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NOx Reduction Technologies on Marine Diesel Engines
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Table 1 Physical properties of NO and NO:2

Name Nitric oxide Nitrogen dioxide
Formula NO NO:2
Formula weight 30.01 46.01
Appearance Colorless gas Red-brown gas
Density 1.0367 (rel. to air) -
Melting point -161¢ -9.3¢
Boiling point -151¢ 21.3T
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Flg 7 US NOx emission mventory(1997)

Table 2 1997 U.S. Nitrogen Oxides Emission
Inventory (thousand short tons per year)

Category NOx % of % of
Emission | total | mobile
Total, all sources 23,582 100 -
Total, mobile sourcesa 11,595 49 100
- gasb 5,313 22.5 45.8
- dieselb 4,919 20.9 42.4
- railroadc 949 4.0 8.2
- marine vessels 235 1.0 2.0
On-road vehicles 7,035 30 61
- gas 5102 21.6 44.0
- diesel 1932 8.2 16.7
Non-road vehicles 4,560 19 39
- gasb 211 0.9 1.8
- dieselb 2,987 12.7 25.8

a-also includes aircraft

b-excluding marine vessels, railroad, and aireraft
c-all fuels

d-also includes marine vessels, railroad, and aircraft

Table 3 1997 UK NOx and PM10 Emission Inventory

Category NOx PM10
kton/yr % kton/yr | %
Total® 1835 100 184 100
Road Transport 883 48 43% 23
- gasoline 485 26 10 5
- diesel 398 22 33 18
Non-road” 74 4 2 1

a-all anthropogenic sources

b-excluding marine vessels, railroad, aircraft and
military

+ -includes tire and brake wear

Note: NOx reported as NO2
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Table 4 Nitrogen Dioxide Exposure Limits

Authority | Limit Value

Occupational Safe & Health Limits

U.S. OSHA PEL, ceiling value 5 ppm

ACGIH Threshold Limits 3ppm

Value(TLV), 8 hrs avg
ACGIH Short Term Exposure 5ppm
Limits(STEL), 15 min avg

Ambient Air Quality Limits

U.S. EPA annual average 0.052ppm

(NAAQS)

Environment annual average 0.050ppm

Canada (max. acceptable)

Environment 24 hours average 0.110ppm

Canada (max. acceptable)

Environment 1 hours average 0.210ppm

Canada (max. acceptable)
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Electronically controlled fuel injection system

Electronically controlled EGR

High output & . .7 -} New high-efficiency turbocharger
long life durability |v. - e High flow intake & exhaust cylinder head ports
o Improved efficiency combustion chamber
Clean exhaust Ceramic glow plugs with small tip
L. - s Narrower tolerances for con-rod length, crankshaft stroke, etc
emission e

Fuel injection pump with 2 stage face cam

Fuel injection nozzles with flat cut needle

Intake throttle valve with sub-port

Low vibration &

Aluminum cylinder head with TIG remelt refining

quietness

FRM pistons with cooling channel
(anodic oxide coating on the crown)

Nitrided top rings with 21Cr stainless steel

SMC cylinder head cover

Light weight

Rigid light weight cylinder block

Balance

& compact size

shafts

Idler gear with two pairs of scissors gears

New flywheel with torsional damper

Gear and belt driven valve train with auto tensioner

Fig. 10 Engine design concept of Toyota 1KZ-TE 3L Diesel engine
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Fig. 11 Engine design concept of Nissan MK engine
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(a)fuel oil and (b) 20 % W/O fuel

Fig. 62 Comparison of combustion flames
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Table 6 Suppliers of Industrial SCR Catalysts
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Fig. 80 Selective Catalytic Reduction of NOx by
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Table 7 Lean NOx Catalyst Systems

Supplier Catalyst Type Operating
temperature, Washcoat Metal
Zeolite-based (mainly ZSM5) |Cu, Pt, Mn, Fe, Co, Ni,

Japan Zn, Ag, Ce, Ga
Babeock Hitachi |Base metal/metallic substrate |250-416 alumina-based Pt, Pd, Rh, Lr, Ru, Pt-Rh,
Hitachi Zosen Base metal/ceramic monolith Pt-W, V, Cr, Mn, Fe, Co,

or wire mesh 330-421 Ni, Cu, Zn, Ag
Ishikawajima Base metal/ceramic monolith |{204-400 Sillca-alumina Co, Cu
-Harima Heavy Titania, sulfated titania
Industries - - p -

Zirconia, sulfated zirconia
Kawasaki Heavy |Base metal/ceramic monolith |300-400
Industries
Mitsubishi Heavy | Base metal/ceramic monolith |204-400 ALl Bro AL 7Lzl 7 o] Co] uFE x] WA
Industries Pakoll B2 HAAHE /MR 2 Lol HEHAIHA o
T = L =] A~

UBE Base metal/ceramic monolith | 250-400 2 7R dE A £zt g E L e, gstea
U.S. Z o] &3 £1]Z “lean NOx Zuj(LNC) &
W R Grace Noble metal/metallic substrate | 225-275 “deNOxZual" g} 3t} NO stgnte e 33 2
Engelhard Base metal/ceramic monolith | 302-400 o}
Johnson Matthey |Base metal/metallic substrate |343-427 )
Norton Zeolite 221-521 {HC} + NOx =Ny + CO; + H;0
Germany %UHQI @i}Er‘? Flg 793”}' 2--9-11‘ /\]—}—\—Etﬂ—g] %
BASF V305-Ti0;-WOy/Homogeneous |- FE Table 739 21 £rA5&2 Fig. 808 2

monolith o
Siemens V3205-Ti0,-WOg/Homogeneous |- ) _ ~ _

monolith lean NOx &= H A &) 60%F =2 &7
Steuler Zeolite 300-521 9 A2 2 =9 9 (temperature window) 7} v} ¢
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Fig. 88 Schematic of fuel spray group combustion

2800

2600 - CALCULATED
k=" COMBUSTION
; 2400 ¥ ZONE
~ 2200 4
E 2000
3 1800
& 1600
g
£ 1400 ¥ & GAS BULK
1900 4 AVERAGE
1000 t S + +

-10 [ 10 20 30 40 50
CRANK ANGLE [°ATDC]

Fig. 89 Temperatures in cylinder of a diesel engine
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Table 8 NOx control technologies in heavy-duty diesel engines
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