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Global climate change is already underway, leading to extreme weather events such as rising sea levels,
severe cold snaps, and heat waves. These changes pose significant threats to human civilization, including
the emergence of new infectious diseases and disruptions to economic activities. In response, the Inter-
national Maritime Organization (IMO) has proposed a carbon-neutral policy that aims to prohibit the use of
carbon-based fuels by 2050. For future ship fuel compositions, there will be a decline in the use of fossil
fuels and a corresponding increase in the adoption of ammonia as a fuel source. This study evaluated dura-
bility of O-ring materials known to be as critical as metal components in ship engines and related systems
under ammonia-rich environments. Various rubber materials commonly used for O-rings in ship engines
and equipment were tested for durability in a 99.5% ammonia environment. Results suggest that some
EPDM and FFKM materials might be suitable for such applications. However, the applicability of rubber
materials cannot be determined solely based on simple chemical reaction characteristics. Reliable data can
only be secured by simulating and replicating actual operating conditions in which such materials are used.
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Fig. 1. Three decarbonisation scenarios with targets compared to business as usual GHG emissions [4-10]
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intensity in Maritime Sector [14]
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Table 1. Elastomer Compatibility with ammonia and other fuels [15]

Material Compatibility
aterials
Ammonia LPG LFO Natural Gas
(Flfolf(l)\gl/::t)(l)\fner) Do not use Excellent Excellent Excellent
EPR/EPDM
(Ethylene Propylene Diene Monomer) Excellent Do not use Do not use Do not use
(Pell“:ﬂFlE)I::)Ig:s]:i\fner) Excellent Excellent Excellent Excellent
(Pergljcf))r/(l));ﬁoxy) Excellent Excellent Excellent Excellent
(Polytetrarf)]flziethylene) Excellent Excellent Good Excellent
TR Excellent Do not use Do not use Do not use
(Isobutylene Isoprene Rubber)
CR
(Chloroprene Rubber) Excellent Good Doubtful Good

29mm

>
>

12.5mm

wwy 'z
wwz'g

(a) immersion test (b) Compression set test

Fig. 3. Morphology and dimension of test material
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Table 2. Compression set test condition

Rule Materials Temperature Pressure Period Solution
AFLAS 99.5%
KS M 6518 CHL%@SK?ENE RT 80 bar Wlej(s NH,
FFKM (liquid)
Agakelel. o] AP dFEE W Fito] ARRE F3-T TobellA e AR [16-18]. 1Lt
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Fig. 5. Specimen morphologies after immersion test in ammonia
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Ammonia
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Fig. 6. Results of compression set test for various rubber materials in ammonia and lubrication oil
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Table 3. Results of compression test in liquid ammonia and lubrication oil
Ammonia Oil
Material fmmersion thickness (mm) thickness (mm)
period C. set C. set
before after before after
6.14 5.96 10.976% 6.17 6.03 8.383%
1week
6.15 6.00 9.091% 6.15 6.01 8.485%
6.15 5.66 29.697% 6.14 5.56 35.366%
AFLAS 2weeks
6.13 5.61 31.902% 6.15 5.56 35.758%
destroyed destroyed destroyed 6.15 5.50 39.394%
3weeks
destroyed destroyed destroyed 6.14 545 42.073%
5.84 5.72 8.955% 5.82 5.78 3.030%
Iweek
5.85 5.65 14.815% 5.84 5.81 2.239%
5.85 5.58 20.000% 5.85 5.76 6.667%
CHLOROPRENE 2weeks
5.84 5.50 25.373% 5.85 5.76 6.667%
destroyed destroyed destroyed 5.85 5.73 8.889%
3weeks
destroyed destroyed destroyed 5.85 5.73 8.889%
5.84 5.79 3.731% 5.84 5.8 2.985%
Iweek
5.85 5.79 4.444% 5.87 5.81 4.380%
5.86 5.73 9.559% 5.87 577 7.299%
EPDM 2weeks
5.84 5.74 7.463% 5.85 5.74 8.148%
5.86 5.81 3.676% 5.84 5.75 6.716%
3weeks
5.89 5.83 4317% 5.87 577 7.299%
5.71 5.71 0.000% 5.71 5.64 5.785%
1week
5.72 5.69 2.459% 5.68 5.60 6.780%
5.72 5.69 2.459% 5.71 5.55 13.223%
FFKM 2weeks
5.72 5.69 2.459% 5.71 5.54 14.050%
5.72 5.63 7.377% 5.71 5.42 23.967%
3weeks
5.72 5.65 5.738% 5.73 5.44 23.577%
CORROSION SCIENCE AND TECHNOLOGY Vol.23 No.6, 2024 583
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Fig. 7. AFLAS material with cracks in ammonia and oil
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(nucleophilicity)ll 2J3ll =3} Zpdo] HPx= ZoR
A Qlot [35-37]. A Aups} o] FEo} oA
o7ha] 340 FH HNBR AAIS AFEE 5= ¢l 8
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Fig. 8. Damaged HNBR on Compression Set Test
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