-
14.5 - 2.0-6.0 2.5-3.5 - -

KW-M/
T622 56.2 21.99 0.007 13.93 - 4.5 3.0 68 73

Alloy PREN
316, 316L 22.0 - 27.0

312L 42.0 - 45.0
S31254 42.0 - 46.0
N08367 42.0 – 50.0

Inconel 625 46.0 - 56.0
Inconel 622 64.0 - 74.0

Hastelloy C-276 64.0 - 74.0
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Welds in UNS S31254 plate were completed using 625, 276 and 622 filler metals. 

Generally, TIG is used for SOx scrubber, but we applied two types of new welding processes(Solution A/

B) as well as TIG for each filler metals because of productivity. The cross section of weld metal is shown in 

Table 5. The tensile properties and the charpy V-notch impact toughness was evaluated as Table 6. Pitting 

corrosion test is being undertaken using the acidified FeCl3 solution in ASTM G48-A for 24 hours. If you are 

interested in the detailed results of new solutions, please contact KISWEL R&D center! (ynlee@kiswel.com / 

giveand@kiswel.com)

Welding solution for 6-Moly Austenitic Stainless Steel

Filler metal Process Y.S (MPa) T.S (MPa) El. (%) Location of 
fracture

WM Charpy
V-notch (J)
at -196℃

FL Charpy
V-notch (J)
at -196℃

ERNiCrMo-3
TIG 380 715 45 Base metal 7.75 8.46

Solution A 391 717 42 Base metal 17.29 15.09
Solution B 352 696 39 Base metal 14.24 15.82

ERNiCrMo-4
TIG 381 717 39 Base metal 16.67 19.78

Solution A 390 716 47 Base metal 22.90 24.32
Solution B 376 700 34 Base metal 20.26 17.29

ERNiCrMo-10
TIG 372 701 39 Base metal 14.85 16.19

Solution A 384 714 40 Base metal 16.32 14.47
Solution B 379 697 34 Base metal 10.00 11.09

Table 6. Mechanical properties of weld metal

Table 5. Cross section of weld metal

Process

 Filler metal
TIG Solution A Solution B

ERNiCrMo-3

ERNiCrMo-4

ERNiCrMo-10
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