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B 6.9L
— DPF DPF
CR-DPF
B 2700rpm/ DPF
Test No. Oil Fuel sulfur | Test duration
DH-1 class ~
! (S.Ash*=1.70) S=50ppm 600h
Low Ash-A ~
° (S.Ash=1.31) S=50ppm 600h
Low Ash-B ~
° (S.Ash=0.96) | S7°0PPM 600h
Low Ash-B ~
) (S.Ash=0.96) | > >0PPM 1000h
Low Ash-B }
> (S.Ash=0.96) S=10ppm 600h

*Sulfated Ash



Increase of normalized CR-

12, -

DPF pressure drop, kPa
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CR-DPF

DH-1 class

S=10ppm

S.Ash=1.70

(S.Ash=1.31% 0.96%) CR-DPF
Oil Fuel S |Oil consumption
DH-1 class | S=50ppm| 16147g/600h
S.Ash=1.70 (27g/h)
Low Ash-A|S=50ppm| 14443g/600h
S.Ash=1.31 (24g/h)
Low Ash-B|[S=50ppm| 17899g/600h
Low Ash-A S.Ash=0.96 " (3og/h)
S.Ash=1.31 S=50ppm| 369669/1000h
(37g/h)
S=10ppm| 17603g/600h
Low Ash-B (29g/h)

S.Ash=0.96

800 1000




DPF

Ash-induced ventilation

DPF
S 50ppm 10ppm DPF
5
Fuel sulfur=50ppm Fuel sulfur
o =10ppm
a S.Ash=1.70
=< 3 | S.Ash=1.31 S.Ash=0.96
3
g
B2
0
1 S.Ash=0.96 S.Ash=0.96
0

DH-1 class Low Ash-A Low Ash-B Low Ash-B Low Ash-B
600h 600h 600h 1000h 600h

*DPF 550 >8h 25m3/min)
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DPF
DH-1 class Low Ash-A Low Ash-B Low Ash-B Low Ash-B
S.Ash=1.70 S.Ash=1.31 S.Ash=0.96 S.Ash=0.96 S.Ash=0.96

600h/S=50ppm

1000h/S=50ppm

600h/S=10ppm

Inlet

600h/S=50ppm

600h/S=50ppm

Middle

Outlet
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Low Ash-A(S.Ash=1.31)

Ca S

Low Ash-B(S.Ash=0.96)

Center-middle section
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PN ...
S 10ppm DPF
CaSO,
Test No. 1 2 3 4 5
Test oil DH-1class | Low Ash-A|Low Ash-B|Low Ash-B|Low Ash-B
Test S.Ash=1.70| S.Ash=1.31] S.Ash=0.96| S.Ash=0.96| S.Ash=0.96
Condition Fuel sulfur| 50ppm 50ppm 50ppm 50ppm 10ppm
Duration 600h 600h 600h 1000h 600h
CaS0O, 75+6 6616 65+14 58+8 6218
Ash CaCO, (2£1) (3£1) (3£3) 312 312
Component*, Zn(POy), 15+3 2116 2449 2318 2015
mass% [ZnSO, (2+1) (5+3) (<1) 512 913
Zno (5+2) (5+3) (9+3) 1145 6+3

*() shows the component estimated by XPS
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— CR-DPF
CR-DPF

- CR-DPF
Heater
)y
== WLl
Sampling filter =
CR (Silica fiber thimble filter)

-DPF

Pressure sensor Silica gel

| 4 4 A
Engine = /1 r

A Vacuum pump

T HXE Mass flow meter
‘\ (Max.100L/min)
Valve N

Cooler Water trap vessel
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PO .
DPF S
Test . . Fuel . .
NO. Operating condition DPF sulfur Oil Object
1 Cordierite Ref *
D 10.5” xL 12" ererence
. -
5 2700r/min, Full Ioa? Cord,|1er| e” DPF size
(Exhaust gas temp. 500 °C) [ D 10.5" xL 6
— S50ppm
SiC™ DH-1class _
3 Substrate material
D 10.5"xL 12"
2700r/min, 1/2 load
4 5 Gas temperature
(Exhaust gas temp. 350 "C)
S Oppm > Fuel sulfur
S Cordierite 8:: g
3 2700r/min, Full load |D 10.5"xL 12" oTC
9 (Exhaust gas temp. 500 °C) 50ppm oD Oil formulation
10 Oil E
11 Oil F

*1 Same condition as the engine running test, No.1.
*2 11pam of mean pore size.

*3 Sulfur content <lppm.
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ltem DH-1 class Oil A Oil B Oil C Oil D Oil E Oil F
SAE viscosity grade 10w-30 | 10w-30 | 10W-30 | 10W-30 | 10W-30 | 10W-30 | 10wW-30
Base stock type Mineral | Mineral | Mineral | Mineral | Mineral | Mineral |Synthetic
HOB Ca- Yes Yes, ) ] _ Yes, Yes
Phenate decrease decrease
HOB Ca- ] ] Ves ] ] ] ]
Sulfonate
Main additive S'*a(asylca"’;'e i i i Yes i ] ]
'Corlmodo'nent tal HOB Mg- - - - - Yes - -
including meta Sulfonate
N Ca- Yes Yes, Yes Yes Yes Yes, Yes
Sulfonate decrease Increased
Sec.ZnDTP Yes Yes Yes Yes Yes Yes Yes
Sulfated ash mass% 1.70 0.97 1.71 1.74 1.60 1.69 1.70
NOACK @250 mass% 14.2 14.6 13.9 14.3 14.0 14.1 6.0
Elemental] Ca mass% 0.44 0.22 0.45 0.45 0.19 0.44 0.44
analysis| Zn mass% 0.14 0.13 0.13 0.14 0.13 0.13 0.14
P mass% 0.12 0.12 0.12 0.12 0.12 0.12 0.13
Mg mass% <0.001 <0.001 <0.001 <0.001 0.16 <0.001 <0.001
Mo mass% <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
S mass% 0.43 0.39 0.37 0.37 0.42 0.43 0.33
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Metal trapping ratio, %

100

80

60

40

20

o

S
CR-DPF

OCa BZn OP DH-1 class

No.1 No?2 No3 No.4 No.5
Ref. DPF 1/2 SiC 1/2 load Fuel

length (350 °C) S=0ppm
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PO .
95
CR-DPF
OP BEMg 2700r/min, Full load

_ 100
X
S 80
©
= 60 |
=
S 40 |
©
5 20
)
= 0

No.1 Ref. No.6. No. 7 No. 8 No. 9 No. 10 No.11

Ca-Phenate Ca  Ca-Sulfonate Mg-Sulfonate Neutral Low

downtreat Ca-Salicylate Sulfonate volatility
uptreat
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DPF

DPF

JASO DL-1/DH-2 *

*2005 10



NOX

S, P
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Lean ﬁ Rich
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NO+O, ‘ No, BaO/BacO, 2 Ba(NO,),*+CO

: Pt ‘1

BaSO,+CO
ﬁ-l- Ba(NO,), ‘ BaCO;+ NO,
i HC+02~CO+ H20 NO, CO ‘I#COz
Pt I Pt :
: + BaSO4 - BaCO3+ Soz i

_________________________________________________________________
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SO, S
S 10ppm S
= S
300
W SO2 emission from oll
= 250 | T
i B  @S02emission from fuel
S 200 |
0
© 150
&
© 100 |
@)
» 50 | H
0 N
Sulfur in fuel ppm 50 10 0
Sulfur in oil mass% 0.8 0.8 0.8
* S SO,
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Conversion

NOx 50

°C

Temp.
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SAE 940746 720°C>=<200h
320 ‘
B P=0 mass% in oll

310 ® P=0.1 mass% in oil
300 |
290 L

e l---- )
280

0.0 0.5 1.0 1.5 2.0

Sulfated Ash mass%

NOXx

P

SAE 940746

Test condition
720 >200h

Oil P=0.1mass%,
Ash=0mass%
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JASO DH-1) S P
High SAPS®  Low SAPS

1.0
—
‘§> [0 )< 7 OO, 80* ...................... —
Yy PO e ti il
E | DH-2 Spec O ég
E 04 OQO ......................................
§ 0.2 * 2 .
o} m— T — 2002
O'OO 0.65 O.'lO O.'15 0.20

P content, mass%
*SAPS Sulfated _sh Phosphate Sulfur

JASO
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_ 4L
NOXx
— 2200rpm/115Nm NO
S
OFF
Test Fuel . S.Ash
No. | Sulfur Ol S P
1 Hish SAPS 0.8 0.13 1.8
10ppm
2 Low SAPS 0.36 0.075 0.9
3 Hish SAPS 0.8 0.13 1.8
4 Low SAPS 0.36 0.075 0.9
Oppm’
5 Low SAPS+ZnDTP 0.8 0.3 1.1 1.2
5 Low SAPS+High S 0.8 0.075 0.9
Basestock

* Sulfur content <lppm.
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S NOX
— NOXx S
— S NOXx
100
® A High SAPS/S10 fuel
o 80 |® ® Low SAPS/S10 fuel
© —&- ® Low SAPS/SO fuel
c 60 | -
o
= 40 | —o-
©
L 20 } A
) S purge OFF
Z O | |
0 5 10 15 20 25

Sulfur emission(Calculated), g
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End of presentation
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JASO DH-1 DH-2/DL-1

JASO DH-1 DH-2/DL-1

DH-1 | DH-2 | DL-1
Truck & Bus Passenger

sulfated ash -\ spec.| 1.00.1 | 0.6 max.
mass%

Base number - i

makOH/g 10.0 min.|{ 5.5 min -

Sulfur No spec.| 0.5 max | 0.5 max
mass%

Phosphorus -\ spec. | 0.12 max | 0.10 max
mass%

Chlorine No spec.| 50 max. | 50 max.

ppm
Fuel economy 1 - spec. | No spec.| 2.5 min.

improvement %

DH-1
DH-2/DL-1
16
14
12
8 10} S I
g g | DL-1 DH-2
S 5 Spec Spec
O 4|
2 -
0

 © 9 O  © Q
Q(’l/ Q. Q. Q. \" N()/ N. N. N?) (1/.

A+

 © “ ©
SPGB IR I I

Sulfated ash(X) mass%
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CR-DPF

32

Engine type

Water-cooled 4 cycle diesel engine

Cylinder arrangement

L6

Type of combustion chamber

Direct injection

Type of aspiration

Turbocharger inter-cooler

3

Displacement cm 6,925
Maximum power kW 177 at 2,700r/min
Maximum torque Nm 667 at 1,400r/min
Bore x Stroke mm 108 x 126
Compression ratio 18

EGR system without




CR-DPF

CR-DPF
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ltem Unit Specification of CR-DPF
Oxidation catalyst | Catalyst coated DPF

Catalyst - Pt-based Pt-based
Substrate - Cordierite Cordierite
Diameter mm(in) 266.7(10.5) 266.7(10.5)
Length mm(in) 152.4(6) 304.8(12)
Volume L 8.5 17.0
Cell density cell/cm?(cell/in®) 62(400) 46(300)
Wall thickness mm(in) 0.15(0.006) 0.31(0.016)
Porosity % - 59
Mean pore size x 10°m - 24




CR-DPF 34
ltem Unit DH-1 class Low Ash-A Low Ash-B
SAE viscosity grade - 10W-30 10W-30 10W-30
Base stock type - mineral mineral mineral
Main additive Ca-Phenate, | Ca-Phenate, | Ca-Phenate,
component including - Ca-Sulfonate,| Ca-Sulfonate,| Ca-Sulfonate,
metal Sec.ZnDTP | Sec.ZnDTP | Sec.ZnDTP
Sulfated ash(S.Ash) | mass% 1.70 1.31 0.96
Elemental Ca mass% 0.444 0.300 0.231
analysis Zn mass% 0.135 0.148 0.120

P mass% 0.120 0.134 0.110
Mg mass% <0.001 <0.001 <0.001
Mo mass% <0.001 0.011 0.011
S mass% 0.43 0.45 0.47
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CR-DPF
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— : JIS No.2
. Test fuel
ltems Unit S=50ppm AV)| S=10ppm S=0ppm Method
Density (15 ) glcm? 0.8283 0.8275 0.8265 JIS K 2249
Flash point 65.8 73.0 107.0 JIS K 2265
10 vol% 199.4 219.5 271.0
Distillation 50 vol% 279.7 287.5 291.0 JIS K 2254
90 vol% 338.0 337.0 317.0
Pour point -13.5 -15 -20 JIS K 2269
CFPP -10.5 -5 -18 JIS K 2288
10% Carbon residue mass% <0.01 <0.01 <0.01 JIS K 2270
Cetane index 57.0 60.5 67.8 JIS K 2280
Kinematic viscosity @30 mm?/s 3.485 3.977 4.854 JIS K 2283
Sulfur mass ppm 37 7 <1 JIS K 2541




CR-DPF

7.
DH-1 class(S.Ash=1.7) Low Ash-A(S.Ash=1.31)
e Condition Low Ash-B(S.Ash=0.96) S=10ppm
Element |CsHg 270ppmC 250
of model |0, 10%
gas NO 400ppm 200 | __
CcO 200ppm __
O 8% S 150
H,O 4.50% _ _
N, Balance 2 100
Core size D 25.4mmxL 76.2mm —
Space velocity 40,000/h 50 |-
Heating rate  |15°C/min (90 to 500°C)

0

HC CcO NO




CR-DPF 37
PO .
DPF
_ DPF (550 ><8h)
— DPF
< 14 DH-1 class
o
=~ 12 | At the end of engine test
S 10 | Soot-induced resistance
S Baked DPF* |
o 8 R Ash-induced resistance
)
o 6
s 4
©
E 2 Initial o
§ o | 5500Cx8h
10 15 20 25 30

Air flow, m>3/min
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CR-DPF
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DPF

DH-1 class(S.Ash=1.70)

Inlet

Before

After rever

se air blow

Outlet




CR-DPF 39
7. sic
/
ltem Unit Specification

Oxidation catalyst | Catalyst coated DPF Ref.
Catalyst - Pt-based Pt-based Pt-based
Substrate - Cordierite SiC Cordierite
Diameter mm(in) 266.7(10.5) 266.7(10.5) 266.7(10.5)
Length mm(in) 152.4(6) 300 304.8(12)
Volume L 8.5 17.0 17.0
Cell density cell/cm?(cell/in®) 62(400) 46(300) 46(300)
Wall thickness mm(in) 0.15(0.006) 0.23(0.012) 0.31(0.016)
Porosity % - - 59
Mean pore size X 10°m - 11 24




NOXx S,P
PO .
EGRValve Common Rail Injection System | Emission Control |NSR Cat.+DPF
— Type Small Truck
Throttle Valve 'll.' Engine Type In-line 4
EGR Cooler — F.I.E. Common-Rail
EGR Cooled EGR
Pre-EGR Displacement 4
Catalyst
InterCooler ;
[l PM NOXx
==
Intake ™ w = =HY4 ™ Exhaust
Air Gas

T

Fuel Injector




De-NOx

ltem Unit Hish SAPS Low SAPS
Viscosity Grade - 10W-30 10W-30
Kinemtic viscosity 40 mm?/s 69.46 66.47
100 mm?/s 10.36 10.29
Viscosity index 135 141
TAN mgKOH/g 3.06 1.85
TBN HClI |mgKOH/g 9.35 5.43
HCIO, |mgKOH/g 13.1 7.57
Sulfated ash mass% 1.68 0.83
Elemental analysis Ca mass% 0.43 0.20
Zn mass% 0.14 0.08
P mass% 0.11 0.07
Mg mass% <0.001 <0.001
Mo mass% <0.001 0.01
S mass% 0.78 0.33




De-NOx SP 42
1,
, Test fuel
ltems Unit 310 S10A 30 Method
Density (15 ) o/cm® | 0.8275 | 0.8233 | 0.8220 | JIS K 2249
Flash point 73.0 76.0 80.0 JIS K 2265
10 vol% 219.5 215.5 216.5
Distillation 50 vol% 287.5 269.0 261.5 JIS K2254
90 vol% 337.0 311.5 303.0
Pour point -15.0 -22.5 -27.5 JIS K 2269
CFPP -5 -22 -26 JIS K 2288
10% Carbon residue massh <0.01 <0.01 <0.01 JIS K 2270
Cetane index 60.5 58.3 57.2 JIS K 2280
Kinematic viscosity (@30 )| mm?/s | 3.977 3.320 3.145 | JIS K 2283
Sulfur mass ppm 7 7 <1 JIS K 2541
S10 . 200 7ppm)
S10A: 100 ( 7ppm)
SO : (200 ) ( <1lppm)
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De-NOx SP 43
S
Gr.l o
ZnDTP o
O
MoDTC o
RO 5 Sa OR
. v
p” Sp

RO SgeZn=87 NOR

ZnDTP

R:
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o
2200 /min
115 Nm
80
( 91 )
( De-NOXx ) 350
200 h
( -
®

100

NOX




NOXx S,P
Pl
NOX
A SAPS ® SAPS /S10
® SAPS
100 ¢ 7
)
e SAPS
. /510 4.67
i SAPS
/510 2.03
40 | SAPS
S /S0 6.10
20 | SAPS
S /S0 4.83
0 4.6
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Kadd
Kv
Km

So

Kadd = Kv + Km

dS/dt = -Km S + Kadd So

So

S = So(1 - Kadd/Km) exp(-Km t) (Kadd/Km) So
Soco
Sco = Kadd/Km So

S = Soo - (Soo - So) exp(-( So/Soo) Kadd t)

Soo

(hn)

(S)

(massh)

Sco

(mass%)

Km

(hr-1)

Kv

(hr-1)
(hr-1)



NOx

SP

m) S
SAPS SAPS SAPS SAPS
S10 S10 SO SO
g/h 4.67 2.03 6.10 4.83
0.4 0 0 0
99.6 100 100 100

JSAE9436251




48

SP

De-NOx

50



De-NOXx SP 49
No.
SAPS
SAPS 2A
H17
A+ZnDTP Sec.) ZnDTP P
A+ S S
(
A+ZnDTP Sec.) S,P
: S,P
A+ZnDTP Pri.) ’
E/F ZnDTP H18

A+ S S

2A+MoDTC MoDTC S

*H17 (NOACK )



P

De-NOx SP 50

Reference: CRC Handbook of Chemistry and Physics, 72nd Edition (1991 - 1992)

Alt. AW

Molybdenum/Suifur
——Compounds

Detergents |
Chemical Bond!
Diatomic Strength,
Molecules KJ/mol
$-C 7134
-0 5218
S-P 444
$-§ 4253
S-Ca 338
S - Mg 234
S-Zn 205
S -Mo Not Avail.

Group | BS
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