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Emissions from a large cruse ship compared to the equivalent number of cars

Source Worldmaritimeaffairs/Nabu/
Axel Friedrich 2012
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The 2020 Global Sulphur Cap

Bx & B EPREEE LA (IMO) e FIMERIPE R 2 (MEPC) 12

KBy [a)RE .,

International Maritime Organization (IMO) and Marine Environment Protection Committee (MEPC) belong to the United Nations,
they deal with marine pollution related.
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E PRFG IEARARE R ISR A Y (MARPOL) MIMVIBRFIARAAE SHE, SRS L)
. BEMHLY (Sox)

(NOx)

MARPOL (The International Convention for the Prevention of Pollution from Ships) Annex VI limits ship exhaust gas emissions

including nitrogen oxides (NOx), sulfur oxides (SOx),
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MARPOLZAZIMNI6 R E T HERUZTHIX, LIH—R
D38 E G R HERT

MARPOL Annex VI introduced ECAs (Emission Control Areas) to reduce emissions further in
designated sea areas.

h E HEREEHIX

I Coastal ECA

[ inland Water ECA
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Strategies to Control Sulfur Emissions

400 Marchant fleet routes
e* AR o
Bunker Prices
($/metric tons)
* )ﬂ 'ﬂ& };ﬁmﬁ ‘ Global Average 317.50 527.50
» Americas Average 341.00 594.00
APAC Average 348.50 616.50
EMEA Average 347.00 537.00

*Information adopted from Ship&Bunker on August 16th, 2017
**Demand driving fuel price

‘—_—~~

Source University of California - Riverside www.imoa.info
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Strategies to Control Sulfur Emissions

EOAMEAT, KHNRB2000/ A LA & /G RAPRATIA R M E 2K

Only around 2,000 of 90,000 commercial vessels on the world’s seas will have them by the deadline

Global shipping fuel mix 6 mbrd
FORECAST ;
4
Diesel (pricier fuel) 3

High-sulphur \ | Low-sulphur fuel oil _
fuel oil — '

2001516 17 18 19 20 21 22 23 24 25

Source The Economist/Goldman Sachs 2018 www.imoa.info
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YEARS TO BREAK-EVEN $6.0M INVESTMENT BY VARIABLE FUEL SPREAD

o ¥
ﬁ |
$6.0M

m300 m275 w250 m225 w200 =175 w150 m125%

Source Jon Helge Ulstein- Wilhelmsen Ship Management

1705 A HY 2 5% [B] 5T RS 18] BRUR T

Payback time for a scrubber depends upon

v REHIEMR AR

capital and installation cost of the system,

v HERUGE I X F R ARLEFE

annual fuel consumption in ECAs and
v BRRIE T AR A S B A 2 (8]
N E

the price differential between distillate fuel
and the normal fuel used on the vessel.
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E’ 8 ; Vessels with scrubbers
installed or on order

Vessel types with scrubbers installed or on order

Main installation yard*
SN

28%
e

25.0%

200%

Retrofit Mybeid

Number of ships with Number of scrubber Largest power engines by
scrubbers installed towers installed scrubber type installed
or on order Of on order or on order (MW)

63% 63% 72MW e T R
Bulk RORO/Short  Container Other

- Cruise Ships Tankers
Retrofitted Open Loop Largest Engine Carriers  Sea/Ferries  Ships
Ships Scrubbers Power
Key to bar and pie charts

Data as of 31 May 2018 @ Retrofit Open Loop W Retrofit Hybrid
8 New Build Open Loop @ New Build Hybrid
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SBKARNRERN RS R RES, —SUia@eImiiz (H 803)

BEASEL (HCO3) 5387KEs S, hRIyERe
f scrvssen P FABA A (OERIE. 7SRt A BINaOHZEMgO.

= SPRAYER

ALKALINE WATER (A

GENERATION TANK & BSww

EXHAUST > FIEERE GgnB: 8k
SEPARATOR . > HAIEEEs GRFEANR: NaOH
SOLID WASTE !

L WRBES (BITER: AR
, -7

000000

MAIN ENGINE
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SO2 Neutralization

100%

& HHpHE
Occurs with Proper pH either by:

v IR

50% Dosing of Alkali

1 V£ B ER/IEK

Using Sufficient SW Mass

eduction

Source: Tprbjorn Henfiksson, “SAx Scrubbing of Marine Exhaust Gages”,
0% Wartsila, Towards Grgen Efficiem] Maritime Cluster in the [Central Bal]ic Region

0% pH 14%

TA_Jul @ Dgpth [m]=Top

Open sea (0-
15m) alkalinity
Surface data
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ARAREIRE k- EANAAEIEEHE (Anglo Eastern) EF#H{TEBjorn Hejgaard “iit
R, LEMBERESHNESER. BREFRH

v 38IKIEH, HIA80°C, Cl-&E%#920000 ppm. EpHIEN7.5-8.4, HEHEMBEAMIER
T, HEEBWERR, pHESZERMYE, BRE2-4.

v #SImE250-450°C. MRFAFHEBRRBEK, WETHFNAERL. ZAZ2H
MAIERZ

v ERpHE. S5ENERMETZH L5
v BATHAXEBHELAYN (4EFREM) , Cl-2E71A%/100.000 ppm

v BRKAEHLAA SRR TR R A ENT RS
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1) ,ﬂ_:;% = F'?E%'Sﬂ! Types of corrosion in scrubbers:

- BEHANSERR IS ok

p|tt|ng and crevice corrosion

Note not general corrosion

5-/|]|'] ,5'[', ;%%tﬂﬂ IE |$ El’] E% . % Primary factors affecting corrosion resistance in scrubbers are:

- 1R JE temperature

- pH1E (@ }"') pH (acidity)
SikFna i) asE (87K ~19,000ppm Cl-)

chloride (and fluoride*) content (seawater ~19,000ppm ClI-)

- JHRR (. kMEE TS

oxidizing impurities (oxygen, ferric and manganic ions, etc.)

* AUYINMERATFSESEFWERIENEE

Fluoride not known to be a factor in marine scrubbers

12 www.imoa.info
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Marine scrubbers — material selection

General chart
Which alloys are generally suitable where. This is for coal-fired power plant scrubbers.

pH vs. halogen Content

ppm Acidiy neutral to slighly acidic acidic strongly acidic
Halogen- pH
lons (Cl+F) 6.5 45 3.0 2.0 1.5 1.0
_6 < 100
< 500
g < 1000
g < 5000
e < 10000
i=J
£
< 50000
L) < 100000
s
>
g < 500000

Source Outokumpu — temperature range 50-70 C

REKEFRINAER T RSREES S &M
Marine Scrubbers using seawater for scrubbing liquor should need
high alloyed materials.

www.imoa.info
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E ﬁllﬁiﬁﬁ El"] *j*sl— Materials known to be used
v' 22 Cr Duplex

25 Cr Duplex

6%Mo - e.g. 254 SMO

7%Mo

Alloy 31

Alloy 59

Other C-alloys - e.g. C-276

RS A e e R B & RIEA6%Mo,. 7%Mo. §&31FCEI&4E (C-276.
C-22, C-59%) . A—LAgeEFANHEALSEN, TEZBEINEES

AN NN

PEFIE KT R Z2205.
A ERRIEHEE—RRE M E A AT UM, HE R4
B. BRIT /& AN A ILREE R R IR 8RR 20 T SRR

NACE (National Association of Corrosion Engineers) — March 2019 Task Group, TG575
https://www.surveymonkey.com/r/RZFTYG7

www.imoa.info
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e —

— A——————————

20195118 FE%E=R[FERATE. Ficaria SeawaysSREBM AR FL/RAS, &
LEmENYHIBUEHIX (SECA) fifTT10&E (5AANIET)

November 2019: A decade of scrubber use. Ficaria Seaways fitted with an Alfa Laval system, operates
inside the North Sea SECA sine 10 years (50,000 running hours)

www.imoa.info
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20194E108 : IEMATIEZE (Splash) X ENBREE 4 64k RStk

October 2019: Splash, the Asia Shipping magazine, has counted six scrubber failures in the
last month alone.

16 www.imoa.info
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S 1ERET 55
HPSS High performance Stainless Steels
Ni-Cr-Mo& = 42FR/E i

Ni-Cr-Mo alloys - crevice corrosio

www.imoa.info
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REFTFN - SMHERREFETFNRRSX

Austenitic stainless steels - Unmixed Zone in HPASS

A EEINIE 42 LE LR L RSN
XEERREEEXES R

BB INIR 4 S tHE N 1
AT AN X LH Rk :

BEaX

RIEEX
o IF X
AEZ X (

Source: Savage, W. F., Nippwa, E. F. and Szekeres, E. S. "A Study of Weld Interface Phenomena In a Low Alloy Steel,” Welding Journal, 55(9), Sept. 1976

18 www.imoa.info
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SRR RANFNARRES

Unmixed Zone in HPASS

I MO A

I><I

Unmixed zone in 6% Mo super austenitic stainless steels

6%MORBL BB CIAN BB S

(2sg
£R

Source: Metrode Products Ltd., “Filler Materials for 6% Mo
Superaustenitic Stainless Steels,”“ August, 2005.

Base Metal

Unmixed zone in a 6% Mo HPASS (N08367)
6%Mors; 4 gE B S AT $55R(N08367)
Source: TMR Stainless

www.imoa.info



R AN FIRAE S XA ERFE

A REAXERESMEIMT, HEMGEHBE—TS5BEE
ARSI R B BOR S LE R .

O XEEXARAENERZEEHRE

Q ATAEETENNREST, 28R, RESXM
i PP AR T B 41

20

I MO A
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BEZS6%Mo HPASSHY R f+h2A 40 -

SRR N
Ty -. i &
e - = ROy .
-~ 4 e 2 e L RPN g
R
REEEANES LI
0 couoooﬂ?'loono.o:'»iotno?.lloo

0 10 20 30 40

R, MK

Source: J. N. DuPont, “Welding Superaustenitic Stainless Steel for Advanced Double Hull
Naval Combatants”, www.lehigh.edu

www.imoa.info
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Source: P. Stenvall, M. Liljas and B. Wallén, “Performance Of High Molybdenum Superaustenitic
Stainless Steel Welds In Harsh Chloride Environments”, NACE Corrosion 96 paper 419

I MO A
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625 276

(ERNi-CrMo-3) | (ERNiCrMo-4) | (ERNiCrMo-10) | (ERNiCrMo-13)

22.0 15.0 22.0 23.0
9.0 16.0 13.0 16.0
4.0 5.0 4.0 1.0
—_ 4.0 3.0

0.05 0.01 0.01 0.01
3.5

SRERATLAMRE &S XBiRmT, (R EXNESEREFEC%ILL L.

23 www.imoa.info
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WA 54K — B % & B 4

> >

SEEMAY. T8 o 2205 - - —-2304 and 2507 -
ARALHD = T T | [T . 1832
I R MR MR sk 900- 4 ! | 1652
800 1472
3 ;::‘ - Nitride ”:f?: m
i 2205 Annealed - w
mg 500 1050°C t pha -932 mg
400 | rimd <~ #1E 752
300 . BE o 572
o HEMEREIM R o o
1 1 | 1
0.1 f 10 100 1,000 10,000

BHE] (538)

Isothermal precipitation kinetics of intermediates phases in duplex stainless steels

www.imoa.info
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Duplex grades. Avoiding intermetallic phases

> 2507 5N sh e

2507 tube sheet joined to carbon steel shell

> 1EATHT, 2507 HAZH I ZLLr

Cracking in 2507 HAZ before operation began

> BIM I o M, HIRRTR
Sigma phase found in base metal, unrelated to
welding

2507 ER K= E AR R HotB it ralec
2507 tube sheet due to sigma phase precipitation in 2507
base metal

25 www.imoa.info
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RKE/ R AP

A 18
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- ZRESHE
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- EER

— BRAFH
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JREE[H] Kt

Wizl N B EERIRA N

BIRETEHNSZRAE
MR EEW, FrlELFEES, MHlEERRTI®
BEKE (BERADE) S ARKBEHRMNEERE MR

B R REF M RIMERFHEE R RFE, MASE
R R

— WEIRkRE KR
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BOLUIE
> HACRERERE

> AREEWMAK
> REREIFFEIR

> AEmXREBKFABLLES
> YIORIME R4 T

28
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ﬁ':-'lJ 115 ,L.\ $ Iﬁi Precautions for the fabrication

= 1B S

HPSS High performance Stainless Steels

2) Ni-Cr-Mo&& = SERfE

Ni-Cr-Mo alloys - crevice corr

www.imoa.info
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Ni-Cr-Mo& & — 42PRfE 1h I MO A

Fabrication Quality

1000 P e el e

4 " p"
R N06059 o
9200 MY | () os0ss -
.

800 o

— - s~  N06200

& = 700 R -

~— :hP( -~ R,

o E S L NOBASS N

= 600 N —

9 N10276

L 500

S

I_ 400 1 ] ] 1 1 I ] 1
0.3 01 0.3 1 3 10 30 100

BFiE] (/)BT

Bt -3 B - A A
Time (h)

www.imoa.info



Ni-Cr-Mo& & — 45f£E i

Ni-Cr-Mo alloys - crevice corrosion

Fabrication Quality

RS R & 8T,
Z A F i PTG R4

For joining all the advanced
corrosion-resistant alloys using

overmatching composition for welding
products is highly recommendable

L. E. Shoemaker; J. R. Crum - Special Metals Corporation, Huntington, WV 25705 USA

K7 B Mgreen death B8P RE 72/ B
Samples exposed in boiling (103°C) green death solution for 72 hours. ) )
www.imoa.info
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PHIEFN S XS i 4% B FE T 1 AV S

100000 P g

aB
-ii--" "

C-276 “_“__,.- ,
10000 !§!!!!!lllllll ”

"

1000
= w2205
100 316
- : —
£ 10+ 317
a | —904L
1 . | . . e G
| 1 | | --625

BRiZE (Tgx=60C, hFHMBL) REEERMESELFHT, Hr2ENFESRREN KLERR
HIE ST .

Graphs developed (based on a T=600C max., moderate oxidizing potential) failed to accurately depict highly oxidizing conditions,
especially with Mn present which formed crevices on the metal surfaces

32 www.imoa.info
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Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice - 2018

UNS Cr Ni Mo N Cu w
$31603 16.7 | 10.1 2.03 | 0.04 - -
N08367 207 | 237 | (615! | 0.21 - -
N08031 267 | 312 |l64i | 02 1.3 -
N10276 15.4 | 586 | (15.5) | 0.006 | 0.006 | 0.028
N06059 228 | 612 | (15.4) | 0008 | 004 | 3.54

NEEIMRAGMAWE (R-TEHA) . 316LAEFR £/EH316LSI, HittRAETREEHNA

NiCr23-Mo16 (Z{I\FN06059)
All samples welded GMAW (helium-argon mix). Filler metal 316LSi for 316L and NiCr23-Mo16 (similar to NO6059) for all the
others

Source: Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice — J. F. Grubb and Brien de Force — 2018
33 NACE Corrosion www.imoa.info
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M FFSREMIME PR TRRE AL . 80°CAHSBERMBITFRIVERE LR,

Description pH Cl'(ppm) | T (°C)
Simulated Scrubber Environment — Mild (crevice) 2 20,000 80

Slmulated Scrubber Environment — Moderate :
(crewce} 2 60,000 80

Simulated Scrubber Environment — Moderate Severe | 0.5 60,000 80

Simulated Scrubber Environment — Severe 0.5 110,000 80

AN (BFASTM G48) , (BEERMMAPFIMEPELELERE .

UTRIEE R B hEIRE ( 168/)\6F, 80 °C, 60.000 ppm S4L49)

Next slides refer to the results after test in Moderate environment (168h, 80 °C, 60.000 ppm Chloride)

Source: Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice — J. F. Grubb and Brien de Force — 2018
NACE Corrosion

www.imoa.info
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Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice - 2018

R ERINE — P5F

Simulated scrubber environment - moderate

LL2%tRAS M. RERM, BHMEE

2% Mo used only as reference. Surface etching, slight
weight loss

Source: Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice — J. F. Grubb and Brien de Force — 2018
35 NACE Corrosion www.imoa.info
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Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice - 2018

(E—3kZIKTH) 6%iBE&E€E
REEM CREPENEEMR
%), a@&31tut, REE

HIE% & 8 926%.
(previous slide) The 6% Mo Alloys show

surface attack (without appreciable
weight loss), even Alloy 31 in spite of its

26% Cr .
RBI5%EEEHRERMA]
,._,\lﬂﬁTl‘l' mBRBAENE
SR,

Only 15% Moly Alloys show negligible
surface etching and no appreciable
weight loss.

Source: Evaluation of Alloys for marine exhaust scrubbers, effect of welding and crevice — J. F. Grubb and Brien de Force — 2018
36 NACE Corrosion www.imoa.info
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NTERMATIONAL MOLYEDENLIM ASSOCIATION
THE ¥DICE OF THE MOLYEDEMUM IHDUETRY
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